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2,746,394 
GEAR PUMP - 

John Doza, Davisburg, Earl W. Rohrbacher, Detroit, and 
John Zimmerman, Grosse Pointe Woods, Mich., as 
signors to General Motors Corporation, Detroit, Mich., 
a corporation of Delaware 
. Application August 11, 1951, Serial No. 241,432 

6 Claims. (C. 103-126) 

This invention relates to gear pumps suitable for use 
in liquid-pressure systems, for example, the burner fuel 
system of an internal combustion turbine. 

Ari object of the present invention is to provide a gear 
pump of compact and durable construction capable of 
pressurizing a liquid to a relatively high pressure. In 
the disclosed embodiment thereof, the object is accom 
plished by subjecting the gear shafts to forces obtained by 
pressure fluid which practically balance-out the forces to 

: which the shafts are subjected due to gear-tooth load 
ing and hydraulic loading of the pump. These balanc 
ing forces are applied through the use of pressure pockets 
adjacent to the shafts. Each gear shaft has two cylin 
drical portions between which a pump gear is located. 
Each cylinder is received by a sleeve having internal 
longitudinal grooves which are separated by sealing seg 

; ments which fit::the cylinders with close, clearance. The 
pockets which these grooves provide are connected with 

": the plimp that they receive fluid under different pressures. 
The effective area of the pockets, the location of the 
pockets, and the fluid pressure in the pockets are such 

Figs. 14 and 15 are respectively, sectional views on 
lines 14-14 and 15-15 of Fig.1. - 

Figs. 16 and 17 are, respectively, sectional views on lines 16-16 and 17 7 of Fig.14. 
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rtained in a supply reservoir. The liquid discharged from that the required balancing effect is obtained. Because 

the shaft bearings are practically free of forces due to 
gear-tooth loading and, hydraulic, loading of the pump, 

Othey can be relatively small in diameter; and the pump 
r; shafts can be relatively cle sely spaced. Therefore a 
gear pump, which is compact and durable in construction 

40 

and which is capable ef pressurizing liquid to a relatively 
high pressure:can be provided. 

Further objects and advantages of the present inven 
tion will be apparent from the following description, 

3 reference being had to the accompanying, drawings, 
wherein a preferred embodiment of the present invention 
is clearly shown. 

In the drawings: ". . . ; 
Fig. 1 is a longitudinal sectional view on line i-1 of 

; Fig. 1A is an enlarged fragmentary view showing the 
attachment of a pump screen to a mounting ring: 

... Fig. 1B is an enlarged fragmentary view of one of 
: the shaft seals. . . . . . . . . . . 

Fig, 2 is a sectional view on line 2-2 of Fig.1. 
... Figs. 3 and 4 are, respectively, sectional views on lines. 
3-3, and 4-4 of Fig. 1. . . . . . . " 

iFig. 5 is a fragmentary, sectional view on lines 5-5 
of Figs, 3 and 4. 

Fig. 6 is a fragmentary, sectional view on line 6-6 of Fig. 3. 
Fig. 7 is a fragmentary, sectional view on lines 7-7 of Figs. 3 and 4. 
Fig. 8 is a fragmentary, sectional view on line. 8-8 

of Fig. 4. . . . . 
Fig. 9 is a sectional view on line 9-9-9 of Fig. 3. 
Figs. 10 and 11, respectively, are sectional views on 

lines. 10-10 and 11-11 of Fig. 1. 
... Figs...12 and 13 are, respectively, sectional views on 
lines 12-12 and 13-13 of Fig. 2... . 

Fig. 18 is an enlarged fragmentary, longitudinal sec 
tional view showing a shaft and a sleeve which provides 
Sealing segments between pressure pockets. . 

Fig. 19 is a sectional view on line 19-9 of Fig.1. 
Fig. 20 is a sectional view on line 20-20 of Fig. 19. 
Fig. 21 is an enlarged end view of a drive shaft pocket 

sleeve. . . . 

Fig. 22 is a sectional view on line 22-22 of Fig. 21. 
Fig. 23 is an end view of a driven shaft pocket sleeve. 
Fig. 24 is a sectionai view online 24-24 of Fig. 23. 
Fig.25 is a side view of the pump. 
Referring to Fig. 1, the pump enclosure comprises a 

front bearing housing 30f, a plate 31f, a gear housing 32, 
a plate 31r and a rear bearing housing 30r, portions of 
which are shown in Fig. 20. These members are aligned 
by dowel pins 35 and they are fastened together by studs 
36 threaded into housing 30f and receiving nuts 37 which 
appear also in Fig. 19. . . . . . - - - - - 

Housings, 30f, and 30r are surrounded by screens 40 
and 42, respectively, the margins of which are clamped 
as shown in Fig. A by rings 41 and 43, respectively, 
said rings being received by the flanges of housings 30f 
and 30r, respectively. A ring. 44 secured to housing 30r 
retains screen 42. Screen 40 is retained between the left 
flange of housing 36f and the plate 31f. These screens 
serve to protect the pump during storage; and handling 
but are flot relied, upon to filter, the fluid, which passes 
into and out of the pump. The liquid which enters the 
pump is filtered by forcing it through a 40 micron filter 
by means of an auxiliary pump which receives liquid 
from a booster gear pump submerged in the liquid con 
the disclosed pump, may be filtered by a filter which is 
capable of retaining Emetal particles, which may be dis 
lodged from the pump. . . . . . . . . . . . 

Housings, 30f and 30r support, respectively, drive shaft 
pressure pocket sleeves 50f and 50r and driven shaft pres 
sure pocket sleeves 51f and 51r (Fig.1). Sleeve 50f 
is shown in Figs. 21 and 22 on large scale and sleeve 
51-fin Figs. 23 and 24. Each of the housings, 30f and 
30r receives the stem 52 of a disc 53, the periphery of 
which is received by recesses 54 of the sleeves, as shown 
in Figs. 21-24. The disc 53 locates the sleeves 56f and 
50r and 51f and 51r in certain angular positions and pre 

50 yents rotation of these sleeves with respect to the hous Ings. - . . . 
Referring to Figs. 21 and 22, sleeve 50f is longitudi 

nally grooved to provide pockets. Af, Bf, Cf. and Df. 
Referring to Figs. 23 and 24, sleeve 51f is longitudinally 
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grooved to provide pockets. Af, Bf, CF and Ef'. Before 
these pockets are formed, the interior cylindrical surfaces 
of the sleeves indicated at 55 in Figs. 22. and 24 and the 
shoulder portions 56 are coated with a uniform layer 57 
of babbitt permanently bonded to the sleeves. The groov 
ing of the sleeves to form these pockets, leaves babbitt 
coated sealing segments marked I, II, III and IV closely 

tfitting with cylindrical portions of the shafts. The ends 
of these pockets are closed by rings, 58 having layers of 
babbitt 59 bonded to the internal cylindrical surfaces 

othereof. The rings 58 are forced into annular, recesses 
provided by the sleeves, . . . . . . 

As shown in Fig. 1, sleeves 50f and 50r and 51f and 
51r, respectively, receive a drive shaft 60 and a driven 
shaft 61.3. These: shafts are supported by similar ball 
bearings. 62, the outer races ef which are received, be 
tween nuts, 63 and rings 64. : 
As shown in Figure 1B, ring 64 is:engaged by an an 

nular Seal housing 65 which contains ring 66 of resilient 

  

  



3 
material and a contiguous seal ring or washer 67. Hous 
ing 65 engages a seal ring 68 of resilient material retained 
in an annular groove provided by housing 30f or 30r. 
A spring washer 69 engages ring 67 which compresses 
seal ring 66 against housing 65 and a sleeve 70 and also 
urges housing 65 against ring 64. Carbon ring 71 is 
pressed into sleeve 70. Spring washer 69 urges assem 
bly of sleeve 70 and ring it against a lapped surface. 

: on, ring 73 which is pressed on both ends of shafts 60 
and 61. The seal assemblies are indicated in Fig. 1 by 
numeral 75 and these seals operate to resist leakage of 
liquid to the left of the sleeves 50f and 5f and to the 
right of the sleeves 50r and 51 r. These seal assemblies 
are purchased parts. - 

Referring to Figs. 10 and 11, shafts 60 and 61 pro 
vide meshing, helical gears 80 and 81, respectively, which, 
as shown in Figs. 10 and 11, rotate, respectively, clock 
wise and counterclockwise. The end thrust produced 
by the helical gears on the shafts 66 and 6 is taken up 
by the bearings 62. The gears 80 and 81 are enclosed 
by arcuate layers 82 of babbitt bonded to housing 32 and 
also by layers 83 of babbitt bonded to cylindrical plates 
31f and 31r (Fig. 1). The right end faces of gears 80 and 
81 are held closely with respect to the babbitt layer 83 
of plate 31r with a small clearance determined by ad 
justment of left nuts 63. The babbitt layer 83 of plate 31f 
is held closely with respect to the left end faces of gears 
80 and 81 with a small clearance determined by the ad 
justment of nuts 63 (Fig. 2). Thus the gears 80 and 
81 fit closely between layers 83. A function of the layers 
83 is to pick up small particles of foreign matter which 
had passed the 40 micron filter and which became em 
bedded in these layers. 
The liquid enters the pump through screen 42 and 

thence through duct 84 (Fig. 2). The rotating gear teeth 
pick up this fluid and force it through outlet duct 85 
and Screen 40. 
A mounting member 100 which is shown diagram 

matically in cross section in Fig. 25 provides an annular 
pump receiving recess which includes chambers 101 and 
102 surrounding the screens 42 and 40, respectively; and 
these chambers are separated by a gear housing flange 
103 which is sealed with respect to the member 100 by 
a seal ring 104 received by an annular groove 86 (Fig. 
1) of the gear housing. Chamber 101 receives liquid 
under relatively low pressure which flows through a duct 
105 from the outlet of a booster pump; and chamber 
102 discharges liquid under relatively high pressure 
through a duct 106. 

Referring to Figs. 19-24, sleeves 50r (Fig. 19) and 
50f (Fig. 21) have, respectively, pressure fluid receiving 
pockets Ar, Br, Cr and Dr and Af, Bf, Cf and Df, which 
are, respectively, equal in area and which are spaced by 
babbitt lined sealing segments I, II, III and IV. Sleeves 
51r and 51f have, respectively, pressure fluid receiving 
pockets Ar", Br', Cr, Dr' and Af, Bf, Cf, Dif” which 
are, respectively, equal in area and which are spaced by 
babbitt lined sealing segments I, II, III and IV. 

Pocket Af of sleeve 50f (Fig. 21) is connected by duct 
a with annular groove a2 of housing 30f (Fig. 1). An 
nular groove a2 communicates with a notch an (Figs. 
8 and 4) in housing 30f connected by a duct a3 (Fig. 
15) communicating with the pump inlet passage 84 (Figs. 
10, 11 and 15) whereby the pocket Af is subjected to the 
pressure of the liquid entering the pump. 

Pocket Bf of sleeve 50f (Fig. 21) is connected by duct 
b1 with annular groove b2 (Fig. 1) of housing 30f con 
nected with duct b3 which appears in Figs. 4, 7, 10 and 
11. 

... Pocket Cf of sleeve 50f. (Fig. 21) is connected by duct 
c1 with annular groove c2 of housing 39f (Fig. 1) con 
nected as shown in Fig. 5 with duct c3 which appears in 
Figs. 4 and 10. 

Pocket Df of sleeve 50f (Fig. 21) is connected by 
duct d1 with annular groove d2 (Fig. 1) of housing 30f 
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which is connected, as shown in Fig. 4, by duct d3 with 
pump outlet duct 85. 

Pocket Alf of sleeve 51f (Fig. 23) is connected by 
duct a' with annular groove a2 of housing 30f (Fig.1) 
which connects with notch an (Figs. 8 and 4) connected 
by duct a3 with pump inlet duct 84, as shown in Figs. 
10 and 11. 

Pocket Bf of sleeve 5f (Fig. 23) is connected by 
duct b with an annular groove b2 of housing 30f (Fig. 
1) which, as shown in Fig. 7, is connected with duct b3, 
the end of which appears in Figs. 4, 10 and 11. 

Pocket Cf. of sleeve 51f (Fig. 23) is connected by 
duct c1 with annular groove c2 of housing 30f (Fig. 1) 
which is connected, as shown in Fig. 5, with duct c3 ap 
pearing in Figs. 4, 10 and 11. 

Pocket Df of sleeve 51f (Fig. 23) is connected by 
duct d1 with annular groove d2" of housing 30f (Fig. 1) 
which is connected, as shown in Fig. 4, by duct d3 with 
pump outlet duct 85. 

Pocket Ar of sleeve 50r (Fig. 19) is connected with 
annular groove a2 of housing 30r (Fig. 1) which is con 
nected, as shown in Fig. 9, by duct a3 of housing 30r 
with pump inlet 84. 

Pocket Ar' of sleeve 51r (Fig. 19) is connected with 
annular groove a2 of housing 30r (Fig. 9) connected by 
duct a3' with pump inlet 84. 

Pocket Br of sleeve 50r (Fig. 19) is connected with 
annular groove b2 of housing 30r (Fig. 1) which is con 
nected, as shown in Fig. 7, with duct b3 of housing 30r 
which appears in Fig. 3. 

Pocket Br' of sleeve 51r is connected with groove b2 
of housing 30r which is connected, as shown in Fig. 7, 
with duct b3 of housing 30r which appears in Fig. 3. 

Pocket Cr of sleeve 50r. (Fig. 19) is connected with 
annular groove c2 of housing 30r (Fig. 1) which is con 
nected as shown in Fig. 5, with duct c3 of housing 30r 
which appears in Fig. 3. 

Pocket Cr' of sleeve 51r is connected with groove c2 
of housing 30r which is connected, as shown in Fig. 5, 
with duct c3 of housing 30r which appears in Fig. 3. 

Pockets Dr and Dr' of sleeves 50r and 51r, respec 
tively, are connected, respectively, with annular grooves 
d2 and d2 of housing 30r connected, respectively, with 
ducts d3 of housing 30r which appears in Fig. 3. Duct 
d3 of housing 30r is connected with the pump outlet 85. 

If, for example, the pump is used to increase liquid 
pressure from 150 p.s. i. inlet pressure to 600 p.s. i. 
outlet pressure, the four A pockets receive liquid at 150 
p.s. i. pressure and the four D pockets receive liquid at 
600 p.s. i. pressure. The four C pockets receive liquid 
at pressure somewhat less than 600 p.s. i. and the four B 
pockets receive liquid at pressure between 150 p.s. i. 
and the pressure of the liquid at the C pockets. The 
locations of the pockets, the areas of the pockets and 
the unit liquid pressures at the pockets are such as sub 
stantially to balance out the forces to which the shafts 
are subjected by the gear tooth loading and the hydraulic 
loading of the pump. In other words, the bearings 62 
of each shaft are subjected to the resultant of forces in 
cluding those derived by gear tooth loading and hydrau 
lic loading of the pump and to forces derived from the 
pressure pockets which surround the larger cylindrical 
portions of the shaft. The resultant of these forces is 
a force of relatively small magnitude applied radially of 
the shaft axis and varying in amount and in direction of 
force application. In the case of a gear pump constructed 
in accordance with the present invention to boost liquid 
pressure from 150 p.s. i. to 600 p.s. i., the value of this 
resultant is about 35 p.s. i. which the shaft bearings can 
withstand without appreciable wear for a long time. 

Because side thrust of the shaft journals has been re 
duced to practically a negligible value, the shaft bearings 
can be relatively small in diameter in consequence of 
which the gear shafts can be relatively close together 
and a compact construction results. 
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While the embodiment of the present invention as 
herein disclosed, constitutes a preferred form, it is to 
be understood that other forms might be adopted. 
What is claimed is as follows: - 

: 1. A gear pump for pressurizing a liquid comprising 
a gear housing having an inlet and an outlet, shaft bear 
ings, parallel shafts supported by said shaft bearings and 
extending through the housing and providing meshing 
gears in the housing and each shaft having two cylindri 
cal portions located at opposite sides of the meshing 
gears and adjacent thereto, four sleeves, respectively, re 
ceiving the cylindrical portions and each sleeve having a 
plurality, more than two, of liquid receiving pockets 
which are defined by longitudinally extending grooves 
closed at their ends and further closed by portions of 
the cylindrical portions of the shafts and spaced circum 
merentially by sealing segments on said sleeves having 
close clearance with said cylindrical portions, and means 
providing bearing supports and sleeve supports and ducts 
which connect the pockets of each sleeve respectively 
with regions of the pump at which the liquid is at dif 
ferent pressures, the location of the pockets, the areas 
of the pockets and the unit liquid pressure at the pockets 
being such as substantially to balance out the forces to 
which the shaft bearings are subjected by the gear tooth 
loading and the hydraulic loading of the pump. 

2. A gear pump according to claim 1 in which each 
sleeve has four liquid receiving pockets which are con 
nected, respectively, with the pump inlet, the pump outlet 
and two different regions of the pump between the inlet 
and outlet. 

3. A gear pump for pressurizing a liquid and com 
prising shaft bearings, parallel shafts supported by said 
shaft bearings and providing meshing gears and each 
shaft having two cylindrical portions located on opposite 

O 
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sides of the gear, sleeves respectively receiving the cylin 
drical portions, two housings each supporting two shaft 
bearings and two sleeves, a housing surrounding the gears 
and located between the sleeve housings, means for secur 
ing the three housings together, pump inlet and outlet 
passages provided by the gear housing, each sleeve hav 
ing a plurality of liquid receiving pockets which are de 
fined by longitudinally extending grooves closed at their 
ends and further closed by portions of the cylindrical 
portions and spaced circumferentially by sealing segments 
on said sleeves having close clearance with said cylindri 
cal portions, and ducts provided by the sleeve and the 
sleeve housings for connecting the pockets of each sleeve 
respectively with regions of the pump at which the liquid 
is at different pressures. 

4. A gear pump according to claim 3 in which the 
ducts associated with the pockets of each sleeve include 
spaced, internal annular grooves positioned in the sleeve 
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housing, holes provided by the sleeve for connecting its 
pockets respectively with the grooves of the sleeve hous 
ing and passages provided by the sleeve housing for con 
necting the grooves respectively with regions of the pump 
at which the liquid is at different pressures. 

5. A gear pump for pressurizing a liquid and com 
prising shaft bearings, parallel shafts supported by bear 
ings and providing meshing gears and each shaft having 
two cylindrical portions located on opposite sides of the 
gear, sleeves respectively receiving the cylindrical por 
tions, two housings, each supporting two shaft bearings 
and two sleeves, a housing surrounding the gears and 
located between the sleeve housings, two plates each of 
which is located between a sleeve housing and the gear 
housing, means for securing the two plates and the three 
housings together, the interior of the gear housing and 
the sides of the plates adjacent thereto being lined with 
a relatively soft metal in which particles of foreign mat 
ter in the pressurized liquid can become embedded. 

6. A gear pump for pressurizing a liquid having a 
supporting member, a cylindrical member received by a 
cylindrical recess in the supporting member and form 
ing an enclosure, said enclosure comprising a middle or 
gear housing having cylindrical flanges, cylindrical plates 
respectively abutting the cylindrical flanges of the gear 
housing and cooperating therewith to enclose meshing 
gears, two end housings, each having cylindrical flanges, 
one flange of each end housing abutting a cylindrical 
plate, parallel shafts extending within the parts of the 
enclosure and providing meshing gears in the gear hous 
ing and between the plates, bearings supporting the shafts 
and supported by the end housings, pump inlet and 
outlet ducts provided by the adjacent flanges of the end 
housings, said ducts communicating respectively with 
the spaces between the flanges of the end housings, and 
a seal provided by the enclosure for cooperation with a 
wall of said recess of the supporting member to block 
flow of liquid between the spaces between the flanges 
of the end housings, the supporting member providing 
ducts communicating respectively with said spaces. 
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