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1 Claim. (CL 103—161)

This invention relates to .radial piston type

hydraulic pumps and motors and particularly to

a compact and efficient multi-stage pump or

motor unit of this character by which greater

g ranges of both speed and.torque delivery and

~ rapid changes in the relation therebetween may

be obtained without the usual sacrifice in effi-

ciency at the upper and lower limits of the range

of operation and without appreciable loss of time
10 between changes in the stages of operation.

The present practice in connection. with hy-

draulic pumps and motors for comparatively wide-

ranges of operation is to provide two smaller
pumping units instead of a single larger unit.
18 This practice is due primarily to cerfain disad-

vantages inherent in large pumps and motors of

this general type, which disadvantages are aug-
mented in those instances in which the apparatus
must operate throughout a wide range of torque
90 and speed. Because of the extremely heavy pres-
sures and high speeds of such pumps and motors,
and the close fits required for efficiency bhetween
the various working parts any increases in size
of the unit over & certain limit is accompanied
28 by disproportionate decreases in the safety and
reliability of operation and disproportionate in-
creases in the wear of the working parts. As

specific examples, the larger pumps require bear- .

ings and valve pintles of greater diameter, and

80 heavier piston and rotor parts, Thus, with a
"larger diameter, not only is the peripheral speed

- of the bearings greatly increased for & given angu-
lar rotation, but also the centrifugal forces are
disproportionately increased. '

3% Further, due to the greater total .hydro-

static load that must be resisted by the pintle,

the greater overhang of the pintle that is re-
quired and the greater flow capacity which the
pintle must accommodate, the pintle necessarily
must be of considerably increased diameter in
such larger pumps. This increase in diameter, in
turn, results in much larger surfaces in frictional
engagement between the wall of the rotor bore

pry and the valve pintle. Furthermore, due to the

larger diameter of the pintle, there is not only
this greater frictional. surface engagement be-

tween the pintle and rotor bore wall but also a "~

greater peripheral speed between these surfaces
go- for a given angular velocity of the rotor. .

‘When operating at high speeds these frictional

and centrifugal forces damage and wear the

‘equipment, render proper lubrication very diffi-

=~ 'cult, and requires a sacrifice in closeness of fit

a8 to compensate for greater expansion of the parts,

all of which result in reduced efficiency of the
pump, ; o - ‘
If the large pumps are run at slower than
their normal speed or if the displacement is low-
ered beyond a very limited amount, the capacity &
and efficiency decreases so - disproporticnately
that much less horespower output can be ob-
tained for .a given input by means of a larger

pump than could be obtained by a smaller pump

opérating at a higher speed. Qbviously, in the 10 .
smaller pump not only are the frictional surfaces
reduced but also the peripheral speed and centrif-
ugal forces are likewise greatly reduced over
those occasioned in the larger pumps operating - at
the same angular velocity. 15
Another inherent disadvantage of the larger
variable delivery pumps for- many applications
resides in the sluggishness of the unit in unload-
ing itself quickly. Assuming, for example, that
a larger pump with necessarily less angular ve- 20
locity is used and the eccentricity set at - zero
or greatly reduced, necessarily a longer time is
required for a complete revolution, Even assum-
ing the pump could completely unload in one
revolution therefore it is apparent that a similar 26
higher speed pump could unload more promptly.
However, the . eccentricity cannot be set so
promptly but must” be gradually changed to~
maintain a proper operating fluid pressure while
unloading.. Due to the much greater capacity 30
even greater delay for unloading of the pump
when shifting from one setting to another is oc-
casioned in the case of the larger pumps, even
though both the lirger and smaller pumps aré
delivering the same total fluld capacity.. As an 35

-example in many hydraulic press operations, a

high speed is desirable for moving-the press into
contact with the work, and thereafter a much less
speed but higher pressure is required for the

_forming operation. It is desirable, therefore, that 40

a large volume of flow be provided for the idle
stage of the press, followed, at the instant of .
engagement of the press with the work, with
prompt unloading of the pump and setting of the
pump at lesser eccentricity for building up and 45
holding the higher pressure for the forming oper-
ation. This, of course, is important so as to ob-
tain as many operations of the press per minute

as possible, Otherwise, the pump cannot com-
pete with the rapid changes in speeds and pres- 50

. sures provided by mechanical gearing. A smaller

pump operating at the higher angular velocities
obtainable therein, may be unloaded and the
eccentricity changed for higher pressure with no
appreciable loss of time. i :
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* The advantages of a relatively small and com-
pact hydraulic unit of this type which can oper-
ate efficiently throughout an infinite variety of
stages, thus providing a larger volume of flow

‘at lower pressure followed almost instantaneously

by a smaller flow but:at very much higher pres-
sure, as desired, are obvious, as such a unit makes
possible the utilization of a much smaller driving
motor, requires much less power for the com-
plete operation, and is not subject to the disad-

vantages ‘above pointed out as Dpresent in larger

wide range pumps,

The present invention has as its principal ob-
Jects the provision of a unit in which these disad-
vantages are eliminated and the provision of a
pump or motor unit of this general type in which

'a wide range of pressures and volumes of de-

livery are obtainable while maintaining, at the
same time, a relatively constant horsepower out-

put and very high efficiency for both extremes of

operation. . -
More specifically, an object is to provide a

a substantially constant horespower output in the
form of extremely high torque and low fluid de-
livery and as a lower torque and higher fluid de-
livery, while maintaining throughout the entire
range of torque and delivery combinations even

to its extreme limits, the greatest efficiencies in-.

herent in pumps and motors of this general type,

Another object is to render possible the change-
overs to and from large flow, low pressure cycles
and the low flow, high pressure cycles, quickly
and efficiently. .

Another object is to provide a multi-rotor pump
or motor mechanism combined into a single com-
pact unitary structure in which the pintle dia-
meter and resultant peripheral speeds between
the pintle and the rotors is kept relatively small
and the centrifugal forces greatly reduced.

Another object is to provide a great range of
flexibility of speeds and pressures while main-.
taining a substantially constant horsepower out-
put.

A further object is to provide a unitary struc-
ture including a plurality of separate pumping
units cooperating with a single- pintle and con-

- nected therethrough in parallel and to a common

50

1
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main delivery circuit.

More specific objects reside in the provision
of means for maintaining the desired synchro-
nous relation between the cooperating rotors of
the unit and a means for resisting and balancing
the axial thrusts on' the rotors occasioned by the
operation of the mechanism. '

Another specific object is to maintain a co-
operative relation between the cooperating rotors

of the mechanism such that, at the higher speeds -

required for high pressure, low volume delivery,

. the kinetic energy of one of the rotors is utilized

to eliminate vibration of the other &nd
more even delivery of flow.

Other objects and advantages will become ap-
parent from the following specification wherein
reference is made to the drawings in which

Fig. 1 is a horizontal sectional-view through a
dual pump or motor mechanism embodying the
principles of the present invention;

Fig. 2 is a cross sectional view of the mecha-
nism taken on a plane indicated by the line 22
of Fig. 1 and also .on a plane indicated by the
line "2’—2’ of Fig. 1, the rotor being slightly
revolved from the position in which shown in
mg. 1; . - . B .

Fig. 3 is a cross sectional view of the mecha-

provide
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nism taken on a plane indicated by the line 3—3
of Fig. 1; b . )
Fig. 4 is a diagrammatic illustration of the
flow stream of the present mechanism; )
Fig. 5 is a control valve for use in connection
with the mechanism; :
Fig. 6 is a diagrammatic illustration of an

application of the mechanism in connection with ]

‘a hydraulic press;

Fig. 7 is a diagrammatic illustration of an
application of the mechanism as a motor in cir-
cuit with a single unit conventional reversible
variable delivery pump; ,

Fig. 8 is a graphic comparison of the efficiency
of the present unit and prior structures relative
to-the respective proportions of the full stroke
of each; and ,

Fig. 9 is a reduced side elevation of a slightly
modified form of the invention illustrating the
utilization. of different size rotors in the two
units forming the combination.

Referring particularly to Figs. 1 to 3 inclusive, .

the invention is illustrated in connection with a
structure which may be utilized either ‘as a
pump or motor. For convenience in reference,
however, the description and claims will refer
to the invention as a pump, the use as a motor
being readily apparent therefrom. The word
“pump” in the claim is meant to include the
structure therein recited either as a pump or
motor.

"The pump comprises a main body comprising
a rigid weight supporting casing I, closed at the
driving end of the pump by an end wall 2 and
at the opposite end by a rigid weight support-
ing end wall 8. Within the casing i, and pref-
erably integral therewith, is a partition wall or

10

15

spider 4 which divides the casing into two sepa- -

rate rotor compartments. Mounted within and
coaxial with the casing and with each other are
rotors § and 6, arranged at opposite sides. of the
partition wall 4. Since the rotors are the same
in form and function, except, in some instances,
for differences in dimensions, only the rotor 5
will besdescribed in detail.

In the form illusirated, the rotor 5, which is

. driven by & main drive shaft T from a suitable

source of power; is .mounted near .the driving

... shaft end in a suitable set of anti-friction bear-

ings 8. The bearings 8 are arranged on an an-
nular axially extending Hub portion 9 of the
rotor and cooperate therewith and with internal
annular recesses 10 in the end cover 2 for resist-
ing both radial thrusts and axial thrusts tending
to move the rotor toward the end cover 2. The
bearings 8. are sufficiently rigid to withstand
radial rocking of the rotor.

. The rotor is provided with a set of circum- -

ferentially spaced, radially extending, hydraulic
cylinders 12 in each of which is carried a piston
14, reciprocable radially therein. The rotor is
provided with a dead end axial bore 15 which is
in communication with the cylinders 12 through
rotor valve ports 16 opening from the cylinders
into the bore'15. The rotor is provided, prefer-
ably midway between its ends, with a radially ex-
tending flange {7 in which are a plurality of cir-
cumferentially ‘spaced radially extending slots {8
corresponding in number to the pistons {4, the
walls of which slots are parallel to each other
and to the axis of the piston with which asso-

. ciated. -

Mounted within the housing 1, with its axis
parallel to the axis of the rotor 5, is a re-

actance housing 20 having external guide sur- 75-

70
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faces, cooperable with complementary guideways
in the casing |, as indicated at 21 in Fig. 2, for
supporting the housing 20 for movement thereof

- to different adjusted positions while maintaining

the axis of the housing parallel to that of the
rotor 5. Suitable control rods 22 are secured to
the housing 20 and extend to the outside of the
casing through appropriate bores in the casing
for shifting the housing to dispose its axis coaxial
with or eccentric and parallel to the axis of the

rotor 5. The rods 22, in turn, may be oper- -

ated by any suitable means such, for example,
as a “servo-control” mechanism. -
Rotatably carried within the reactance housing
20, and coaxial therewith at all times, is a sec-
ondary or reactance rotor 23 cooperable with_the
pistonsforreciprocating thesameconsequent upon
concurrent rotation of the rotor § and the re-

_sctance rotor 23. The reactance rotor 23 is

mounted within the housing 20 preferably on
anti-friction bearings 24, the races of which are
spaced apart at each side of the midportion of
the housing so as to accommodate therebetween
the cooperating head portions of the piston
assemblages. For convenience in. manufacture,
assembly and service, the reactance rotor 23 pref-
erably is formed of two axially separable annular
companion members 23a and 23b, drawn by
polts 25 against the outer ends of the inner race
of the bearings 24 and the ends of suitable
spacers 26 to form, in effect, a unitary structure,
suitable openings, as illustrated, being provided
in the flange 11 to accommodate the bolts 28
and spacers 26. For cooperating the pistons
with the reactance rotor, each piston is provided
with a crosshead 27 receivable in a correspond-
ing one of the radial slots 8 in the primary
rotor, which slots guide the cross-heads for radial
reciprocation only and transmit thereto, along
the guiding surfaces, the tangential forces re-
sulting from operation of the mechanism. Each
piston crosshead 21 is provided with a bore ex-
tending parallel to the axis of the rotor, which
receives a crosspin. 28, the crosspin protruding
beyond the crosshead at both ends. The pro-

truding ends of the crosspins are received in the
reactance rotor 23, anti-friction capillary needle

bearings being provided between each crosspin
and the walls of the bore of the piston crosshead
with which associated. :

" The rotor 6 corresponds, i form and function,
-to the rotor 5§ and is correspondingly mounted.

A secondary rotor 30 and cooperating shiftable
rotor housing 3i, for operating the pistons 32 of
the rotor 6, are also mounted in the casing. The
remote end of the rotor 8 js carried in anti-fric-
tion bearings 38 which cooperate with an inter-
nal recess in the end cover 3 for rotatably sup-
porting the rotor 6 in a position coaxial with the
rotor 5. As above mentioned, the rotor § is pro-
vided with & dead end axial bore 15, the open end
of which bore is disposed toward the partition
wall 4. The rotor 6 correspondingly is provided
with a dead end bore 35 which opens toward the
partition wall-4 and which is coaxial with the
rotor and with the bore 15 of the rotor 5. . :

For effecting the proper valving relation be-
tween the two rotors and valve pintle means, a
single stationary valve pintle 36 is provided, the
pintle having a heavy shank portion 38a inter-
mediate its ends by which it is fixedly secured in
the partition wall 4. The pintle protrudes each
way from the wall 4 coaxial with the bores I8
aind 35, one end 38b of the pintle being received

y5 snugly in the bore 1§ and the other end 36¢ being

3

received in the bore 38, The pintle end 36b is
provided with the usual valve portion cooper-
able with the corresponding portion of the wall
of the bore 15 and having therein pintle ports 37
and 38 positioned to cooperate successively with
the valve ports 16 of the cylinders upon rota-
tion of the rotor 5. The end 36c of the pintle
is provided with a valve portion cooperahle with
the corresponding portion of the wall of the bore
35.and carrying ports 39 and 40 cooperable suc-
cessively with the valve ports of the cylinders of
the rotor 6. As better illustrated in Fig. 2, the
valve ports 37 and 39 of the pintle both coop-
erate with the same longitudinally extending
ducts 81 formed in the pintle and the ports 38

‘and 40 communicate with the same longitudinal

ducts 82 in the pintle,

As more fully described in my copending ap-
plication Ser. No. 5,429 -filed February 7, 1935,
those of the ducts 4f and 42 which constitute the
pressure ducts of the pintle in a given opera-

" tion of the pump, may extend the full length of

the pintle and be open at the free ends of the
pintle so as to discharge into the dead ends. of
the respective bores of the rotors or, if desired,
a balancing duct 44 may be provided in the pin-
tle. The duct 44 extends entirely therethrough
axially for maintaining equal hydrostatic pres-
sures in the bores 5 and 35. . .
Each protruding portion of the pintle is pro-
vided both at its shank end and free end with
anti-friction capillary needle bearings cooper-
ating with corresponding internal bearing sur-

10

15

20

25

30

faces in the rotor bore with which the pintle is -

associated for resisting hydrostatic thrusts on
the pintle and maintaining it in proper coaxial
and spaced relation to the walls of the bore with
which it is in valving cooperation. Each pro-
truding portion of the pintle likewise terminates
in slightly spaced relation to the dead end bore

“with which associated so that lubricant or fluid
‘passing from the bore onto the valving surface

of the pintle and the bearings is discharged there-
over as an annular stream for maintaining a
film of fluid on the pintle and pearings. Further-
more, each of the bores is counterbored at the
open end so that a large shank portion of the

" pintle may protrude thereinto as close as prac-

ticable to the valve portion so as to insure the
utmost rigidity of the pintle and provide as great
strength as possible adjacent the valve surface to
withstand hydrostatic thrusts, all as more fully
described in my copending application, Ser. No.
5429, filed February 7, 1935.

The secondary reactance housing for the rotor
& may likewise be shifted through a medium of
suitable rods 45 for varying the eccentricity of
the reactance rotor 30 of the rotor 6 independent-
1y of or in predetermined fixed relation to that
of the rotor 23. - :

The pintle shank portion 36a which is received
in the wall # is seal fitted thereinto and is pro-
vided with-a duct 46 with which both of the ducts
41 communicates. The partition wall 4 is drilled
to provide a bore 41 directly therein ‘and com-
municating at its inner- end with the duct 46
and, at its outer end, with the main pressure line
48 of the mechanism., The shank 36a is also pro-
vided with a duct 49 which .communicates . with
the ducts 42, the partition wall being ‘provided
with a duct 50 which communicates at its inner
end with the duct 49 and at -its outer end with
the main inlet or feed lin of the mechanism.

It is apparent that if the rotors are operated
simultaneously with their secondary reactances

45

50

55

%

70
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disposed eccentrically in the same direction from
the common rotor axis both will supply fluid un-
der pressure to the line 48. If, however, either
the secondary reactance 23 or the reactance 30

" were disposed coaxial with the rotor with which

associated only one of the rotors would act as a
pump. and the other one would be idle. .
‘In order to drive the rotors in the predetermined
timed relation, with respect to each other so as
to effect the particular result desired, the rotors
are connected together by mechanical gears. Re-
ferring to Fig. 1, the rotor 5, at the end adjacent
the wall 4 is provided with an external helical
gear §§ which preferably is positioned axially of
the rotor to overlie the needle bearings adjacent
the shank portion of the pintle. The rotor § is
correspondingly provided with a helical external
gear 56 similarly arranged. Mounted within the
partition- wall 4 are circumferentially spaced
bushings 87 which extend parallel to the axis of
the pintle. The bushings are spaced equidistant
from each other and each carries longitudinally
spaced - sets of capillary needle bearings 58
through the medium of which a driving shaft 59
is rotatably supported in each bushing. Each
shaft §9 protrudes at each end beyond the wall
4 and is provided at its respective ends with heli-
cal gears 68 and 61 which cooperate respectively.

with the gears 55 and §6 of the rotors for effect- -

ing the driving relation therebetween. The hel-
ical gears are so pitched that the reactance
thrust on the rotors due to the driving there-
through is in a direction opposite to the thrust on
the rotors due to the hydrostatic pressure in the
respective dead end bores thereof so that the
rotor bearings are relieved of as much reactance

stress as possible. Thrust washers 62 are provided -

between each gear and the wall 4 for maintain-
ing the gears and shafts 58 and needle bearings
in proper axial position. Any number of such
gear connections between the rotors may be pro-
vided, two being shown herein for purposes of
illustration. The sets of gears should be spaced
circumferentially equidistant from each other,

‘88 stated ‘above, so that the driving stresses im-
-parted by the gear teeth shall be in mechanical

balance with reference to the pintle and will not

-tend to deflect it radially due to any mechanical

unbalance. This balance can readily be effected
by ‘arranging the sets of gears so that for each
set there is a diametrically opposite set. By “heli-
cal” gears I means generally gears whose teeth
are directed other than axially, in other words,
are 50 directed that the reactance thrust on the
gears will produce an axial thrust component.

The rotors may be driven at the same speed or
at different speeds depending upon the particu-
lar gear relation provided and the particular re-
quirements of the particular job or function to
be performed by the pump mechanism. For ex-
ample to drive the rotor 6 at a greater or less
speed than the rotor §, it is only necessary to pro-
vide a larger gear on one rotor and smaller gear
on the corresponding end of the shaft §9. For
illustrative purposes, the gears 60 and 6{ and the
cooperating gears 56 and 56 are shown as co-
operated for driving the rotors 5§ and 6 at the
same angular velocity. .

Having in mind’that a smaller pump at high
speed is generally more efficient than a larger
pump of the same delivery at low speed, it is
obvious that with a given power input through
the ‘medium of the shaft T and with the same
high eccentricity of the secondary reactances
23 and 30, as large a volume of fluid can be de-

2,172,000

livered to the main pressure line 48 providing the
pressure is not too great as with a larger pump.
If merely the eccentricity of both rotors were de-
creased, & higher pressure -but less volume could
be obtained. If this increase were continued, the
bressure could be built up but when a very low
eccentricity was reached, there would be a great
decrease in the efficiency of the pumps. - Assum-
ing therefore, that a large volume and low pres-
sure were desired, both units could be set for
maximum stroke and the large volume of flow
at low pressure delivered. Assuming that this
flow must be followed by .a prompt increase in

pressure, then the. eccentricity of the rotor §.

could be set to zero and that of ‘the rotor to
less eccentricity than previously operated but not

50 low as would be necessary were both pumps-

operating. . With a constant power input and
idling of the rotor 6, it is apparent that the rotor
5 could be driven at much greater speed and with
& resonably large proportion of its maximum
stroke. This would provide a much higher ef-

‘ficiency than were both the rotors driven at ex-

tremely low eccentricity. Since both pumps are
small, it is apparent that they ¢an be operated
at higher angular velocity than a single larger
pump of equal capacity, and the one which is
idled can readily be unloaded from its oil supply
much more quickly than could a larger pump.
Furthermore, since the greatest eccentricities of
each of the two smaller pumps is less than would
be provided in such larger pump, the time re-
quired for setting.the reactance rotors to the new
positions for high pressure is’' very much shorter,
In fact, so short as to require no substantial
delay.

Another feature that should be pointed out is
that high speed and high pressure often create
in a pump of this character a certain tendency
toward <vibration, due to the time elapsing be-
tween cooperation of one cylinder port and the
cooperation of the next succeeding' cylinder port
with the same pintle port. This is due somewhat
to the fact that the mass of the motor and co-
operating  parts is reduced to a minimum com-
mensurate with the work to be done. According-
1y, much less kinetic energy is stored in the pump
than would be the case were a large rotor used.
Assuming the rotor 5, however, is operating at
high speed and the rotor § is idling, the rotor
6 provides additional mass with resultant kinetic

energy for carrying the rotor past the peaks and -

troughs of the pressure delivery and renders the
operation more uniform. When a large and
small rotor are used in combination, suitable
check valves may be provided in the pintle ducts
to protect the larger rotor from the high pres-
sures developed by the smaller, and thus reduce
the cost of the larger pump and insure full
efficiency of the smaller. ‘

Ii is apparent that many combinations can be
obtained by changing the driving gears between
the rotor § and the rotor 6. The range can
readily be extended further by the utilization of
a structure such as illustrated in Fig. 9, in which
the rotors are of different sizes. - :

Referring next to Pigs. 4 and 5, the flow of
fluid in the unit, when operating as a pump, is
Mustrated diagrammatically. Assuming both

the same size and same eccentricity for each
rotation, fluid under pressure.is introduced into
the pintle concurrently through the ports 37 and
39 and passes through the pintle into the com-

mon feed line 48. Correspondingly, fluid is drawn

8
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through the feed line 5¢ to the ports 38 and 40
concurrently and again discharged when .the

corresponding pistons again reach the ports 3T

and 39. Accordingly, a fluid delivery of twice the
capacity of either rotor may be obtained with the
rotors operating at high speed. Assuming, how-
ever, that the rotor 6 is so set that its eccentricity
is zero it then acts as a fly wheel for the rotor
8, and the only fluid delivered is delivered
through the port 81. ‘

It is epparent that a single rotor may be run

at much higher speed with moderate eccentricity
to obtain an extremely high pressure instead of

poth rotors being run at a jower speed or at an

eccentricity so low that the efliciency of both
is greatly reduced. Further, short stroke ef-
ficiency of both large and small pumps is less
then full stroke efficiency. This effect can be
more readily eppreciated by reference to Fig. 8.
In the graph therein illustrated, the abscissa
represents the proportional part of the possible

. stroke or eccentricity, the percentage of efficiency

being represented by the ordinate. In the
graphical representation the curve B represents
the efficiency curve of a pump or motor having a
flow capacity about four times that- shown by
the curve A.  The courve A1 is the same as A
but is brought into capacity relation to curve B.
Referring to curve B, it is apparent that when
the eccentricity if @ of the total, the efficiency is
only 30% as indicated by the point e; for ec-
centricity % the efficiency is about 48% as indi-
cated by the point f; for % eccentricity the ef-
indicated by the point ¢
and for ¥ eccentricity the efficiency is about
68%. Not until the eccentricity is about half
the total does the efficiency reach 80%. While
delivering the same capacity of flow, at these
lower limits, a smaller pump, indicated by the
curve A1, will reach about 63% efficiency for a
capacity at which the larger pump would be op-
erating at about 30%. It is obvious to reference
to the points a’, &, ¢’ and d’ that the ef-
ficiency of the smaller pump increases far more
rapidly for capacities equal to those delivered by
the larger pump when the latter is operating at
less than 50% eccentricity. Therefore two small-
er pumps operating at
be much more efficient than a large pump of
capacity equal-to the two and operating at % or
less eccentricity. Furthermore, by idling one

pump, the total input ‘of horsepower can be ap-

plied to the other and operate it at an eccentricity
commensurate with high efficiency while main-
taining a low flow, high pressure delivery.

As one exemplary use of the invention, it is
diagrammatically ilfustrated in Fig. 6 for use In
connection with a hydraulic press in which a
large flow and corresponding movement of the
press is required preparatory to engagement with

the work and a much higher pressure but less flow .
" is required for the forming operation.” It

parent that with this structure both the rotors
5 and 6 can be operated concurrently to provide

for the initial movement of the press until the

press has engaged the work. . Thereafter the
rotor 6 can be set at zero eccentricity and the
high pressure for the forming operation- per-
formed by the rotor 5. In this operation the flow
from the unit passes along the main line 48 into
a control valve 70 from which it passes into the
feed line 11 for supplying pressure to the piston
12 of the press. Fluid in front of the piston con-~
currently _discharges through the line 13 and

through the valve 10 and line 74 to a feed sump 15

higher eccentricity would

is ap-"

5
from which it is drawn through the line 51 into

the unit. The control valve 70 is better illus- -

trated in Fig. 5. The valve 70 comprises a body
having a main inlet 16 connected to the main feed
line 48 of the mechanism for supplying fluid
under pressure thereto. Within the body is a
main bore 11 with which the passage 16 communi-

cates. Likewise communicating with the bore 17 .

are passages 79 and 80, these passages opening
into the bore 77 at opposite sides of the opening
of the passage 76 thereinto. The passage 18 com-~
municates with the line 71 leading to the working
side of the piston 72 and the passage 80 com-
municates with the line 73. At the ends of the
pore 11 are ducts 8t and* 82 which communicate
with a main trunk line 83 which, in turn, com-
municates . with the line 74. Mounted in the
10 is a valve rod 84 on.which are carried sleeve
valves 85 and 86 snugly received with a hydraulic
fit in the bore 77 and spaced apart from each
other longitudinally thereof. The sleeve valves
85 and 86 are of sufficient diameter to close that
porticn of the bore 17 in which received. The
passages 76, 79 and 80 are spaced apart equal

-distances, such distance being slightly greater

than the lengths of the sleeve valves 85 and 86.
vaiously, when the valve is set in the position
illustrated in Fig. 5, fluid delivered from the feed
line 43 can flow only to the line 71 leading to
the pressure side of the piston. The fluid at the
opposite side of the piston discharging through
the line 73 enters the valve through the passage
88 -and can pass through the ducts 82 and 83
to the discharge line 14, the valves 85 and 86
preventing passage of fluid from either passage
16 or 19 into the duct 83. To reverse the piston
12 the valve stem is pulled to the right, this op-
ération communicating the line 73 with the line
48 thus forcing the fluid to the lead side of the
piston. Concurrently line 13 is prevented from
communication with the duct 83 and the passage
76 is Aprevented from communication with the
passage 19. The fluid on the force side of the pis-
ton 12 therefore is discharged through the line
11 and through the duct 8} into the main trunk
83 from which it passes into the line T4, It is
apparent that by using & Servo-motor, it is a
simple matter to control the eccentricities of the
two pump units herein shown in response to ac-
tions of the press, a simple lever connection be-
tween the press and Servo-motor being provided
to idle the rotor 6 when the press engages the
work for the forming operation. N

Referring next to Fig. 7, the operation of the
unit as a motor is illustrated, fluid under pres-
sure being supplied from a suitable sump Stoa
reversible variable delivery pump P, ‘the pressure
line of which is designated 86, the suction side
being, designated 87. Fluid, under pressure
therefore is forced from the pump into the pas-
sage 48 of the unit and thereby drives the rotors
5 and 6 concurrently and is discharged there-
from through the pasage 51 which, when the unit
was operating as a pump, was the suction pas-
sage. From the passage 5/, in turn, the fluid will
be conducted to the suction 81 line of the pump.
A check valve V is provided in the line 87 be-
tween the sump and juncture’ with the line 5l
to assure an - adequate supply of fluid and thus
replace any lost by slippage through the device.
Instead of the pump P, a multi-stage reversible

- variable delivery pump, the same as the motor of

Fig. 7, may be employed, in which combination
the effective range and possible variations are
infinitely increased. ’ ’
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It is apparent therefore that with the unit de-
scribed and the variations set forth, an extremely
wide range of flow and pressure and a wide range
of combinations can be provided from. a substan-
tially constant horsepower input and that the
total horsepower input can be translated either
into-large volume of flow or high pressure at a
substantially constant horsepower output and
high efficiency throughout, the only losses occur-
ring being those inherent in hydraulic pumps and
motors even when operating at their highest effi-
clency. While I have described, for purposes of
illustration, the use of the present invention: in
connection with a reciprocatory press operated at
various stages, it is readily apparent that great
advantages can be obtained with the present
pump or motor as & constant horsepower trans-
mission device in numerous kinds of machinery,
such as automobile transmissions, machine tools,
excavators, cranes and in such apparatus as
utilizes Diesel power engines as prime movers.
The advantages reside largely in the fact that in
these various types of apparatus the efficiency of

_ the prime mover itself is developed to the highest

25

if it can be operated at its rated speed constantly.
I claim:

2,172,900

A multi-stage hydraulic bump £ motor com-
prising a pair of coaxial rotary radial piston stage

units, each unit including a rotor having a closed

end valve bore, piston and cylinder assemblies
for each rotor, reactance means for the asemblies
respectively for actuating the same, means ro-
tatably mounting said rotors in spaced’ relation

axially from each other and with the valve bores

coaxial and opening toward each other, a rigid
support between the rotors, a valve pintle fixedly

. secured in said support and extending in oppo-

site directions therefrom into the respective bores
of the rotors and being in valving relation with
the respective asemblies, whereby hydrostatic re-
actance thrusts result in said bores urging said
rotors axially apart, a rotatable shaft mounted
in said support, helical gears respective to the
ends of said shaft and fixedly secured thereon,
cooperating gears on the rotors respectively for
drivingly connecting the rotors together mechan-
ically, and said gears being helically pitched to
cause reactionary thrusts urging the rotors ax-

lally toward each other, and impeller means for

one of said rotors and coaxial therewith,

ELEK K. BENEDEK.
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