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3,165,672 
PUWP AND ROTARY CONSTRUCTION 

Harold B. Schultz, South Bend, ad., assigner to The 
Bendix Corporation, South Bend, ind, a corporation 
of Delaware 

Filed Sept. 21, 1961, Ser. No. 139,712 
3 Cains. (C. 93-237) 

The present invention relates to an inexpensive combi 
nation pump and reservoir construction; and more par 

12. 
0. ticularly to a combination positive displacement pump 

and reservoir for producing small flow rates of a high 
pressure hydraulic fluid in a closed circuit. 
An object of the present invention is the provision of 

a new and improved combination hydraulic pump and 5 reservoir which is simple in its design, rugged in its con- . 
struction and inexpensive to manufacture. 
. A further object of the present invention is the pro 
vision of a new and improved pump of the above de 
scribed type wherein the housing for the pump and reser 20 voir is formed by means of a casting having a generally 
cup-shaped cavity therein opening into one side surface 
of the housing, and which includes a cup-shaped side 
cover plate which closes off the pump and reservoir. 
A still further object of the present invention is the 

provision of a new and improved pump of the immediately 
above described type wherein the housing includes a 
shaft receiving opening extending generally parallel to 
the reservoir cavity, and wherein the cover plate over 
lies the end of the shaft opening to provide lubrication 
from the reservoir. 
A still more particular object of the present invention 

is the provision of a new and improved pump of the 
immediately above described type wherein the open end 
of the housing is machined off to provide a thrust abut 
ment for the pump's shaft, and to provide a sealing abut 
ment arrangement for the cover plate. . . 

Still another object of the present invention is the pro 
vision of a new and improved combination pump and 
reservoir construction of the above described type wherein 
the side cover plate acts as a retainer for the pump's 
shaft. 
The invention resides in certain constructions and 

combinations and arrangements of parts; and further ob 
jects and advantages will become apparent to those skilled 
in the art from the following description of the preferred 
embodiment described with reference to the accompany 
ing drawing forming a part of the specification, and in 
which: . . . - 
FIGURE 1 is a side elevational view of a combination 
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boss. 32 extends. 

2 
extends. The lip on the open end of the cup shaped 
casting i0 is provided with a cylindrical flange 20, and 
the open end surface of the casting 10 is finish machined 
in a flat plane to provide a suitable abutment surface 21 
for the end cover plate 12. The radially outer surface 
of the cylindrical flange 20 is also machined cylindrical 
while chucked for the preceding machining operation 
to receive the cylindrical sides 22 of the end cover plate 

A corner groove 24 is provided at the outside inter 
section of the cylindrical flange 20 and the finish machine 
end surface 21 to receive a ring seal 28 which effectively 
seals off the side surface of the casting 10. The end 
cover plate 2 may be held in place in any suitable man 
ner, and as shown in the drawing is secured by means 
of a single machine screw 30 which is suitably threaded 
into an integrally formed boss 32 which projects out of 
the closed end 34 of the casting 10 and is machined off 
flush with the finished machine end surface 21 of the 
pump. The cover plate 12 bears against the end of the 
boss 32 and a suitable seal 36 is positioned in a groove 
38 in the end of the boss 32 to suitably seal of the open 
ing through the cover plate 12. - 
As previously mentioned, the pump is intended to be 

used in a closed hydraulic circuit, and in order that the 
circulating fluid may be continuously filtered, a short 
annular partition 40 extends about the integral boss 32 
and is finish machined off as at 42 to sealingly abut the 
bottom annular end of a donut shaped filter 44. Filter 
44 is held down upon the annular end surface 42 by 
means of a cup-shaped washer 46-the outer flange of 
which engages the top surface of the filter 44, and the 
inner end of which has an opening through which the 

A suitable annular seal 48 is positioned 
in the bottom of the cup-shaped washer 46, and the cup 
shaped washer is held down into sealing engagement with 
the top surface of the filter 44 by means of a coil spring 
50 interpositioned between the cover plate 12 and the seal 
48. The return fluid is conducted to the central openingr 
52 of the filter through a return connection 54 which is 
pressed into an opening 56 communicating with the in 
side surface of the short partition 40 through a fillet of 
metal 58 cast integrally with the bottom end wall 34 of 
the housing 10. Return fluid therefore flows into the 
moon shaped opening 60 formed inwardly of the short 
partition 40 to flow up into the central opening 52 of the 
filter, from whence it flows outwardly through the filter 

hydraulic pump and reservoir with its end, cover plate 
removed and a section broken away to show the internal 
workings of the pump; - 
FIGURE 2 is a cross sectional view of the complete 

pump, including the cover plate taken approximately on 
the line 2-2 of FIGURE 1; and . 
FIGURE 3 is a diametric view of the pump shaft, pump 

pin and interconnecting structure. , 
The combination pump and reservoir shown in the 

drawing is intended to be used in the closed hydraulic 
circuit shown in my copending application Serial No. 
135,489 filed September 1, 1961 now U.S. Patent No. 
3,074,383. As such the pump is intended to provide 
a discharge pressure from between 1400 to 1800 p.s. i. 
The housing of the combination pump and reservoir 

shown in the drawing is formed by means of a single 
generally shallow cup-shaped casting 10 which is closed 
off by means of an end cover plate 12. The lower end 
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material to reach the reservoir cavity surrounding the 
filter. By means of this arrangement all hydraulic fluid 
reaching the portion of the cavity in which the moving 
pump parts are located is suitably filtered; and a remov 
able filler cap 62 is provided in the top surface of the 
pump casting 10 to permit a suitable level to be main 
tained. . - 

The pumping mechanism shown in the drawing is of 
a positive displacement reciprocating type that is driven 
off of a shaft 64 suitably journalled in the shaft opening 
14 by means of sleeve bearings 66 and 68 that are posi 
tioned on opposite sides of a centrally located eccentric. 
portion 70 of the shaft. The drive. portion of the shaft. 
extends outwardly of the closed end of the casting 18 to. 
receive a suitable driving pulley not shown and which is 

65 

of the casting 10 has a shaft opening 14 extending through 
the casting between its opposite closed and open end 
sides, and the reservoir cavity 16 is cast above and around 
the boss portion 18 through which the shaft opening 14. 

70 

connected thereto in a well known manner. The shaft. 
opening 14 in the boss i8 which surrounds the eccentric 
portion 70 of the shaft is suitably enlarged or machined 
out to receive the reciprocating structure of the pump as 
will later be explained. The enlarged section 72 is com 
municated with the reservoir cavity: 16 by means of a 
cylindrical opening 74 through which the reciprocating 
structure extends. Oil from the reservoir cavity 16 is 
therefore always in communication with the reciprocating 
structure and the center portion of the shaft 64. Shaft 
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opening 14 adjacent the outer end of the shaft 64 is 
suitably enlarged or counterbored as at 76 to receive an 
oil slipper seal 78, and a short drilled passage 89 com 
municates the reservoir chamber 6 at the base of the 
counterbore 76 and thereby lubricates the outer end of 
the shaft. 64. . . 
A suitable thrust.bearing may be provided for the shaft 

64 in any number of ways, and is most conveniently pro 
vided by causing the inner end of the shaft 64 to project 
out of the machined end surface 26 of the pump to receive 
a thrust washer 82 which is integrally connected to the 
shaft 64 and bears against the finished inachine surface 
26. As shown in the drawing, the inner end of the shaft 
64 is provided with an annular extension 84 which extends 
out through the central opening of the washer 82 and is 
peened over to affix the washer to the shaft. inward 
movement of the shaft 64 is conveniently restrained by 
means of a ball bearing 86 that is positioned in a drilled 
socket 88 in the inner end of the shaft 64 in such manner 
that the ball 86 projects out of the shaft to be engaged 
by the cover plate 12. The cover plate 12 may be inade 
in any suitable manner, and as shown in the drawing is 
formed by means of a sheet metal stamping which has 
sufficient flexibility to yieldingly provide a hold-down 
force of a desired intensity. Cover plate 12 is dished 
outwardly in the region surrounding the machine screw 
30 and overlying the end of the shaft 64, so that the ball 
bearing 86 and thrust washer 82 is bathed in the filtered 
oil of the reservoir cavity 6. . 
The reciprocating pump structure is generally housed 

within a cylindrical boss 90 formed as an integral part 
in the bottom of the casting 8 opposite the central 
opening 74 leading to the eccentric-portion 78 of the shaft 
64. The cylindrical boss 9G is provided with a central 
opening 92 therethrough which is in line with the opening 
74 in the boss 18, and which is counterbored as at 94 
to receive a stack-up of machined elements which together 
form the pumping structure of the unit. The fluid pres 
surizing cylinder chamber of the pump structure is formed 
by means of a flanged body 96 having an inwardly pro 
jecting portion 98 that is provided with an accurately di 
mensioned axially extending opening 100 therethrough. 
The flange, portion.02 of the body 96 is seated up against 
the shoulder 204 provided by the counterbore 94, and the 
central opening 100 slidably receives an accurately ground 
cylindrical piston member 96 which is adapted to recipro 
cate in the opening i80. The outer end of the opening 
109 is suitably counterbored as 163 to receive an inlet 
check valve 110, and the outer end of the flange portion 
102 is provided with a reduced diameter section 12 to 
receive the cup-shaped end of a porting and hold-down 
member 14. The sidewalls of the inner cup-shaped por 
tion of the porting and hold-down member 114 is slipped 
over the reduced diameter section 12 of the cylinder 
body 96 with a suitable seal 116 positioned therebetween 
to seal off the outer end of the counterbore 188. The 
inner end of the cup-shaped portion abuts the shoulder 
118 formed by the reduced diameter section 112 to bias 
the fiange 96 into engagement with the inner shoulder 
104. A suitable coil spring 120 is positioned between the 
bottom of the counterbore 103 and the check valve E19 
to bias the check valve 11t into sealing engagement with 
the bottom surface of the cup-shaped portion of the port 
ing hold-down member 114. Suitable drilled passageways 
122 and 24 are provided through the sides of the boss 
90 and porting member 114 to communicate with an axial ly extending passageway 126 which extends through the 
holddown member to communicate fluid from the reser 
voir 16 to the surface of the inlet check valve 19. i he 
bottom surface of the cup-shaped portion which is en 
gaged by the inlet check valve 119 forms an inlet valve 

* . seat for closing off the inlet passages 122 and 126 from 
the counterbore 88 during the discharge stroke of the 
piston member 106. 
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4. 
An unloading pin 28 is slidingly received in the outer 

end of the axial passageway 126, for reasons which will 
later be explained; and the inner portion of the opening 
126 between the passageway 24 and the inlet check valve 
a.it is slightly enlarged to provide a free passage of fluid 
around the outside of pin 128. The outer end of the 
porting and holddown member 154 is provided with a 
machined annular fiat face 138, and an axially outwardly 
extending boss 32 through which the opening 125 ex 
tends. The periphery of the suction poppei 6 is serrated 
to permit passage of fluid around its cutside edges, and a 
diagonal discharge passage 134 is provided in the porting 
member to communicate discharge from the counterbore 
2.83 to the center of the annular machined surface 38 
adjacent one side of the axial boss 32. A discharge pop 
pet 35 having a molded rubber seal 133 on its outer 
eriphery is positioned for sealing engagement with the 

machine surface 36 in the region surrounding the di 
agonal opening 34 to prevent the return of fiuid through 
the diagonal discharge passage 134. The discharge pop 
pet 138 is biased into sealing engagement with the machine 
surface 139 by means of a coil spring 40-which in turn 
is held in position by means of an annular plastic hold 
down member 142 that is positioned around the boss 132. 
The plastic holddown member 142 has a cylindrical open 
ing 44 for receiving and guiding the poppet i36, and 
further includes a small discharge passage 46 in its outer 
face to permit passage of fiuid to the outer end of the 
opening 94 in the boss 98. 
The outer end of the opening 94 is closed off by a 

threaded cup-shaped cap 48 which effects a suitable seal 
with respect to the sidewalls of the bore 94 and sand 
wiches the holddown members 142, porting member 114 
and fange 102 of the cylinder body 96 between the inner 
shoulder i04 of the housing and the threaded end cap 
148. The internal cavity of the cup-shaped end cap 148 
receives the outer end of the unloading pin 128, which 
is biased outwardly by means of a coil spring 150 that 
is positioned between a suitable inner spring retainer 52 
that abuts the end of the boss 132, and an outer spring 
retainer 54 suitably affixed to the outer end of the un 
loading pin E28. A suitable seal is provided between the 
pin 128 and the outer end of the boss 132. The spring 
50 normally holds the outer spring retainer 154 into 
abutment with the bottom of the cup-shaped opening in 
the threaded cap 48 until sufficient discharge pressure is 
received from the discharge opening 146 to produce a 
differential pressure across the opposite ends of the un 
loading pin 128 to overcome the force of the spring and 
move the pin inwardly to unseat the suction poppet 110 
from its seating surface. Unloading pin 28 and coil 
Spring 56 thereby provide a simple arrangement for un 
Seating the Suction poppet 110 at a predetermined dis 
charge pressure and thereby unload the pump. The 
threaded cap 143 further includes a conventional outlet 
connection i56 by means of which it can be suitably con 
nected to the hydraulic distribution system. 
The piston pin 186 is caused to be reciprocated by 

means of the eccentric portion 70 of the shaft 64 through 
a connecting artin arrangement which is extremely simple 
and which automatically locks and holds the parts to 
gether. This connecting arm structure comprises an 
abutment link ié0 which has an inner end shaped to con 
form to the eccentric shaft portion 70, and which extends 
through the opening 74 to receive the inner end of the 
piston pin member 106. The abutment link 160 has a 
cylindrical opening 62 spaced slightly inwardly from its 
Outer end and extending transversely through the abut 
ment link iói. The outer end of the abutment link 160 
is provided with a vertical milled slot 64 which inter 
sects and opens into the cylindrical opening 162. The 
inner end of the piston member 106 extends through slot 
64 and is received in a short bore 166 of approximately 

the same size as the pin 196 and which extends only part 
75 ways through a cylindrical wrist pin 68 that is positioned 
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in the opening 162. The side surfaces of the slot 164 
prevent lateral movement of the abutment link 160 rela 
tive to the piston 196; and the piston 106 in turn holds the 
wrist pin 68 within the abutment link 160. Withdrawal 
of the inner end of the pin 106 out of the connecting arm 
structure is prevented by means of a piston return spring 
170 positioned between the bottom of the cylinder body 
96 and a spring retainer 172 which is suitably affixed to 
the piston pin 106. Piston return spring 170 is strong 
enough, and serves the additional function, to at all times 
biasing the inner end of the connecting or abutment link 
160 against the eccentric surface 70 of the shaft 64 so 
that no additional holddown structure need be provided. 
It will be noted that the pump's reciprocating structure is 
assured of complete and proper lubrication, inasmuch as 
the reciprocating structure is positioned within the por 
tion of the reservoir chamber 16 which at all times has 
filtered hydraulic oil contained therein. The reciprocat 
ing parts above described are completely open to view 
when the end cover plate 12 of the structure is removed, 
and further are readily accessible during assembly. 
As previously mentioned, the pump and reservoir con 

struction shown in the drawing is intended to be used in 
a closed hydraulic circuit wherein return flow enters the 
inlet connection 54 to flow through the moon shaped 
opening 60 in the bottom of the reservoir cavity, through 
the central opening of the filter 44, and out into the reser 
voir chamber 6. As previously mentioned, the center 
section of the shaft 64, as well as the portions on the out 
side of its bearings 66 and 68, are open to the reservoir 
chamber ió so that complete lubrication is always as 
surred. The shaft 64 may be rotated in any suitable man 
ner, as for example by means of a V-belt pulley so that 
its eccentrically located center portion 70 forces the con 
necting link ié0 towards the pump structure in the boss 
99 to cause the piston pin 06 to displace fluid from its 
receiving bore 100. The outward stroke of the pin 106 
displaces fluid from the counterbore 108 out through the 
discharge passage 134, to lift poppet member 136 out of 
engagement with its seating surface 130 and thereby flow 
to the discharge connection 156. 

After the eccentric 70 reaches top dead center, the 
spring 70 biases the piston pin 106, wrist pin 168, and . 
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connecting link 60 inwardly with sufficient force to hold 
the connecting link 160 against the eccentric portion 70 of 
the shaft 64. This causes the piston pin 106 to be re 
tracted in its receiving bore 100 and thereby draw fluid 
from the reservoir chamber 56 through the passages 122, 
124, and 26 past the intake valve it) and into the coun 
terbore 103. The next 180 cycle of the shaft 64 there 
after produces a discharge stroke to repeat the cycle. 
When the pressure in the outlet connection 156 reaches 

a predetermined value, say 1400 p.s.i. sufficient differential 
pressure across the unloading pin 128 exists to overcome 
the force of the coil spring 150 and force the pin 128 in 
wardly by an amount which lifts the inlet check valve 110 
out of engagement with its seating surface and thereby 
unload the pump. As long as this predetermined pres 
sure exists in the outlet connection 156, the inlet check 
valve 10 remains out of engagement with its seating sur 
face so that the reciprocation of the piston pin 106 alter 
nately sucks and discharges fluid to the reservoir 16 with 
out building up pressure and without absorbing any ap 
preciable amount of energy from the shaft 64. 

It will be apparent that the objects heretofore enumer 

there has been provided a pumping structure, as well aS 
a combination pump and reservoir construction which is 
extremely simple in design, rugged in construction and 
inexpensive to manufacture. - 
While the invention has been described in considerable 

detail, I do not wish to be limited to the particular. con 
struction shown and described; and it is my intention to 
cover hereby all novel adaptations, modifications and ar 

50 

6 
rangements thereof which come within the practice of 
those skilled in the art to which the invention relates. 

I claim: 
1. A pump construction comprising: a generally hor 

izonal cylindrically shaped housing having an internal 
cup-shaped reservoir cavity opening into one end surface 
of said housing, the open end and closed end of said hous 
ing forming the opposite sides of said pump construction, 
said housing including an integral boss portion extending 
between said ends adjacent the lower side of said housing, 
a shaft receiving opening in said boss portion extending 
between said ends of said housing, a shaft journalled in 
said opening and projecting from said closed end of said 
housing, said housing having a generally cylindrically 
shaped sidewall surrounding said reservoir cavity and said 
shaft, an annular recess machined in the outside surface 
of said cylindrical sidewall adjacent said open end, a cup 
shaped cover plate with its bottom covering said open 
end and its sidewall extending over said recess in said 
cylindrical wall, said cover plate being dished outwardly 
to form a lubricant passage a seal positioned between said 
sidewall of said cover plate and said recess, pump means 
driven by said shaft and opening into said cavity to be 
immersed in its fluid and receive suction therefrom, and a 
ball thrust bearing positioned between said shaft and said 
cover plate such that said ball thrust bearing is in to said 
lubricant passage. 

2. A pump construction comprising: a generally hor 
izontal cylindrically shaped housing having an internal 
cup-shaped reservoir cavity opening into one end sur 
face of said housing, the open end and closed end of said 
housing forming the opposite sides of said pump con 
struction, said housing including a first integral boss por 
tion extending between said ends adjacent the lower side 
of said housing, a shaft receiving opening in said boss 
portion extending between said ends of said housing, a 
shaft journalled in said opening and projecting from said 
closed end of said housing, said housing having a generally 
cylindrically shaped sidewall surrounding said reservoir 
cavity and said shaft, said shaft having a flange bearing 
against said boss portion of said housing, an annular 
recess machined in the outside surface of said cylindrical 
sidewall, a cup-shaped cover plate with its bottom cover 
ing said open end and its sidewall extending over said 
recess, said cover plate being dished outwardly to form a 
radial lubricant passage terminating outwardly adjacent 
said sidewall of said housing where it underlies said bot 
tom of said cover plate, a seal positioned between said 
sidewall of said cover and said recess, pump means driven 
by said shaft and opening into said cavity to be immersed 
in its fluid and receive suction thereform, and a ball thrust 
bearing positioned between said shaft and said cover 
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65 
ated as well as others have been accomplished; and that 

70 

plate in said lubricant passage. 
3. A pump construction comprising: a generally hor 

izontal cylindrically shaped housing having an internal 
cup-shaped reservoir cavity opening into one end surface 
of said housing, the open end and closed end of said 
housing forming the opposite sides of said pump construc 
tion, said housing including a first integral boss portion 
extending between said ends adjacent the lower side of 
said housing, a shaft journaled in said opening and 
portion extending between said open and closed ends of 
said housing, a shaft journalled in said opening and 
projecting from the closed end of said housing, said hous 
ing having a generally cylindrically shaped sidewall sur. 
rounding said reservoir cavity and said shaft, said hous 
ing having a second integral boss portion extending be 
tween said open and closed ends and located generally 
centrally of said sidewall, said open end of said housing 
being finish machined across the end of said sidewall and 
said first and second integral boss portions, said shaft 
having a thrust washer bearing against said machined open 

75 

end and said first boss portion, an annular recess ma-. 
chined in the juncture of said outside surface of said 
cylindrical sidewall and said machined end surface, a 
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cup-shaped cover plate with its bottom covering said open 
end and its sidewall extending over said recess, a seal 
positioned between said sidewall of said cover and said 
recess, said cover plate being formed with a passage ex 
tending between said second boss portion and said hous 
ing sidewall to overlie said first boss portion pump means 
driven by said shaft and opening into said cavity to be 
immersed in its fluid and receive suction therefrom, a ball 
thrust bearing positioned between said shaft and said 
cover plate in said passage, an annular filter surrounding 
said second integral boss portion and sealed with respect 
to said bottom closed end of said cavity, means sealing 
the top of said annular filter to said second integral por 
tion, a return connection communicating with the central 
opening of said annular filter and a means communicating 
said passage with said filter to provide a contaminant free 

5 

O 

3. 
lubricant for said ball thiust bearing and said thrust 
washer. 
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