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'UNITED STATES PATENT OFFICE

James F. Hoffer, Detroit, Mich., assignor to Ex-
Cell-O Corporation, Detrolt MlCh a corpora-

tlon of Michigan

Application May 3, 1937, Serial No. 140,305
(C1. 103—162)

16 Claims.

The present invention relates generally to im-
provements in fluid handling pumps, and has
particular reference to a variable delivery pump
having a plurality of annularly arranged cylinder
and piston units operable in uniformly timed
sequence by an angularly adjustable cam or
swash plate.

One of the objects of the present invention is
to provide a novel pump of the foregoing char-
acter in which the swash plate is automatically
adjustable in response to variations in the de-
livery pressure so as to decrease the volume of
delivery as the delivery pressure rises, whereby
the power required is reduced to a minimum and
at maximum pressure and zero delivery need only
be sufficient to drive the parts without doing any
work, and whereby unnecessary wear on the mov-
ing parts is avoided.

Another object is to provide a novel swash
plate pivoted for angular adjustment eccen-

Fig. 7 is a longitudinal sectional view taken
substantialy along line T—17 of Fig. 4.
Fig. 8 is a plan view of the stationary member

- of the pump valve taken substantially along line
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trically of the pump shaft and operatively con- .

nected at the free end to a control means re-
sponsive to the delivery pressure of the pump so
as to substantially eliminate fiuttering of the
swash plate and pulsations in the fluid delivery.

Still another object resides in the provision of
a novel control valve having relatively small con-
tacting faces to reduce friction and the possibility
of inaccuracy in manufacture, and located closely
to the pump shaft so as to facilitate the removal
of air from the pump cylinders.

A further object is to provide a new and im-

proved pump automatically adjustable to vary.

the fluid delivery and operable upon a sudden
drop in the delivery pressure to make available
immediately a relatively large vcolume of fluid
under pressure.

Further objects and advantages will become
apparent as the description proceeds.

In the accompanying drawings,

Figure 1 is a longitudinal sectional view sub-
stantially along line 1—I of Fig. 3 of a pump em-
bodying the features of my invention and ad-
justed for maximum delivery.

Fig. 2 is a transverse sectional view taken sub-
stantially along line 2—2 of Fig. 1.

Fig. 3 is a bottom end view of the pump.

- Fig. 4 is a transverse secticnal view taken sub-
stantially along line 4—4 of Fig. 1.

40

Fig. 5 is a fragmentary detail sectional view .

taken substantially along line 5—5 of Fig. 4.
Pig. 6 is a fragmentary view similar to Fig. 1,

but illustrating the pump a.dJusted for low de- ‘

livery.

8—8 of Fig. 1.

Fig. 9 is a transverse sectional view taken sub-
stantially along line 9—9 of Fig. 1.

Fig. 10 is a view similar to Fig. 1, but of a
modified form of the pump.

Fig. 11 is a fragmentary sectional view taken
substantially along line i{—II of Fig. 10.

Fig. 12 is a plan view of the non-rotatable
member of the pump valve taken substantially
along line i2—12 of Fig. 10,

Fig. 13 is a fragmentary transverse sectional
view taken substant1ally along line 13—13 of
Fig. 10.

Referring more particularly to the drawings,
the pump, constifuting the exemplary embodi-
ment of the invention, comprises a main body
casing or housing (4 which is generally cylindrical
in form and provided at one end with a periph-
eral flange {5, and which is formed at the other
end with longitudinally extending diametrically
opposed arms 16 and {7 integral with an axially
disposed bearing sleeve 18. A base plate 19 is
removably bolted to the flange {5 and is formed
with a central bore 28 in axial alighment with .
the bearing sleeve 8. Bolted to the bottom of
the plate 19 is a dome-shaped or hollow semi-
spherical cover 21.

The assembled pump body may be mounted on
any suitable support depending on the purpose
and location of the pump. Although not limited
thereto, the pump is especially suited for use in
the oil system of an automotive vehicle engine,
and when so used is adapied to be mounted in
an upright portion with the base plate 19 se-
cured by means of bolts 22 to a wall of the trans-
mission case (not shown). The lower end of the
pump, including the base plate 19, is immersed
in the oil in the transmission case which consti-
tutes a source of oil supply.

The pump is adapted to be driven by a shaft
23 extending longitudinally through the casing
{4 and journaled at opposite ends respectively in
a bushing 24 in the bearing sleeve {8 and a com-
bination bushing and valve stator 25 fixed in the
bere 20. A flat annular ring 26 is positioned
against the inner face of the base plate 19 be-
tween the flange 15 and the valve stator 25, and
serves as a spacer to effect proper bearing align-
ment. The valve stator 25 has a peripheral rib -
271 engaging over the inner edge of the spacer
ring 26 to resist outward axial thrust, and is held




in a ﬁxed angula.r position by a bau kéy spline
28. It will be understood that the shaft 28 may
be driven by any suitable means. In the present
instance, a spiral gear 29 is fixed 'on the outer
end of the shaft 23, and meshes with a spiral gear
30 adapted to be connected to the source of
power, such for example as the crank shaft of an
engine.
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supply, and 1n the ‘present instance is adapted
for direct communication with the engine trans-
mission case (not shown).

A filter 46 is interposed in the path of the in-
coming fluid within the cover 21. In’'the present
instance, the filter 46 consists of a cup-shaped _

- or hollow semi-spherical multi-ply screen having -

The pump comprises a rotatable cylinder body -

381 secured to the shaft 23 within the casing (4.
In the present instance, the connection Is ef-
fected by means of a transverse pin 82 extending
snugly through the shaft 23, and at opposite
ends into a diametrical slot 33 in the lower or
outer end of the body 31. A valve plate 34 is
" bolted to one end of the body 31, and serves to
- confine the pin 32 within the slot 33. A plu-
rality of parallel bores 35 open through the body
31 to the valve plate 34, and define pump cylin-
ders annularly arranged in uniformly spaced re-
lation about the shaft 23. In the present in-
stance, six cylinders 35 are provided. A plurality
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of pump plungers or pistons 36 are reciprocably

disposed respectively in the open ends of the cyl-
inders 35, and are operable in uniformly timed
sequence with a variable stroke as hereinafter
described.

The valve stator 25 and plate 34 are in face
bearing engagement, and constitute a rotary end
face valve for controlling the admission and
discharge of fluid respectively to and from the
pump units. The valve stator 25 (see Fig. 8) is
provided with two arcuate suction and delivery
ports 37 and 38 separated by diametrically spaced
land areas 39 and 40 and arranged in concen-
tric relation to the shaft 23. To produce the
ports 37 and 38, a continuous circular grodéve may
be formed in the valve face of the.stator 25.
Then, two pins, the ends of which define the land
areas 39 and 40, may be pressed into suitably
located holes drilled into the groove to separate
the latter into equal arcuate segments defining
the ports 37 and 38. Formed in the valve face
of the plate 34 are a plurality of ports 44 which

. open respectively to the closed ends of the pump
cylinders 35, and which are annularly arranged
in a circle of the same curvature as the ports 31
and 38 for movement successively across the
latter upon rotation of the cylinder body 3i. The
contacting annular valve faces of the stator 25
and plate 34 are made small in relation to the
cylinder body 31 and are located.closely to the
axis of rotation, thereby reducing the valve fric-
tion area and lessening the likelihood of manu-
facturing errors or irregularities and conse-
quently the chance of valve leakage. To facilitgte
the removal of air, the ports 41 are located be-
tween the axes of the cylinders 35 and the axis
‘of the shaft 23, and preferably at the innermost
side areas of the cylinders. This is made pos-
sible by the reduced size of the contacting valve
faces. Since the liquid being pumped will be
thrown radially outwardly by centrifugal force,
‘any air in the cylinders 35 will collect in the
region of the ports 41, and will pass readily there-
through with the pump discharge, so that the cyl-
inders will be automatically scavenged of air.

The suction port 37T is adapted to receive fluid
from the interior of the cover 21 through a plu-
rality of longitudinal bores or passages 42 in the
valve stator 25. A duct or enlargement 43 in-
tegral with the bottom of the cover 21 defines an
inlet passage 44 which registers with a slot or
opening 45 in the base plate (9. The opening

25

a peripheral clip 47 resting on an upwardly fac-
ing annular seat 48 formed in the top portion of
the cover 21. The filter 46 is concave upwardly, .-
and projects downwardly through the seat 48 into
the lower portion of the cover 21. A coiled com-
pression spring 49 engages the underside of the

.base plate 19, and acts to hold the filter 46
yieldably against the seat 48.

Preferably, the
upper screen ply is buckled to provide an annular

‘centering rib or projection 50 for the engaging.

end of the spring 49. It will be evident that if
the filter 46 should become clogged, it will be
lifted from the seat 48 by the suction of the pump
to permit the passage of fluid.

The discharge port 38 is in communication,
through a plurality of closely spaced vertical
bores 51 and intersecting cross bores 52 in the
valve stator 25, with an outlet passage 53 formed
in and opening to the top of the base plate 18
for connection to a suitable discharge line (not

" shown) leading to the point of use of the pres-
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sure fluid.

The means for actuating the pistons 36 com-
prises a cam or swash plate 54 which is angularly
adjustable relatively to the plane of rotation of
the cylinder body 3f to vary the piston stroke
from Zero to maximum., The swash plate 54
freely encircles the shaft 23, and is engaged by
the outer end of the pistons 36 which are urged
upwardly by individual compression springs 58.
In the present form, each spring 55 seats at one
end against the cylinder body 31 and at the other
end against a key washer 56 on the outer end of
the associated piston 36.

The swash' plate 54 is. rotatably supported in
a swivel plate 5T mounted at one end on a pivot
pin §8 for angular or swinging adjustment about
an axis perpendicular to and spaced laterally
from the axis of the shaft 23. The swivel axis is
also substantially perpendicular to the axial plane
of the li.nd areas 39 and 40. To provide an anti-
friction mounting for the plate 54, a bearing

sleeve 99 is fitted tightly in a circular recess 60

in the lower face of the swivel plate 571, and
defines an outer raceway. An annular flange or
sleeve 61 on the plate 54 extends concentrically
into the sleeve 59 and defines an inner raceway.
Suitable roller elements 62 are interposed be-
tween the sleeves 59 and GI to complete the
bearing relationship.

It will be evident that when the swash plate
54 is angularly disposed, rotation of the cylinder
body 31 will cause the pistons 36 to be recipro-
cated in timed sequence and with a simple har-

. monic motion, and that each piston will be mov-

65

70.

may be connected to any suitable source of lquid 75

ing through its suction and pressure strokes while
the associated cylinder 35 is in communication

- respectively with the inlet and discharge ports

37 and 38. As the pistons 36 of each set of-
diametrically opposed pistons reach top and bot-
tom dead centers respectively, the associated cyl-
inders 35 will be closed momentarily by the land
areas 39 and 40, and at these times only two
cylinders will be open to either of the valve ports
37 and .38. At all other times, three cylinders 35
will be open to each of the valve ports 31 and
38. Consequently, the pump will discharge con-
tinuously, and the rate of discharge will be sub-
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stantially constant for any given setting of the
swash plate 54, If the angular position of the
swash plate 54 is changed, the length of the
" piston stroke will be adjusted to adjust the rate
and volume of pump delivery. When the plate
84 is adjusted into a plane perpendicular to the
shaft 23, no reciprocation will be imparted to
the pistons 36.

Provision is made for automatically controlling
the angular position of the swivel plate 57 to
vary the pump delivery in accordance with the
load requirements. Thus, the plate 57 is auto-
matically adjusted to reduce the pump delivery
upon an increase in delivery pressure, and to
increase the delivery upon a decrease in pressure.

The means for this purpose comprises generally

& coiled compression spring 63 acting against the
swivel plate 57 in one direction to increase fluid
delivery, and a control plunger 64 movable in
response to the pump delivery pressure and op-
eratively connected to act against the plate in the
opposite direction to decrease fluid delivery

The control plunger 64 is slidably mounted in
a vertical bore 65 opening through a tubular en-
largement 66 on one side of the casing 14 directly
_over and spaced from the opening 45 in the base
plate 9. The bore 65 is open at the lower end
to atmospheric pressure, and is closed at the
upper end by a plug 67 to define a pressure cham-
ber 68 communicating with the pump discharge
passage 53 through connected bores or passages
69 and 10. An open link Tl engages at opposite
ends in a socket 12 in the lower end of the plunger
64, and a socket 13 in the top of an arm 14 on the
swivel plate 57, and is loosely guided for generally
vertical movement in a notched lug 15 on the side
of the enlargement 66. The link Tl serves to
connect the plunger 64 and the arm 74 for joint
movement, and hence to move the latter in a
direction to decrease pump delivery in response
to a pressure increase in the chamber 68. The
compression spring 83 is seated at one end against
the lower side of the arm T4 about a centering
projection 76, and at the other end against a
retainer 17 in universal bearing engagement with
& ball-ended projection 18 on the plug 67.

Prior pumps of the present type are subject
to delivery pressure. pulsations at certain critical
points when operating under varying conditions
of delivery pressure, speed, and volume of de-
livery. These pulsations when present are caused
by fluttering of the cam or swash plate due to
shifting of the hydraulic forces reacting through
the pistons 36 as the cylinder ports 4! move
successively along the pressure valve port 38.
One of the important features of the present in-
vention resides in the elimination of these pulsa-
tions so as to obtain a substantially constant
delivery pressure for any given volume of delivery.
This is accomplished by minimizing the varia-
tions in the reaction forces relative to the control
forces acting on the swash plate 54. More par-
ticularly, the swivel plate 57 is pivoted at one
side of the shaft 23, and is elongated, by thé
provision of the arm 74, to extend substantially

3

leaving the pressure zone deflned by the port 38

" 1s negligible.

The construction, although not sacrificing com-

' pactness, places no mechanical limitations on the

size or strength of the spring 63 or the control

- plunger 64. The pressure of the spring 63 can
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50
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60

beyond the other side of the shaft for operative

association with the spring 63 and the plunger 64
setting up the opposing control forces. Since the
pistons 36 are located much closer to the pin 58
than the spring 63, the reaction forces set up
by the pistons under pressure have a small mo-
ment arm compared to that of the control forces.
Consequently, the effect of the variation in the

70

location of the pistons in entering, crossing, and 75

be materially increased without interference with .
the proper design and proportions of the pump,
and this increased spring pressure in itself; apart
from its relatively increased mopient arm, tends
to reduce fluttering of the swash.plate 54. The
pressire area of the plunger 64 can be corre-
spondingly increased. The pump therefore has
no critical period during which pressure pulsa-
tions are likely to occur. ’

The control means, being readily accessible and
not subject to close structural limitations, also
permits ready and convenient selective alterations.
in the operating characteristics of the pump, as
for example, by the substitution of springs 63 of
different pressures, and in some instances orig-
inally by varying the pressure ares of the plunger
64. It is possible therefore to provide a pump
that will deliver fluid at different predetermined
minimum and maximum pressures. . .

Fluid under pressure in the pump is utilized
for lubricating the bearings for the shaft 23 and
the gearing 29, 30. To this end, the valve plate
34 loosely encircles the shaft 23 to provide an
annular space 19 adapted to receive any fluid
seeping or leaking inwardly past the valve faces.
This fluid is under pressure, and penetrates down-
wardly into the lower bearing 25 for the shaft 23.
The fluid is also forced upwardly through the
notch 33 into an annular space 88 defined by an
undercut section of the shaft 23. The supply
of lubricating fluid under pressure may be sup-
plemented by that permitted to seep or leak up-
wardly along one or more of the pistons 36. Each
of these pistons 36 is formed intermediate its ends
with an undercut portion defining an annular
space 81 opening in all positions of reciprocation
through an upwardly inclined port 82 to the space
80. The amount of fluid supplied from each of
the spaces 81 will depend on the size of the slid-
ing clearance between the piston 36 and the cyl-
inder 35. The shaft 23 is formed with an axial
bore 83 which opens at its lower end through a
port 84 to the space 80, and at its upper end
through a port 85 to the interior of the bushing
24 and throueh a port 86 to a central chamber
87 in the gear 29. Fluid coliecting inside the gear
29 is delivered by centrifugal force through a port
88 to the gear tooth zone. i

A modified form of pump is illustrated in
Figs. 10 to 14, and the parts thereof correspond-
ing to similar parts of the first form are identi-
fied by the same reference characters plus the
letter a. The two forms are closely alike, and’
hence only the differences will be described.

In the modified form. a valve stator 89 is
provided separate of the bushing 252, and his
a universal or floating mounting so that it will
adjust itself with respect to the rotating valve
member 342, and hence compensate for machin-
ing irregularities or run-out of the valve faces.
The swivel stator is of particular advantage when
the pump drive shaft is mounted in anti-friction
or ball bearings which are subject to shaft run-
out or eccentricity. More particularly, the valve
stator 89 has a spherical base surface 80 seated
in -a complementary recess 81 in the top of the
bushing 252, Two diametrically opposite pins 92
fixed in the bushing 252 project upwardly
through radial slots 93 in the valve stator 89




: to locaté the latter in the proper angular post-

tion about the shaft 23, The stator 89 is formed
'with two arcuate valve ports 87» and 38* which
'are separated by land areas 39s ‘and 402, and
' which open to the suction, and outlet passages
' 428 gnd 51° in the bushings 25*. It will be under-
‘stood that the slots 93 are located in the land
‘areas 39® and 40%, - v

'+ An important feature resides in. advancing

 'the location of the ports 37 and 38# relative to

' the top and bottom dead center positions £ and b

of the pistons 86* so as to effect a pressure
‘equalization in each- cylinder 35 just before the
start of both the pressure and suction strokes.
‘Referring to Fig. 12, a represents the axis of the
.pivot pin 58% and d represents the perpendicular
dividing plane between the suction and pressure
‘phases of the piston movements. The center
‘line ¢ of the land areas 89®* and 402 is inclined
'to the line d. Assuming that the pump shaft 23#
‘is rotating in the direction of the arrow, each
" 'eylinder 35¢ will receive fluid from the port 37=
iduring the suction stroke. The piston 362 will
start on the pressure stroke at the point b, but
‘the cylinder 35 will not open to the port 382
'until a short time later. Hence, the pressure in
. ‘the cylinder 35* will build up approximately to
‘the pump discharge pressure before the cylinder
is connected to the port 382, Similarly, the cyl-
inder 35% will be ‘closed by the land area 39=
‘during the initial part of the suction stroke so
that the pressure will' be expanded approxi--
mately to that of the atmosphere before . com-
munication with the port 372, Consequently, no
noticeable pressure fluctuations or pulsations are
produced in the pump delivery as a result of
movement of the cylinders into communication
‘with either the deliver side of the suction side
of the pump.

If desired, short bleed grooves 84 opening to
the ends of the ports 37* and 38* may be formed
in the land areas. These grooves are so grad-
uated that the cylinder ports 41* will not open
abruptly to the ports 37¢ and 38s, thereby avoid-
ing sudden shock even if the cylinder pressure

with which it is about to communicate.
. In the modified form, the control plunger 642
'is formed to smoothen out any.impulses in . the
delivery pressure of the pump so as to prevent
them from influencing the position of the swivel
. plate 575, More particularly, the plunger.64=
‘is formed. intermediate its ends with a peripheral
groove or undercut 95 controlling the passage
1698, An axial bore 96 in' the plunger 64= opens

682. .The bottom of the groove 95 is formed with
‘g slightly tapered area 87 adapted to restrict
the opening to the passage 69, and . a con-
tiguous steeply tapered area 98 adapted to es-
- 'tablish- relatively unrestricted communication
‘with the passage 692.. When the delivery pres-
sure is low, the plunger 64* will occupy its upper-
most pasition calling for maximum,_ delivery, and
the area 98 will permit & free flow between the
passage 692 and the chamber 68s. As the pres-
sure rises, the plunger 642 will move downwardly,
" thereby gradually restricting the opening to the
‘passage 69%. In the high pressure range, the
area 971 will throttle the communication with
the passage 69* so as to damp any impulses that
.may tend to be present. .-

©. In operation, the shaft 23 rotates the cylinder
body 31 constantly, with the valve plate 34 and.
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gagement. If there is a demand for fluid, the
delivery pressure will be low, and hence the
swivel plate BT will be inclined to reciprocate
the pistons 36. Fluid will enter from the open-

5 ing 45 through the passages 44 and 42 and the

inlet port 87 to the cylinders 35 on the suction
side of the pumip, and will be delivered under
‘pressure from the cylinders on the pressure side
through the delivery port 38, and the passage 5,

10 52, angd b3. ‘

» The delivery pressure is transmitted from the
passages 63 through the passages 70 and 69
to the chamber 68, and acts against the plunger
64 in oppositien .to the spring 63 and the hy-

15 draulic reaction of the pistons 38 on the- pres-

sure stroke to balance the swivel plate 57 in a
predetermined position for a required delivery.
Since the forces set up by the spring 63 and
the plunger 64 are relatively large and have a

20 .long moment arm about the pivot 58, the effect
‘s of the slight variation in the reaction of the

piston_s 36 on the swash plate 58 is inconse-
"quential, and hence fluttering of the swivel plate
61, with attendant fluctuations in the delivery

o5 Pressure, is avolded.

A_t minimum pressure, the swivel plate 97 oc-
cuples & position of maximum inclinatfon as de-

. termined by engagement of the plunger 64 with

the plug 61. As the volume requirements fall -

30 and approach zero, the delivery pressure will

increase, and will effect adjustment of the swivel
plate 51 to reduce the stroke of the pistons 36.
At maximiim pressure, the plate 51 will level off
to stop reciprocation of the pistons 36. Conse-

35 Quently, at zero delivery, the power inlet is only

that required to rotate the cylinder body 381, and
needless friction and wear are avoided. Should
there be a sudden demand for fluid, an increased
delivery is immediately available,

40~ Since the cylinder ports 41 are located at the

sides adjacent the shaft 28, any air or eas that
may be present will pass out with the liquid dis-
charge so that the pump is being constantly
.scavenged. The valve faces are located closely

45 about the shaft 23, and hence are relatively small
‘is not equalized with that of the stationary port °

and subject only to a relatively low linear speed,
so that friction is reduced and objectionable run-
out is avoided. Liquid leaking or seeping past the
valve faces and along the pistons 36 is utilized

50 for lubricating the pump shaft bearings and

drive, .

In the modified form, the swivel valve stator 89
insures.accurate valve seating, and the advance
of the inlet and delivery ports relatively to the

, 55 suction and pressure phases of the pistons 36s
from the groove 95 to the pressure chamber :

avoids sudden pressure changes and impulses.
The control plunger 64 throttles the pressure
connection to the chamber 68® at high pressures
to smoothen out still more the control of the

60 swivel plate 57=,

In both forms of the invention, the valve is
hydraulically balanced so as to maintain the
proper oil film thickness and prevent undue leak-
age. The contact area of the annular valve faces,

65 including the valve ports, is no greater, and pref-

erably is approximately equal to, the aggregate
area of the pump cylinders. Hence, referring to
Fig. 1, the outward hydraulic thrust in the pump
cylinders 35 under pressure against the rotary

70 valve plate 34 is offset by the pressure between

the contacting valve faces.

I claim as my invention: .

1. A pump comprising, in combination, a pump
casing having fluid inlet passage means and

. the stationary valve member 26 in bearing en- 75 pressure delivery bassage means, a pump body
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having a plurality of parallel annularly arranged
cylinders, a plurality of pistons reciprocable in
said cylinders, valve means for connecting said
cylinders alternately and successively to said inlet
and delivery passage means, & swash plate pivot-
ally mounted on an axis extending transversely
of said cylinders at one side of said body for angu-
lar adjustment and coacting with the outer ends
of said pistons, drive means for effecting relative
rotation between said pistons and said swash
Dplate and for operating said valve means in timed
relation to the piston reciprocation, spring means
acting on said swash plate at the other side of
-said body in a direction to increase the angularity
of said swash plate, and means automatically
responsive to the delivery pressure of said pump
opposing said spring means to decrease said angu-
larity upon an increase in said pressure.

2. A pump comprising, in combination, a pump .

casing having fluid inlet passage means and pres-
sure delivery passage means, a drive shaft jour-
naled in,said casing, a rotary body mounted on
said drive shaft and formed with a plurality of
parallel cylinders annularly arranged about said
shaft, a plurality of pistons reciprocable in said
cylinders, a swash plate mounted at one end in
said casing on an axis located at one side of and
perpendicular to said shaft for angular adjust-
ment and coacting with the outer ends of said
pistons, sspring means for holding said pistons in
engagemept with said swash plate, valve means
operable In timed relation to the reciprocation of
said pistons for connecting said cylinders. alter-
nately and successively to said inlet passage
means and said pressure passage means respec-
tively during the suction and pressure strokes of
said pistons, spring means engaging the other end
of said swash plate at the opposite side of said
shaft and tending to adjust said swash plate in a
direction to increase the volume of delivery, and
hydraulic means operable in response to the dis-
charge pressure of said pump and connected to
said other end of said swash plate to adjust said
swash plate in a direction to decrease the volume
of delivery.

3. A pump comprising, in combination, a pump
casing having a fluid inlet passage and a pressure
delivery passage, a shaft journaled in said cas-
ing, a cylinder body secured to said shaft for
rotation in said casing and having a plurality of
parallel pump cylinders annularly arranged about
said shaft, a plurality of pistons reciprocable in
said cylinders, valve means operable in timed
relation to the reciprocation of said pistons. for
connecting the cylinders alternately and succes-
sively to said inlet passage and said delivery pas-
sage respectively during the suction and pres-
sure strokes of said pistons, a swivel plate loosely
encircling said shaft and pivotally mounted at
one end on an axis perpendicular to said shaft
and located at one side of said cylinder body, a
swash plate journaled in said swivel plate and
coacting with the outer ends of -said pistons,
spring means tending to retract said pistons from
said cylinders into engagement with said swash
plate, a control cylinder rigid with the other side
of said body and extending generally parallel to
said first mentioned cylinders, a plunger recipro-
cable in said control cylinder and movable in re-
sponse to an increase in the pump delivery pres-
sure to decrease the inclination of said swivel
plate, and compression spring means' tending to
increase the inclination of said swivel plate.

4. A pump comprising, in combination, a pump
casing having a fluid inlet passage and a pres-
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sure delivery passage, a shaft journaled in said
casing, a cylinder body secured to said shaft for
rotation in said .casing and having a plurality of

parallel pump cylinders annularly arranged about
said shaft, a plurality of pistons reciprocable in

.said cylinders, valve means operable in timed
relation to the reciprocation of said pistons for

connecting the cylinders alternately and suc-
cessively to said inlet passage and said delivery
passage respectively during the suction and pres-
sure strokes of said pistons, a swash plate loosely
encircling said shaft and pivotally mounted on
an axis perpendicular to said shaft and located
at one side of said cylinder body, spring means
tending to retract said pistons into engagement
with said swash plate, a control cylinder rigid
with one side of said body and extending parallel
to said first mentioned cylinders and having a .
flow connection with said delivery passage, a '
plunger reciprocable in said control cylinder, a
link connecting said plunger to said swash plate

“for joint movement, and spring means tending to
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adjust said swash plate against the pressure in
said control cylinder. ‘
5. A pump comprising, in combination, a casing

having an inlet passage and a discharge passage,

axially spaced bearings in said casing, a drive
shaft journaled in said bearings, a drive gear
fixed on said shaft adjacent one of said bearings,
& stationary end face valve member on the other
of said’ bearings, and having arcuate inlet and
delivery ports about said shaft and in communi-
cation respectively with said passages, a rotary
body secured to said shaft and hawving a plurality
of parallel cylinders annularly arranged aboub
said shaft, pistons reciprocable in said cylinders,
an end face rotary valve member ‘on one end of
said body coacting with said stationary valve
member and having a plurality of ports opening
respectively from said cylinders for movement
across said arcuate ports, said rotary valve mem-
ber being concentrically spaced from said shaft
to define an annular space adapted to receive
fluid from between said valve members and to
lubricate said last mentioned bearing, an under-
cut annular space in said shaft open to said first
mentioned space, an undercut peripheral space
in certain of said pistons, passages in said body
connecting the piston spaces to the shaft space,
an axial bore in said shaft and having an inlet
port opening from said shaft space and outlet
ports opening to said first mentioned bearing and
said gear, and a port opening from the interior
of said gear to the tooth zone.

6. A pump comprising, in combination, a cas-
ing having an inlet passage and a discharge pas-
sage, axially spaced bearings in said casing, a
drive shaft journaled in said bearings, a station-~
ary end face valve member on one of said bear-
ings, and having arcuate inlet and delivery ports
about said shaft and in communication respec-
tively with said passages, a rotary body secured
to said shaft and having a plurality of parallel
cylinders annularly arranged about said shaft,
pistons reciprocable in said cylinders, an end face
rotary valve member on one end of said body
coacting with said stationary valve member and
having a plurality of ports opening respectively
from said cylinders for movement across said
arcuate ports, said rotary valve member being
concentrically spaced from said shaft to define
an annular space adapted to receive fluid from
said valve members and to lubricate said one
bearing, an undercut annular space in said shaft
open to said first mentioned space, an undercut
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peripheral space in certain of said pistons, pas-
sages in said body connecting the piston spaces
to the shaft space, and an axial bore in said
shaft and having an inlet port opening from said
shaft space and an outlet port opening to the
other of said bearings.

7. A pump comprising, in combination, a cas-
ing having an inlet passage and a discharge pas-
sage, axially spaced bearings in said casing, a
drive shaft journaled in said bearings, a sta-
tionary end face valve member on one of said
bearings, and having arcuate inlet and delivery
ports about said shaft and in communication re-
spectively with’said passages, a rotary body se-
cured to said shaft and having a plurallty of

parallel cylinders annularly arranged about said-

shaft, pistons reciprocable in said cylinders, an
end face rotary valve member on one end of
said body . coacting with said stationary valve
member and having a plurality of ports opening
respectively from said cylinders for movement
across said arcuate ports, an annular space about,
‘said shaft, an annular space about certain of
said pistons, passages in said body connecting the
piston spaces to the shaft space, and an axial
bore in said shaft and having an inlet port cpen-
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10. In a variable flow pump, in combination, a

- drive shaft, a plurality of parallel piston and cyl-

[

"inder units ahnularly arranged about said shaft -

and having & common inlet and a common out-
let, a swivel plate pivotally mounted on an axis

. extending transversely and at one side of said
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" ing from said shaft space and an outlet port

opening to the other of said bearings.

8. A pump comprising, in combination, a pump
casing having 2 fluid inlet passage and a pres-
sure delivery passage; a shaft journaled in said
casing, a cylinder body secured to said shaft for
rotation in said casing and having a plurality of
parallel pump cylinders annularly arranged
‘about said shaft a plurality of pistons recipro-
cable in said cylinders, valveé means operable in
timed relation to, the reciprocation of said pis-
tons for connecting the cylinders alternately and
successively to said inlet passage and said de-
livery passage respectively during the suction and
pressure strokes of said pistons, a swash plate
loosely encircling said shaft and pivotally mount-
ed on an axis at one side of and perpendicular to
said shaft, an arm rigid with said plate and ex-
tending to the other side of said shaft, spring
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.means tending to retract said pistons into en- -

gagement with said swash plate between said
axis and said arm, g control cylinder on one side
of said body and extending paralle]l to said first
mentioned cylinders and having a flow connec-
tion with said delivery passage, & plunger recip-
rocable in said control cylinder and having a
valve area controlling said flow passage, mgans
connecting said arm and said plunger for joint
movement, and spring means tending to adjust
the inclination of said swash plate in opposition
to the pressure in said control cylinder.

9. In a variable flow piston and cylinder pump
having a pressure outlet, in combination, a piv-
otal swash plate for controlling the piston re-
ciprocation, a control cylinder closed at one end
and having a passage opening from one side to
‘said outlet, a plunger reciprocable in said cylin-
der and having a peripheral groove opening to the
closed end of said cylinder, said groove register-
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ing with said passage and having a tapered sur-

face for gradually restricting said passage as said
plunger moves outwardly, means connecting said
plunger and said plate for joint movement in
response to an increase in pressure in said cyl-
inder, and spring means acting to resist out-
ward movement of said plunger, whereby said
plate will be angularly adjusted to vary the pump
delivery inversely in accordance with changes in
the delivery pressure.
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shaft for angular adjustment, means coacting
with said swivel plate at the other side of said
shaft for automatically ‘determining the position
of adjustment in accordance with the delivery
pressure of the pump, and an annular swash
plate-encircling said shaft for operative engage-
ment with said pump units and having an anti-
friction mounting in said swivel plate.

11. In a variable delivery pump, a control valve
comprising; in combination, an end face valve
member formed with an annular groove, two pins
inserted in said member at diametrically opposed -
points to define lands dividing said groove into
an arcuate inlet passage and an arcuate discharge
passage, and a coacting valve face member hav-
ing a plurality of ports relatively movable in suc-
cession across said lands and arcuate ports.

12. In a variable delivery pump, a contrel valve
comprising, in combination, a supporting plate
having an opening therein, a block rigidly seated
in said opening and having in one face a par-
tial spherical valve seat, a circular stationary
valve member having a flat valve face and having
a partial spherical base surface complementary
to and bearing in said seat and formed in said
face with two peripherally spaced arcuate valve
slots separated by lands, spline means connecting
said valve member to said support, said spline
means constraining said valve member against ro-
tation in the plane of said face while permitting

‘s limited rocking movement of said valve mem-

ber in said seat, said spline means including up-
standing pins rigid with said block and extending
into radial slots in said valve  member at said
lands, and a rotary valve member having a flat
face coacting with said first mentioned face.

13. In.a pump, in combination, a casing hav-
ing an inlet passage and a discharge passage, a
drive shaft journaied in said casing, a rotary body
secured to said shaft and having a cylinder paral-
lel. to said shaft, a piston reciprocable in said
cylinder, valve means for connectmg said piston -
alternately to said passages in the rotation of
said body, means for reciprocating said piston
in timed relation to the rotation of said body, an
annular space about said shaft, an annular space
about an intermediate portion of said piston with-
in said cylinder, a passage in said body intercon-
necting said spaces, and passage means formed
in said shaft for conducting away fluid leaking
from said cylinder past said piston into said last
mentioned space and passing therefrom to said
first mentioned space.

14. A pump comprising, in combination, a pump
casing having fluid inlet passage means and pres-
sure delivery passage means, a pump body having
a plurality of parallel annularly arranged cylin-
ders, a plurality of pistons reciprocable in said
cylinders, valve means for connecting said cyl-
inders alternately and successively to said inlet
and delivery passage means, a swash plate piv-
otally mounted on an axis extending transversely
of said cylinders at one side of said body for an-
gular adjustment and coacting with the outer
ends of said pistons, drive means for effecting
relative rotation between said pistons and said
swash plate and for operating said valve means
in timed relation to the piston reciprocation,
spring means acting on said swash plate at the

~
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other side of said body in a direction to increase
the angularity of sald swash plate, and hydraulie
means operable in response to the discharge pres-
sure of saild pump and acting on said swash plate
at said other side of said body in opposition to
sald spring means to decrease the angularity of
said swash plate upon an increase in sald pres-
sure, said hydraulic means including a restricted
valve for controlling the transmission of said
pressure and defining a graduated fow area of
increasing size as said hydraulic means operates
in response to a progressive decrease in said
pressure,

15. A pump comprising, in combination, a pump
casing having fluid inlet passage means and pres-
sure delivery passage means, @ pump body hav-
ing a plurality of parallel annularly arranged
cylinders, a plurality of pistons reciprocable in
sald cylinders, valve means for connecting said
cylinders alternately and successively to said in-
let and delivery passage means, a swash plate
pivotally mounted on an axis extending trans-
versely of said cylinders at one side of said body
for angular adjustment and coacting with the
outer ends of said pistons, drive means for effect~
ing relative rotation between sald pistons and
said swash plate and for operating said valve
means in timed relation to the piston reciproca-
tion, a control cylinder closed at one end and
having a control passage opening from one side
to said delivery passage means, & plunger recip-
rocable in said control cylinder and having a
peripheral groove opening to the closed end of
said control cylinder, sald groove registering with
said control passage and having a tapered sur-
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face for gradually restricting the flow area of
said control passage as said plunger moves out-
wardly, means connecting said plunger and said
swash plate at the side of said body opposite to
said axis for joint movement in response to an
increase in pressure in said control cylinder, and
spring means acting to resist outward movement
of said plunger, whereby said plate will be angu-
larly adjusted to vary the pump delivery inverse-
ly in accordance with changes in the delivery
pressure.

16. In a variable flow piston and cylinder pump
having a pressure outlet, in combination, a piv-
otal swash plate for controlling the piston re-
ciprocation, a control cylinder closed at one end
and having a passage opening from one side to
said outlet, a plunger reciprocable in said cylin-
der and having a recess in the side thereof open-
ing to the closed end of said cylinder, said recess
registering with said passage and having a root
surface for controlling the effective flow area
through said passage, said root surface being
tapered initially at a slight angle and then at a
relatively steep angle in @ direction progressively
effective to increase said flow area as said plunger
moves inwardly in said cylinder in response to a
decrease in pressure, means for connecting said -
plunger and said plate for joint movement, and
spring means acting to resist outward movement
of said plunger, whereby said plate will be an-
gularly adjusted to vary the pump delivery in-
versely in accordance with changes in the deliv-
ery pressure.
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