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The present invention relates to the gear pump art and 
a primary object thereof is to provide a low cost gear 
pump capable of developing discharge or outlet pressures 
of the order of magnitude of 1000 to 5000 lbs. per square 
inch, or more. 

General objects of the invention are to provide a gear 
pump which includes a case subassembly including drive 
means for the pump, a pump cartridge subassembly, and 
a port head subassembly, the pump cartridge subassembly 
being disposed within the case subassembly and the port 
head Subassembly being secured to the case subassembly. 
Each of these subassemblies may be varied independently 
of the others to meet various requirements, which is an 
important feature. For example, a particular pump car 
tride subassembly may be utilized with various case and 
port head subassemblies depending upon mounting and 
drive requirements, or upon port size and location re 
quirements. 
Of particular importance in the foregoing connection 

is the provision of a self sufficient pump cartridge or 
pump cartridge subassembly capable of use with a wide 
variety of cases, drives, and the like, the pump cartridge 
being insertable into and removable from any comple 
mentary case as an independent unit. 
More particularly, an object of the invention is to 

provide a cartridge which includes a housing having 
therein intersecting gear chambers occupied by gears in 
mesh at the intersection of the chambers, the housing 
including end plates which define the end walls of the 
gear chambers and including spacer means between the 
end plates which define the circumferential walls of the 
gear chambers, the spacer means being clamped between 
the end plates by dowel bolts which form part of the 
cartridge. In other words, the entire bolting configura 
tion is in the cartridge so that the cartridge may be in 
stalled in and removed from any complementary case as 
an independent unit, which is an important feature of the 
invention. 
An important advantage of the foregoing is that sub 

stantially all of the leakage in the cartridge may be dis 
charged into the case, which is an important object of 
the invention. Actually, all of the leakage in the car 
tridge goes into the case, except for direct leakage past 
the gears from an outlet means of the cartridge back to 
an inlet means thereof, such leakage being a very small 
percentage of the total. 
A related object is to provide pressure relief valve 

means for providing communication between the interior 
of the case and the inlet means of the cartridge when 
ever a predetermined differential exists therebetween, 
such pressure differential preferably being of the order 
of magnitude of one or two atmospheres. Consequently, 
with this construction, it is impossible for any high pres 
sure external leakage to occur at any time, all high pres 
sure leakage being from the cartridge into the case, or 
directly back to the cartridge inlet means, which is an 
important feature of the invention. 

Another object of the invention is to provide a pump 
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wherein the drive means is engageable with either of the 
two gears in the cartridge by positioning the cartridge 
and port head subassembly relative to the case in either 
of two positions spaced 180° apart, thereby rendering 
the pump readily reversible as to its direction of rotation, 
which is an important feature. 

Another important object of the invention is to localize 
the high outlet pressure developed in the cartridge to a 
relative small area in the vicinity of the outlet or dis 
charge means by covering only a small fraction of the 
total number of intertooth spaces in each gear. The 
inlet and outlet means communicate with the gear cham 
bers in inlet and outlet zones which are spanned by cir 
cumferential walls of the gear chambers, such circum 
ferential walls being materially less than 180 in angular 
extent and preferably being not more than 90 in angular 
extent so that not more than one quarter of the inter 
tooth spaces are covered at any instant, depending upon 
the angular positions of the gears relative to such cir 
cumferential walls. In actual practice, the angular ex 
tent of such circumferential walls may be of the order of 
not more than 60, so that not more than approximately 
one-sixth of the intertooth spaces are covered. With this 
construction, the area of high outlet pressure is severely 
localized and occupies only the outlet Zone plus one or 
two adjacent intertooth spaces in each gear. 
Such localization of the high outlet pressure has sev 

eral advantages, among these being the minimizing of 
the areas of the gears to which the high outlet pressure 
is applied so that bearing loads are minimized. Also, 
the tendency of the high outlet pressure to spread the 
end plates may be offset by applying the outlet pressure 
to a small area of one of the end plates, this being an 
important object of the invention. A related object is 
to provide an outlet means which includes an outlet pas 
sage through one of the end plates, this outlet passage 
communicating with an annulus which is axially aligned 
with the area of high outlet pressure within the cartridge 
and which has the outlet pressure applied thereto to bal 
ance the high outlet pressure within the cartridge so as 
to prevent any spreading of the end plates. 

Another object of the invention is to provide a pump 
wherein the cartridge includes main inlet means com 
municating with the gear chambers both radially and 
axially of the intertooth spaces throughout approximately 
one quadrant of each gear chamber. 
A very important object of the invention is to provide 

a cartridge having auxiliary or boost inlet means com 
municating with the gear chambers intermediate the main 
inlet means and the outlet means and also communicat 
ing with the interior of the case. As hereinbefore in 
dicated, the case receives substantially all of the leak 
age from the cartridge and the case pressure is main 
tained above the pressure in the main inlet means by 
pressure relief valve means with the result that the 
intertooth spaces can receive additional fluid at elevated 
pressure through the auxiliary inlet means to insure 
maximum filling of the intertooth spaces, which is an 
important feature of the invention. As an example, as 
suming that the intertooth spaces ar filled to 90% of their 
capacity by the main inlet means, and assuming that leak 
age from the cartridge into the case in this example is 
at least 10% of the theoretical pump capacity, the in 
tertooth spaces will be completely filled, or at least sub 
stantially completely filed, by the auxiliary or boost in 
let means, any excess leakage into the case being returned 
to the main inlet means through the pressure relief valve 
means mentioned. 

Another object of the invention is to provide a car 
tridge having outlet or discharge means for receiving 
the fluid under high pressure discharged from the inter 
tooth spaces which communicates with the intertooth 
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spaces axially thereof only, the outlet means preferably 
communicating with both ends of the intertooth spaces. 
By discharging the fluid from the intertooth spaces axial 
ly only, the teeth may be covered by the circumferential 
walls of the gear chambers down to, or substantially 
down to, the intersection of the outside diameters of 
the gears, which is an important feature of the inven 
tion. 

Another object is to provide restricted relief passage 
means in the cartridge housing at the intersection of the 
circumferential walls spanning the spaces between the 
auxiliary inlet means and the outlet means for restricted 
ly by-passing the gear teeth as they engage and disengage 
such circumferential walls at the intersection so as to 
minimize hydraulic shock loads as the numbers of inter 
tooth spaces covered by the circumferential walls vary 
during rotation of the gears. Preferably, such restricted 
relief passage means includes a small slot at the inter 
section of the circumferential walls. 
Another important object of the invention is to pro 

vide a method of machining and assembling the com 
ponents of the cartridge which results in extremely close 
control of gear clearances, in the vicinity of the outlet 
means only, without necessitating the maintenance of 
extremely close tolerances in machining operations. In 
this connection, one object is to bore the dowel holes and 
bearing bores in the end plates through both end plates 
simultaneously with the end plates clamped together. By 
doing this, virtually perfect alignment of the dowel holes 
and bearing bores is attained, yet the tolerances for the 
locations of the dowel holes and bearing bores relative 
to each other in the end plates may be several times 
as large as they would have to be if the end plates were 
bored separately. 
Another method of obtaining close clearance control 

resides in utilizing a spacer means between the end plates 
which comprises two spacer plates, one on the high pres 
sure side of the gear chambers and the other on the 
low pressure side thereof. The dowel holes in the 
spacer plate on the high pressure side of the gear cham 
bers are drilled slightly oversize so that, when assem 
bling the cartridge, this spacer plate can be so posi 
tioned as to contact the peripheries of the gear teeth 
lightly, this spacer plate preferably being of a material 
such as bronze so that while there may be zero clearance 
between it and the gear teeth initially, the gear teeth 
generate their own running clearances when the pump 
is put into operation. In other cases in which a small 
initial clearance is desired between the spacer plate 
and the gear peripheries, a shim having a thickness equal 
ling the desired initial clearance can be placed between 
the spacer plate and gear peripheries during assembly 
of the cartridge, the shim to be removed following as 
Sembly. Thus, with this method, the ultimate in clear 
ance control for outside diameter clearance is attained 
with generous tolerances and could not be duplicated in 
accordance with prior practice with impossible toler 
ances, which is an important feature of the invention. 
With respect to gear end clearance control, gear end 

clearances can be made very close initially and will re 
main so throughout the entire pressure range since all 
forces tending to spread the end plates are balanced out, 
as hereinbefore discussed. 
Another object of the invention is to provide large 

bearing areas for the gears, by providing the gears with 
large integral shafts journaled in bearing bores which 
extend entirely through the end plates. Thus, bearing 
loads are distributed over large areas, which is an impor 
tant feature. Another object in this connection is to pro 
vide recesses in the bearing bores adjacent the high pres 
sure side of the gear chambers through which radial 
leakage from the gear chambers passes to lubricate and 
provide continuous oil circulation for cooling the bear 
ing bores and the gear shafts therein. 

Another object is to provide a drive means for the 
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4. 
pump which includes a shaft carried by the case and 
adapted to plug into either gear in the pump cartridge, 
depending upon the position of the cartridge in the 
case. A seal encompasses the shaft to prevent external 
leakage from the case, case pressure being applied to 
the seal to insure proper seating thereof and the seal 
being driven through a flexible coupling to insure proper 
contact at the sealing faces despite misalignment of any 
elements of the drive means, which are features of the 
invention. 
Another object is to provide dowel bolts whose cross 

Sectional areas intermediate the ends thereof do not ex 
ceed the cross-sectional areas at the roots of the threads 
on such bolts. With this construction, maximum thread 
areas are attained while providing the dowel bolts them 
Selves with sufficient flexibility to assist in compensat 
ing for any differential expansion between the dowel 
bolts, which are preferably steel, and the end and spacer 
plates, at least some of which are preferably bronze, or 
a similar material. 
The foregoing and various other objects, advantages 

and features of the present invention may be attained 
with the exemplary embodiment of the invention illus 
trated in the accompanying drawings and described in 
detail hereinafter. Referring to the drawings: 

Fig. 1 is a longitudinal sectional view of a high pres 
sure gear pump which embodies the present invention; 

Fig. 2 is a fragmentary Sectional view taken along the 
arrowed line 2-2 of Fig. 1; 

Fig. 3 is an exploded perspective view of a flexible 
coupling forming a seal drive means of the invention; 

Figs. 4 and 5 are transverse sectional views respec 
tively taken along the arrowed lines 4-4 and 5-5 of 
Fig. 1, Fig. 5 being on an enlarged scale; and 

Figs. 6, 7 and 8 are fragmentary sectional views re 
spectively taken along the arrowed lines 6-6, 7-7 and 
8-8 of Fig. 4 of the drawings. 

Referring to the drawings, the high pressure gear pump 
of the invention illustrated therein includes a pump car 
tridge or pump cartridge subassembly 10 in a case or 
case Subassembly which includes drive means 12 for 
the pump, the case having an open end closed by a 
port head or port head subassembly 13. The latter is 
Secured to the case 1 by bolts 14 and a fluid-tight seal 
between the port head and the case is provided by a 
sealing element 15 disposed therebetween. The port 
head A3 is provided with inlet and outlet ports or pas 
Sages respectively designated by the numerals 6 and 17. 

Considering the cartridge. 10 in detail it includes a 
housing having therein intersecting gear chambers 21 and 
22 respectively occupied by gears 23 and 24 in mesh 
at the intersection of the chambers, as best shown 
in Fig. 4 of the drawings, it being understood that the 
particular numbers of teeth shown on the gears may be 
varied. Communicating with the gear chambers 21 and 
22 are a main inlet means 27 on one side of the gear 
chambers and an outlet or discharge means 28 on the 
opposite side of the gear chambers, the main inlet means. 
27 communicating with the inlet passage 16 in the port 
head 13 and the outlet means 28 communicating with 
the outlet passage 17 in the port head. Providing com-, 
munication between the interior of the case 1 and the 
gear chambers 2 and 22 intermediate the main inlet 
means 27 and the outlet means 28 is an auxiliary or 
boost inlet means comprising auxiliary inlets 31 and 32 
respectively communicating with the gear chambers 21 
and 22. The auxiliary inlets 3 and 32 are spaced from 
the main inlet means 27 by circumferential walls 35 and . 
36, respectively, of the gear chambers 21 and 22 and 
the auxiliary inlets 3; and 32 are spaced from the outlet 
means 28 by circumferential walls 39 and 40, respec 
tively, of the gear chambers. 

Considering the structure of the housing of the pump 
cartridge 10, the pump cartridge housing includes two 
end plates 43 and 44 having therebetween a spacer 
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means comprising spacer plates 45 and 46 respectively 
disposed adjacent the main inlet means 27 and the outlet 
means 28, i.e., respectively disposed on what hereinafter 
will be termed the low pressure and high pressure sides 
of the gear chambers 21 and 22. The spacer plate 45 
is clamped between the end plates 43 and 44 by the 
bolts 48 and 49 extending through these plates and the 
spacer plate 46 is clamped between the end plates 43 
and 44 by dowel bolts 51, 52 and 53 and bolts 50 and 
54 extending through these plates. The end plates 43 
and 44 define the end walls of the gear charnbei's 2i. 
and 22, the spacer plate 45 defines the circumferential 
walls 35 and 36 of the gear chambers 2 and 22, and 
the spacer plate 46 defines the circumferential walls 39 
and 40 of the gear chambers 2 and 22. The end plate 
43 is provided with bearing bores 57 and 58 therethrough 
which are concentric with the gear chambers 29 and 
22, respectively, and the end plate 44 is provided with 
bearing bores 59 and 60 therethrough which are con 
centric with the gear chambers 21 and 22, respectively. 
The gear 23 is provided with integral shafts 61 and 62 
respectively disposed in the bearing bores 57 and 59, 
and the gear 24 is provided with integral shafts 63 and 
64 respectively disposed in the bearing bores 58 and 60. 
The bearing bores 57 to 60 and the shafts 61 to 64 are 
of large diameter and the shafts extend almost entirely 
through the corresponding end plates 43 and 44 to pro 
vide large bearing areas to minimize bearing pressures, 
which is an important feature. 
The bearing bores are relieved or undercut adjacent 

the high pressure side of the gear chambers 21 and 22 
to provide recesses through which radial leakage from 
the gear chambers passes on its way into the case 1i, 
as hereinafter described, to lubricate and cool the bear 
ing bores and the shafts. The recesses in the bearing 
bore 57 and 58 are visible in Fig. 4 of the drawings and 
are identified by the numerals 67 and 68, respectively, 
and the recesses in the bearing bores 59 and 60 are 
shown in Fig. 5 of the drawings and are identified by 
the numerals 65 and 66, respectively. As will be ap 
parent, the high pressure developed in the outlet means 
28 biases the gears 23 and 24 and their shafts toward 
the low pressure side of the gear chambers 21 and 22 
and thus biases them away from the lubricating and 
cooling recesses mentioned. It will be understood that 
while the gear shafts have been described as integral 
with the corresponding gears 23 and 24, they may be 
formed separately and the gears keyed or otherwise Se 
cured thereto. 

Turning now to a consideration of the fluid flow through 
the pump cartridge 10, the main inlet means 27, as 
hereinbefore mentioned, communicates with the inlet 
passage 16 in the port head i3, the inlet passage 16 and 
inlet means 27 being as large as possible to improve 
the filling characteristics of the pump, especially at high 
altitudes and low temperatures. The main inlet means 
communicates with the gear chambers 21 and 22 through 
out approximately one quadrant of each, and communi 
cates with the intertooth spaces in the gears 23 and 24 
both radially and axially, the end plates 43 and 44 being 
recessed at 71 and 72, respectively, to provide axial filling 
of the intertooth spaces from both ends throughout ap 
proximately one quadrant, as best shown in Figs. 2 and 
5 of the drawings. These same recesses also cooperate 
with a port or passage 73 in the end plates 43 and 44 
and the spacer plate 45 to provide radial filling of the 
intertooth spaces throughout approximately one quadrant 
of each gear. Thus, with this construction, maximum 
filling of the intertooth spaces is achieved, which is an 
important feature. 
As the intertooth spaces move out of communication 

with the main inlet means 27, they are covered by the 
circumferential walls 35 and 36 of the gear chambers 
21 and 22, the intertooth spaces in the gears 23 and 24 
thereafter coming into communication with the auxiliary 
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6 
inlets 3i and 32, respectively. These auxiliary inlets are 
merely ports in the pump cartridge housing (being 
bounded by the end plates 43 and 44 and the spacer plates 
45 and 46) which communicate with the interior of the 
case ii. The case interior receives substantially all of 
the leakage from the gear chambers 21 and 22, radial 
leakage from these chambers, for example, escaping into 
the case interior by way of the lubricating recesses in 
the bearing bores 57 to 60 which were discussed previ 
ously. Of course, a very small amount of leakage directly 
to the main inlet means 27 occurs, past the gears, but this 
is very small and virtually all of the leakage goes into 
the case interior. The interior of the case 11 is main 
tained at a pressure somewhat above atmospheric pres 
sure, e.g., one or two atmospheres above atmospheric 
gressure, by a pressure relief valve means which includes 
a ball valve 76, Fig. 2, disposed in a passage 77 connect 
ing the interior of the case 1 with the main inlet means 
27, the valve 76 being biased into engagement with a seat 
78 in the passage 77 by a spring 79. 
As will be apparent, since the case interior is main 

tained under pressure in this manner and since the inter 
tooth spaces communicate with the case interior through 
the auxiliary inlets 31 and 32, any incomplete filling of 
the intertooth spaces through the main inlet means 27 
is virtually completely eliminated by the auxiliary inlets 
35 and 32. In other words, the leakage is utilized to 
provide a source of boost pressure to insure substantially 
complete filling of the intertooth spaces in the gears 23 
and 24 through the auxiliary inlets 31 and 32, which is 
an important feature. As an example, assuming that the 
intertooth spaces are filled to approximately 90% of their 
capacity by the main inlet means 27, and assuming that 
leakage from the cartridge 10 into the case 11 in this 
example is at least 10% of the theoretical pump capacity, 
the intertooth spaces will be at least substantially com 
pletely filled through the auxiliary inlets 31 and 32 by 
the boost pressure maintained within the case 11 by the 
valve 76, any excess leakage into the case being returned 
to the main inlet means 27 through the valve 76, which 
acts as a pressure relief valve means. Thus, volumetric 
efficiency is materially improved, which is an important 
feature of the invention. 

Another feature of handling the leakage from the pump 
cartridge 10 in this manner is that it is impossible for 
any high pressure leakage to the exterior of the case 11 
to occur since the pressure differential between the in 
terior of the case and the exterior thereof is maintained 
at a value of the order of magnitude of one or two at 
mospheres. Thus, if a leak should develop tending to 
permit the escape of fluid to the exterior of the case 11, 
such leakage will be at a relatively low rate, which has 
obvious advantages and which represents an important 
feature of the invention. 

After the intertooth spaces, now completely filled, or 
substantially completely filled, with fluid move out of 
communication with the auxiliary inlets 31 and 32, they 
are covered by the circumferential walls 39 and 40 of 
the gear chambers 21 and 22, the fluid being discharged 
from the intertooth spaces as the gear teeth mesh in the 
vicinity of the outlet means 28. As hereinbefore men 
tioned, the high outlet pressure attained by the pump of 
the invention, which may exceed 5000 lbs. per square 
inch, is localized in the vicinity of the outlet means, with 
attendant advantages to be discussed hereinafter, and the 
manner in which this is accomplished will now be 
considered. 

First of all, it will be noted that, as best shown in Fig. 5 
of the drawings, the walls 39 and 40 are provided, re 
spectively, with relief passages, e.g., slots, 80 and 81 
which extend from the auxiliary inlets 31 and 32, re 
spectively, toward the intersection of the walls 39 and 40. 
so that the effective circumferential extent of the walls 39 
and 40, i.e., the circumferential extent thereof effective to 
cover the intertooth spaces, is relatively small, being ma 
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terially less than 180 and preferably being not more than 
approximately 90, this effective circumferential extent 
being not more than about 60 in the particular construc 
tion shown. Thus, if the gears 23 and 24 have twelve 
teeth each, as shown in the drawings for illustrative pur 
poses only, alternately one and two intertooth spaces of 
each gear are covered by the corresponding circumfer 
ential wall 39 or 40. Actually, only one intertooth space 
of each gear is covered at any instant, since the inter 
tooth space of each gear nearest the outlet means 28 be 
gins to uncover as the next intertooth space is coniapletely 
covered, attention being directed to the gear 23 in Fig. 
5. Consequently, the pressure gradients between the out 
let means 28 and the auxiliary inlets 3 and 32 are very 
steep. For example, assuming that the discharge pres 
sure is 5000 lbs. per square inch, the pressures obtaining 
in the covered intertooth spaces farthest from the outlet 
means 28 will be only a small fraction of 5000 lbs. per 
Square inch. Thus, with this construction, the area of 
high outlet pressure is severely localized and occupies 
only the zone in which the outlet means 28 is located 
plus the adjacent intertooth space in each gear, the pres 
sures between the localized area of high outlet pressure 
and the auxiliary inlets 31 and 32 falling off rapidly 
because of the steep pressure gradients utilized. 
Another factor in localizing the area of high outlet pres 

sure to the immediate vicinity of the outlet means 28 is 
that the intertooth spaces are covered by the circumfer 
ential walls 39 and 40 down to, or virtually down to, the 
point of intersection of the gear chambers 21 and 22, 
as best shown in Fig. 5 of the drawings. This has the 
effect of providing a pressure gradient between that inter 
tooth space of each gear which is in communication with 
the outlet means 28 and an adjacent intertooth space cov 
ered by one of the circumferential walls 39 or 40 so that 
the pressure to which the structure of the pump cartridge 
i0 is Subjected falls off sharply in directions away from 
the outlet means 28 for this reason also. 

Virtual point intersection of the circumferential walls 
39 and 40 when viewed in cross section is attained by 
causing the outlet means 28 to communicate with the 
intertooth spaces axially only. While the outlet means 
28 may communicate with the intertooth spaces at one 
end only, it is shown as communicating with both ends 
of the intertooth spaces to facilitate fluid discharge there 
from. Considering how this is accomplished with par 
ticular reference to Fig. 2 of the drawings, the outlet 
means 28 includes a passage 82 in the end plate 44 
which registers with the outlet passage i7 in the port 
head 13. At its inner end, the passage 82 is provided 
with branch passages 33 and 84 in the end plate 44, the 
latter branch passage communicating with one end of the 
gear chambers 2 and 22 in the area where the gears 
23 and 24 begin to mesh. Communicating with the 
opposite end of the gear chambers 2 and 22 in align 
ment with the branch passage 84 is one arm $35a of a 
V-shaped passage 85 in the end plate 43, the other arm 
85b of this W-shaped passage communicating with a 
passage 86 through the spacer plate 46, the passage 86, 
in turn, communicating with the aforementioned branch 
passage 83. Thus, fluid discharged from one end of 
each intertooth space flows into the passage 82 by way 
of the branch passage 84, while fluid discharged from 
the other end of each intertooth space flows into the 
passage 82 by way of the V-shaped passage 85, the 
passage 86 and the branch passage 83. Relief ports 
87 are provided in the end plates 43 and 44 at the inner 
ends of the branch passage 84 and the arm 85a of the 
V-shaped passage 85 to prevent fluid trapping. 

Pressure pulsations tend to occur as the numbers of 
teeth on the gears 23 and 24 which are covered by the 
circumferential walls 39 and 40 vary between the max 
imum number covered and the minimum number cov 
ered. To smooth out such pressure pulsations, restricted 
relief passage means is provided at the intersection of 
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the circumferential walls 39 and 40, such restricted re 
lief passage means restrictedly by-passing each gear tooth 
in turn as it is uncovered at the intersection of the cir 
cumferential walls 39 and 40 so as to minimize hydraulic 
shock loads as the numbers of intertooth spaces covered 
by the circumferential walls vary during rotation of the 
gears 23 and 24. As shown in Fig. 5 of the drawings, 
Such restricted relief passage means comprises a small 
relief slot 93, which may be a V-groove, in the spacer 
plate 46 at those ends of the circumferential walls 39 
and 40 which are adjacent the outlet means 28, the 
relief slot 93 extending across the apex formed by the 
intersection of the circumferential walls 39 and 40. 
The high pressure developed within the pump cartridge 

i0 in the vicinity of the outlet means 28 tends to spread 
the end plates 43 and 44 even though such end plates 
are of substantial thickness, as shown, and are clamped 
together by a substantial number of dowel bolts. An im 
portant feature of the present invention is to balance 
out the pressure tending to spread the end plates 43 
and 44 and this may be done very simply in accordance 
with the present invention because of the fact that the 
area of high pressure is concentrated or localized in the 
vicinity of the outlet means 28 as hereinbefore discussed. 
Referring to Fig. 2 of the drawings, it will be seen that 
an annular shoulder 97 encircles a portion of the outlet 
passage 57 which is an extension of the passage 82 and 
which is in axial alignment with the localized area of 
high pressure in the vicinity of the outlet means 28. 
Thus, the outlet pressure acts on this annular shoulder 
97 to balance or cancel out the concentrated or localized 
high pressure within the pump cartridge 10 so as to elim 
inate the tendency to spread the end plates 43 and 44. 
In the construction shown, the annular pressure balanc 
ing shoulder 97 is provided by one end of a pressure 
balancing button 98 disposed in a complementary receSS 
99 in the port head 13, the button 98 being sealed with 
respect to the pump cartridge 10 and the port head 13 
by sealing elements 100 and 01, respectively. The effec 
tive balancing area is defined and limited by the outside 
diameter of button 98. 
Thus, it will be seen that the present invention balances 

out the discharge pressure developed within the pump 
cartridge 10 by applying the discharge pressure to the 
pressure balancing button 98, and that the desired pres 
sure balance is attained by applying the outlet pressure 
to only a relatively small area because of the fact that 
the discharge pressure within the pump cartridge is se 
verely localized or concentrated in the manner herein 
before discussed in detail, which are important features 
of the invention. 
As hereinbefore indicated, an important object of the 

invention is to provide a method of machining and as 
sembling the various elements of the pump cartridge 10 
which results in extremely close control of gear clearances, 
in the vicinity of the outlet means 23 only, without 
necessitating the maintenance of extremely close toler 
ances in machining operations. In this connection, the 
end plates 43 and 44 are clamped together, after which 
the holes for the dowel bolts 51 to 53 and the bearing 
bores for the gears 23 and 24 are bored through both 
end plates, the holes for the bolts 48, 49, 50 and 54 being 
drilled at the same time. The end plates 43 and 44 which 
are bored together will always be used together and, in 
view of this, the tolerances on dowel hole locations and 
bearing bore locations may therefore be several times 
as large as they would be if these holes were bored in 
the end plates 43 and 44 independently of each other. 
Also, the number of boring operations is reduced, which 
is another feature. In drilling the dowel holes through the 
high pressure spacer plate 46, the dowel holes are drilled 
oversize, as shown throughout the drawings and as best 
shown in Fig. 5 of the drawings, so that, when assembling 
the cartridge 9, the high pressure spacer plate may be 
adjusted so that the circumferential walls 39 and 40 
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thereof lightly contact the teeth of the gears 23 and 24, 
respectively. In other words, the high pressure spacer 
plate 46 is adjusted to provide either zero clearance or 
any desired initial clearance with respect to the gear 
teeth. The high pressure spacer plate 46 is preferably 
formed of bronze, or a similar material, and the gears are 
preferably formed of steel so that the gear teeth can 
readily generate their own running clearances when the 
pump is put into operation in those instances where Zero 
clearance between the high pressure spacer plate 46 and 
the gear teeth is provided initially. If a fixed clearance 
greater than zero is desired initially, this may be pro 
vided by placing shims of a thickness equal to the de 
sired clearance between the gears and the spacer plate 
46, these shims being removed after assembly. 

Thus, the ultimate in clearance control for outside 
diameter clearance is attained with generous tolerances 
and this clearance control could not be duplicated in 
accordance with prior practices with impossible toler 
ances, which is an important feature of the invention. 
With respect to gear end clearance control, the tolerances 
on gear length and spacer plate thickness may be equiv 
alent to those utilized in prior pumps. Gear end clear 
ances can initially be very close and will remain so 
throughout the pressure range since all deflection forces 
are balanced out, as hereinbefore discussed. Preferably, 
the end plates 43 and 44 are also of a material such as 
bronze so that the initial gear end clearances may be the 
minimum permissible running clearance with no danger 
of seizure or galling in operation. Close gear end clear 
ances are necessary throughout approximately only 60 
to 90 because of the high-pressure localization herein 
before discussed, which renders gear end clearances less 
critical with respect to both overheating and gear face 
misalignment. 
The low pressure spacer plate 45, which may be formed 

of steel, need not be either adjustable or a precision part 
in any way except for thickness since large clearances 
over gear outside diameters are permissible on the inlet 
side because of the low pressures involved. As a matter 
of fact, the principal function of the plate 45, other than 
providing rigidity, is to separate the auxiliary inlets 31 
and 32 from the main inlet means 27 to maintain the 
desired boost pressure. 

For purposes of strength, the dowel bolts 51 to 53 
are preferably of steel, and, in order to make these 
dowel bolts sufficiently flexible to accommodate differ 
ences in thermal expansion of parts without sacrificing 
thread strength, these dowel bolts are preferably of 
reduced cross-sectional area intermediate their ends, the 
net cross-sectional area of each of these dowel bolts 
being approximately equal to the cross-sectional area 
thereof at the thread roots. As shown in Fig. 2, this 
effect is attained with the dowel bolt 52 by reducing its 
external diameter intermediate its ends. As shown in 
Fig. 7 of the drawings, this is attained with the dowel 
bolt 53 by making the dowel bolt hollow for the major 
portion of its length. The dowel bolt 51 may be simi 
larly handled. 
As hereinbefore suggested, an important advantage 

of locating the entire bolting configuration in the pump 
cartridge 10 makes the pump cartridge an independent, 
Self sufficient unit which may be used with a wide variety 
of cases, drives, and the like. Also, by making the 
pump cartridge an independent unit, its position in the 
case 11 may be reversed, i.e., the cartridge may be 
turned 180 about its axis, so that the drive means 12 
may be connected to either one of the gears 23 and 24. 
Consequently, the drive means 12 may rotate in either 
direction, it merely being necessary to rotate the pump 
cartridge 10 and port head subassembly 13 through 180° 
to attain the proper directions of gear rotation. 

Considering the drive means 12, it includes a shaft 106 
which extends into the case 11 and which is provided at 
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its inner end 107 with means for driving connection to: 
either of the gears 23 and 24, depending upon the posi 
tion of the cartridge 10 within the case. In the par 
ticular construction illustrated, the inner end 107 of the 
shaft 106 is externally splined for engagement with 
internal splines formed in either the gear shaft 61 or 
the gear shaft 63, depending upon the position of the 
cartridge 10 in the case 11. Thus, if the shaft 106 is 
driven in one direction, the gear shaft 61 is engaged with 
the splined inner end 107 thereof, and, if the shaft 106 
is driven in the opposite direction, the gear shaft 63 is 
engaged with the splined end i07 thereof, this being ac 
complished by rotating the pump cartridge 10 through 
180° relative to the case it as hereinbefore discussed. 
The drive shaft :06 is mounted in a bearing 68 car 

fied by a closure member 109 which is secured to the 
case 1 by boits 1:0, or the like. The shaft 106 is driven 
in any suitable manner, as by a gear 11 splined or 
otherwise secured to the outer end thereof. It will be 
apparent that with the construction shown, minor mis 
alignments of parts are compensated for and the pump 
cartridge E0 is isolated from driving loads. 

Considering the manner in which the drive shaft 106 
is sealed relative to the case 11, encircling the drive shaft 
is a stationary sealing element 14 which is held in place 
by an annular retainer 115 and which is sealed relative 
to the case it by a sealing ring 156. The stationary 
sealing element E14 is engaged by a rotatable sealing 
element is 9, a fluid-tight seal between the sealing ele 
ment 119 and the shaft 106 being provided by a sealing 
ring 120 disposed in an anular recess in the sealing ele 
ment 9. Splined or otherwise secured to the shaft 106 
so as to rotate therewith is a driver 23 which is con 
nected to the rotary sealing element 19 to drive same 
by means of a flexible coupling, such as the Oldham-type 
coupling 124 best shown in Fig. 3 of the drawings. By 
driving the sealing element 19 through a flexible cou 
pling in this manner, proper contact between the sealing 
faces on the sealing elements 114 and 119 is maintained 
despite misalignment of parts, which is an important 
feature. The sealing element 119 is biased into engage 
ment with the sealing element 14 by a compression 
spring 127 seated at one end against the driver 123 and 
at its other end against a washer which engages the 
sealing ring 120. It will be noted that the pressure 
within the case 1 also acts on the sealing element 119 
to bias it into engagement with the sealing element 114. 
With this sealing arrangement, leakage from the case 1 
by way of the drive means 2 is eliminated for long 
periods of time, especially in view of the fact that the 
pressure differential across the seal is of the order of 
magnitude of one or two atmoshperes. 
Although I have disclosed an exemplary embodiment 

of my invention herein for purposes of illustration, it 
will be understood that various changes, modifications 
and substitutions may be incorporated in the embodi 
ment disclosed and that various features of the inven 
tion may be incorporated in other embodiments, all with 
out departing from the spirit of the invention as defined 
by the claims hereinafter appearing. 

I claim as my invention: 
1. A gear pump including two meshed gears respectively 

disposed in intersecting gear chambers in a housing hav 
ing inlet means communicating with said gear chambers 
in inlet Zones, respectively, and having outlet means com 
municating with said gear chambers in an outlet zone, said 
inlet Zones being spaced from said outlet zone and the 
Spaces between said inlet and outlet zones being spanned 
by circumferential walls of said chambers which cover 
said gears, the effective angular extent of each of said 
circumferential walls being such that not more than one 
sixth of the intertooth spaces of the corresponding gear 
are covered thereby, said housing including restricted 
relief passage means at the adjacent ends of said circum 
ferential walls and interconnecting said gear chambers 
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for restrictedly by-passing the gear teeth as they engage 
and disengage said circumferential walls so as to minimize 
hydraulic shock as the numbers of intertooth spaces 
covered by said circumferential walls vary, the cross 
sectional area of said relief passage means being very 
small as compared to that of said intertooth spaces. 

2. A gear pump including two meshed gears respec 
tively disposed in intersecting gear chambers in a housing 
having inlet means communicating with said gear cham 
bers in inlet zones, respectively, and having outlet means 
communicating with said gear chambers in an outlet Zone 
adjacent the intersection thereof, said housing including 
end plates respectively defining end walls of said gear 
chambers and including spacer means between said end 
plates and defining circumferential walls of said gear 
chambers, said end plates and said spacer means being 
rigidly secured together, said gear pump including means 
communicating with said outlet means for applying the 
outlet pressure developed by said gear pump to one of 
said end plates of said housing in axial alignment with 
said outlet zone and in a direction inwardly toward said 
outlet zone. 

3. A gear pump including a housing having two end 
plates and spacer means clamped between said end plates 
for axially spacing said end plates apart, said gear pump 
including two meshed gears respectively disposed in inter 
secting gear chambers located between said end plates and 
defined by said spacer means, said housing having inlet 
means communicating with said gear chambers in inlet 
zones, respectively, and having outlet means communi 
cating with said gear chambers in an outlet Zone adjacent 
the intersections thereof, said inlet Zones being spaced 
from said outlet zone and the spaces between said inlet 
and outlet zones being spanned by circumferential walls 
of said gear chambers which cover the teeth of said gears 
and which are of such effective angular extent that not 
more than approximately one sixth of the intertooth 
spaces are covered by said circumferential walls so as to 
localize the outlet pressure developed by said pump to 
the vicinity of said outlet zone, said gear pump including 
means communicating with said outlet means for apply 
ing the outlet pressure developed by said pump to one of 
said end plates of said housing in the axially inward direc 
tion and in axial alignment with said outlet Zone. 

4. A gear pump as defined in claim 3 wherein said out 
let means includes an outlet passage through said one 
end plate, the means last defined in claim 3 including an 
annulus encircling said outlet passage and exposed to the 
outlet pressure therein. 

5. A gear pump including a housing having therein two 
intersecting gear chambers respectively occupied by gears 
in mesh at the intersection of said gear chambers, said 
housing providing inlet means communicating with said 
gear chambers and providing outlet means communicat 
ing with said gear chambers adjacent the intersection of 
said chambers, said housing having a restricted relief pas 
sage adjacent the intersection of and connecting said 
chambers, said outlet means including an outlet passage 
communicating with an end of said gear chambers so that 
the pumped fluid is discharged axially from the corre 
sponding ends of the intertooth spaces, said outlet passage 
being spaced from said relief passage slightly in the di 
rection of rotation of said gears so that said intertooth 
spaces communicate first with said relief passage, and 
then with said outlet passage. 

6. In a gear pump, the combination of: a cartridge 
comprising a housing having therein two intersecting gear 
chambers respectively occupied by gears in mesh at the 
intersection of said chambers, said housing providing cir 
cumferentially spaced main inlet means, auxiliary inlet 
means and outlet means communicating with each of said 
gear chambers; and a case enclosing said cartridge and 
having inlet and outlet passages respectively communi 
cating with said main inlet means and said outlet means, 
the interior of said case communicating with said auxiliary 
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inlet means so that fluid leakage from said cartridge into 
said case is delivered to said auxiliary inlet means. 

7. A gear pump as defined in claim 6 including passage 
means communicating between the interior of said case 
and said main inlet means, there being pressure relief 
valve means in said passage means for permitting fluid 
flow from the interior of said case into said main inlet 
means in response to a predetermined pressure differential 
therebetween. 

8. A unitary gear pump cartridge insertable into a 
case which provides inlet and outlet passages, said car 
tridge having therein intersecting gear chambers defined 
by end and peripheral walls and respectively occupied by 
gears in mesh at the intersection of said chambers, said 
cartridge providing main inlet means and outlet means 
which communicate with said gear chambers and which 
communicate with said inlet and outlet passages, respec 
tively, when said cartridge is disposed in the case, said 
cartridge also providing two auxiliary inlet means which 
communicate with said gear chambers, respectively, be 
tween said main inlet means and said outlet means and 
which communicate with the interior of the case when 
said cartridge is disposed therein, said cartridge being in 
sertable into and removable from said case as a unit. 

9. A unitary gear pump cartridge insertable into and 
removable from a case and having therein intersecting 
gear chambers respectively occupied by gears in mesh at 
the intersection of said chambers, said cartridge provid 
ing main inlet means and outlet means communicating 
with said chambers, said cartridge also providing two aux 
iliary inlet means which communicate with said gear 
chambers, respectively, between said main inlet means 
and said outlet means and which communicate with the 
interior of the case when said cartridge is disposed therein, 
said cartridge including end plates which define end walls 
of said gear chambers and including spacer means between 
said end plates which define circumferential walls of said 
gear chambers, said cartridge including dowel means for 
clamping said end plates and spacer means together. 

10. In a gear pump, the combination of: a case con 
taining gear pump means; means for maintaining the in 
terior of said case at a predetermined pressure; drive 
means extending into said case for driving said gear pump 
means; and seal means exposed to case pressure and en 
compassing said drive means for preventing leakage from 
said case therealong, said seal means including stationary 
and rotary sealing elements and flexible coupling means 
coupling said rotary sealing element to said drive means. 

11. A gear pump including a housing having therein 
intersecting gear chambers respectively occupied by gear 
pumps in mesh at the intersection of said chambers, said 
housing including end plates defining end walls of said 
gear chambers and including spacer means between said 
end plates and defining circumferential walls of said gear 
chambers, said spacer means being clamped between said 
end plates by dowel bolts extending through said end 
plates and spacer means, each of said dowel bolts being 
threaded at one end and having a nut threaded on such 
end thereof, the maximum cross-sectional area of each of 
said dowel bolts intermediate the ends thereof being ap 
proximately equal to the cross-sectional area thereof at 
the roots of said threads on said end thereof. 

12. A gear pump including a housing having therein 
intersecting gear chambers respectively occupied by gears 
in mesh at the intersection of said chambers, said housing 
providing inlet means communicating with said gear cham 
bers on a low pressure side thereof and providing outlet 
means communicating with said gear chambers on a high 
pressure side thereof, said housing including end plates 
Iespectively defining end walls of said gear chambers, and 
said housing including spacer means between said end 
plates and defining circumferential walls of said gear 
chambers, said spacer means including a low pressure 
spacer plate on the low pressure side of said gear cham 
bers and a high pressure spacer plate on the high pressure 
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side of said gear chambers, said spacer plates being 
clamped between said end plates by dowel bolts extending 
through holes in said end plates and spacer plates, the 
dowel holes in said high pressure spacer plate being larger 
than the dowel bolts extending therethrough to permit 
displacing said high pressure spacer plate into any desired 
relation with the teeth of said gears to control radial 
clearances therebetween. 

13. A method of assembling a gear pump having a 
housing which includes a spacer plate adapted to be 
clamped between two end plates to space said end plates 
apart for the reception of meshed gears therebetween, 
said spacer plate being adapted to at least partially sur 
round the outer peripheries of said gears, said method 
including the step of clamping said spacer plate between 
said end plates with said gears disposed between said end 
plates while maintaining said spacer plate in contact with 
the outer peripheries of the teeth of said gears so that there 
is zero clearance between said spacer plate and the outer 
peripheries of said gear teeth, whereby said gear teeth 
generate their own running clearances when said gear 
pump is put into operation. 

14. A method of assembling a gear pump having a 
housing which includes a spacer plate adapted to be 
clamped between two end plates to space said end plates 
apart for the reception of meshed gears therebetween, 
said spacer plate being adapted to at least partially sur 
round the outer peripheries of said gears, said method 
including the steps of: clamping said spacer plate between 
said end plates with said gears disposed between said end 
plates and with shims between said spacer plate and the 
outer peripheries of the teeth of said gears; and thereafter 
removing said shims to provide predetermined clearances 
between the outer peripheries of said gear teeth and said 
spacer plate. 

15. A method of making a gear pump housing defined 
by end plates and central spacer means which are adapted 
to be secured together by dowel bolts extending through 
the end plates and the spacer means to clamp the spacer 
means between the end plates, said end plates and said 
spacer means providing intersecting gear chambers for 
meshed gears having shafts extending axially therefrom 
in both directions, said spacer means being adapted to at 
least partially surround the outer peripheries of said gears, 
said method including the steps of: securing the end 
plates together; and boring dowel bolt holes for said 
dowel bolts and bearing bores for said shafts through said 
end plates while so secured together. 

16. In a gear pump, the combination of: a pump 
cartridge including a housing providing intersecting gear 
chambers and providing inlet means communicating with 
said gear chambers on a low pressure side thereof and 
outlet means communicating with said gear chambers on 
a high pressure side thereof, said housing providing bear 
ing bores axially aligned with said gear chambers and 
providing large undercuts in said bearing bores on the 
high pressure sides of said gear chambers, said pump 
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cartridge including gears respectively disposed in said 
gear chambers and meshing at the intersection of said 
chambers, said gears having shafts journaled in said bear 
ing bores; and a case containing and receiving leakage 
from said pump cartridge, said undercuts communicating 
with said gear chambers and said case, whereby radial 
leakage between the ends of said gears and end walls of 
said gear chambers flows through said undercuts into said 
case to lubricate and cool said bearing bores and shafts, 
the centers of said undercuts being spaced circumferen 
tially from the zone of meshing of said gears, and being 
spaced therefrom not more than 90, to register same with 
said high pressure sides of said gear chambers. 
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