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2,661,701 :
AXIAL TYPE HYDRODYNAMIC MACHINE

Walter Ferris, Milwaukee, Wis., assignor to The
Oilgear Company, Milwaukee, Wis., a corpora-

tion of Wisconsin

Application Octobei' 3, 1947, Serial No. 777,794
26 Claims. (CL 103—162)

This invention relates to rotary hydrodynamic
machines of the type having a rotatable eylinder
barrel, a plurality of pistons and cylinders ar-
ranged in the cylinder barrel around ang par-
allel to its axis of rotation and a rotatable thrust
member which cooperates with the pistons and
is inclined to the eylinder barrel axis when the
machine is performing useful work.

Such a machine will function as a pump when
driven mechanically and it will function as a
motor when supplied with motive liquid but, since
the functions of a pump and the functions of a
motor are substantially opposite to each other,
the machine will be referred to herein as a pump
in order to-simplify the description of a machine
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15

in which the invention is embodied but it is to be .-

understood that the term “pump” asused herein
means a hydrodynamic machine regardless of
whether the machine functions as a pump or as
a motor. For the purpose of illustration, the in-
vention has been shown embodied in an angle
type axial pump but certain features of the in-
vention- are applicable to other types of axial
pumps, .

The present invention has as an object to pro-
vide an axial type pump which when operating at
high pressures will have a higher overall effi-
ciency thanthe prior axial type pumps. )

Another object is to provide an axial type pump
capable of delivering liquid at very high pressures
and at very large volumetric rates relative to the
size of the pump. .

Another object is to provide hydraulic means
for limiting the axial thrust upon the bearings
which support the rotatable parts.

The flow of liquid to and from the pumping
cylinders of an axialtype pump is ordinarily con-
trolled by a flat valve which engages the end of
the cylinder barrel and is provided with two ports
with which the eylinder ports register alternately
during operation of the pump. When the pump
creates pressure, the liquid in the ports and in the
lubricating film between the valve and the eylin-
der barrel exerts a blow-off force which tends to
move the eylinder barrel away from the valve.

Another object of the present invention is to
provide hydraulic means in addition to the pump-
ing pistons for exerting 4 hold-up force upon the
cylinder barrel in opposition to the blow-off force.

Another object is to provide an axial tybe pump
with a main flat valve and an auxiliary flat valve
which together control the flow of liquid to and
from the pumping cylinders -ang the auxiliary
valve also applies 4 hold=up foree to the cylinder

barrel’in oppesition to the blow-off force exerted-
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by the liquid between the main valve and the
end of the cylinder barrel,

Another object is to provide an angle type
bump having novel means for varying its dis-
placement,

Another object is to provide an angle type
pump with hydraulic means for relieving the
thrust member bearing from the greater part of
the axial thrust imposed thereon when the pump
is creating pressure.

Another object is to provide an axial type pump
in which the pumping pistons are connected to
the thrust member through universal joints
which are lubricated in a novel manner.

Another object is to provide an axial type pump
in which the cylinder barre] is driven through a
universal joint and novel means are provided for
lubricating that joint, .

Other objects and advantages will he apparent
from the following description of the empodi-
ments of the invention shown in the accompany-
ing drawings in which the views are as follows:

Fig. 1 is a central vertical longitudinal section
through a pump in which the invention is em-
bodied, the view being taken on the line t—1{ of
Fig. 2 and showing the bump adjusted to geliver
liquid in one direction. - o .

Fig. 2 is a central sectional plan-view taken on
the lines 2—32 of Figs. 3 and 4 but showing the
bump adjusted to zero displacement, certain parts
being broken away and omitted in order that the
view may be on the same seale as Fig. 1,

Fig. 3 is a transverse vertical section taken on
the irregular line 3—3 of Fig. 2.

Fig. 4 is a transverse vertical section taken on
the line 4—4 of Fig. 1. _

Fig. 5 is a face view of the valve for controlling
the flow of liquid to-and from the pumping cylin-
ders, the view being taken on the line 5—5 of
Fig. 1 but drawn to 5 larger scale. )

Figs. 6 and 7 are settional views taken through
the valve and portions-of the adjacent parts, the
blanes of the views being indicated, respectively,
by the lines 6—6 and 7—1 of Fig. 5. )

Fig, 8 i3 a transverse section showing the ar-
rangement of the cylinders'in the ‘cylinder barrel
and the face of 'a valve-like hold-up element
which assists'in holding the ends of the cylinder
barrel against the face of the valve shown in Fig.
5, the view being taken in the plane indicated by
the line 8—8 of Fig. 1 but drawn to a largerscale.

Pigs. 9 and 10 are sections through the valve-
like hold-up element and portions of the adjacent
parts, the views being tiken on the lines 98 snd
10—190 of Fig. 8. "



_ 3

Fig. 11 is a transverse section taken on the line
{1—i1 of Fig. 1 but drawn to a larger scale,

Fig. 12 is an enlarged sectional view of one of
universal joints for connecting the pumping pis-
tons to the thrust member which causes the
pistons to reciprocate when the pump is driven.

Fig. 13 is a section taken on the line 13—Ii3 of
Fig. 12 but drawn to a stiil larger scale.

Fig. 14 is an end view of the thrust member
which causes the pistons to reciprocate when the
pump is driven, the view being taken in the plane
indicated by the line 15—{4 of Fig. 1 but drawn
to a larger scale.

Fig. 15 is a transverse sectional view taken on
the irregular line {5—i5 of Fig. 1 but drawn to
a larger scale and showing a valve-like hold-up

2,661,701
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element for exerting upon the thrust member -

forces counter tc the pumping forces.

Fig. 16 is a section through the valve-like hold-
up element shown in Fig. 156 and portions of the
adjacent varts, the view being taken on the line
{6—i8§ of Fig. 15. :

PFig. 17 is a sectional view showing a connection
through which liguid is supplied to the valve-like
hold-up element shown in Fig. 15, the view being
taken on the line 1 1—17 of Fig. 1.

Fig. 18 is an end view of the pump looking
toward the left hand end of Fig. 1.

Fig. 19 is a longitudinal section taken through

a portion of the pump on the irregular line 19-—i8

of Figs. 3 and 18.

PFig. 20 is a longitudinal section taken through
a portion of the pump on the irregular lines 28—2 H]
of Figs. 3 and 18.

PFig. 21 is & secticn taken on the irregular line
2{—21 of Fig, 18.

Fig. 22 is a section taken on the line 22—22 of
Fig. 18 but drawn to & larger scale.

Pig. 23 is a schematic drawing llustrating the
hydraulic circuit of the pump.

Pig. 24 is a schematic drawing illustrating the
mechanism for controlling the pump.

Fig. 25 is a longitudinal section through a por-
tion of & pump in which the valve-like hold-up
elernent shown in Figs. 1, 2 and 8 is replaced by
an auxiliary valve which urges the cylinder barrel
against the main valve and also provides ports
and passages for the flow of liguid to and from
the pump cylinders so that the ports and passages
in the main valve may be correspondingly reduced
in size, the plane of the view being indicated by
the irregular line 25—25 of Fig. 8.

General arrangement

The pump chosen for illustration has its mech-
anism enclosed by a housing ! having webs or
ribs arranged therein and two trunnions 2 and 8
(Fig. 3) fixed in its side walls in axial alinement
with each other. Housing { is adapted io be
supported upon a tank or reservoir 4 from which
the pump is supplied with liquid. Reservoir &
has not been illustrated in detail but is shown
diagrammatically in Figs. 23 and 24.

Trunnicns 2 and 3 pivotally support 2 hollow
cradle or yoke § having two integral arms 5 and
5 formed upon opposite sides thereof and an end
wall or head 5¢ rigidly secured to its rear or right
hand end and forming a fluid tight joint there-
with. Arms 5* and 5° are pivoted upon trun-
nions 2 and 3 respectively, and a bearing 6 is
arranged between each arm and the trunnjon
upon which it is pivoted.

voke head 5¢ is of substantial thickness and it
has an integral hub 7 extending from its inner or
forward face. A horn 8 is rigidly secured in hub
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4
7 and head 5¢ upon the axis of yoke § to rotatably
support an annular cylinder barrel 9 having an
annular head 9% arranged upon its rear end, &
bearing {1 being arranged between cylinder head
9a and horn 8.

Cylinder barrel 8 and its head 92 are ordinarily
made as separate parts for convenience in manu-
facturing and the two parts are rigidly secured to
each other to form g fluid tight joint therebe-
tween. The rear face of end head 92 engages an
annular flat valve {2 which extends arcund hub T
between cylinder head 82 and yoke head §° to con-
trol communication between the cylinders in
cylinder barrel 9 and opposite sides of a hydraulic
circuit as will presently be explained.

Cyliinder barrel 9 has a plurality of cylinders
{5 arranged therein around and parallel to its
axis of rotation and a piston 16 is fitted in each
cylinder. Each piston I8 is connected by a ball
and socket joint {T to a thrust member i8 which
is supported by a bearing (§ from a web 20 of
housing 1. Thrust member 18 is fixed to the in-
ner end of a drive shaft 21 which extends through
the front or left hand wall of housing { for con-

5 nection to a source of power.

Rotation is imparted from shaft 2{ to cylinder
barrel 8 through a universal joint 22 having the
front or driven part thereof fixed for rotation
with shaft 21 and the rear or driving part thereof
fixed to the inner part 23 of an Oldham coupling
the outer part 24 of which is fixed to the outer
end of eylinder barrel 9. A bearing 25 is arranged
between horn & and the outer part 24 of the Old-
ham coupling so that cylinder barrel § is sup-
ported by bearings i1 and 2§ for rotation upon
the axis of horn 8. The rear part of universal
joint 22 is provided with a tail shaft 26 which has
its rear end journaled in a bearing 27 arranged
within horn 8 and which holds the axis of the
rear part of universal joint 22 upon the axis of
cylinder barrel 8.

The arrangement is such that when shaft 21 is
rotated, cylinder barrel 9 will he rotated from
shaft 2i through universal joint 22 and Oldham
coupling 23—24. The rear face of thrust member
18 rotates in a plane normal to the axis of shaft
21 and, if the axis of eylinder barrel 8 is inclined
to the axis of thrust member 18 by tilting yoke 5§
upward as shown in Fig. 1 or by tiliing yoke b
downward, thrust member {8 will reciprocate pis-
tons {6 in their cylinders during rotation of thrust
member {8 but, if the axis of cylinder barrel 9 is
coincident with the axis of thrust member 13, no
reciprocation of pistons 18§ will occur.

Yoke § is adapted to be tilted upon trunnions
2 and $ and held in adjusted positions by hydrau-
lically actuated pump displacement varying
means to be presently described. Liquid for op-
erating the displacement. varying means may be
supplied from any suitable source such as a gear
pump having its two gears 28 and 239 arranged in
a suitable chamber formed in a gear pump hous-
ing 30 which is fixed within main housing 1 and
has g cover plate f to enclose the gears within
the chamber as shown in Fig. 1. Gear 28 is fixed
upon shaft 21 and gear 28 is mounted upon a shaft
32 which is carried by housing 36 and its cover
plate 31. Gear pump housing 30 carries a bearing
33 which with bearing {9 rotatably supports
shaft 21.

" Cylinder barrel, valve and hold-up means
As previously explained, cylinder barrel 8 con-

tains a plurality of cylinders i5, eleven being
shown in Fig. 8. A passage 36 (Figs. 1 and 11)
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5
extends from ‘the ihner or rear ‘end of-each eylin~
der 15 through éylinder head 9= the rear face of
which constitutes-a seat for'valve t2. Liquid
flows through passages 36 to and from cylinders
{5 and the pressure in that liquid ‘creates a blow-
off forcé which tends to separate the cylinder
barrel ‘and the valve as will presently be ex-
plained. Since the blow-off force is substantially
proportional to the area of the valve in contact
with'the cylinder barrel, each passage 38 is ex-
tended inward and rearward at an angle to the
cylinder ‘axis and then extended rearward in
order that the contact face of valve 12 may be as
small as practicable.  The rear ends of passages
36 ‘are elongated in a circumferential direction to
form cylinder ports as shown in Fig. 11.

During rotation of cylinder barrel 9, each pas-

2,661,704
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sage 36 will register successively with two arcuate

ports 3T and 38 (Figs. 5 and 7) which are formed
in valve 12 and extend inward from the contact
face thereof. A plurality of holes 39 extend rear-
ward from the bottom of port 37 and an equal
number of holes 48 extend rearward from the bot-
tom of port 38. Each holé 39 communicates
with'a hold-up motor 4{ which is arranged with-
in valve 12 and each hole 40 communicates with
a hold-up motor 42 which is ‘arranged within
valve 12. Each hold-up motor 41 communicates
with a hole 43 which is formed in yoke head B¢
and each hold-up motor 42 communicates with a
hole 44 which is formed in yoke head 5¢. All of
the holes 43 communicate with a chamber 45
(Figs. 4 and 2) which is formed in yoke head 5¢
upon one side of the pump centerline, and all of
thé holes 44 communicate with a chamber 4§
whic¢h is formed in yoke head 5¢ upon the other
side of the pump c¢enterline.

Hold~up motors 41 and 42 are identical and

each includes a cylinder 47 (Fig. 7) which is
formed in valve 12 in alinement with a hole 39
or 40, & hollow piston 48 which is fitted in cylin-
der 47, an annular sealing member 49 ‘which is
arranged between piston 48 and yoke head 5¢
and is concentric with piston 48 and with a hole
43 or 44, and a spring 50 which is arranged be-
tween piston 48 and the end wall of cylinder 41
to urge Valve 12 against end head 92 and to urge
piston 48 against sealing member 49 and sealing
member 49 against yoke head 5¢. The rear end
of Sealing member 49 and the front face of yoke
head 5° adjacent hole 43 or 44 are made flat and
smooth and the front end of sealing member 49
and the rear end of piston 48 are made spherical
and smooth- to form substantially liquid tight
joinrts therebetween. _ »
" The adjacent ends of ports 37 and 38 are spacéd
apart ‘an angular distance equal to or slightly
gréater than the angular length of a passage 36
to provide two sealing arcs or bridges 51 and 52
which’ constitute seals between the two ports.

When cylinder barrel 9 is rotated, each pis~
ton. 16 will be drawn outward during one-half
of each revolution of cylinder barrel 9 and it will
beé “forced inward during the other half of each
revolution of cylinder barrel 9 as will presently
be'explained. If yoke 5 is tilted upward as shown
in Fig. 1, each outward moving piston I6 will
draw liquid into its cylinder 15 through the pas-
sage 36-connected thereto, port 37, holes 39, hold-
up motors 41 and holes 43 from chamber 45 dur-
ing the time the passage 38 is in communication
with' port 37, then the liquid will momentarily
be trapped in the cylinder as the passage 36
passes -across bridge 81, and then. the piston. as
it moves outward will eject. liquid. from its: eylin-
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der throtigh the passage 36; port 38, hoies 40; hold-
up. motors 42 and holes: 44 inty chamber 46, If
yoke 5 is tilted downhward or if cylinder bairel 9
is rotated in the opposite direetion, the flow of
liquid will be reversed.

Liquid will escape ata minute rate from:the
high pressure port 37 or 28 and form a lubri-
cating film between the contact face of valve 2
and end head 9. The pressure in the lubricat-
ing film will be equal to pump pressure at the
edges of the high pressure port 37 or 88, it will
gradually decrease to zero at the inner and outer
edges of the valve facé adjacent the high pres-
sure port and the pressure will be substantially
zero in the film adjacent the low pressure port.

When thé pump is creating pressure, the lig-
uid in the lubricating film adjacent the high
pressure port and the liquid in the high pres-
sure port will exert a; blow-off force which tends
to move valve 12 and cylinder head % away from
each other and which is proportional to pump
pressure at any given position of eylinder bar-
rel 8. However, the same pressure extends into
the hold-up motors 4{-or 42 on the high pressure
side of the pump and causes them to urge valve
2 against cylinder head 92 with g force propor-
tional to pump pressure. :

The pump is ordinarily provided with an odd
number of cylinders. Therefore, the number of
passages 88 containing liquid under pressure will
vary by one each time the outer end of a passage
86 passes from one to the other of the two valve
ports 37 and 38. This variation in the number
of passages 86 -containing liquid ‘under pressure
causes the blow-off force to vary in magnitude
and the center of the blow-off force to shift. -

In order to compensate for the variations in
the magnitude and center of the blow-off force,
the hold-up motors are so located and are pro-
vided in such numbers and sizes that the sum of
the hold-up forces exerted by the hold-up mo-
tors on the pressure side of the pump is slightly
In excess ‘of the total blow-off force and the re-
sultant of the hold-up forces is approximately
coincident with the center- of the blow-off force
when the minimum number of bassages 856 con~
tain liquid under bressure, and the pump is pro-
vided with balancing motors at least one of which
is momentarily energized and exerts & hold-up
force each time the number of passages 36 con-
taining liquid under pressure changes from mini-
mum to maximum and the balancing motors are
so located and of'such size and number that the
sum of the hold-up forces exerted by the ener-
gized hold-up ang@ ‘balancing motors is slightly in
excess of the total blow-off force and the result-
ant of the hold-up forces is approximately coin-
cident with the center of the biow-off force when
the maximum number of bassages 38 contain lig-
uid under pressure. ]

For the purpose of Mustration, the puwip has
been shown in Figs. 5 and € as being provided
with two balancing motors but the number may
be varied according to requirements. One of the
balancing motors includes g cylinder 58 which
is formed in valve 12 behind bridge 5§ and a, pis-
ton §4 which is fitted in cylinder 53 and engages
yoke head &, The other balancing motor in-
cludes a cylinder 5% which is formed'in valve i2
behind bridge 52 and’a piston 5§ whieh is fitted
in cylinder 55 and éngages ‘yoke head 5°, Ducts
§7Tand 58 extend, respectively, from cylinders 53
and 55 through the faces of bridges 51 -and 52
into the path of passages:36-so that-each balanc-
ing motor is. energized: each  time 4. passage-36
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containing préssure registers with the duct 57 or
58 leading to that motor.

The arrangement is such that when the pump
is operating, the hold-up motors 41 or 42 on the
high pressure side of the pump are continuously
energized and exert the entire hold-up force
when the minimum number of passages 36 con-
tain liquid under pressure at which time the
blow-off force is minimum. Each time a passage
36 passes from the high pressure port 37 or 38
onto a bridge 51 or 52, the pressure in that pas-
sage increases the magnitude and shifts the cen-
ter of the blow-off force but, as soon as that pas-
sage opens slightly to the duet 57 or 58 in that
bridge, the balancing motor 53—F§4 or 55—56 be-
nind that bridge is energized and thereby in-
creases the magnitude and shifts the center of
the hold-up force. As soon as that passage opens
slightly to the low pressure port, the blow-off
force is correspondingly decreased and the bal-
ancing motor is deenergized.

Likewise, each time a passage 38 is passing
from the low pressure port across a bridge §i or
52 opens slightly to the high pressure port, the
liquid in that passage is suddenly compressed and
increases the magnitude and shifts the center of
the blow-off force but that passage is ai thab
time in registry with the duct §7 or §8 in that
pridge so that the balancing motor 53—54 or
58—-58 pbehind that bridge is energized and
thereby increases the magnitude and shifts the
center of the hold-up force until the following
passage 36 registers with the same duct and
thereby de-energizes the balancing motor. The

hold-up force is thus increased when the blow- 3

.off force increases and is decreased when the
blow-off force decreases.

When the pump is discharging liquid and is
creating pressure, the blow-off force urges cylin-

der barrel 9 toward the left in respect to Fig. 1,

and the liquid in the cylinders {6 containing
pressure acts upon the inner ends of those cylin-
ders and exerts thereon forces which may be
designated as “pumping forces” and which urge
cylinder barrel 8 toward the right in opposition
to the blow-off force.

If the pump were supercharged, that is, if
liquid were supplied to the intake of the pump ab
a substantial pressure, the ports and passages in
valve {2 would need to be only large enough to
permit the required volume of liquid to flow
therethrough at a high velocity. Therefore, the
valve face subjected to pressure could be kebt at
a minimum so that the blow-off force would be
minimum and the difference between the blow-
off force and the sum of the pumping forces
would not be great enough to impose an excessive
load upon the cylinder barrel bearings.

However, it is not practical to supercharge a
pump having a substantial volumetric capacity
and, in order that the pump may draw enough
liquid through the valve to completely fill its
cylinders, the ports and passages in the valve
must be large enough to permit that liguid to
flow therethrough at a low velocity. Ports and
passages of such large size require that the con-
tact face of the valve be considerably larger than
would bhe necessary if the pump were super-
charged. With the face of the valve having such
a large area subjected to pressure, the blow-oi
force is greatly in excess of the pumping forces.

If no other means were provided, the blow~-off
force in excess of the sum of the pumping forces
would impose so large an axial thrust upon the
cylinder barrel bearings that it would be neces-
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sary to-employ bearings so large that the effi=
ciency of the pump would be greéatly reduced.
In order to keep the efficiency as high as pos-
sible and to avoid the wear and eventual de-
struction resulting from imposing large axial
thrusts upon mechanical bearings, the pump is
provided with hydraulic means which exerts a.
force in opposition to the blow-off force. The
hydraulic means also functions as a liquid bear-
ing which is far more efficient than a mechanical
bearing.

As shown in Figs. 1 and 2, the annular inward
portion of cylinder head 82 is engaged by an
annular valve-like hold-up element 64 which
extends around horn 8 and is arranged within
the annular inner wall of the body portion of
cylinder barrel 8. The pistons of the hold-up
and balancing motors, which are arranged with-
in element 84 as will presently be described,
react against an annular abutment &6 which is
fixed upon horn 8§ within the annular inner wall
of cylinder barrel 8 and is pravented from moving
toward the left in any suitable manner such as
by engagement with a shoulder formed upon
horn 8. Two diamefrically opposed pins 66 are
fixed in abutment §5 and extend into element
64 to restrain it from radial movement while
permitting the rear face of element G4 to ad-
just itself to the front face of cylinder head 9.

Flement 68 is similar to but is smaller than
valve §2. If it were to function aiso as a valve
as illustrated in Pig. 25, it could be the same as
valve §2 except that it would be smaller. As
shown in Figs. § and 9, element 64 has two
arcuate ports 87 and 58 formed in the rear face
thereof, four holes §9 and four holes 70 extend-
ing inward from the bottoms of ports 67 and 68
respectively into communication with four hold-
up motors 74 and 72 respectively. Port 67 and
hold-up motors 71 in element 64 are opposed to
port 37 and hold-up motors 41 in valve 12, and
port 68 and hold-up motors 72 in element 64
are opposed to port 38 and hold-up motors 42 in
valve §2.

HEach of hold-up motors 7! and 72 includes a
cylinder 78 (Fig. 9) which is formed in element
84, a piston 74 which is fitted in cylinder 73 and
engages abutment 685, and a spring 15 which is
arranged between piston 74 and the rear wall of
cylinder 13. Springs 75 urge pistons 14 against
abutment 85 and urge element 64 against cyl-
inder head §* and cylinder head 9* against
valve 2. ’

Hlement 64 is also provided with balancing
motors which correspond to the balancing mo-
tors 53—54 and 55—353 in valve 2. As shown
in Pigs. 8 and 10, one balancing motor has its
piston 76 fitted in a cylinder 71 which is formed
in element §4 and has a duct 78 extending there-
from through the rear face of element 64 at a
point between the upper ends of ports 67 and
§8, and the other balancing motor has ifs pis-
ton 798 fitted in a cylinder 88 which is formed in
element 84 and has a duct &l extending there~
from through the rear face of element 64 at a
point between the lower ends of ports 87 and 68.

Liguid for energizing hold-up motors 11 and
12 and balancing motors 76-——i7 and 79—80 is
supplied thersto from passages 3% through an
equal number of passages 82 each of which, as
shown in Figs. 9, 10 and 11, extends from a pas-
sage 38 through the front face of cylinder head
g3, The front ends of passages 82 are arranged
in a circle having the same radius as the circle
upon which ports 61 and &8 (Fig. 8) are ar-
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ranged, and the front end. of each passage 82 is
elongated to a length equal to or slightly less
than the angular distance between the adjacent
ends of . ports 67 and §8.

The arrangement is such that, when the cyl-~.
inder barrel is rotated, passages 82 will register
successively with each of ports 67 and 638 and
each of ducts 78 and 2i, and each passage 82
will register with one port 67 or £8, then with
one duct 78 or 81, then with the other port 61
or 68 and then with the other duct 18 or 8{ dur-
ing each revolution of the cylinder barrel.

When the pump discharges through port 38
(Fig. 5), hold-up motors 42 will be energized
and urge valve 12 against cylinder head 8°. Pres-
sure will extend from the passages 26 on the
pressure side of the pump through the passages
82 connected thereto, port 68 (Fig. 8) and holes
70 into hold-up motors 72 and cause them to
urge element €4 against cylinder head 8@ in op-
position to the forces exerted by hold-up motors
42. Each time a passage 38§ containing pressure
opens to a duct 57 or 5% (Fig. 5) a balancing
motor 53—358 or 5568 will be energized and
cause valve {2 to exert additional hold-up force
upon eylinder head 92 but at the same time that
passage 35 opens to duct 57 or 58, the passage
82 connected to that passage 36 opens to the
duct 78 or 8! on the same side of the pump and
causes the hold-up motor 77—78 or 80—81 to be
energized and exert upen cylinder -head 92 g
force in opposition to the force exerted thereon
by balancing motor 58--54 or 55—56. ‘When the
bump discharges through port 37 (Fig. 5), the
operation will be the same except that the hold-
up motors on the other side of the pump will be
energized.

The cylinder barrel iz thus urged toward the
left by the forees exerted thereon through valve
12 and it is urged toward the right by the pump-
ing” forces and the forees -exerted thereon
through hold-up element 64. The parts may be
S0 proportioned that the forces which tend to
move the cylinder barrel in one direction at any

given instant are substantially counterbalanced -

by the forces which tend to move the cylinder
barrel in the opposite direction at the same in~
stant so that there will be little if any axial
thrust upon cylinder barrel bearings ! and 25.
Preferably, the pump is so constructed that the
sum of the forces which tend to move the cylin-
der barrel toward the left is slightly in excess
of the sum of the forces which tend to move the
cylinder barrel toward the right and the differ~
ence between the two forces imposes upon bear-
ing 25 an axial thrust which is so slight that
it does not increase the friction of the bearing
to any. appreciable extent. .

To minimize the loads on bearings 25 and i1
upon which cylinder barrel 8 is mounted it is
necessary to take account of the magnitudes and
radial locations of the forces imposed ‘on cylin-
der head 92 by the pumping pistons 186, the main
valve {2 and the hold-up element 64. In gen-
eral, the sum of the pumping piston forces and
the hold-up force, acting toward the right in re-
spect to Fig. '1, should approximately equal the
main valve force acting toward the left, Any
excess is taken as an axial thrust on bearing 25
or bearing {1. Also, when the pump is discharg-
ing in one directicn, the pumping piston force

.and the hold-up force tend to tilt the ¢ylinder

barrel elockwise, putting a downward radial load
on bearing {1 and an egual upward radial load

on: bearing 25, and the main. valve .force: Yends
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to tilt the cylinder barrel counterclockwise, load-
ing the bearings in the opposite directions.: To
minimize the loads on both bearings, these op-
posing tilting moments should be approximately
equal. The .magnitude of the valve forces is
conditioned by the necessary port areas.

During operation of the pump, liquid escapes
in minute quantities from the high pressure
ports and passages and forms a lubricating film
between the contiguous faces of cylinder head
92 and hold-up element 64. The liquid in ports
67 and 68, and passages 82 and in the lubricat-
ing film keeps cylinder head 90 snd hold-up ele~
ment 64 out of metal-to-metal contact with each
other and forms therebetween a liquid bearing.

It has previously been pointed out that, in a
bump having a large volumetric capacity, it is
not practical to restrain the cylinder barrel from
axial -movement solely by mechanical bearings
for the reason that the blow-off force in excess
of the sum. of the bumping forces is so great
that it would impose an excessive thrust upon
the -mechanical bearings. Therefore, the pump
may be made in larger volumetric -capacities
than would be possible if the cylinder ‘barrel
were restrained from axial movement solely by
mechanical bearings.

Also, since the liquid bearing is far more ef-
ficient than a mechanical bearing, a smaller
pump provided with a liquid bearing woiild re-
quire less power to drive it than would be neces-
sary if the cylinder barrel were restrained from
axial movement solely by mechanical bearings.

Rotation of the cylinder barrel tends to cause
valve 2.and hold-up element 64 to rotate, Ro-
tation of valve 12 is prevented by two diametri-
cally opposed pins 83 (Fig. 2) which extend in-
to it and into the yoke head 5¢. Pins 83 support.
valve 12 in the proper location and they are fit-
ted therein and in yoke head 5e with sufficient
clearance to permit valve 12 to adjust itself to
cylinder head 8s. Element 64 cannot rotate as
it is supported by pins 66 from abutment 65
which is fixed upon horn 8 ag by being keyed
thereto.

"Hydraulie circuit and trunnions

As shown in Figs. 2, 3, 4 and 23, the chambers
45 and 46 in yoke head 5¢ communicate, respec-
tively, with two passages 85 and 86 which extend
longitudinally through arms 5® and 9 of yoke
§ and communicate, respectively, with two trans-
verse passages 81 and 88 which are formed in
the front end portions of arms 5b and 52 and are
in axial alinement with trunnions 3 and 2 re-
spectively. Passages ‘81 and 88 communicate
through trunnions 3 and 2, respectively, with
two annular passages 89 and 9¢ which are formed
in opposite side walls of housing 1 around trun-

nions 3 and 2.

Each of trunnions 2 and 3 includes a tubulas
bearing member 91 which is rigidly secured in a
side wall of housing i and has an arm of yoke
5 journaled thereon by means of ‘bearing” 6.
Member 91 has two tubular pistons or bushings
92 and 93 closely fitted therein to form substan-
tially fluid tight joints therewith and & plurality
of holes 84 formed in its side wall between the
adjacent ends of bushings 92 and 93 to provide
communication between its interior and the an-
nular passage 89 or 98 which extends around it.

The inner‘end ‘of bushing 92 engages an annuy-
lar sealing meniber 95 which engages the adjas
cent arm of yoke 5 and ‘extends around the pas-

-sage 87 or 88 therein.” The abutting faces ‘6f
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member 95 and yoke 5 are made flat and smooth

and the aputting faces of member 8% and bushing
02 are made spherical and smooth to form sub-
stantially liquid tight joints.

The outer end of bushing 93 is concave and in
engagement with the spherical head of a bolt 96
which extends through the adjacent arm of yoke
5 and has a sealing member 97 adjustably se-
cured to its inner end. The outer face of sealing
member 97 is convex and in contact with the con-
cave inner face of an annular seat 98 which is
rigidly secured in the inner wall of the adjacent
arm of yoke 5 and forms a fluid tight joint there-
with. The abutting surfaces of members 97 and
98 are made spherical and smooth to form a fluid
tight joint.

Bushings 92 and 93 are urged apart by a heli-
cal spring 99 which is arranged around bolt 96
and bears against the adjacent ends of bushings

92 and 93. Spring 99 urges bushing 92 against

sealing member 85 and sealing member 95 against
yoke 5, and it urges bushing 93 against the head
of bolt 96. Since inward movement of bushing
82 and sealing member 85 is limited by yoke 5,
spring 99 urges bolt 88 outward and thereby urges
sesling member 97 against seat 98.

When pressure is created by the pump, it acts
upon the adjacent ends of pushings 92 and 83 and
augments the force exerted thereon by spring 98.
The pressure acts upon the exposed area of seal-
ing member 97 and tends to move it away from its
geat 98 but the pressure also acts upon the inner
end of bushing 93 and upon the exposed area of
the head of bolt §6 and tends to move bolt 86 out-
ward., The area subjected to the outward acting
pressure is as great as or is somewhat greater
than the area subjected to the inward acting pres-
sure so that the forces exerted by the liquid upon
the trunnions are equalized or nearly equalized.
Preferably, the parts are so proportioned that the
outward acting force is somewhat in excess of the
jnward acting force so that sealing member 97 is
urged against seat 98 by spring 99 gnd by the dif-
ference between the two forces.

The arrangement is such as to provide in effect
pon-rigid extensions of yoke arms 52 gand 5° info
the respective bearing members g9i. Fach exten-
sion conduets liquid between a yoke arm passage
85 or 86 and an annular passage 89 or 98 and both
extensions rotate within bearing members 9t
when yoke § is swung upward or downward to
vary pumyp displacement. The spherical mem-
bers 95, 96 and 97 permit deflections of the yoke
to occur without affecting the liquid seals of the
hydraulic circuit or causing strain or wear on
the sealing members.

Annular passages 89 and 90 communicate, re-
gpectively, with two passages {63 and {04 which
are formed in the walls of housing { and com-
municate, respectively, with two ports 105 and
{06 by means of which the pump may be con~
nected to an external circuit. Passages 103 and
104 also extend through the bottom wall of hous-
ing i for connection to a supply of liquid such as
reservoir 4,

As shown in Fig. 23, communication between
reservoir 4 and passages 103 and 104 mav be con-
trolled by an automatic suction valve 107 having
s valve pluneger 108 fitted in the bore 109 of a
valve casing 116 which may be attached to the
pbottom wall of housing |. Valve 107 has two
ports 111 and 112 which communicate with

passages 103 and 104, respectively, and which also.
communicate, respectively, throush two passages

{13 and |14 with opposite ends of bore {03, Valve
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{07 also has a port {15 arranged between ports:
{i{ and 1i2 to communicate with a check valve
1i6 and a resistance valve ii{7 which open in
opposite directions. Check valve {16 permits
liguid to be drawn freely into bore {88 from reser-
voir 184 but it prevents liguid from being dis-
charged into reservoir 104 except through resist-
ance valve 7.

If yoke § is tilted upward as shown in Fig. 1,
the pump when started will discharge liquid
through valve {2, holes 44, chamber 4§, passage
86, trunnion 2, passages 80 and {04 and port 106
to the external eircuit. If valve plunger 108 is in
its right hand position, the resistance in the cir-
cuit will cause pump pressure to rise and liguid
to flow through passage {4 to the right end of
bore {88 and shift valve plunger {68 to the posi-
tion shown so that the pump cannot discharge
through valve 87 info reservoir & when pump
pressure becomes high enocugh to open resistance
valve IT.

The liquid returned from the ecircuit flows
through port 188, passages {83 and 89, trunnion
3, passage 85, chamber 45, holes 43 and valve i2
to cylinder barrel 9. If the liquid returned from
the circuit is less than pump reguirements,
enough liquid to make up the deficiency will be
drawn from reservoir 4 through check valve {16
and suction valve i67 into passage 183 where it
joins the lquid returned from the circuit. If
the liquid returned from the circuit is in excess
of pump requirements, the excess liquid will be
discharged through passage {03, suction valve
{871 and resistance valve {17 into reservoir 4. I
yoke § is tilted downward, the flow will be re-
versed.

The piston assemblies

The piston assemblies chosen for illustration
are of the general form shown in Fig. 6 of Pat-
ent No. 2,638,850 but they may be one of the
other forms shown in that appiication to which
reference may be had for details of construc-
tion and an explanation of the advantages of
this type of piston assembly.

As shown in Fig. 12, each piston {5 has a bore
i2{ extending inward from its fronf end and
an annular Aange {22 extending around ils front
end. A connecting rod 123 extends into bore 121
and engages the rear wall thereof. Preferably,
the end of rod 123 is spherical and the end wall
of bore {21 is flat so that rod 123 can rock upon
and make a spot contact with the end wall of
bore 121 as the angle between the axis of pis-
ton 16 and the face of thrust member 18 changes
during rotation of cylinder barrel 8 and thrust
member 8.

As shown in Figs. 12 and 13, each ball and
socket joint 17 includes a ball 124, which has its
shank 126 fixed in thrust member {8, and a
spherical socket {26 which is fitted to bhall 124
and is formed upon connecting rod {23. Ball
124 and socket 12§ are arranged within two an-
nular sockets {27 and 12¢ having projections
i29 and 130 formed upon the respective ends
thereof so that projections (28 on socket (27
will fit between the projections {38 on socket
129, projections 130 on socket (28 will fit be-
tween the projections 128 on socket i27, and the
sockets may be fastened together by a snap ring
{3{ fitting in an annular groove 132 formed in
projections {28 and 130.

The end wall of socket 127 is provided with
a spherical surface 133 complementary to and
in contact with ball [24, and the end wall of
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socket; 128 is provided with a spherical surface
134 to.engage g, complementary spherical sur~
face formed upon a collar 135 which is slidable
upon.piston i6.. Suitable springs means, such as
a stack of Belleville washers 26, is arranged be-
tween collar 135 and the flange 122 on.connect-
ing rod 123 to yieldingly hold the parts together
and enable the ball and socket joint to pull pis-
ton 16 outward on a suction stroke.

The arrangement is such that, during one-
half of each revolution of cylinder barrel 9 and
thrust member {8, piston (6 is forced into its
cylinder by force transmitted thereto through
rod (23, socket 126, ball 124 and its shank 125
from thrust member I8, and during the other
half of each revolution of cylinder barrel 8 and
thrust member (8, piston 6 is retracted on s
suction stroke by force transmitted thereto
through flange 122, spring means 136, collar 128,
sockets 12T and 128, ball 124 and its shank {25
from thrust member i8.

There is substantially no rubbing movement
between the end of connecting rod 123 and the
end wall of bore {2{ so that it is not necessary
to maintain a pressure lubricating film therebe-
tween when piston 16 is creating pressure. Con-
sequently, a very large force equal to the bear-
ing’ value of the metal may be transmitted
through rod 123 to piston I8 so that a pump
provided with piston assemblies of the type
shown is capable of creating pressures greatly
in excess of the pressures which the prior pumps
of the same general type could create. How-
ever, lubrication of these surfaces msay be ac-
complished as explained in the patent referred
to above.

Socket 126 makes a rubbing contact with ball
124 so that a lubricating film of liquid must be
maintained therebetween and pressure must be
maintained in the film during the time that
piston 16 is creating pressure in its eylinder but,
since the ball and socket joint is located outside
the cylinder, ball {24 and socket {28 may be
made of such size that the area of the lubricat-
ing film between them is ample to transmit suf-
ficient force to create the desired high pressure
in the cylinder.

Liquid for lubricating each ball and socket
joint 17 is supplied thereto through a port {371
(Fig. 14) which is formed in the front face of
thrust member 18 substantially in radial sline-
ment with that joint and which communicates
through a duct 138 with an annular groove 138
(Fig. 12) formed in the shank 125 of that joint.
Groove 139 communicates with a duct {49 which
extends therefrom through ball {24 into com-
munication with a recess {41 formed in socket
125 upon. the axis of rod 123. -

In order that each ball and socket joint may
be supplied with liquid under pressure only dur-
ing the time that the piston {5 connected there-
to is creating pressure in its cylinder, each port
{37 is connected to the high pressure side of the
hydraulic circuit during the discharge stroke of
the piston and it is connected to the low pressure
side of the circuit during the suction stroke of
the piston as will presently be explained.

The arrangement is such that, when a piston
1§ is creating pressure in its cylinder, the port
137 in radial alinement with that piston is open
to the high pressure side of the circuit and liquid
at the same pressure will flow from the port 137
through duct 138, groove {39 and duct {40 into
recess 141 and form a lubricating film between
head 124 and socket 126. The pressure will ex-
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tend into recess 144-and. into the lubricating flm:
when the piston is:creating pressure-in its.cyl-
inder but there will be no pressure_ therein-when
there is no pressure in the cylinder.

The liquid in this lubricating film and-in recess
141 when under. pressure will exert a “blow-off
force” which tends to move socket 126 away from
ball 124. In order that this blow-off force may
not become so great that it will force the ‘mating
surfaces  of ball {24 and socket 128 apart and
thus permit substantial leakage loss of the work-
Ing liquid, an annular pressure limit groove (42
having a diameter greater than piston 6 is cut
around socket 126 in a plane normal to the axis
of connecting rod 123 and a drain duct 143 is
extended from groove 142 outward through
socket 126 to permit liquid to escape ‘freely from
groove [42. Pressure in the film is thus limited
to the area between recess {4 and groove 142
and the film in this area may be designated as a
“pressure lubricating film” but there is no pres-
sure In the lubricating film between ball 124
and the outer part of socket 128 nor in the lubri-
cating - film between ball 124 and socket {27.
The ball and socket joint is thus ‘adequately
lubricated and it is. capable -of transmitting very
high: pumping forces as explained. in.the appli-
cation referred to above.

The main bearing thrust limiting mechanism

It has previously been explained that; when
yoke 5 is tilted either upward or downward,
pistons 16 are reciprocated in-their cylinders by
thrust member 18. The forces required to en-
able pistons {6 to create pressure in their cyl~
inders react upon thrust member 18 and tend to
move it and drive shaft 21 forward or toward the
left in respect to Fig. 1. If no other means were
provided, the thrust -imposed upon bearings 19
and 33 would necessitate the use of larger bear-
ings and result in reduced efficiency of the pump.

However, the present invention provides a hy-
draulic hold-up element which counterbalances
the greater part of the pumping forces and forms
a liquid thrust bearing which is far more effi-
cient than a mechanical thrust bearing. The
hold-up element is similar to and functions .in
the same manner as the previously deseribed
hold-up element 64 and it has the additional
function of connecting the ports 137 in thrust
member 8 to opposite sides of the hydraulic cir-
cuit-alternately as thrust member. 18 rotates.

As shown in Figs. 1 and 2, the front face of
thrust member -i8 engages the rear face of an
annular . hold-up element {56  which extends
around drive shaft 24 and is restrained from
rotary and radial .movement by two pins (5i
inserted into it and into gear pump cover 3f.
Pins {51 are fitted with sufficient clearance to
permit element i58 to adjust its rear face to the
front face of thrust. member 18.

-Each port {37 (Fig..14) in thrust member 18
is adapted to register alternately with two di-.
ametrically opposed arcuste ports {53 and {54
(Figs. 15 and 16) which are formed. in the rear
face of hold-up element {59 and have the ad-
jacent. ends thereof spaced. apart a distance
equal to or slightly greater than the length of a
port {37 to provide a seal between ports 153 and
184 when a port 137 passes from one to the
other of ports i53 and {54 during rotation of
thrust member (8.

_As ports 137 pass from .one to the other of
ports 183 and {54, they communicate with two
holes 155 and 156 each of which is. formed .in
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element 150 at a point mid-way between the
adjacent ends of ports 153 and 154, Hole 155
extends forward and radially outward into com-
munication with a clyinder 157 (Fig. 1) hav-
ing a piston {58 fitted therein to engage gear
pump cover plate 3i. Each hole 158 extends
forward and radially outward info communica-
tion with a cylinder 153 having a piston i6¢ fit-
ted therein to engage cover plate 21. Cylinders
{57 and 159 and pistons {58 and {89 constitute
kalancing motors which correspond to the bal-
ancing motors 53—54 and E5—58 in value {3
(Fig. 6). :

Port 153 communicates through four holes 161
(Fig. 15) with four hold-up motors 182 and port
154 communicates through four holes {83 with
four hold-up motors i84. Hold-up motors 162
and 184 are alike and, as shown in Fig. 16,
each includes a cylinder {65 which exftends into
hold-up element 158 from the front face thereof,
a tubular piston 165 which is fitted in cylinder
{65, an annular sealing member (€7 which is
arranged between piston 166 and the rear face
of gear pump cover plate &1, and a spring (68
to hold element {50 against thrust member {8
and to hold piston 16§ against sealing member
{67 and sealing member {67 against cover plate
3i. The abutting faces of sealing member 187
and cover plate 31 are made flat and smooth
and the abutting faces of piston 188 and sealing
member 167 are made spherical and smooth to
form fluid tight joints.

As shown in Figs. 1, 15, 16 and 23 liquid un-
der pressure is supplied to ports 153 and (54
selectively through two U-shaped passages {69
and {70 which are formed in cover plate 3i
with the upper and lower ends thereci extend-
ing through the rear face of cover plate 21.
The upper end of passage 159 communicates with
port {53 through one of the hold-up motors i62
and a hole i161. The upper end of passage {710
communicates in a similar manner with port
{54 through one of the hold-up motors {84 and
a hole 163.

The lower end of passage 189 communicates
through a connection 17i with a passage 172
which is formed in web 28 and is connected tc
passage 103 by a passage {72 as shown In Fig.
1. The lower end of passage |70 communicates

through a connection {74 with a passage 17§ ;

which is formed in web 20 and is connected to
passage 184 by a passage 716 as indicated in
Figs. 15 and 23.

The two connections 171 and 74 are alike
and, as shown in Fig. 17, each includes a cyl-
inder {77 which is formed in web 2§ and com-
municates with a passage 172 or {75, a piston
178 which is fitted in cylinder 177, a sealing
member 172 which is arranged between piston
{12 and the face of cover plate 3, and a spring
{80 to urge piston (718 against sealing memhber
179 and sealing member 179 against cover plate
3i. The abutting faces of sealing member {78
and plate 31 are made flat and smooth and the
abutting faces of sealing member {78 and pis-
ton 178 are made spherical and smooth to pro-
vide a substantially fluid tight joint between
plate 31 and web 28.

The arrangement is such that, when pressure
is created in passage 102, the pressure exbtends
therefrom through passages 173 and 172, con-
nection {71, passace 169, one of the hold-up mo-
tors 162 and a hole {61 into vort 182 and then
the pressure extends through the other three
holes 16! into the other three motors 162 so
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that all four hold-up motors 162 are energized.
Likewise, when pressure is created in passage
{04, the pressure extends therefrom through pas-
sages 116 and 115, connection 174, passage 110,
one of the hold-up motors 84 and a hole 163
into port 154 and then the pressure exiends
through the other three holes 163 into the other
three motors 164 so that all four of the motors
164 are energized.

When yoke 5 is tilted upward as shown in Fig.
1 and drive shaft 2{ is rotated in a counter-
clockwise direction in respect to Fig. 3, pistons
16 are forced progressively inward as they move
around the right hand side of the cylinder barrel
axis. The pistons in the right hand side of the
cylinder barrel, that is the inward moving pis-
tons, eject liquid from their cylinders through
valve {2, holes 44, chamber 46, passage 3§, trun-
nion 2 and passages 96 and 104 to the external
cireuit.

Any resistance to the flow of liquid in the
circuit causes the pistons {6 in the right hand
side of the eylinder barrel {o create pressure, and
the pumping forces necessary to enable those
pistons to create that pressure impose an axial
thrust upon the right hand side of thrust mem-
ber {8 but the same pressure energizes hold-up
motors 164 and causes them to urge hold-up
element {50 against thrust member §8.

Also, the same pressure extends into the ports
{27 in the right hand side of thrust member (8 so
that the ball and socket joints connecting thrust
member i§ to the pistons in the right hand side
of cylinder barrel § are provided with pressure
lubrication as explained above.

Tt has previously been explained that the num-
ber of cylinders {§ containing liquid under pres-
sure changes by one each time a passage 38 passes
from one to the other of the two ports 37 and 38
in valve {2 (Fig. 5). Therefore, the total pumping
forece changes in magnitude and its center shifts
each time there is g change in the number of cyl-
inders 16 confaining liquid under pressure,

Hold-up motors 184 (Figs. 15 and 16) are so
proportioned and located that the total hold-up
force exerted thereby is in opposition to but pref-
erably slightly less than the tctal pumping force.
Each time that the number of cylinders 15 con-
taining liquid under pressure changes from mini-
mum to maximum, a port 37 containing liguid
under pressure opens to a hole {55 or {58 and
effects energization of a balancing motor 157—{58
or $58—160 which urgss hold-up element (50
against thrust member {8 and thereby causes the
total hold-up force to increase in magnitude and
its center to shift in the same direction that the
center of the total pumping force shifts. When
yoke 5§ is tilted downward, the flow of liquid will
b_e reversed, the hold-up motors on the left hand
side of the pump will be energized, and the ball
and socket joints on the left hand side of the
pump will be provided with pressure lubrication.

The liquid supplied to hold-up element 153
escapes at a minute rate from the high pressure
port {53 or {54 and forms a lubricating film be-
twgen it and thrust member {8. The liguid in
this film and in ports 158, 154 and {37 constitutes
2 liquid thrust bearing which is far more efficient
than a mechanical thrust bearing.

The arrangement is such that element 150 ex-
ferts upon thrust member 18 a hold-up force which
is at all times nearly as great as the thrust im-
posed thereon by the pumping forces so that only
a small axial thrust is imposed upon bearings (9
and 33 which thus need be only large enough to
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rotatably support thrust member (8 and shaft 21
and to withstand the small axial thrust. There-
fore, the bearing losses are much less and the ef-
ficlency of the pump is considerably greater than
if the entire axial thrust were imposed upon the
mechanical bearings as is the case in the prior
pumps.
Universal joint Jubrication

It has previously been explained that liguid
escapes at g minute rate from the high pressure
rort 183 or {24 (Fig. 15) in hald-up element {58
and forms a lubricating film hetween thrust mem-
ber {8 and hold-up element (58, The liquid
which escapes radially inward from the high pres-
sure port 153 or 158 may be employad to lubricate
universal joint 22.

As shown, eseape of this liquid along shaft 24
is prevented by thrust member {8 being closely
fitted thereon and by an “O-ring” packing {85
(Fig. 16) which encireles shaft 21 and extends
into a suitable groove formed in hold-up element
188. A groove {88 (Fig. 1) formed in shaft 91
communicates through a hole {87 with g bore 188
which extends inward from the right end of shaft
21 and has the hub {88 of universal joint 22 closely
fitted therein. A hole {928 extends through hub
189 to the interior of universal joint 22.

The inward leaking liguid flows through groove
$88, hole 187, bors 188 and hole {58 into the in-
terior of joint 122 to lubricate it. Liquid lesking
into hore {88 in excess of reguirements escapes
therefrom through a low pressure relief valve 184 ,
which is fixed in hore 188 and is spaded from hub
{89, and a hole {92 which extends outward from
bore 188 af a point at the left of packing {25.

The displacement verving mechanism

It has previpysly been explained that pump
displacement is zero when the axis of yoke § is
coincident with the axis of shaft 21 and that the
pump will dischargs Hquid in a direction and at
a rate dependent upon the direction and the angu-
lar distance yoke 5 is swung upward or downward
upen trunnions 2 and 3 from its neutral position.
- Yoke § is adapted to be swung upward or down-
ward upon trunnions 2 and 2 and 0 be held in
adjusted positions by two hydraulic servo-motors
the larger one of which ineludes g cvlinder 268
(Fig. 18) which is formed in housing {, & piston
221 which is fitted in cylinder 288 and has 5 hol-
low shank 282 slidable through the inner -end of
cylinder 268, and a connecting rod 283 which has
one end arranged within shank 283 and conneected
thersto by a nin 264 and its other end hifureated
and cennected by a pin 265 (Figs. 2 and 19) toa
tug 268 formed upon the front end of yoke arm §e,

The gmaller servo-motor inciudes a eylin-
der 218 (Fig. 28) which is formed in housing {,
a piston 244 which is fitted in eylinder 2i0 and
has =z hollow shank 2{2 slidable through the
inner end of cylinder 218, and s connecting rod
218 which has one end arranged within shank
212 and connected thereto by pin 24§ and its
other end hifurcated and ecnnected by a pin
216 (Figs. 3 and 20) to a lug 216 formed upon
the fromt end of yoke arm §b.

The overhanging weight of yoke 5 and the
parts carried thersby is counterbalanced in part
by a spring assembly 220 (Fig. 20) which is so
constructed that it will surport yoke § in its
neutral position when servo-motors 296—281 and
248—2it are de-energized.

As shewn, a helical compression spring 224 ex-
tends around a eylinder 222 with one of its ends
bearing upon a fange 223 on the outer end of
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cylinder 222 and its other end bearing upon a
flange 224 formed upon s push rod 225 which
has one end portion made cylindrical and fitted
in cylinder 222 ang its other end portion bi-
furcated and provided with a pin 226. The left
hand end of yoke arm 5 has a portion 227
which 'is reduced in thickness to fit into the
bifurcated end of push rod 225, and a semi-
circular recess 228 is formed in portion 227 at a
point below the trunnion axis. Pin 228 bears in
recess 228 and the left hand end of cylinder 222
bears upon an adjusting screw 228 which is
threaded through the front plate 238 of housing
| so that spring 221 tends to swing yoke 5 up-
ward but it is not strong enough to do so. ‘The
left end of push rod 225 is engaged by one end
of a helical compression spring 231 having the
other end thereof bearing upon an abutment 232

“which is connected to push rod 225 by a bolt

223 and bears against the end wall of cylinder
222 when yoke is at or below central position.

Springs 221 and 221 are so adjusted by means
of screw 229 and bolt 233 that the combined re-
sistances of the two springs is just sufficient to
hold yoke § in its horizontal or neutral position
when servo-motors 200—20{ and 2(8—21] are
de-energized. When the head end of cylinder
228 is supplied with motive liquid, piston 2081 will
swing yoke 5 upward upon trunnions 2 and 3,
spring 221 will assist piston 261 in swinging yoke
§ upward and in holding it in adjusted positions,
and push rod 225 will move toward the right in
cylinder 222 and thereby move abutment 232
away from the end wall of cylinder 222.

When the head end of cylinder 280 is opened
to exhaust, yoke 5 will be swung downward by
gravity and by servo-motor 2i8—21{{ which has
been shown as being continuously energized

“when the pump is in operaticn. Just as or just

before yoke § reaches its horizontal or neutral
position, abutment 232 engages the end wall of
cylinder 222 so that spring assembly 228 will sup~-
port yoke § in ifs meutral position if or when
both servo-motors are de-energized. Thereafter,
if servo-motor 288—28{ is de-energized and
servo-motor 210—214 is energized, yoke § will
be swung downward below its herizontal position
by gravity and by servo-motor 246—21{ against
the resistance of spring assembly 228,

Liquid for energizing seérvo-motors 2§0—28]
and 2{8—2{{ may be supplied from any suitable
source such as gear pump 28—29 which has been
shown in Fig. 24 as drawing liguid from reser-
voir & through a channel 242 and discharging
it into a channel 241, Liguid discharged by gear

5 pump 290—38 in excess of requirements is ex-

hausted through a low pressure relief valve 242
into reservoir 4. For the purpose of illustra-
tion, servo-motor 218—2{{ has been shown as
being continuously suvplied with motive liguid
and servo-motor 208—29! has becn. shown as
being supplied with liguid under the control of
a pilot valve but the flow of liguid to and from
both servo-motfors may be consrolled if desired.

As shown, channel 24! is connscted to cylinder
218 by a channel 243 so that serve-motor 20—
241 is continuously energized when the pump is
operating. The flow of liguid to and from cyl-
inder 280 is controlled by 2 pilot valve 264 (Fig.
22) fitted in a sleeve 248 which is fixed in hous-
ing {.” For the purpose of illustration, sleeve
288 has been shown as having an annhular groove
or control port 245 formed in its inner wall ap-
proximately mid-way between its ends, an an-
hular groove or pressure port 247 formed in its
inner wall at one side of port 248 and a plurality



2,661,701

19
of drain holes 248 extending therethrough at the
other side of port 245 but in practice sleeve 243
is of somewhat different construction. .

Port 247 communicates with 2 channel 233
which is formed in housing { and which, as
shown in Fig. 24, is connected by 2 channel 252
to channel 243 so that port 247 is continuously
supplied with motive liquid by gear pump 28—29
when the pump is operating. Port 248 communi-
cates with a channel 251 (Figs. 21 and 22) which
is formed in housing { and is connected to eylin-
der 200 by a channel 252 which is formed in
front plate 238. Holes 243 open direcily to the
interior of housing { whenece liguid is drained
into reservoir 4 but for the purpose of illustration
Fig. 24 shows one of the holes 248 connected to
a channe! 253 which discharges into reservoir 4.

The central head or piston of valve 244 is
substantially the same width as port 246 and
blocks it when valve 264 is in its neutral position.
Since port 287 is continuously supplied with
motive liguid as explained above, the arrange-
ment is such that. when pilot valve 244 is shiited
in one direction, liguid may flow from port 247
through sleeve 245, port 286 and channels 251
and 252 to cylinder 299 and cause piston 261 to
swing yoke § upward. Servo-motor 215—211
will resist the upward swing of yoke 8 but servo-
motor 200—281 is enough larger than servo-motor
210241 to overcome the resistance. When pilot
valve 244 is shifted in the opposite direction,
lignid may escape from cylinder 200 through
channels £52 and 251, port 246, sleeve 248 and
holes 248, thereby permitting yoke § to be swung

downward by gravity and by servo-motor 28— :

24 which is continuously energized as explained
above.

pilot valve 288 may be controlled by the mecha-
nism shown schematically in Fig. 24. As shown,
pilot valve 244 has its stem 260 pivoted to one
end of a lever 264 which may have its other end
pivoted upon a stationary pin butb which has
been shown as being held against a fulerum 252
by o spring 283. Lever 284 is pivoted at a point
intermediate stem 268 and fulcrum 252 fo one
end of a link 264 having the other end thereof
pivoted to one end of floating lever 265. The
other end of lever 285 is pivoted to a block 268
adjustably fixed upon a rod 257 which is slidably

mounted in a plurality of guides 268 carried by oy

housing 1.

Rod 287 has a second block 269 adjustably fixed
thereon adjzcent one end thereof. Block 252 is
pivotally connected to lug 216 on yoke § by means
of o pin 218 which has been shown in Fig. 3 as
being secured to or formed integral with pin 215,
AN of the slack in the joints between levers 26
and 265, link 284, rod 267 and yoke 5 is taken
up by & spring 27 which urges levers 261 and 289
toward each other. :

T.ever 285 has a pin 272 fixed therein interme-
diate the ends thereef and a roller 2712 is jour-
naled upon pin 272 to engage a cam 274 fixed
to or formed integral with a cam plate 275 which
is fixed for rotation with a shaft 276 journaled
in a portion of housing |. The control mecha-
nism is preferably arranged within housing i
and shaft 278 extends through the wall thereof
and has 2 hand lever 277 fixed upon its outer end.

The outer or convex face of cam 274 in contact
with roller 273 has a short central or neutral
portion 278 which is concentric with shaft 278,
o portion 278 which extends from one end of
portion 278 and has a gradually increasing radius
and a portion 280 which extends from the other
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end of portion 278 and has a gradually decreas-
ing radius.

Roller 273 is held in contact with cam 275
by a lever 284 which is pivotad intermediate its
ends upon a pin 252 carvied by lever 285. One
end of lever 28{ carries a roller 283 to engage
the eoncave inner face of cam 278 and the other
end of lever 28! is urged toward lever 283 by a
spring 284 which thus urges roller 215 against
cam 274.

The srrangement is such that, when hand lever
277 is swung in a counterclockwise direction from
its neutral position, cam 274 will swing the lower
end of lever 285 toward the left in respect to
Fig. 24, link 284 will swing the lower end of lever
251 toward the left and lever 281 will shift pilot
valve 244 toward the left to connect port 245 to
port 247. Then liguid from gsar pUmp 25-—28
will flow through channels 244, 243, 258 and
249, port 247, sleeve 245, port 243 and channels
35! and 252 to cylinder 288 and cause piston
291 to swing yoks 5 upward, thereby causing the
pump to discharge liguid in one direction as pre-
viously explained.

As yoke B swings upward, pin 279 will shift
rod 287 toward the left and block 258 on rod 287
will move the upper end of lever 255 toward the
left as fast as yoke § swings and thereby tend
to close pors 246 as fast as lever 217 opens it.
Therefore, movement of yoke 5 ceases substan-
tially as soon as movement of lever 277 ceases
and the displacement of the pump is determined
by the position of lever 277,

When lever 217 is swung in a clockwise divec-
tion, cam 274 will swing the lower end of lever
285 toward the right in respect to Fig. 24, link
284 will swing the lower end of lever 2§ toward
the right and lever 28! will shift piiot valve 244
toward the right to connect port 245 to holes
248. Then liguid can escape from cylinder 208
through channels 252 and 284, port 248, sleeve 248
and holes 248 to exhaust, thereby permitting
servo-motor 2i6—211¢ to swing yoke & downward.
If yoke 5 has previously been swung upward as
explained above, downward movement therect
will reduce pump displacement. If lever 277 is
swung far enough to cause roller 273 to ride along
cam face portion 278, yoke § will be swung down-
ward below its horizontal position and the pump
will discharge liguid in the opposite direction.

As yoke 5 swings downward, pin 215 will shift
rod 257 toward the right and block 268 on rod
267 will move the upper end of lever 265 toward
the right as fast as yoke § swings downward and
thereby tend to close port 24% as fast as lever
277 opens it. Therefore, movement of yoke 8
ceases as soon as movemsent of lever 271 ceases
and the displacement of the pump is determined
by the position of lever 271.

Blocks 266 and 269 are initially adjusted as
closely as possible in such positions that roller
2713 contacts cam 274 at the center of cam face
portion 278 when yoke § is in its horizental or
neutral position. Since all of the control mech-
anism except lever 277 is arranged with housing
{, adjustment can not readily be made after the
pump is fully assembled. Therefore, abuiment
282 is preferably s cam fixed upon o shaft 288
which extends through the wall of housing i so
that the cam may be turned from the outside of
housing | to effect & final accurate adjustment
of the conftrol mechanism.

When the pump is discharging liguid under
pressure, the forces transmitted from thrust
member 8 through the piston assemblies to the
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liguid in the cylinders on the high pressure side
of the pump tend to move oylinder barrel 9 and
voke § toward the right in respect to Fig. 1,
thereby imposing upon trunnions 2 and 3. a thrust
equal to the sum of the pumping forces.

If the pump were not too large and were to
operate at moderate pressures, the right hand
ends of cylinders 260 and 210 could be open to
exhaust or be connected to each other ‘as the
pumping forces would not be great enough to
overload the trunnions or to cause deflection of
the parts. ) o

However, the pump illustrated in the drawings
has a very large volumetric capacity and it is
capable of creating very high pressures at which
pressures the pumping forces are very great. In
order to prevent the pumping forces from im-
posing excessive thrusts upon the trunnions and
t0 avoid the vossibility of defiection of parts due
to the high pumping forces, the present inven-
tion provides hydraulic means for opposing the -
pumping forces and thereby reducing the thrusts
upon the trunnions.

‘This may be accomplished by exposing the
right hand faces of pistons 281 and 211 to pump
bressure. As shown schematically in Fig. 24,
the right hand ends of eylinders 280 and 2i8
are connected to each other by a channel 280
so that liquid may flow from one to the other

when pistons 281 and 211 are shifted in opoosite :

directions o swing yoke § upward or downward
as explained above. Channel 298 is connected
to channel 103 (Fig. 23) by a channel 251 hav-
ing a check valve 292 arranged therein, and chan-
nel 299 is connected to channel 194 by a chan-
nel 283 having a check valve 294 arranged therein.
Check valves 282 and 294 permit liquid to flow
into channel 288 from the channel 188 or {923
which at that time is the discharge channsl hut

they prevent liquid from flowing from channel -

289 into the channel 183 or i84 which at that
time is the intake channel. '

The arrangement is such that, when the pump
is creating pressure, the right hand faces of pis-

tons 261 and 2{{ are subjected to pump pressure -

which causes servo~-motors 290—281 and 210—21 1
to exert forces upon yoke 5 in opposition to the
pumping forees. The right hand faces of pistons
284 and 214 have the same area so that the

forces exerted by the two servo-motors are equal. !

Since servo-motors 280—881 and 218—211 are
necessarily connected to the arms §* and 5% of
voke 3, the forees exerted thereby are ofiset later-
aily inward from yoke bearings € and are offset
laterally outward from the resultant of the pump-
ing forces which is offzet laterally outward from
the yoke axis g little more than one-half of the
radius of the piston circle. There is a slight
lateral racvernent of the resultant of the pump-
ing forces each time there is a change in the
number of cylinders containing pressure but such
movement may be disregarded.

In the pump shown, the distance between the
resuliant of the pumping forces and the center of

the adjacent yoke bearing B is about three-eighths ¢

of the distance between the centers of yoke bear-
ings 8. Therefore, the thrust exerted upon the
adjacent bearing § is equal to about five-eighths
of the sum of the pumping forces and the thrust
xerted upon the far bearing % is equal to about
three-eighths of the sum of the pumping forces.
If servo-motors 260—281 and 2190-—211 are sopro-
portioned that each exerts a force equal to one-
nalf of the sum of the pumping forces, one servo-
motor will reduce the thrust upon the bearing §
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~-on‘the-discharge side-of the pump to an amount
‘equalto about one-eighth of the sum of the pump-

ing forces and the other servo-motor will over-
halance:the thrust upon thebearing 6 on the'in-

~take side of the pump by an smount equal to

-about ‘one-eighth of ‘the sum of the pumping
forees. .

IG. 25

‘This figure shows -a _portion of a pump which
is the same as the pump deseribed above except

- that it is provided with an auxiliary flat valve,

which together with the main valve controls the
fow of liquid to and from the cylinders, and with
additional passages for the flow of liquid to and

_from the auxiliary valve.

More specifically, an auxiliary flat valve 64 is
substituted for the valve-like hold-up element §4
shown in Figs. 1, 2 and '8, and yoke end head 5e,
horn 8, cylinder head %t and abutment 65 are re-
placed, respectively, with a yoke and head Be, a
horn 8%, a cylinder head 92 and an abutment 652
having passages therein to provide with valve 42
additional paths for the flow of liquid to and
from cylinders 15. 'The -other parts shown are
the same as the corresponding parts of the previ-
cusly described pump and they have been indi-
cated by the same reference numerals so that fur-
ther description thereof is unnecessary.

Yoke end head 5¢ and horn 8® are the same,
respectively, as yoke end head 5 and horn 8
except that yoke end head 3¢ has two passages
508 and 34! formed therein and extending through
its inner wall from chambers 45 and 48, respec-
tively, and horn 82 has two passages 302 and 303
formed therein with the rear ends thereof in reg-

. istry with passages 308 and 381 respectively. The

front ends of passages 362 and 383 extend out-
ward through the periphery of horn 8 and com-
municate, respectively, with two chambers 304
and 885 formed in abutment 65 which is tightly
bressed upon horn 82 and corresponds to the
abutment 85 shown in the vreceding figures.

Alzo, cylinder barrel 9 is provided with an end
head 9* which is the same as end head 9 except
thal its passages 822 are larger in diameter than
-passages 82 between their elongated front ends
and passages 36. In order that the elongated
front ends of passages §2» may properly coop-
erate with the ports in valve 642, they are the
same size as shown in Fig. 11.

Valve €42 has formed in the face thereof two
arcuate grooves or ports 67 and 88 which are the
same as the ports 87 and 88 shown in Fig. 8.

; Port §1 communicates through s plurality of

holes 692 with an equal number of hold-up motors
Tie, and port 88 communicates through an equal
number of holes T6% with an equal number: of
hold-up motors 722, Since hold-up motors 7i=
and T22 ave identical in structure and function
i0’hold-up motors 41 and 42 (Fig. 7) except that
they have been shown as being smaller, g de-
scription fhereof is deemed unnecessary. Each
hold-up motor 7§12 communicates with o passage
308 which is formed in abutment §5° and commu-
‘icates with chamber 384, and each hold-up
motor 722 communicates with a passage 307 which
is formed in abutment 652 and communicates with
chamber 305. Valve §4¢ is otherwise the same as
hold-up element €4 and it performs the same
functions in ‘addition to Pproviding additional
paths for the flow of liquid to and from cylinder
18,

The pump functions in the same manner ss ‘the
previously described pump except that Hquid
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flows to and from cylinders t5 in part through
main valve 12 and in part through auxiliary valve
©4e. .

That is, if the pump is adjusted to deliver
liquid in one direction, a part of the liquid dis-
charged from the cylinders |5 on one side of the
pump will flow through passages 38 and main
valve {2 to chamber 46 as previously explained
and another part thereof will flow through pas-
sages 36 and 822, port 68, holes 7¢2, hold-up motors
128, passages 3071, chamber 335 and passages 363
and 381 to chamber 46, At the same time, the
cylinders 15 on the other side of the pump will
be supplied with lquid from chamber 45 in part
through main valve {2 as previously explained
and in part through passages 349 and 382, cham-
ber 304, passages 398, hold-up motors 712, holes
92, port 67 and passages 822 and 38, If the pump
is adjusted to deliver liquid in the opposite direc-
tion, the liquid will flow through the same chan-
nels but in the opposite direction.

By diverting a part of the flow through auxil-
iary valve 84%, the ports and passages in main
valve 12 may be made smaller and permit the
contact face of valve 12 to be made smaller, there-
by reducing the forces exerted upon the cylinder
barrel.

The inventicn herein set forth is susceptible
of various other modifications and adaptations
without departing from the scope of the inven-
tion which is hereby claimed as icllows:

1. In g hydrodynamic machine, the combinabion
of a rotatable cylinder barrel having pistons
and cylinders arranged thersin, means for ro-
tating said cylinder barrel, means for reciprocat-
ing said pistons in response to rotation of said
cylinder barrel to thereby causs liquid to fow
into and out of said cylinders, a fHat valve en-

" gaging the end of said cylinder barrel o con-
trol the flow of liquid to and from said cylinders,
the liguid between said cylinder barrel and said
valve tending to move said cylinder barrel away
from said valve, a hold-up element arranged He-

- tween the ends of said cylinder barrel and en-
gaging said cylinder barrel in opposition o said
valve, hold-up motors arranged upon opposite
sides of the centerline of said cylinder barrel
for urging said element against said cylinder
barrel, and means for supplying liquid from the
eylinders on either side of said centerline to
the hold-up motors on the same side of said
~ centerline to energize the same.

2. In a hydredynamic machine, the combina-

tion of a rotatable cylinder barrel having pistons

and cylinders arvanged thercin, means for ro- *

tating said cylinder barrel, means for recipro-
cating said pistons in response to rotation of
said cylinder barrel to thereby cause liguid to
flow into and out of said cylinders, a flat valve
engaging the end of said cylinder barrel to con-
trol the flow of liquid to and from said cylinders,
the liquid between said cylinder barrel and said
valve tending to move said cylinder barrel away
from said valve, o hold-up element arranged bhe-
tween the ends of said cylinder barrel and en-
gaging said cylinder barrel in opposition to said
valve, hold-up motors arranged upon opposite
sides of the centerline of said cylinder barrel for
urging said element against said cylinder barrel,
means for supplying liquid from the cylinders
on either side of said centerline to the hold-up
motors on the same side of said centerline to
energize the same and also to form ketween said
hold-up element and said cylinder barrel a Iubri-
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cating film of liguid to thereby provide a liquid
thrust bearing for said cylinder barrel.

3. In a hydrodynamic machine, the combina~
tion of a rotatable cylinder barrel having pistons
and cylinders arranged therein, means for ro-
tating said cylinder barrel, means for recipro-
cating said pistons in response to rotation of said
cylinder barrel to thereby cause liquid to flow
into and out of said cylinders, a flat valve en-
gaging the end of said cylinder barrel to control
the fow of liquid to and from said cylinders,
an ahutment, and hydraulic hold-up motors ar-
ranged within said valve and energized by the
liguid flowing therethrough, said motors when
energized reacting against said abuiment and
urging said valve against said cylinder barrel.

4. In a hydrcdynamie machine, the combina~
tion of a rotatable cylinder barrel having pistons
and cylinders arranged therein, means ior ro-
tating said cylinder barrel, means for recipro-
cating said pistons in response to rotation of said
cylinder barrel to thereby cause liguid to flow
into and out of said cylinders, a main flat valve
engaging the end of said cylinder barrel and
having two ports with which each of said cyl-
inders communicates alternately, and an auxil-
iary flat valve arranged between the ends of
said cylinder barrel and engaging said cylinder
barrel in opposition to said main valve and hav-
ing two ports with which each of said cylinders
communicates alternately, said valves together
controlling the flow of liquid to and from said
cylinders.

5. In & hydrodynamic machine, the combina-
tion of an abutment arranged adjacent the rear
end of said machine and restrained from axial
movement, an annular cylinder barrel arranged
in front of said abutment and having an end
head which extends inward beyond the inner wall
thereof, pistons and cylinders arranged within
said cylinder barrel, means for rotating said cyl-
inder barrel, means for reciprocating said pistons
in response to rotation of said cylinder barrel to
thereby cause liguid to flow into and out of said
cylinders, a flat valve arranged between said
abutment and said end head in contact with the
rear face of said end head to control the flow
of liquid to and from said cylinders, a hold-up
element engaging the front face of said end head,
hold-up motors arranged upon opposite sides of
the centerline of said eylinder barrel for urging
said element against said end head, and means
for supplying liquid from the cylinders on either
side of said centerline to the hold-up motors on
the same side of said centerline to energize the
same.

8. In a hydrodynamic machine, the combina-
tion of an abutment arranged adjacent the rear
end of said machine and restrained from axial
movement, an annular cylinder barrel arranged
in front of said abutment and having an end
head which extends inward beyond the inner wall

) thereof, pistons and cylinders arranged within
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said cylinder barrel, means for rofating said cyl-
inder barrel, means for reciprocating said pistons
in response to rotation of said cylinder barrel to
thereby cause liquid to flow into and out of said
cylinders, g main flat valve engaging the rear face
of said end head and having two ports with which
each of said eylinders communicates alternately,
an auxiliary flat valve engaging the front face of
said end head and having two ports with which
each of said cylinders communicates alternately,
said valves together controlling the flow of liquid
to and from said cylinders, hold-up motors ar-
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ranged upon opposite sides of the eenterline of
said cylinder barrel for urging said auxiliary valve
against said end head, and means for supplying
liquid from.the cylinders on either side of said
centerline to the hold-up motors.on the same side
of said centerline fo energize the same.

7. In a hydrodynamic machine, the combina~

tion of an abutment srranged adiscent the rear

end of said machine and restrained from axial
movement, 2 horn rigidly secured in said abut-
ment and extending forward therefrom, an annu-
lar cylinder barrel extending around and rotat-
ably supported upon said horn and having an
annular end head which extsnds inward beyond
the inner wall thereof, pistons and cylinders gr«
ranged within said cylinder barrel, meang for ro=
tating said cylinder barrel, means for reciprocat-
ing said pistons in response to rotation of said cyl~
inder barrel to thereby cause liguid to fiow info
and out of said cylinders, a flat valye arranged be=
tween said abutmsant and said end head. mn econ-
tact with the rear face of said end head to con-
rol the flow of liguid to and from said cylinders,

a hold-up element engaging the fronf facs of

said end head, hold-yp motors arranged upon
opposite sides of the centerline of said cylindsr
barrel for urging said element azainst said end
head, and means for supplying liguid from the
cylinders on either side of said cenierline to the
hold-up motors on the same side of said center-
line to energize the same.

8. In a hydrodynamic machine, the combing-
tion of an abubtment arranged adjacent the rear
end of said machine and restrained from azial
movement, a horn rigidly secured in said abubs
ment and extending forward therefrom, an an~-
nular cylinder barrel extending around and ro-~
tatably supported upon said horn and having an
annular end head which extends inward beyond
the inner wall thereof, pistons and eylinders ar-
ranged within saig cylinder barrel, means for ro-
tating said cylinder barrel, means for reciprocat-
ing said pistong in response to rotation of said eyl-

inder barrel to thereby cause liguid to flow inte

and out of said cylinders, & flat valve arranged be-
tween said abutment and said end head in con-
tact with the rear face of said end head to con-
trol the flow of liquid to and from said cylinders,
a hold-up element engaging the front {ace of said
end head, hold-up motors arranged within said
element upon opposite sides of the centerline of
said cylinder barrel for wrging said element
against said end head, and means for supplying
liguid from the eylinders on cither side of said
centerline to the hold~up motors en the same side
of said centerline to energize the same.

9. In an angle type hydrodynamic machine, the
combination of a housing, two trunnions earried
by said housing upon opposite sides thereof, g
voke journaled upon said trunnions and having
a rear wall, an annular cylinder barrel rotatably
supported within said yoke and having an end
head which extends radially inward beyond the
inner wall thereof, means for rotating said cyl-
inder barrel, pistons and cylinders arranged with-
in- said cylinder barrel parallel to its axis of rota~
tion, means for reciprocating said pistons in re
sponse to rotation of said cylinder barrel to there
by cause liquid to flow into and out of said eylin-

ders, a flat valve arranged between said rear wall

and said end head in contact with the rear face.of
said end head to control the flow of liquid to and
from said cylinders, a hold-up element engaging
the front face of said end hsad, hold-up motoss
arranged upon opposite sides of the.centerline of
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sald cylinder barrel for urging said element:

against said end head, and means for supplying

liguid: from the eylinders on ejther sidg of said
centerline to the hold-up mators en the samé
5 side of said centerline to energize the same,

10. In an angle type hydrodynamic machine,
the combination of & housing, two trunnions car-
ried by said housing upen opposite sides thereof,
& yoke journaled upon said trunnions and hav-
ing a rear wall, an annular eylinder barrel ro=
tatably supported within said yoke and hsving
an end head which extends radially inward be~
yond the iner wall thereof, means for rotating
said eylinder barrel, pistons and cylinders ar-
ranged within said cylinder barrel parallel to its
axis of rotation, reans for reciprocating said pise.
tons in responise to rotation of said cylinder hars
rel to therehy cause lquid te flow into and out of
said cylinders, a main flat valve engaging the
rear face of said end head and having two ports.
with which each of said eylinders communicates
alternately, an guxiliary fat valve engaging the
front fage of said end head and having two. ports
with which each. of said eylinders cominunicates
alternately, said vilves tozether controlling the
flow of liquid to and from said eylinders, hold-up
motors arranged upon epposite sides of the cen-
terline of said eylinder barrel for urging said
auxiliary valve against said end head, and means
for supplying liquid from the eylindsts on either.
side of sald centerline to the hold-up motars on
the same. side of sgid centerline to energize the
same.

“11. In an axial fype hydrodynamic maghine,
the combination of & rotatakly supported cylinder
barrel having an odd number of cylinders are
ranged therein parallel to its axis of rotation, a
valve engaging the rear end of said cylinder bar=
rel to eontrol the flow of liquid to. and from said
cylinders, a thrust member arranged forward of
sald cylinder barrel and having formed in iis
front end as many recesses as there are cylinders
Wwith said recesses arranged in a cirenlar row and
each recess in the same radial plane as one of said
cyunders, the axes of sajd cylinder barrel and
said thrust member heing inelined to each other
S the machine I3 performing usefwl work,
means for rotating said cylinder harrel and said
thrust member in unison, & piston fitted in each
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50 eylinder and connected to said thrust member
to be reciprocated thereby during rotation of

said cylinder barrel and said thrust member, a
hon-rotatable hold-up element engaging the
front end of said thrust member and having two
arcuate grooves formed in its rear face upon op-
bo sides of the centerline of said machine to
supply liquid to said recesses successively during
rotation of said thrust membper, ns for sup-
plying liquid from the eylinders on each side of
said ma > o the eroove in the same side of
said hold-up element, and & stationary abutment
zed forward i element, saigd:
umber of Loid-

in cemmunieation.
contact with said
ch of the spaces
tween the adjacent ends of said grooves, and
9-balaneing motor arranged therein in. coramiunis
t. 2 of said holes and in contact

60:

18- 2R &Y
therein

which liquic ]
1n said hold-up element through one-.of the hold-
up motors: in communication with that grooye.

13. In an axial type nic magchine,
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the combination of a rotatable cylinder barrel
having a plurality of cylinders arranged therein
parallel to its axis of rotation, a valve engaging
the rear end of said cylinder barrel to control the
flow of liquid to and from said cylinders, a thiust
member arranged forward of said cylinder barrel,
means for rotatably supporting said thrust mem-
ber, the axes of said cylinder barrel and said
thrust member being inclined to each other when

the machine is performing useful work, means ]

for rotating said cylinder barrel and said thrust
member, a piston fitted in each cylinder, a ball
and socket joint connecting each piston to said
thrust member and arranged outside of said c¥yi-

inder barrel to effect reciprocation of said pis- !

tons during rotation of said cylinder barrel and
said thrust member, a hydraulic hold-up element
engaging the front end of said thrust member to
exert thereon forces in opposition to the forces
transmitted by said pistons to said thrust mem-
ber, means for supplying liquid from the cylinders
on each side of the centerline of said machine
to the same side of said hold-up element, and
means for supplying liguid from said hold-up

element to said joints to lubricate the same and ¢

to hydraulically balance the piston thrust.

14, In an axial type hydrodynamic machine,
the combination of a rotatable cylinder barrel
having a plurality of cylinders arranged therein
parallel to its axis of rotation, a valve engaging
the rear end of said cylinder barrel to control the
flow of liquid to and from said cylinders, a thrust
member arranged forward of said cylinder bar-
rel, means for rotatably supporting said thrust

member, the axes of said cylinder barrel and 3

said thrust member being inclined to each other
when the machine is performing useful work,
means for rotating said cylinder barrel and said
thrust member, a piston fitted in each cylinder,
a ball socket joint connecting each piston to said
thrust member and arranged outside of said ¢yl-
inder barrel to effect reciprocation of said pis-
tons during rotation of said cylinder barrel and
said thrust member, a valve-like hold-up ele-

ment engaging the front end of said thrust mem- .

ber and having ports in the rear face thereof,
means for supplying liguid from the cylinders
on each side of the centerline of said machine
to the same side of said hold-up element, and
channels extending through said thrust member
into said joints and having an end of each
adapted to register with said ports successively
to conduct liquid thereirom to said joinis fo
lubricate the same.

15. In an axial type hydrodynamic machine,
the combination of a rotatable cylinder barrel
having a plurality of cylinders arranged therein
paraliel to its axis of rotation, a valve engaging
the rear end of said cylinder barrel to control
the flow of liquid to and from said cylinders, a
thrust member arranged forward of said cylinder
barrel, the axes of sald cylinder barrel and said
thrust member being inclined to each other when
the machine is performing useful work, a piston
fitted in each cylinder and connected to said
thrust member to be reciprocated thereby during
rotation of said cylinder barrel and said thrust
member, a shaft for rotating said thrust member,
means including a universal joint for connecting
said cylinder barrel to said shaft to cause it to
votate in unison with said thrust member, said
thrust member including a flange portion for
reciprocating said pistons and a bearing portion
smaller in diameter than said flange portion, a
bearing arranged around said bearing -portion
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to rotatably support said thrust member, a valve~
like hold-up element engaging the front end of
said bearing portion, means for supplying liquid
from the cylinders on each side of the centerline
of said machine to the same side of said hold-up
element, means including passages forined in
said shaft for directing liguid from said hold-up
element to said universal joint to lubricate the
same,

16. In an angle type hydrodynamic machine,
the combination of a housing, two trunnions car-
ried by said housing upon opposite sides thereof,
a yoke journaled upon said trunnions, a cylinder
barrel rotatably supported by said yoke and hav-
ing cylinders arranged therein parallel to its axis
of rotation, a thrust member rotatably supported
by said housing, the axes of said cylinder barrel
and said thrust member being inclined to each
other when the machine is performing useful
work, means for rotating said eylinder barrel and
said thrust member, a piston fitted in each cyl-
inder and connected to said thrust member {o
be reciprocated thereby during rotation of said
cylinder barrel and said thrust member, servo-
motor means for swinging said yoke upon said
trunnions, means for supplying motive liguid to
said servo-motor means to energize the same, a
pilot valve for controlling the flow of liquid to
and from said servo-motor means and movable
10 and from a neutral position in which it pre-
vents flow of liquid to or from said servo-motor
means, & control element for shifting said pilot
valve, and a fcllow-up mechanism connecting
said pilot valve tc said element and to said yoke
for returning said pilot valve to its neutral posi-
tion in response to said yoke reaching a position
corresponding to the position of said control
element.

17. In an angle type hydrodynamic machine,
the combination of a housing, two trunnions cax-
ried by said housing upon cppoesite sides thereof,
a yoke journaled upon said frunnions for rotation
thereon in a vertical plane, a cylinder barrel ro-
tatably supported by said yoke and having cylin-
ders arranged therein parallel to its axis of rota-
tion, & thrust member rotatably supported by said
housing, means for rotating said cylinder barrel
and said thrust member, a piston fitted in each
cylinder and ccnnected to said thrust member to
be reciprocated thereby during rotation of said
cylinder barrel and said thrust member, a large
servo-motor adapted when energized to swing
said yoke upward, a small servo-motor adabted
to swing said yoke downward when it is ener-
gized and said large servo-motor is de-energized,
spring means adapted when both of said servo-
motors are de-energized o hold said yoke in a
neutral position, means for supplying motive
liguid to said servo-motors to energize the same,
and means for controlling the flow of liquid fo
and from said large servo-motor.

18. In an angle type hydrodynamic machine,
the combination of a liousing, two trunnions car-
ried by said housing upon opposite gides thereof,
a yoke journaled upcn said trunnions for rotation
thereon in a vertical plane, a cylinder barrel ro-
tatably supported by said yoke and having cylin-
gers arranged therein paraliel to ifs axis of rota-
tion, a thrust member rotatably supported by said
said housing, means for rotating said cylinder
barrel and said thrust member, a piston fitted in
each cylinder and connected to said thrust mem-~
ber to be reciprocated thereby during rotation of
said ecylinder barrel and said thrust member,
servo-motor means adapted when active to swing

-
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saig yoke upon said trunnions, means for render-
ing said servo-motor means active or inactive,
and spring means adapted when said servo-motor
means is inactive to hold said yoke in a neutral
position in which the axis of said eylinder barrel
is coincident with the axis of said thrust member.

19. In an angle type hydrodynamic machine,
the combination of a housing having passages ar-
ranged therein for connection to.an external ecir-
cuit, two hollew trunnions arranged in opposite
sides of said housing and each provided with a
connection to cornmunieate with cne of said pas-
sages, a cylinder barrel having pistons and eylin-
ders arranged therein, a yoke for carrying said
cylinder barrel journaled upon said trunnions and
having two passages through which liguid flows to
ang from said cylinders and which communicate
with the interiors of said trunnions respectively
through the inner ends thereof, and universalily
jointed sealing-means eooperating with each trun-
nion- and said yoke to provide a substantially
fiuid tight joint therebetween and to compensate
for slight misalinement of parts,

20. In an angle type hydrodynamic machine,
the eombination of a housing having passages ar-
ranged therein for connection to an external ¢ir-
cuil, two hollow trunnions arranged in opposite
sides of said housing and each provided with a
connection to communicate with ons of saig Das-
sages, a cylinder barrel having pistons and eylin-
ders arranged therein, a yoke for carrying said
cylinder barrel Jjournaled: upon said trunnions

and having two passages through which liquid

Bows to and from said cylinders and which eom-
municate with the interiors of said trunnions re-
spectively through the inner ends thereof, means
for providing substantially fluid tight joints be-
tween said yoke and each of said trunnions, and
two opposed pistons arranged in each frunnion

and subjected to the pressure therein, one of said

pistons urging said yoke in one.direction and the
other of said pistons urging said yoke in the oppo-
site- direction with a substantially equal force to
thereby prevent said pressure from causing de-
flection of said yoke,

21. In an angle type hydrodynamic machine,
the combination of a housing, two trunnions car-
ried by-said housing upon opposite sides. thereof,
a yoke journaled upon said trunnions, a. cylinder

barrel rotatably supported by said yoke and hav- ;

ing cylinders arranged therein barallel to its axis
of rotation, a thrust member rotatably supported

by said housing, the axes.of said cylinder barrel:

and: said thrust member being inclined: to. each
other when the machine is performing useful
work, means for rotating said cylinder barrel and
said thrust member, a piston fitted in each cylin-
der and connected to said thrust member to be
reciprocated thereby during rotation of said cyl-
inder barre! and said thrust member, any pres-
sure In said eylinders causing said yoke to exert
thrusts proportional to said pressure upon said
trunnions, and means for swinging said yoke upon
said trunnions and hydraulic means for exerting
forces proportional to said pressure upon said
yoke in opposition to said thrusts.

22, In an angle type hydrodynamic machine,
the combination of a housing, two trunnions car-
ried by said housing upon opposite sides thereof,
8 yoke journaled upon said trunnions, a cylinder
barrel rotatably supported by said yoke and hav-
ing cylinders arranged therein parallel to its axis
of rotation, a thrust member rotatably supported
by said housing, the axes of said eylinder barrel
and said thrust member being inclined to each
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other when the machine is performing useful
work, means for rotating said cylinder barrel and
said thrust member, a piston fitted in each cylin-
der and connected to said thrust member to be
reeiprocated thereby during rotation of said cyl-
inder barrel and said thrust member, any pres-~
sure in said eylinders causing said yoke to exert
thrusts proportional to said pressure upon: said
trunnions, servo-motor means connected to gaid
yoke, means for supplying to one end of said
servo-motor means liquid from the cylinders con-
taining pressure to. thereby enable said servo-
motor means-to exert foreces proportional to said
Dressure upon said yoke- in opposition to said.
thrusts, and means for supplying liguid to said
servo-motor means at the other end thereof to
enable said servo-motor means to swing said-yoke
upon: said trunnions.

23. In an axial type hydrodynamic machine
which includes a rotatably supported cylinder
barrel having a plurality of cylinders and:pistons
arranged therein parallel to its axis of rotation, a
valve engaging the rear end of said cylinder bar-
rel to control the flow of liguid to and from said

. eylinders and provided with a high pressure port

and a.low pressure port which are arranged upon
opposite sides of said machine and with which
each: eylinder ecemmunicates alternately as said
cylinder barrel rotates, a rotatably supported
thrust member arranged forward of said cylinder
barrel, the axes of said eylinder harrel and said:
thrust member being inclined to each othér-when
the- machine is performing useful work, and
means for rotating said thrust member and: said’
cylinder barrel in unison, the combination: of ball
and socket joints arranged outside said cylinders
and eonnecting said: pistons to said thrust mem-
ber to- effect reciprocation of said pistons during-
rotation: of said thrust member and said cylinder
barrel when the axes thercof are inclined to each
other, and: means for supplying lquid from said
high pressure port to the hall and socket joints
on: the: same - side of said machine as said high-
bressure port to- thereby provide a lubricating-

. film.of liquid-between the mating surfaces of each:

ball and: socket joint; said ball and socket joints
being too.large to be arranged within-said cylin-
ders: and being of sufficient size to enable said
thrust: member- to- transmit very- high pumping
forees to said'pistons -without rupturing the lubri-
cating: films between the mating surfaces of said
joints; each of said pistons having a recess formed:
therein. and a; substantially- flat bearing surface
at: the-end of saig: recess; and each of said joints.

. having-a push-rod-fixed thereto and engaging the

bearing surface on the piston associated with
that joint.

24. In an axial type hydrodynamic machine
which includes a rotatably supported cylinder
barre] having a plurality of cylinders and pistons
arranged therein parallel to its axis of rotation,
a valve engaging the rear end of said cylinder
barrel to control the flow of liquid to and from
said cylinders and provided with g high pressure
port and a low pressure port which are arranged
upon opposite sides of said machine and with
which each cylinder communicates alternately
as said cylinder barrel rotates, a rotatably sup-
ported thrust member arranged forward of said
cylinder barrel, the axes of said cylinder barrel
and said thrust member being inclined to each
other when the machine is berforming useful
work, and means for rotating said thrust mem-
ber and said eylinder barre] in unison, the com-~
bination of a hydraulic hold-up element engaging
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the front end of sald thrust member to exert
thereon forces in opposition to the forces trans-
mitted by said pistons to said thrust member,
means for supplying liquid from the valve port
on one side of said machine to the same side of
szid hold-up element, ball and sockeb joints
arranged outside said cylinders and connecting
said pistons to said thrust member to effect
reciprocation of said pistons during rotation of
said thrust member and said cylinder barrel
when the axes thereof are inclined to each other,
and means for supplying liguid from said hold-up
clement to said ball and socket joints to thereby
provide a lubricating film of liquid between the
mating surfaces of each joint, said ball and socket
joints being too large to be arranged within said
cylinders and being of sufficient size to enable
said thrust member to transmit very high pump-
ing forces to said pistons without rupturing the
lubricating films between the mating surfaces of
said joints.

25. In 8 hydrodynamic machine which includes
a rotatable cylinder barrel having a plurality of
cylinders arranged therein parallel to its axis of
rotation, a valve engaging the rear end of said
cylinder barrel to contrel the flow of liquid to and
from said cylinders, a thrust member arranged
forward of said cylinder barrel, the axes of said
cylinder barrel and said thrust member being
inclined to each other when the machine is per-
forming useful work, and a piston fitted in each
cylinder and connected to said thrust member to
be reciprocated thereby during rotation of said
cylinder barrel and said thrust member, the com-
bination of g shait for rotating said thrust mem-
ber, means including a universal joint for
connecting said cylinder barrel to said shaft to
cause it to rotate in unison with said thrust
member, said thrust member including a flange
portion for reciprocating said pistons and a bear-
ing portion smaller in diameter than said flange
portion, & bearing arranged around said bearing
portion to rotatably support said thrust member,
a hold~up element engaging the front end of
said bearing portion, means for supplying liquid
from the cylinders on each side of the center-line
of said machine {o the same side of said hold-up
element to cause said element to exert upon said
thrust member forces in opposition to the forces
transmitted by said pistons to said thrust mem-
ber and to provide between said element and said
thrust member a lubricating film of liquid which
also functions as a liquid thrust bearing for said
thrust member, and means including passages
formed in said shaft for directing liquid from
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said film fo said universal joini to lubricate the
same.

98. In g hydrodynamic machine which includes
5 rotatable cylinder barrel having a plurality of
cylinders arranged therein parallel to ifs axis of
rotation, a vaive engaging the rear end of said
cylinder barrel to contrel the fow of liquid to and
from said cylinders, & thrust member arranged
forward of said eylinder barrel, means for rotat-
ably supporting said thrust member, the axes of
said ecylinder barrel and said thrust member
heing inclined to each other when the machine is
periorming useful work, and z piston fitted in
each cylinder and connected to said thrust men-
ber to be reciprocated thereby during rotation of
said cylinder barrel and said thrust menmber, the
combination of & shaft for rotating said thrust
membper, means including & universal joint for
connecting said cylinder barrel to said shaft to
cause it to rofaie in unison with said thrust
membper, a hold-up element engaging the front
end of said thrust member, means for supplying
liguid from the cylinders on each side oi the
center-line of said machine to-the same side of
said hold-up element to cause said elernent to
exert upon said thrust member forces in onposi-
tion to the foreces transinitied to said pisions by
said thrust member and o provide belween said
element and said thrust member a lubricating
filma of liguid, channel means in said shaft for
conducting to said universal joint liguid which
eaks from said film, and means including a re-
sistance valve for permitting liguid to escape
from said channel means.

WALTER FERRIS.
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