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1

This invention relates to pumps and more par-
ticularly to pumps of the radial piston type.

One object of the present invention is to pro-
vide pumps of a simplified and generally im-
proved construction. :

Another object is to provide pumps-of the ra-
dial piston type, having rotary cam means for
operating the pistons thereof.

A further object is to provide pumps of the
radial piston type, having rotary cam means for
operating the pistons thereof and means for ad-
justing the strokes of said pistons.

A still further object is to provide pumns of
the multi-row radial piston fype, having rotary
cam means for operating the pistons thereof.

A more specific object is to provide & pump
comprising a series of pistons arranged. for suc-
cessive operation by cam means whereby a con-
tinuous flow of fluid is-assured. :

A still further object is to provide pumps of
the stated character, having improved features
of construction which produce highest operafing
efficiencies. :

Other and further objects will become appar-
ent as the description.of the inveéntion. progresses.

Of the drawings: :

Fig. 1 is a sectional view
construction taken substantially along line
of Fig. 2.

Fig. 2 is an end view, partly in section, the.sec~
tional portion being taken substantially along
line 2—2 of Fig. 1. .

Fig. 3 is a side view, partly in section, of -the
cam shaft for actuating the pistons.of the pump.

Tig. 4 is an end view of ‘the shaft shown in
Fig. 3.

Tig. 5 is a sectional view of one .of the:pistons
taken substantially glong line 5—5.0f Fig..6.

Fig. 6 is a sectional view .of one of the.pistons
taken substantially along line §—6.0f Fig. 5.

Fig. 7 is a plan view of .one of the slippers as-
sociated with the pump. .

mg. & is an end. view .of ‘the slipper shown.in
Fig. 1.

g, 9 is a-sectional view of @ pump of an alter-
naiive construction -taken substantially along
line 8—9 of Fig. 10.
 Pig. 10 is a sectional view taken ;substantially
along line 10—10 of Fig.'0.

Fig, 11 is a side view, partly in .section,.of a
pump of a further modified construction.

Fig. 12 is a sectional view taken substantially
along line 12—12 of Fig. 11.

of a.pump of preferred
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Fig. 13 is a sectional :view taken substantially

along line {8—13 of Fig.11.
Tig. 14 is a sectional view taken :substantially
along line i4—{4 of Fig. 11.

Fig. 15 is a sectional view taken .substantially.

slong line 15—15.0f Fig. 14.
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Fig. 16 is a side elevational view of the cam
shaft for the pump shown in Figs. 11 fo-15; and

Fig. 17 is an end view, partly in section, taken
along line 11—I7 of Fig. 16.

Referring to the drawings, the numeral I des-
ignates & pump, which consists generally of a
casing 2 having a series of radially disposed cyl-
inders 3 formed therein, pistons 4 operating in
the said cylinders 3, and a cam shaft § for oper-
ating the said pistons 4. The casing 2 comprises
a main cylinder block 8, which is open at the
right side (Fig. 1) thereof, and an end cover block
1, which is secured to the epen side of said ¢yl-
inder block 6 by means of stud bolts 8.

‘The cam shaft 5 is mounted for rotation in
aligned roller bearings 8 and 18 mounted in the
central openings of the reduced portions H and
12 of cylinder block 6 and cover block 7, respec-
tively. An oil sealing device 13 is fitted in the
central opening of reduced portion-i{, near the
left hand end (Fig. 1) thereof, and comprises a
casing member 5, substantially U-shaped in
cross-section, having packing material 18 provid-
ed therein, which. frictionally engages the shaft
5. Internally threaded openings 1 are provided
in the reduced portion i of cylinder block 6 to
enable attachment of the pump | to any suitable
supporting structure (not shown).

-Shatt 5 may be coupled to the drive shaft of
an eleetric motor (not shown) or to any other
suitable power mechanism. Shaft.§ has formed
thereon intermediate -its ends an eeeentric. or
ecam member 20.

Cam member 20, as shown more particularly
in Pigs. 1 and 3, is provided with an enlarged, rel-
atively wide cylindrical intermediate portion 22
and 2 pair.of reduced, relatively narrow cylindri-
«cal end portions 25, 25. In assembly, the periph-
ery of intermediate portion 22 engages the inner
arcuate surfaces 238 of the.slippers 24 pivotally at-
tached to the inner ends.of the pistons 4.

The reduced portions 25,25, in assembly, have
secured -thereto -rings 26, 26. Each ring 26 has
;an inwardly .extending flange 27 provided there-
on, the inner periphery of which forming with
‘the periphery of intermediate portion. 22 of cam
member 20 an.annular recess 28. - As shown more
particularly in Figs. 1 and 2, the annular recesses
28, 28 receive the-outer edges 29, 29 of slippers 24
.and constitute circular guides for the latter. The
flanges 21,-27.0f rings 26, 26, it-is seen, retain the
slippers in position on.cam member 20. ‘

_Bach slipper 24 has formed thereon an elon-
gated rounded retaining memher:38 which in.as-
sembly extends -into & correspendingly shaped
slot 81 provided at thelower.end.of an.associated
piston. To assemble the slipper 24 in pesition
on.the said piston, the rounded member 30 is
simply -inserted-in slot 31 and.moyved-lengthwise
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thereof until reaching the position shown in Fig.
1. Each piston 4 has provided intermediate the
ends thereof a pair of downwardly and outward-
ly inclining passages 32 and 33 which communi-
cate with a reduced vertical passage 34. Passage
34 terminates in an enlarged upper portion 25
having outlet passages 36 and 37 extending out-
wardly from either side thereof, as shown more
particularly in Fig. 6.

A seat 38 is formed interiorly of each piston 4
at the upper end of reduced vertical passage 34
for a ball valve 39. The enlarged passage 33
terminates in an annular shoulder 40 forming a
seat for a valve stop disc 41. Disc 41 is circular
in construction and has provided centrally there-
of a projection 42 which limits the upward move-
ment of ball valve 39. Disc 41 has also provided
therein a pair of openings 43 and 44, as shown in
Fig, 6, through which fluld may pass as will ap-
pear more fully hereinafter. A spring retaining
ring 45, which in assembly seats in an annular
recess 46 provided near the upper end of piston
4, retaing disc 41 in position on shoulder 48.

As shown in Figs. 1 and 2, each cylinder 3 ter-
minates in an enlarged portion 48 and in g still
further enlarged internally threaded portion 49.
A plug 50 is secured in the enlarged threaded
portion 438 of each cylinder 3 and closes the outer
end thereof. By this construction machining of
the cylinders 3 and assembly of the various ele-
ments of the pump generally are facilitated.
Communicating with the enlarged portion 48 of
each cylinder 3 is a passage 51 which communi-
cates with an enlarged passage 52 terminating in
a further enlarged internally threaded passage
§3. A plug 54 is secured to the internally
threaded passage 53, as shown in PFig. 1, and closes
the outer end thereof. The enlarged passage
52 associated with each cylinder 3 communicates
with a circular passage 55, which in turn extends
around the periphery of the rim portion 56 of
casing 2. A seat 57 is provided at the left hand
end (Fig. 1) of enlarged passage 52 for a ball
valve §8. Plug member 54 has secured to the
inner end thereof a spring seat 59 for receiving
one end of a coil spring 60, the other end of the
latter of which engaging ball valve 58 to retain
the said valve upon its seat 51. The compres-
sion of spring 60 may be varied by adjusting
plug 54.

The lower end €1 of casing 2 has provided
therein a chamber 63 which is connected by a
relatively short communicating passage 64 to cir-
cular passage §5. Circular passage 55 is also con-
nected to a discharge port 65 to which a discharge
pipe (not shown) may be attached. A seat 66
is provided between chamber 63 and passage 84
for a ball relief valve 61. A coil spring 68 ex-
tends between valve 67 and an adjustable spring
seat 69. Spring seat 69 engages the inner end
of a plug 10 which closes the left hand end (Fig.
1> of chamber 63. A set screw 7! making
threaded engagement with the internally threaded
central opening of plug 10 engages the outerside
of spring seat 69. Thus to adjust the compres-
sion of spring 68 it is only necessary to adjust
set screw 11 toward or away from spring seat 69.
To prevent accidental movement of adjusting
screw Ti, a cap member 12 is provided thereon,
as shown in Pig. 1.

From the foregoing description it is seen that
should the pressure in pump | exceed a predeter-
mined value as determined by the pressure of
spring 68, valve 67 will move away from its seat
66 and permit the fluid in passage 55 to enter
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4
chamber 63, causing an immediate reduction of
the pressure in the system.

Fluid enters the pump through the inlet port 16
provided centrally of cover block 7. Port 786 com-~
municates with a passage 1T provided in shaft 5
near the right hand end thereof. The inner end
of passage 11 is curved upwardly, as shown af 78,
and terminates in a transverse passage 719 pro-
vided near the upper end of cam member 20.
Thus fluid entering the pump through port 15
flows through passages 17T and 19 and discharges
from either end of the latter into a central cham-
ber 80 of casing 2. The fluid completely fills
chamber 80 and then flows into the interior of
pistons 4 through passages 32, 33, 34 and 35.
This action takes place while the pistons 4 move
inwardly toward the axis of shaft 5, at which time
valve 39 will have moved away from its seat, per-
mitting the fluid to enter the enlarged passage
35. The fluid flowing into pistons 4 discharges
therefrom into the upper enlarged portions 48
of the cylinders 3 through passages 36, 37, 43 and
44. Now as the pistons are moved outwardly by
cam 20, valve 33 moves onto its seat, thereby
trapping the fluid in the enlarged portion 4.
As the pistons 4 move outwardly the fiuid in en-
larged portions 48 is forced through passages 51,
unseating valves 58 against their springs 66. The
fluid then flows into passages 52, and thence into
circular passage 55. This pumping action of the
pistons 4 takes place successively during a com-
plete rotation of shaft 5, and the fluid so drawn
into each chamber 48 discharges therefrom into
the associated passages 52, and thence to cir-
cular passage 55, as previously described, and
then discharges from the pump through port 65.
In the event that the pressure of the fluid should
exceed & predetermined value as determined by
the setting of spring 68, relief valve 67 will move
away from its seat to permit the fluid in passage
55 to flow into chamber 63, thereby relieving the
pressure in the system.

Fluid is drawn into the pump { through port
76 by the suction action of the pistons 4 as
they move toward the center of cam shaft 5. It
is also seen that the rotation of cam member
20 of the shaft 5 produces a radial acceleration
of the fluid causing it to flow through the trans-
verse passage 19 thereof and into chamber 88
under a positive pressure. During rotation of
shaft § the fluid in chamber 80 therafore is under
a slight pressure which is sufficient to cause it to
completely fill the cylinders 3, including the up-
per enlarged portions 48 thereof during the sue-
tion stroke of the pistons 4. The splash action
produced by cam member 20 during rotation of
shaft 5 also tends to cause the fluid to flow
through the passages of pistons 4 and into the
cylinders as previously described.

A drain port 8! communicating with chamber
63 is provided at the lower end of casing 2. A
plug’ 82 normally closes opening 8{. Chamber
63 is also connected to central chamber &2 by
a communicating passage 84. Thus by removing
plug 82 the fluid may be drained from the pump |{.

Figs. 9 and 10 {llustrate a modified pump con-
struction 80 which consists generally of a casing
§1 having formed therein series of radially dis-
posed cylinders 92, pistons 83 operating in the
cylinders 82, and a cam shaft 94 for operating
the said pistons 83. Casing 91 consists of a main
cylinder block 95 and a pair of cover plates 58
and 99, the latter being secured to said cylinder

.block by bolts 86 and 97, respectively. Cover

rlates 98 and 99 are provided with inwardly ex-
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tending annular flanges 108.and {81 in which are
mounted, respectively, roller bearings. 102" and
$03 for the shaft 94.

As shown more particularly in Fig. 9, shaft 94

is of sectional construction and comprises an
axially. movable member 184 and a non-zxially
movable member 105. Member 105 is mounted
for rotation in the roller bearing 103 provided
in' the internal flanged portion 101 and:in & sec~
ond roller bearing 107 provided in the outwardly
extending flanged portion 108 of end plate. 99.

An end’ retaining: plate: 109. is secured: to the

fianged portion 108 in any sultable mariner, such
as by cap bolts 110. 'The member {04 of shaft
94 is journalled intermediate its ends in: roller:

bearing: 102, as previously deseribed, and tlie it~
ner end thereof extends into the central bore- (06

of member 105 and is keyed to the latter so as:to
permit relative axial movement of said members.

Thus upon rotation of shaft $2, members 104

and 105 thereof will rotate:in unison.
A packing gland Ii{ secured to end plate 88

by bolts 112 is provided to prevent oil leakage:

past shaft 94.

Member {84 of shaft 94 has provided interme-
diate the ends thereof an enlarged-inelined eylin-
drical portion {18 which operates in a corre-
spondingly shaped- inner bore: of an eccentric
member ({4, A cylindrical member {15 is

mounted on ececentric member- (14, a roller bear- 3

ing {18 being provided-therebetween. As shown
in Pig. 10, the inner ends 98’ of pistons 93-are-in
engagement with the periphery of cylindrical
member {{8. Thus when shaft member 104 has
been adjusted, as will presently appear, to-move
members 14 and {15 out- of: concentri¢c position
with respeet to the axis of shaft 84, an outward

movement will be imparted to pistons-93 upon ro--

tation of the said shaft 94.

As shown in Fig, 9, three rows. of pistons 93
are provided, there being seven radially disposed
groups of such pistons as shown in Fig. 10, It
is to be understood, however; that a greater or
lesser number. of rows of pistons 83, as: well as
a greater or:lesser number: of groups of such pis-
tons, may be provided without departing froni:the
invention: Each group- of cylinders: 92  termi-
nates at the outer end thereof in amn: enlarged
chamber {2{, as shown in Figs. 9.and. 10.

Cylinder block 85 has provided therein nedr the.
opposite sides thereof a circular inlet. passage.

117 and o eircular outlet passage 118. A rela-
tively short transverse communieating passage
118, closed at the.outer end thereof by a:plug
{20, connects circular passage. HT with each of
the chambers. {21.
near the inner end of passage {19 for a. valve
i23. Valve (23 has secured cenfrally thereof a

stem 124 which is guided for movement in: the
central bore 125 of plug: 120, A coil spring 126

extending between an annular shoulder 127 pro-
vided near the right hand end of passage |19 and
a spring seat 128 secured to valve stem: 124 re-
tains valve 123 on its seat 122.

Circular passage {8 is also connected to each.

chamber {2{ by & communicating passage: {30.
A seat 13§ is provided near the:inner end of-each
passage 138 for a valve 132,
has secured thereto a stemx i33, the outer end
of which being guided for movement in the cen-
tral bore {34 of a plug 135.. As-shown in Fig. 9,
the plugs 135 close: the outer ends of passages
{20, A coil spring 136 extends between the inner

side:of plug 135 and valve head ‘132 and functions.

to retain the said valve:in: seated:positiom..

A valve seat 122 is provided .

Each valve: 132.

10

Fluid énters the cireular infet passage: BT
through ait ihlet passage 138.  As shown in Fig. 9,
an annular seat 139 is provided near the outer
end: of passage 138 for receiving the inner end
of a fluid inlet pipe 140. A pipe clamp 141 se-
cured to ftlie lower end. of cylirider block- 95 by
bolts: 42 retaing the pipe 140 in proper position.
Fluid: is:discharged. from puinp- 99 thvoiigh a. dis-
charge passage 143 which communicates with
cireular passage. 118, An anhular recess 144 is
provided near the. outer end of passage {43 for.
receiving: the: inner end. {45 of 4 discharge pipe
146, = A pipe clamp (4T secured: to the:lower end:

~ of cylinder block 95 by. bolts: 148: secures the dis-
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. charge pipe:146.in position. .

The cylinder block 95 has provided. at the lower
end. thereof pedestal supports: 148 and. 156 which
may be bolted. or otherwise: secured: to ahy sup--
porting structure.

In operation the pistons 93 are actuated oub-
wardly upon.rotation of shafi 94, as previously
described. The pressure in chambers {2{ op-
erating ontheouter ends of pistons 93 irges them
inwardly.. Coil springs 15{.surrounding the stems

. 152 provided. at the outer ends of pistons-83'and

extending between. the outer walls {53 of cham-
bers 121 and the outer ends 154 of the .said pis-
tons: also operate to urge- the latter inwardly.

From the foregoing description.it: is seen that
fluid enters the system: through. pipe 140; inlet
passage 138, circular passage. 14T and conmmuni~
cating passages 119. The pressure of this fluid-
entering the system is sufficiernt to overcome the
compression of springs: 126, thereby opening the
associated valves 123 and permittinig the fluid to.
enter chambers (21. When sprihgs {51 dre em-
ployed .the pistons are urged. inwardly, thereby
creating sufficient stction to open'valves 123:. No.
initial pressure therefore is riecessary to unseat
the valves 123. This takes place as the pistons
begin. moving inwardly toward:the axis of shaft
84 after a pressure operation. Asthe shaft con-
tintes its rotation, the pistons 93 are moved out-
wardly by cam member i 14 and cylindrical mem-
ber. 115, thereby compressing the fluid in-chami-
bers:- 121. This pressure -closes valves 123 and
opens valves 132, causing the fluid so compressed
by the pistons 93 to enter commuticating pas-
sages 180 and circular passage {18, and thence to
flow to discharge through outlet passage (43 .and
discharge pipe: 146.

When the parts are in the position shown in
Fig. 9, inclined member {13 is .centralized with
respect to eccentric member: |4 and the axis-of

. the latter coincides with that of shaft 84. Con=-

sequently no movement will ‘be imparted to pis=-
tons. 83 upon rotation.of shaft 94 when the said-
inclined . member (13 is in this. centralized posi-
tion. However, upon movement of member {94
of shaft 84 to the right or left, as the case may
be, a corresponding radial movement will be-im-
parted: to eccentric member 14, moving the lat-
ter out of concentric position with respect to the
axis of shaft 94. Now upon rotytion of shaft 94
a reciprocatory movement will be imparted to
the pistons 93, which function to pump fAluid as
previously ‘described. From ' the- foregoing des-
scription it is seen that the greater the axial’
movement of inclined member {{3 from its cen- -
tral position, the greater will-be the strokes: of:
the pistons §3..

Figs. 11 to 17 illustrate a pump- {60 of a further
modified construction. Pump: #69° comprises &
casing 161 consisting. of & lower cylinder block
portion. 162, having pedestal. supports 63 and:
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164 provided at the lower end thereof and a cover
plate 165. Cover plate 165 is secured to the
cylinder block 162 by stud bolts {66. Cylinder
block 182 has formed therein at spaced points
therealong a series of substantially vertical cylin-
ders 1617, in each of which is mounted a piston
168. A cam shaft 169 is provided for operating
the pistons 168, and has provided over the length
thereof o series of journal portions 110, which,
in assembly, are mounted in spaced bearings 171
provided in cylinder block 162 and cover plate
165, as shown more particularly in Figs. 11, 12
and 14. Shaft {69 has formed thereon in spaced
relation over the length thereof a series of cam
members (12, one for each of the pistons 168.
The cam members 172 are so formed on the shaft
169 that the pistons 168 are successively operated
during a complete rotation of the cam shaft 169.
This, obviously, reduces the effort required to
rotate the pump 160.

In the illustrative embodiment the pistons 158
are of substantially hollow construction and are
open at the lower ends thereof, as shown at {13.
A coil spring 114 extends between the inner end
115 of the hollow interior of each piston 168 and
the lower reduced end {716 of the associated cyl-
inder 167.

As shown more particularly in Figs. 11 and 12,
each piston 168 has provided at the upper end
thereof a reduced portion 171, which seats in an
aperture (18 provided in a shoe 118. The shoe
members {13 are arcuate in construction and are
engaged by the cam members 172.

Cylinder block 162 has provided at the op-
posite sides thereof long inlet and outlet pas-
sages 180 and 181, respectively. These passages
extend substantially the entire length of the
pump casing 161 and terminate adjacent the
cylinder 167 disposed to the left (Fig. 11) of the
pump 160. The cylinders 167 extend substan-
tially at right angles to the passages (80 and {81
and lie substantially midway bhetween said pas-
sages, as shown more particularly in Fig. 12.
Passages 180 and 181 are connected by transverse
passages 182, which intersect the right hand sides
of cylinders {61, as shown more particularly in
Fig. 11. Each passage (82 is provided with a
reduced inner portion 183 in which is mounted
a ball valve 184, Adjacent the reduced portion
183 of passage 182 is a slightly enlarged inter-
nally threaded portion 185, which is adapted to
receive a correspondingly threaded member 1886.
Member 186 is provided with a seat 187 at the
left hand end thereof for ball valve 184, and is
provided with a central opening 188 which es-
tablishes communication between reduced por-
tion (83 and a slightly enlarged central portion
183 of passage 182. Adjacent central portion 188
of passage 182 is a slightly enlarged portion 190
in which is mounted a disc member 191, having a
seat 192 at the left hand end (Fig. 14) thereof for
a ball valve 163. Member 191 is provided with a
central opening {94, which establishes communi-
cation between central chamber (89 and inlet
passage 180. A -relatively large, internally
threaded portion (9% is disposed adjacent por-
tion 198 for receiving a correspondingly threaded
plug member (96, which closes the- right hand
end (Fig. 14) of passage §82. Plug 196 is pro-
vided with an internal bore (97, having open-
ings 198 at spaced points around the inner end
thereof to permit the passage of fluid from inlet
passage (80 to communicating passage i84. A
coil spring 193 extending between the left hand
end (Fig. 14) of reduced portion 183 and ball
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8
valve 184 retains the latter on its seat {87. Sim-
ilarly a coil spring 200 extending between the
right hand side (Fig. 14) of member (86 and ball
valve 193 retains the latter on its seat 182.

It, therefore, is seen that upon movement of
pistons 168 toward the axis of shaft 169, suction
is created in cylinders 181, causing valves 193 to
move away from their respective seats against
the action of springs 208, thereby permitting fluid
to enter cylinders 16T through communicating
passages (93 and central passages 189. The
pressure of the fluid entering the system through
passage 180 may also be sufficient to unseat valves
193 and thereby permit fluid to enter central
portions 188 of passages 182. The fluid entering
cylinders 167 in this manner completely fills
them and the hollow interiors of pistons 168, as
well as the voids in passages {82. When the pis-
tons 168 are moved downwardly by their cams
112, the pressure created by the compression of
the fluid in cylinders 16T closes valves 193 and
opens the valves 184 against the compression of
springs 199, thereby forcing the fluid from cham-
bers 189 into discharge passage 181 through the
passages 188 and 183. This action of the pistons
168 takes place successively and consequently a
relatively large quantity of fluld is delivered by
the pump 160 at a relatively small operating ef-
fort. In the illustrative embodiment five pistons
are shown, it being apparent, however, that a
greater or lesser number of pistons may be pro-
vided, if so desired, without departing from the
invention.

In order to prevent excessive pressures in the
system a relief valve 205 is provided. As shown
in Figs. 11 and 13, a passage 206 connecting in-
let and discharge passages 180 and (81, respec-
tively, is provided near the right hand end of
casing [6f. Passage 206 is provided with a re-
duced portion 20T near the right hand end (Fig.
13) thereof adjacent discharge passage 181. A
slightly enlarged, internally threaded portion 208
is disposed between reduced portion 207 and a
central portion 209 for receiving a correspond-
ingly threaded member 210, having an opening
211 provided centrally thereof which establishes
communication between reduced passage 207 and
the said central passage 209. Member 210 is
provided with a seat 212 at the left hand end
(Fig. 13) .thereof for ball valve 205. The central
portion 209 of passage 206 communicates with
inlet passage 1808. A plug 213 adapted to be held
In adjusted position by a set screw 214 is secured
to the internally threaded left hand end 215 of
passage 209. Plug 213 has provided centrally
thereof a spring seat 216 which engages one end
of a coil spring 217, the other end of which en-
gages the ball valve 205. Accordingly, in the
event that the pressure in passage 181 should
exceed the desired predetermined value as deter-
mined by spring 217, valve 205 will move away
from its seat and thereby permit fluid from pas-
sage |81 to flow into passage 180 through reduced
passage 207, opening 211 and central passage 209.
The compression of spring 217 may be adjusted
by manipulating plug 2i3. After plug 243 has
been properly adjusted it is held in position by
tightening set screw 214.

From the foregoing description it is seen that
simplified and highly efficient pumps have been
provided. The pumps are constructed of but a
few .parts and the elements thereof are so ar-
ranged that machining of the cylinders and other
parts may be readily performed. It is also seen
that assembly of the elements may be expedi-
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tiously effected, thereby further facilitating the
manufacture of the pumps.

Tt is also apparent that the structures of the
pumps are such that pumps of various sizes and
capacities may readily be made without under-
going material changes in design.

While the embodiments herein shown and de-
scribed are adapted to fulfill the objeets pri-
marily stated, it is to be understood that it is
not intended to limit the invention thereto, since
it may be embodied in other forms, all coming
within the scope of the claims which follow.

What is claimed is:

1. A pump comprising a fixed casing having
one or more cylinders therein, a piston operating
in each of said cylinders, a shaft rotatably
mounted in said casing, cylindrical cam means
carried by said shaft, a slipper pivotally attached
to each of said pistons and engaging sald cam
means, said slipper having freedom for move-
ment with respect to the said piston axially of
the said pivot, and means for slidably retaining
said slippers in engagement with said cam means,
whereby upon operation of the latter by said
shaft reciprocatory movements are imparted to
said pistons, said retaining means comprising
slipper-retaining elements together with means
for fixing said elements axially of the shaft with
respect both to the cam means and to the slip-
pers so as to immobilize the slippers with re-
spect to the cam means in direction axially of
the latter.

2. A pump according to claim 1 including abut-
ment means for preventing movement of the sald
retaining elements in the casing in the said axial
direction.

3. A pump according to claim 2 wherein the
slipper-retaining elements consist of & pair of an-
nular members seated in recesses at opposite ends
of the cam at opposite sides respectively of the
slippers, and having flanges overlapping and
closely embracing the edge portions of the latter,
said annular members being closely fitted to the
cam and to the slippers and having their outer
faces in sbutment with confronting surfaces of
the casing, .

4. A pump comprising a casing having a fluid
supply chamber and one or more radially dis-
posed eylinders provided therein, a substantially
hollow piston operating in each of said cylinders,
a shaft mounted for rotation in said casing, cam
means mounted on said shaft, said cam having
means for operatively connecting said pistons to
said cam means whereby upon rotation of the
Jatter alternate suction and pressure movements
are imparted to said pistons, means forming in-
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let passages in said casing, shaft and cam means,
said passages communicating with said fluid sup-
ply chamber whereby fluld completely fills the
latter, each of said pistons having fluid inlet ports
provided therein whereby fluid from said supply
chamber enters said cylinders during the suction
stroke of said pistons, valve means provided in
sald pistons for preventing a reverse flow of the
fluid entering said cylinders, means forming dis-
charge passages communicating with said cylin-
ders whereby the fluid drawn into said cylinders
is discharged therefrom into said discharge pas-
sages during the pressure strokes of said pistons,
and means for preventing a reverse flow of the
fluid in said discharge passages. .

5. A cam shaft comprising an elongated body
portion, s cam member formed on said body por-
tion, said cam member having a relatively wide
portion and s relatively narrow reduced portion
at each side of and coaxially with said relatively
wide portion, a transverse passage in the rela-
tively wide portion extending to an end of the
cam member, and sald body portion having a
central passage extending inwardly from one end
thereof and having an inner radial terminal por-
tion communicating with the transverse passage
in said cam member.
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