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1

This invention relates to fluid pumping devices
and more particularly to, such devices adapted
to pump hydraulic fluid under pressure for vari-
ous applications. In particular this invention
relates to pumps of the radial piston type and to
the kind of pump within that class wherein the
radial pistons are carried in a rotating member
or rotor, the pump likewise including means to
vary the stroke of the pistons automatically in
response to various requirements of an hydraulic
system wherein the pump is availed of for use.

Heretofore, hydraulic pumps have in many
cases been provided with manual means to vary
the stroke of pistons associated therewith, and
in cases where automatic means have been availed
of in other types of pumps using pistons, the
means for varying the stroke have been very com-
plicated so as to requiré undesirably difficult
mahufacture.

It is therefore a primary object of this inven-
tion to provide a pump of the radial piston type
wherein constant horsepower requirements are
present and yet the pump provides variable pres-
sure and/or variable volume of fluid, in response
to the demands of an hydraulic system.

It is a further object of this invention to pro-
vide & pump wherein means are provided for
varying the volume and/or pressure in response
to the requirements of the system.

It is a still further object of this invention to
incorporate simple yet sensitive means for the
above purposes which are automatic in opera-
tion in respense to said requirements.

It is a further object of this invention to pro-
vide a novel arrangement of parts within the
pump itself to effect the required responses.

A still further object is to provide a pump de-
livering high volume at low pressure, as required
for fast traverse motion, a pump also making
available low volume-high pressure delivery, re-
quired for holding power which many modern
machines and machine tools must have available,
at the same time eliminating necessity for using
two or more pumps and a complex arrangement
of relief, by-pass, and control valves availed of
at the present time.

Other and further objeets of this invention will
be apparent upon a consideration of the descrip-
tion of the invention as disclosed in the drawings
in which:

Figure 1 is a longitudinal sectional view of one
form of the pump of this invention, disclosing the
various parts thereof in the minimum-volume
maximum-pressure relationship. o

Figure 2 is a transverse sectional view taken
about on the line 2—2 of Figure 1.

2
Figure 3 is a longitudinal sectional view show-

. Ing a somewhat different form of pump incor-
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porating the principles of the invention therein.

Figure 4 is a fragmentary sectional view taken
about on the line §—4 of Figure 3 and illustrating
certain of the operating parts of the modifica-~
ticn of Figure 3.

Referring to Figure 1, it will be noted that the
pump of my invention includes a drive-end hous-
ing generally denoted I, of substantially circular
exterior configuration, a rotor housing 2 adjacent
thereto, and a control end housing 3 adjacent
said rotor housing. These three housings are
suitably fastened together in any preferred man-
ner, not further illustrated since the same will
be obvious to those skilled in the art and com-
prise the main pump housing generally desig-
nated A. A rotor member 4 of circular form
being a section of a cylinder and to be more par-
ticularly desecribed hereinafter, is supported in-
teriorly of the pump between the drive end hous-
ing { and the control housing 8, within the rotor
housing, and being of less diameter than the inner

" diameter thereof so as to be spaced slightly from

the said rotor housing 2 (see Figure 2), an outlet
chamber § and an inlet chamber 6 are formed,
by the provision of lands or projections 7 and 8
formed integrally with the said rotor housing.
The said lands or projections T and 8§ are fitted
with slide plates 8, adapted to engage the periph-
ery of the rotor, the said slide plates being held
in engagement with said periphery by means of
the springs 128. The slide plates are of substan-
tially rectangular form and extend throughout
the width of the rotor housing and rotor so as to
provide a minimum of clearance between the end
faces thereof, and the housings 1 and 8.

The rotor 4 as shown in Figure 1, is adapted to
rotate within the pump between the housings 1
and 3, being fitted thereinto very closely, so as
to provide a minimum ameount of working clear-
ance therebetween. The said rotor 4 includes a
plurality of radially extending cylindrical cham-
bers (i, the said cylindrical chambers carrying
closely fitted pistons #2, for reciprocation therein,
in a manner to be described.

The rotor 4 is supported for rotation interiorly
of the pump, at one end, on the drive shaft {3,
by means of a hollow extension 14, said latter.
member being hereinafter called a rotor drive
member. The rotor drive member 14, is hollow
interiorly and on. its exterior is formed so as to
provide clearance between the drive end housing
{, and the said drive member. The drive member
14 is suitably fastened to the rotor member 4, by
means of the cap screws 5. The drive shaft 13
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is rotatably supported in the housing i, on a
bearing 16, and a suitable seal {7 is provided
adjacent the said bearing and in the end of the
housing |.

The rotor 4 is supported for rotation at the
end opposite that just referred to, on a support-
ing member 18 fastened to the rotor 4, by means
of cap screws 19 or in any other suitable manner
as desired or reguired by the construction of the
pump. The rotor supporting member {8 is in
turn carried by a bearing 20, which bearing 23
is located in the annular opening 2{, and pressed
on a boss formed with the control end housing 3
as seen in Figure 1. A cam member 22 is sup-
ported on the shaft member or portion 23, of a
cam operating unit generally designated 24, in a
manner to he hereinafter described,.interiorly -of
the rotor member or rotor §. The cam member
22 is of circular configuration and is restrained
from rotfation relative the control end housing 3,
-as /by ‘the provision of key -portions 23 -formed
integrally .with -said :housing 2, as ‘seen more
clearly in Figure 2, extending vertically adjacent
‘the center portion -of said housing. A ccmating
key way is provided in the cam member 22, adapt-
ed “to ‘receive therein the key portions 25 previ-
ously mentioned. It will therefore be noted that
vertical movement of the cam £2, in a manner
to be hereinafter set forth, is permitted, and that
rotational movement of the said cam 22 is pre-
wvented. ‘Suifable thrust plates 2%a are provided
to receive the thrust of cam member 22 against
axotor -drive member (4 ‘(see Figure 1), when in
-accordance -with -conventional pump ocoperation,
'a, thrust relationship is present. The pistons {2
.are maintained in constant contact with the pe-
riphery -of .the cam 22, at their inner ends by
:means -of -springs 271. Suitable snap rings .25
seated in grooves formed adjacent the ends of
the pistons 42, :are provided, and the springs 27
surround the ‘ends -of the said pistons and are
-‘maintained thereon by the snap rings anhd con-
tact with -the inner periphery 28 of the rotor &.

The cam 22 may preferably be formed in two
parts as geen in Figure 2, and includes a shaft
opening therein, the ;axis of :said shaft opening
lying at an angle to the normal axis of said cam,
balts -being provided to maintain the two parts
together. The cam-operating unit 24, previously
referred to,.includss a hollow shaft 29, the shaft
portion -28 being connected thereto, preferably
integrally. - The axis of the shaft portion or
member 23, lies at an angle to the axis of the
shaft 2§ and is adapted to be received in the shaft
opening in-the cam 22 previously described, The
control end housing -2 is provided with a cylin~
drical opening 38,.in which the shaft 29 is adapt~
.ed to reciprocate, this reciprecation in twrn im-
parting movement -to the cam member 22 in a
vertical direction, by reason of the angular rela-
tionship of the axis of the shait portion 22 with
the axis.of-the shaft 28.

Shaft. portion 23 of the unit 24 is provided at
one end with a round bearing portion 3{ adapted
to receive thereon g kearing 32, the said bearing
being held in place on the portion .8{ by means
of a snap ring .33. The bsaring 32 is-mounted
50 as to fit closely in the hollow rotor drive mem-
ber {4, but at the.same time is permitted to re-
ciprocate therein in a manner to be hereinafter
set forth. It will be clear that during this recip-
rocation, the drive member {§ may be rotated with
respect. to the shaft portion 23 but will not im-
part any rotative motion to the said shaft por-
tion 23.
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The hollow shaft 25 of the operating unit 24
includes a chamber 34 adapted to receive thersin
a piston member 35. The piston member 35 is
connected to a shaft 36, the said shaft 36 in turn
being secured to an end cap 37 on the housing 2,
by means of a snap ring 38 adjacent the end of
said shaft 38. The end cap 87 is sealingly en-
gaged with the control end housing 3 in any suit-
able manner, the seals 3% being provided there-
for. A suitable threaded cap member 40 is fitted
into the end of hollow shaft 29 of the unit 24 so

-as to provide a chamber 4} surrounding the shaft

3%, Interiorly of ‘the said shaft 29, a suitable
compression spring 42 surrounds the shaft 3§, and
is confined betwesn cap 48 and a surface 48 of
the piston member 35 previously referred to. It
will be noted that the areas of the face 43, and
an opposite face 44, of the piston member §5, are
unequal by reason of the connection of the shaft
3§ with the face 43 of the piston member, as

:shown in 'Figure 1. A passage 47 extends axially
through the shafi 26, one end of the passage 47
-opening into the chamber 34 previously referred
“to, the other end of said passage being in align-
‘ment with a radial passage 48 formed in the end
cap 87, A port 43 is provided, whereby the pas-

sage 47 communicates with the chamber 1. The

radial passage 48 in the end cap $7 previously
‘mentioned, is aligned so as to communicate with

an angularly extending passage 58 formed in‘the
control end housing 3, the said passage 50 in turn
communicating with a -discharge outlet or port

84, the said port 51 opening into the outlet cham-

ber § previously referred to. 'An inlet port 52 is
rrovided, the same being shown in Figure 1 as
having alternative directions of opening whereby
to communicate with the inlet chamber § previ-
cusly imnentioned.

As shown in the drawing Figures 1 and .2, the

‘pump and its reldted parts are in the position
-of ‘minimum - streke-maximum pressure opera-

tion, since the cam 22 is in axial alisnment with
the center of the rotor 4, the pistons occupying
what is known as & zero stroke position. It will
be noted that movement of ‘the cam operating
unit 24 to the left will cause the cam 22 to move
downwardly from its position shown in Figure 1
whereby -the cam will no longer be in the zero
stroke position but will have been moved down-

wardly by reason of the offset shaft portion 23
.of the said unit 24 having been moved to the
Jeft, imparting movement to the cam as above

described.

A description of ‘the operation of the pump
shown in Figures 1 and 2 will further clarify the
construction thereof and its suitability for incor-
poration in hydraulic systems which require the
same.

Initially, a rotating prime mover such as an
electric motor or the like, is suitably fastened io
the drive shaft 18 to impart rotative movement
thereto, and thereby the rotor drive member 14
and the rotor 4, together with the pistons i2
Initially, it should be explained
that this description of operation will be based
on the assumption that the rotor is moving in a
clockwise direction as indicated by the arrow in
Figure Z. Since the pump in the condition of
operation shown in Figure 2, would be operating
al maximum pressure (in pounds per square
ineh), the fluid pressure in the outlet chamber
§ would be the same maximum pressure as in
the.¢hambers at the ends of the pistons 2. This
bressure is in turn communicated to passages
50, 48, 47 and 48, to the chambers 41 and 34.
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Since the area of the face 44 of the piston 35 is
greater than the area of the face 43 of said piston
the total force on the face 44 will be greater than
the total force on the face 43. This differential
of forces will cause the shaft 29 to move to the
right until the spring 42 has been compressed
sufficiently so that the force exerted thereby
equals the differential of forces on the faces 43
and 44, since the spring is of the usual construe-
tion, the actual force exerted by the spring is
equal to the force exerted by the spring totally
deflected, multiplied by the ratio of actual deflec-
tion, divided by the total deflection.

As was previously noted, the pump pressure,

(in the drawing of Figure 1) has caused the cam
overating unit 24 to move to the right so that
the spring force equals the differential of forces
on the faces 43 and 44. In this position the
cam 22 has moved so that the outer periphery
thereof is centered axizlly of the rotor 4, and
therefore no reciprocation of the pistons 12 will
take place. This is known as the maximum
pressure-minimum volume position of the pump,

. at which position np fluid is transmitted but the

pressure is maintained. If the pressure demands
of the system, to which the pump is connected
begins to fall, the pressure in the chamber 34
will also drop. The total forces acting on the
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faces 43 and 44 will correspondingly drop, the dif-

ference of the forces on said faces, thereby being
smaller. The spring 42 will therefore expand
until the spring forece is equal to the smaller dif-
ferential of forces. It will be obvious that the
operating unit 24 will thereupon move to the
left, thereby changing the position of the cam 22,
and thus the stroke of the pistons 12 is increased.
The volume of fluid pumped by the pistons is
therefore increased. The angle of the shaft por-
tion 23 of the operating unit 24, is so proportioned
that the stroke of the pistons, ag imparted there-~
to by the cam 22, will vary directly inversely to
the pressure. The function of pressure times flow
volume remains constant, and sinee horsepower
is a function of pressure times flow volume, the
horsepower requirements of the pump will remain
constant. i

If the pressure demands of the system fall to
Zero pounds per square inch, there will be no dif-
ferential of forces on the faces 43 and 44 of the
This will permit the spring 42 to ex-
pand to its maximum length and thereby move
the operating unit 24 to the left, in which posi-
tion the right hand end of the chamber 34 will
be substantially adjacent the face 44 of the piston
35. It is obvious that in this position the operat-
ing unit 24 will have been moved to its extreme
left position and thereby the cam 22 will be at
the bottom position of its movement,. The pe-
riphery of the cam 22 will of course therefore, be
in eccentric relation with respect to the rotor 4.
Since rotor 4 is revolving, the pistons will Tecip-

rocate in the cylindrical chambers Ii provided -

therefor, thus imparting g bumping motion to
the said pistons. In order to further explain the
cycle of action of this pump, a particular cham-~
ber will be designated at the end of one of the
bistons {2, namely, chamber 53 (Figure 2). As
the piston associated with the chamber 83, begins
to move outwardly with respect to the center of

the rotor, during rotation of the latter, such -

motion will expel any fluid in the said chamber
into the ouflet chamber § previously mentioned
and thus into the port 51 and bassages 59, 48,
41 and 49 connected therewith, whereby the forces
will be imparted to the respective faces of the
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piston 35 as has been previously set forth. When
the piston 12, associated with the chamber 53,
has reached the extreme outward position of
movement in contact with the cam 22, by reason

of the eccentricity of the latter, substantially

all of the fluid in the said chamber 53 will have
been expelled therefrom into the outlet cham-
ber 51. Af this point the piston above just re~
ferred to, will be passing the projection or land 8.
As it passes land 8, the inward stroke of the piston
will commence and will continue, to thereby create
8 vacuum within the chamber 53 intc which fluid
will rush until the end of the stroke of the piston

{2, the same being then at the low point of the
cam 22. At this point the chamber 53 will be
passing the land or projection 7, and thereafter
will commence its outward stroke to continue the
cycle before noted. It will be clear that the
fluid will enter the inlet port 52 under the vacuum
created by the inward m:ovement of the piston (2
vpreviously described. )

. The cycle of action of a piston as just deseribed,
will of course be followed by each one of the
pistons therein. . During the last described con-
dition of operation of the pump, wherein the cam
22 had moved to its lowermost position, thereby
imparting the maximum stroke to the piston, the
pump will be Jelivering the maximum volume of
fluid at the minimum pressure of fluid,

In view of the above description, it will be
apparent that any combination of pressure and
volume may be automatically selected depending
upon the demands of the system in which the
pump of my invention is incorporated. Tt might
also be noted that in accordance with best con-
struction principles in the art in which this inven-
tion is found, the relative clearances between the
respective parts will be held to a minimum so
as to reduce to a minimum the leakage problems
which are sometimes encountered.

It should also be noted that the pump above
described may be rotated in a counterclockwise
direction, the inlet and outlet ports 5f{ and €2
thereby being reversed, so that the pump will
thus be a constant volume pump. :

The modification of the pump of my invention,
disclosed in Figures 3 and 4, includes similar parts
therein and is adapted to operate in a similar
manner to the pump of Figures 1 and 2. In this
modification however, the eam adjusting means
or cam operating unit, is the primary construc-
tional difference.

As shown in Figure 3, the pump comprises a
drive end housing 54 and a control end housing
55 adapted to support therebetween a rotor hous-
ing 56, the latter being of substantially the same
configuration as that shown in Figure 2, including
the lands or projections 7 and 8§ of said figure,
and the slide plates 9 backed by the springs (9.
The housing members above referred to are suit-
ably fastened together in any desirable manner
comprising a main housing B and enclose the
rotor 57 therein, the latter being substantially
the same type of rotor as in the previously de-
scribed form of my invention. The pisions 58,
supported in radial cylindrical chambers of the
rotor 87, are adapted to reciprocate therein for
the purposes of pumping flyid. The rotor is sup-
ported for rotation in the pump by a rotor sup-
porting member §9. The member 58, bearing &1
and annular opening 82 are substantially identi-
cal to the corresponding parts disclosed in Figure
1. At the opposite side of the rotor and engaged
therewith for support thereby, by means of cap
screws 62 or the like, is a rotor drive member 64.
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Thesaid member:§4 is.a:plate-like nrember-and
is formed integrally ‘with the drive shaft 65.0f
thepump. The said drive shaft65.includes there-
iin,a blind female drive section €6 and is‘rotatably
supported in the drive housing 54 upon a bearing
$1.: A suitable seal may be incorporated adjacent
‘the bearing 87 to prevent the escape.of the hy-
draulic fluid in the pump :in accordance with
known .practice in this art.

The'pistons 58 are adapted.to coact with a cam
.or eccentric 88, the said -cam being located gen-
-erally :substantiaily ‘centrally of the rotor 87,"by
means - of ‘suitdble springs 69 surrounding the
inner ends of ‘the said piston members 88, abut-
‘ting:at their outward extremities the inner sur-
‘face:of the rofor 57 and gt their inner:extrerai-
‘ties, seated upon snap rings 76 fitted in grooves
‘in ‘the inner end of the piston whereby the ten-
“ion of the saig springs will maintain the pistons

in constant engagement with the cam or eccen- -

tric 68.

“The-said cam or eccentric 68 is provided with
.a-§haft 71 preferably formed integrally therewith,
the shaft 71 in turn supporting the eccentric, said
shaft being fitted in a bearing 2. The bearing
“i2:is seated in a suitablc opening provided in the
contrel end housing ‘55 as seen in Figure 3. A
suitable seal may be provided adjacent the bear-
ing 12 to prevent the escape of Huid in accordance
with known practice. 'On the opposite end of
shaft 11, adjacent cam or eccentric §8, a bearing
T2 is fitted into a suitable opening in the drive
shaft 65. Adjacent the bearing 72 just men-
tioned, the cam operating -unit generally desig-
nated T3 (see Figure 4) is shown as including 2
spur gear ‘74 maintained in engagement with the
end-of the shaft T! by means of a snap ring 7%
or in any other suitdble manner, and held against
rotation relative said cam T4 by means of a key
18, said key being seated in a key way of the shaft
74 and a corrssponding key way in the spur
gear 14.

As shown in Figure 4, the spur gear T4 of the
cam operating unit 73 is engaged with a rack
member or piston rod 77, the said member 771
heing preferably rectangular shaped in cross-sec-
tion and having testh formed therecn, ‘thesaid
piston rod 71:-being connected to piston 78. The
piston 18 is provided with suitable passages 18
made by drilling or the like.
the pistons 78, are adapted to connect chartbers
80 and 81 at opposite sides thereof:formed in the
c¢hamber in which the piston reciprocates. -At
the end cpposite the piston, the rod 71 is-adapted
to engage a spring 82, the said spring in turnthe-
ing seated upon a suitable portion of the housing
provided therefore. The chamber 80 is con-
nected to an outlet port &%, by means of a-pas-
sage 84 formed in the housing 85. The last
named outlet passage and connecting passage,
correspond to the passages §1 and 86 of the pump
shown in Figure 1. A suitable inlet passage or
port 85 is provided, which corresponds to the
irilet port 52 of the previously disclosed form of
my pump.

1t will be clear from the foregoing that move-
ment of the piston member 18, in response to an
increase of outlet pressure will impart a rotative
motion to the spur gear 14, whereby the shaft 71
connected to the cam €8, will likewise be rotated,
to thereby impart rotation to the cam &8 as men-
tioned and thus increase or decrease the stroke
of the pistons 58 previously refeerred ‘to. This
operation of course will correspond to the move-
ment of the cam 2% of Figure 1, to increase or-de-

The passages T8 in ;
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<orease-the stroke of the pistons.in responseto
:pressure changes in the hydraulic system to'which
:the 'pump of this disclosure is connected.

In the position of the parts of the modification
disclosed in Figures 3 and 4, the cam eccentric

‘68 ‘is shown in s maximum volume-minimum

pressure position as contrasted with the position
of the cam 22 of Figures 1 and 2. As the pres-

-sure in ‘the .system increases, the eccentric or
.cam 68 ‘will turn toward ‘the minimum-volume

maximum pressure position whereby the eccentric
or cam ‘88 will be ina position wherein-its-pe-
riphery will approach a  coneentric rélationsiip
with'the rotor §7-and eduse the pistons 58 to move

toward their zero stroke position. A% the:zero
-stroke:position, no fluid will be délivered and 'thus
ithe pressure inthe system will be maintained. In
-view of the foregoing, it will be clear that the last

described form of my bump invention, discloses

-a‘device which operates in substantially the same
‘manner as the unit-of Figures 1 and 2, the dif-

ference residing-in the form of cam and ‘the
mechanism ‘of the -cam operating unit. Bach

pump is constructed so as to provide mcans re-

sponsive to pump cutlet pressure for contrailing
or varying the stroke of the pistons therein.

It is of course contemplated that changes in
proportion and gize of the parts in their-various
forms, may be made in accordance with the re-
quirements-of the system, or systems with which
the pump of my invention .is used.

Having thus described my invention, and:dis-
closed the same in the:drawings, what I ¢laim-as

new is set forth in the following claims:

1. In a pump of the <¢lass described, in com-
bination, a housing, fluid inlet and outlet ¢ham-

‘bers 'in said housing, a rofor in said housing,

eylinders and pistons in said rotor, the pistons
being radially operable thereéin, means for ro-
tating ‘said rotor whereby ‘fluid under pressure
is delivered to said outlet chamber, a cam axial-
ly disposed with relation to said rofor for mov-

‘ing said pistons and varying ‘the stroke thereof,
5 -cam operating unit engaging said cam, and
- means for translating pressure developed in

said outlet chamber into movement of a part of
the -cam operating unit to -vary the stroke of

‘said pistons, said unit including a shait member

shiftable axially of the rotor, the cam being
supported on said shait member, a pressure
chamber formed in said shaft, a fixed piston
having opposite faces of different areas con-
fined in said pressure chamber, and -conduit
means to transfer fluid under pressure from the
outlet chamber to the opposite faces in the pres-
sure chamber, whereby the pressure differential
effects movement of the shaft as specified.

2.'In a pump of the class described, in com-
bination, a housing, fluid.inlet.and outlet cham-
bers in ‘said housing, a rotor in said housing,
cylinders and pistons in said rotor, the pistons
being radially operable therein, means for ro-
tating said rotor whereby fluid under pressure is
delivered to said outlet chamber, a cam axially
disposed with relation to said rotor for moving
said pistons and varying the stroke thereof, a
cam operating unit engaging said.cam, and means
for translating pressure developed in said out-
let chamber into movement of a part of the cam
operating unit to vary the stroke of said pistons,
said unit including a shaft member shiftable
with respeet to the rotor, the caimn heing oper-
able by said shaft, a piston having opposite faces
of ‘different areas being engaged with said shaft,
a ‘pressure chamber-being provided for said pis-
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ton, and conduit means being provided to trans-
fer fluid under pressure from the outlet chamber
to the pressure chamber for application to said
opposite faces, whereby the pressure differential
effects movement of the cam to vary the stroke
as specified.
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