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Elek K. Benedek, Bucyrus, Ohio 
Application July 10, 1935, Serial No. 30,608 

3 Claims. (Cl 103-161) 
This invention relates to hydraulic pumps and 

motors and particularly to a new two stage re 
versible hydraulic engine which may be operated 
as a pump for generating hydraulic fluid pres 
Sure by separate independently controlled prime 
novers simultaneously and as a motor for utiliza 
tion of pressure fluid from a given source for op 
erating a single driven member at different 
Speeds or two separate driven members simul 
taneously or successively at greatly different and 
variable speeds. 
One object is to provide a multistage motor for 

driving a given shaft or member at a wide range 
of Speed while delivering the constant horsepower 
of a driving engine. 
Another principal object of the present inven 

tion is to provide a multistage hydraulic machine 
in which each stage is reversible independently of 
the other when used as a motor and may be con 
trolled ihdependently of the other or in given as 
Well as in any desirable variable relations there 
to, and in which both units are reversible simul 
taneously as a pump so that the structure may 
be employed as a multistage pump, or as a multi 
stage motor at high efficiency. 
Another object is to hydraulically interconnect 

the stages of the pump for variable speed ratio 
of two independent prime movers in a manner 
aSSuring independent and flexible speed in each 
prime mover with proper power ratio input and 
fluid preSSure equalization of the powers of the 
prime movers. - 

Another object is to provide a hydraulic en 
gine for this purpose which is highly efficient and 
simple and compact in structure. 
A more specific object is to provide a multi 

stage pump, driven by a high speed prime mover 
and a low speed prime mover simultaneously for 
generating pressure fluid in the common line of 
the stages. 
Another specific object is to mechanically co 

nect the stages of the pump for a fixed speed 
ratio of high and low speed prime movers, so as 
to insure accuracy in synchronization thereof 
through the pressure and proper distribution of 
Component powers therebetween. 
Another object is to provide a multistage mo 

tor in which each stage is of different capacity 
and provided with a separate driven shaft for 
low and high speed respectively. 
Another specific object is to separate and 

dampen the torsional oscillation of the prime 
mover and the driven shaft respectively. 
A more specific object is to provide a hydraulic 

motor mechanism for use in connection with a 

power driven shaft by virtue of which the prime 
mover thereof can be operated at the speeds most 
Suitable for highest efficiencies and economy of 
performance and, during the operation, the de 
sired speeds of rotation of the shaft for given 5 
operations can be effected by gradual continuous 
increments throughout the range of speeds re 
quired for such operation without operatively dis 
connecting the shaft from the prime mover while 
effecting the desired changes. O 
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 
the axis of a pump of the present invention; 5 

Fig. 2 is a cross sectional view taken on the 
lines 2-2 of Fig. 1 and 2a-2a of Fig. 3; 

Fig. 3 is a horizontal Sectional view similar to 
Fig. 1, illustrating a modification of the inven 
tion; 20 

Fig. 4 is a horizontal top plan view illustrating 
the use of the present structure as a hydraulic 
motor combination for driving a single shaft; 

Fig. 5 is a fragmentary CrOSS Sectional view 
staken on a plane indicated by the line 5-5 in 25 
Fig. 4; and 

Fig. 6 is a diagrammatic side elevation illus 
trating the use of the structure of the present in 
vention as a multistage pump. 

Referring to the drawings, and particularly to 30 
Fig. 1, there is illustrated a dual stage hydraulic 
machine, comprising a rigid cylindrical casing 
having a small diameter portion 2 at one end 
and a larger diameter portion 3 at the opposite 
end with a heavy rigid spider or radial wall 4 be- 85 
tween said casing portions dividing the casing 
into a large diameter compartment and a small 
diameter compartment respectively. The ends 
of the casing portions 2 and 3 are closed by rigid 
supporting end covers 6 and respectively 40 
through which project the impeller shafts and 
9 respectively of the dual hydraulic engine. 
For brevity in illustration, the structural de 

tails will be described as a pump, the uses as a 
motor being referred to generally. 45 
Since the pump stage units are the same in 

structure, differing only in dimensions, the pump 
unit included in the housing portion 3 only will 
be described in detail. With reference to Fig. 1, 
within the casing portion 3 is a rigid forged cyl- 50 
inder barrel O which is mounted at its ends in 
combination antifriction radial load and thrust 
bearings for rotation about its longitudinal axis, 
the impeller shaft 9 preferably being formed in 
tegral with the barrel O. For supporting the ss. 
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2 
barrel within the casing portion 3, the wall 4 
therein is provided with an axially extending an 
nular flange within which is mounted the outer 
race 2 of a set of tapered roller bearings or their 
equivalent. The barrel fo, in turn, is provided 
adjacent the wall 4 with an annular reduced di 
ameter portion 3 on which is mounted the inner 
race 5 of the roller bearings. Between the re 
Spective races are interposed the tapered rollers. 
6 arranged to resist both radial load and axial 

thrust, the races, in turn, engaging the radial 
portion of the Wall 4 and the radially extendings 
end wall of the barrel to adjacent the hub 3 for 
resisting axial displacement of the races. Cor 
respondingly, the opposite end of the barrel is 
mounted in tapered rollers 7, the outer race 
thereof being mounted in the end plate in a 
manner similar to the race 2 and being adjust 
able axially for compensating for wear and di 
ametral slackness of the end plate 7. Suitable 
shims may be interposed between the Outer mar 
gin of the plate 7 and end wall of the casing por 
tion 3 for effecting this adjustment. The barrel 
is sufficiently rigid to withstand deflection inter 
mediate the bearings so as to reduce any tendency 
to bind on the valve, pintle to be described. 
The barrel O has a plurality of circumferen 

tially spaced radial cylinders 8 positioned mid 
way between the rollers 6 and 7 and each Open 
ing through suitable respective ports 8a into a 
central axial valve bore in the barrel O. The 
barrel O has a radial flange 9 positioned in the 
zone of the cylinders 8 and in alignment with 
each cylinder there is provided in the flange a 
radial guideway 20, as better illustrated in Fig. 2. 
Mounted in the respective cylinders 8 are re 
ciprocable plungers 2, each of which is provided 
with an enlarged head 22 which is reciprocable 
radially within the associated guideway 20. Each 
head 22 has a bore 23 which extends parallel to 
the barrel axis and in which is received an Op-. 
erating crosspin 24 having reduced end portions 
25. The central or enlarged portion of the cross 
pin is received in the bore 23 and mounted there 
in on capillary cageless needle rollers 26 so as to 
be freely rotatable therein. The end portions 25 
extend beyond the lateral faces of the heads 22 
so as to cooperate with appropriate reactance 

The lateral faces of the heads 22 are 
parallel to each other and present flat plane sur 
faces of smooth finish. 

In Order to actuate the plungers through the 
medium of the pins 24, a pair of coaxial reactance 
rings 2 are provided at opposite sides of the 
plungers and ends of the flange. The flange 
likewise has flat parallel radial end walls which 
lie substantially in the planes of the side faces 
of the plunger heads, the flange being slightly 
narrower than the plunger heads. The rings 27 
are provided with their adjacent walls flat and 
parallel so as to lie snugly adjacent the opposite 
faces of the flange 9 and lateral faces of the 
plunger heads 22, operating clearance only being 
provided therebetween. Each of the rings 27 is 
Substantially square in cross section and is pro 
vided with annular grooves 28 opening through 
the radial walls adjacent the barrel flange and 
receiving the protruding ends 25 respectively of 
the crosspiris 24 with sufficient clearance to per 
mit rolling engagement between each pin end and 
one wall only of the associated groove at any 
given instant, either the radial outward Wall or 
the inward Wall. 
The rings 27 are mounted in an annular re 

actance member or stator 30, the stator Com 

2,208,568 
prising a ring having its inner face beveled 
axially from the mid-portion and forming there 
by the outer raceways 30a for tapered roller bear 
ings 3. The rings 27 are provided with annular 
slanting grooves correspondingly formed to re 
ceive the tapered rollers 3, as indicated at 2a, 
So that standard tapered rollers may be used for 
mounting the rings in condition to resist both 
radial and axial thrust in a compact manner. 
As better illustrated in Fig. 2, the stator 30 is O 
provided with slide supporting bearing Surfaces 
32 at diametrically opposite portions. The casing 
3 is provided with complementary flat parallel 
bearing surfaces 33 so that the stator may be 
Supported within the casing 3 With its axis 
parallel to the axis of rotation of the barrel while 
being shiftable to change the eccentricity of the 
reactance means relative to the barrel and its 
associated plungers. Control rods 34 are con 
nected to the stator 30 and extend diametrically 
opposite from each other, through suitable bores 
in the casing 3 so that the stator and conse 
quently the stroke of the pump may be adjusted 
from the Outside. The bores and the control rods 
34 are provided with slight clearance space so 
that the stator 30 may be self-adjusting with the 
rollers 3 in order that the rollers 3 match their 
tapered grooves in rings 27 respectively. 
As set forth above the barrel 0 is provided 

with an axial bore with which the cylinders 8 
are in communication, each through its in 
dividual port 8a. For effecting the proper valve 
ing relation a pintle 35 is provided, the pintle 
having an enlarged shank portion intermediate. 
its ends by which it is fixedly secured in the 
partition wall 4. One protruding end of the 
pintle is received in the valve bore of the barrel 
0 and is provided with a valve portion 35a, which 

lies in the zone of the cylinders 8 and terminates 
as closely as practicable axially beyond the ports 
8a, so that the entire valving portion 35a of the 

pintle may be maintained completely covered 
with hydraulic fluid and a hydraulic pressure oil 
film provided thereabout for preventing elastic 
deflection and binding of the valve portion of 
the pintle as a result of hydrostatic unbalance. 
Beyond the valve portion remote from the wall 
4 the pintle is provided with a reduced diameter 
race portion 35b on which operate capillary cage 
less needle rollers 36 which, in turn, are in rolling 
engagement with the walls of the barrel bore. 
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The barrel bore is counterbored to a larger diam 
eter at the end of the barrel adjacent the wall 4 
so that a larger diameter portion of the pintle 
may be provided and extend as close as possible 
to the valving portion 35a. On this enlarged 
diameter are a pair of race portions 35c on each 
of which is a set of cageless roller bearings 37 
which engage the circumferential wall of the 
counter. bore of the barrel. To provide a com 
bination anti-friction and high pressure oil film 
bearing between the barrel and pintle and thus 
insure clearance for the instantaneous formation 
of the film between the pintle and barrel bore 
wall, the rollers preferably are of the capillary 
cageless combination or, if not true capillary 
rollers, are spaced preferably a capillary distance 
apart from each other. The pintle valve portion 
35a is provided with a valve pressure port 38 and 
a diametrically opposite suction port 39, the ports 
being successively cooperable in valving relation 
with the cylinders consequent upon rotation of 
the barrel, and being reversible. The opposite 
end of the pintle is provided with a pressure port 
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44 and a suction port 45 corresponding to the 75 
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ports 3 and 39 respectively and in valving co 
operation with the cylinders of the smaller barrel 
50 of the pump. These ports are reversible 
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simultaneously with the ports 38 and 39 by re 
versing the main ports. 
As illustrated in Fig. 2, the pressure port 38 is 

connected with longitudinal ducts 40 formed in 
the pintle and the suction port 39 is connected 
with ducts 4 likewise formed in the valve pintle. 
In the portion of the pintle by which it is 

mounted in the Wall 4 is a main pressure port 
42 and a diametrically opposite main suction or 
low pressure port 43. The main pressure port 42 
is connected through the ducts 40 with the in 
dividual ports 38 and 44 of the stage units and . 
the suction main port 43 is connected through the 
ducts 4 with the individual ports 39 and 45 of 
the stage units. The ducts 40 consequently pro 
vide communication between the ports 38 and 44 
and One of the main ports 42 of the two stage 
units. The Suction ducts 4 provide communica 
tion between the main port 43 and the individual 
ports 39 and 45. Thus the ports 38 and 44 cor 
nect with one main port 42 and the ducts 39 and 
45 connect with the other main port 43 of the 
pump. In this manner both the barrel O and 
the barrel 50 may be operated independently by 
their respective shafts 9 and 8. As illustrated, 
the reactance of the smaller barrel 50 is also ad 
justable so that both the large and small units 
of the pump may be independently regulated for 
Speed and torque and independently reversed. 

Referring, again to the barrel 0, it is oft 
times desirable and even necessary that coupling 
means be provided between the barrel and the 
reactance for positively coupling the same for 
starting the reactance in synchronism with the 
barrel and for maintaining the positive coupling 
engagement therebetween. For this purpose a 
plurality of bores 5 positioned one bore between 
each pair of adjacent cylinders or guideways 29 
are provided in the flange 9, these bores ex 
tending parallel to the barrel axis. The bores 
are spaced preferably radially inwardly from the 
..outer limits of the flange so that bridge portions 
52 provide for retaining the strength of the fiange 
at its outer periphery and for preventing de 

65 

formation thereof under stress or during heat 
treating of the metal. In the reactance rings 
27 are coaxial holes extending parallel to the 
barrel axis, the holes of one ring being aligned 
With those of the other and being positioned 
radially of the rings So as to lie within the radial 
limits of the grooves 28. Carried in each pair 
of aligned holes are coupling and clamping bolts 
5. These holes correspond in number and, in 
the center position of the pump, to the bores 
5 so that they may be aligned therewith. 
Coupling bolts 54 are received in each pair of 
aligned holes and extend through the bores 5, 
one end of each of the bolts 54 being in screw 
threaded engagement with One of the rings and 
the other end being provided with a head portion 
54a, so that the rings may be drawn toward each 
other. . - 

Mounted on each bolt 54 is a sleeve 55 of 
proper diameter to snugly fit at its ends within 
the grooves 28 so that the ends of the sleeves . 
engage the bottom or end wall of the grooves 28, 
thus fixing the spaced relation of the rings 27. 
Mounted on each sleeve 55 is a rotatable sleeve 
56 of sufficient inside diameter to permit the 
formation of capillary oil films between them 
and the corresponding sleeves 55. The sleeves 56 
lie entirely between the rings 27 with operating 

3 
clearance at the ends so that they may come 
into rolling contact with the circumferential 
walls defining the holes 5 at the maximum stroke 
of the pump unit only, except that upon start 
ing, the sleeves 56 may engage the walls of the 
bores 5 at any stroke so as to start rotation 
of the reactance by the barrel or, if the reactance 
is rotated, may start the barrel without undue 
racing of the pins 25 in the grooves 28. When 
-Operating at full eccentricity, however, the di 
ameter of the sleeves 56 and bores 5 are such 
that the sleeves remain in rolling engagement 
and roll entirely around the circumferential walls 
of the bores, thus affording a positive coupling 
means between the barrel and reactance through 
the medium of the flange 9. 
As will more fully appear hereinafter, it is 

sometimes desirable that the barrels (O and 50 
of the pump be mechanically connected and 
thereby constrained to a fixed speed relation with 
respect to each other, as more fully described 
in my opening application, Serial No. 7809, filed 
February 23, 1935. For this purpose the struc 
ture illustrated in Fig. 3 is highly desirable. In 
Fig. 3, the parts corresponding to the parts illus 
trated in Fig. 1 are designated by corresponding 
primed numerals so that the parts and Opera 
tion thereof are clear without additional de 
Scription. However, in addition to the parts 
heretofore described, there is provided in the 
wall 4' a bore extending parallel to the barrel 
axis but disposed eccentrically thereto. Mounted 
within this bore is a sleeve 60 in which is ro 
tatably mounted a shaft. 62, the shaft 62 being 
Supported in the sleeve 60 in sets of capillary 
cageless rollers 63 retained by suitable, spacing 
washers. Keyed to the opposite ends of the 
shaft 62 are spiral gears 64 and 65 respectively. 
On the barrel O' there is provided a spiral gear 
66 complementary to the gear 64 on the cor 
responding end of the shaft 62 and in engage 
ment therewith. A gear 67 complementary to the 
gear 65 and in engagement therewith at all times 
is provided on the barrel 50'. By this arrange 
ment the barrels are geared together and me 
chanically constrained thereby to a fixed-speed 
ratio with respect to each other at all times. The 
size of the gears 64 and 66 and the gears 65 and 
67 may be changed to provide any fixed ratio 
desired. Generally, however, the larger pump 
unit is driven at a slower speed in inverse pro 
portion to the power ratio than the smaller unit, 
to obtain the greatest possible efficiency for a 
greater power input. Consequently, the gear 64 
is preferably Smaller than the gear 65. So as to 
effect a step-down speed relation from the Small 
high speed barrel 50' to the larger slow speed 
barrel O'. Regardless of the speed ratio main 
tained between the barrels, however, by this me 
chanical connection, the reactances of the bar rels may be separately adjusted, thereby adjust 
ing the speed of the interconnected barrels when 
operated as a motor. Again, the stroke control 
ling means of both the large unit and the Small 
unit may be mechanically secured for operation 
in a fixed ratio to each other when desired. In 
the present application, however, as distinguished 
from my copending application, Serial. No. 7809, 
filed February 23, 1935, both units are provided 
with impeller shafts 8 and 9 respectively for 
driving connection with independent prime 
movers of fixed speed ratio to each other, when 
used as a pump and for connection to separate 
means, or selective gears of a train, to be driven 
by the structure when used as a motor. . 
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4 
Referring next to Figs. 4 to 6 inclusive, some 

applications of the hydraulic machine herein 
illustrated are discussed for showing the flexi 
bility and advantages of the structures. 

Referring to Figs. 4 and 5, there is illustrated 
a connection of the hydraulic machine of Fig. 3 
for use as a motor. In this application of the 
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machine, suitable brackets 60a and 6 a. are Se 
cured to the casing portions 2 and 3' respec 
tively and carry bearings 62a and 63a respec 
tively, in which is mounted a rotatable driven 
shaft 64a. On the opposite ends of the shaft 64a 
are spiral gears 66a and 67a respectively, the gear 
66a preferably being of smaller diameter than 
the gear 67a. These gears are connected to the 
shaft by suitable spline connections 68a and 69a 
respectively, so that the gears may be shifted 
along the shaft by a suitable shifting fork T0 to . 
operative and idle positions. On the shafts 8 
and 9' respectively of the machine are mounted 
gears 72 and 73, the gear 73 being Smaller than 
the gear T2 and in mesh with gear 67a in One 
shifted position of the gear 67a. The gear 72 
is in mesh with an idling gear 74 positioned for 
cooperation with the gear 66a when the gear 66a 
is shifted by the fork TO to proper position. The 
fork TO is operable to shift both the gears 66a 
and 67a simultaneously so that one becomes oper 
ative and one idle concurrently. 
In the form illustrated, the port 42' is consid 

ered the main pressure port and the port 43' 
is the main suction or low pressure port. As 
illustrated in Fig. 5, a return pipe line 76 is con 
nected to the port 43' and communicates with 
a suitable sump 78. A working pressure pipe 
line 80 is connected with the port 42' and is 
provided with a valve 8" for purposes later to be 
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described. The line 80 is connected to the pres 
sure side of a reversible, variable delivery pump 
A, which supplies the operating pressure fluid, 
the pump A being also connected to the Sump 78, 
as shown. 
The reactances or stroke controlling means of 

the respective units are controlled independently 
by suitable hydraulic servo-motors through their 
pilot controls 82 and 83 which, in turn, operate 
control rods such as the rod 34’ of Fig. 3. The 
servo controls 82 and 83 are more fully described 
in my copending application, Serial No. 749,746, 
filed October 24, 1934 and may utilize the pres 
Sure fluid from a separate pump for moving the 
reactances connected thereto in accordance with 
the setting of the pilot valves of the control 
through the medium of the rods 84 and 85 re spectively. 

In order to illustrate the operation of the 
structure as a motor and to illustrate its advan 
tages, the operation will be described in connec 
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tion with the driving of a spindle of a machine 
tool in which a low speed cycle of from 30 R.P. M. 
to 300 R. P. M. is used at one time and a high 
Speed cycle of about 1200 R. P. M. is used at an 
other time. Only occasionally are speed cycles 
of 600 R. P. M., 800 R. P. M. and other speeds 
between 300 R.P. M. and 1200 R. P. M. required. 
Fluid under pressure is supplied from a constant 
delivery pump A through the line 80, the valve 
8 being open. The pressure fluid flows to both 
units or stages of the motor so that the barrels 
0' and 50 may be operated concurrently or 

Selectively. The reactances of the units are inde 
pendently adjusted for operation in the desired 
relation to each other. If it is required that the 
shaft. 64a is to be driven in the same direction 
by both units, the small unit may be reversed rel 

out its most favorable speed range. 

2,208,568 
ative to the large unit so as to compensate for 
the reversal of drive due to the idler gear 74. 
The slowest speed of 30 R. P. M. is obtained 

with a correspondingly large torque by setting 
both units at maximum eccentricity, thus utiliz 
ing the combined motor capacity for Speed re 
duction. However, the large unit is so dominant 
in the capacity ratio, that no appreciable under 
speed drive results from the addition of the ca 
pacity of the small unit. 

If, now, speeds from 30 R. P. M. to 300 R. P. M. 
are required, it is only necessary to gradually 
reduce the stroke of the large unit, and this may 
be done throughout this speed range Without any 
appreciable change in efficiency or horsepower 
output. If the highest speed of the shaft 64a 
is required, the gears. 6d. and 3 are disasso 
ciated and the gears 72 and 74 and 76 associated. 
The capacity of the large unit is thereupon set 
at Zero. This action, due to the much greater 
capacity of the large unit, will simultaneously 
increase the Speed of the Small unit to its critical 
speed at which the shaft is driven at 1200 R. P. M. 
Due to the capacity ratio of the two units, the 

Speed of the Small unit will be controlled through 
a wide range by changes in the stroke or eccen 
tricity of the large unit, as each unit is prevent 
ed from racing by the geared connection therebe 
tween through gears 64, 65, 66 and 67 within the 
casing. If, therefore, the occasional intermediate 
speeds of 600 R. P. M., 800 R. P. M. etc. are re 
quired, these are obtained from the small unit 
by adjusting the stroke of the larger Init so 
that only the required part of the pressure fluid 
passes to the Small unit. The fluid passing to the 
large unit is not wasted, but is added by the 
large unit to the same shaft 64a. 
During these operations, the units are operated 

at high efficiency, since each dominates through 

increase and decrease in speed is stepless and 
cone unit is used as a valving means for con 
trolling the volume of fluid passed to the other, 
thereby controlling the speed of the latter. Con 
Sequently, throughout their operating ranges, 
each unit may operate at substantially its full 
stroke to insure efficiency in operation. If over 
speed is required, obviously this can be obtained 
by reducing the stroke of the small unit after 
the large unit is idle and at Zero stroke. 
A contribution to the higher efficiency of the 

Combination resides in the fact that a large and 
rigid unit is necessary to deliver large torque 
at low speed efficiently, whereas a small unit is 
necessary to deliver low torque at high speed 5; 
efficiently. In the structure shown, since the 
maximum fluid capacity of the large unit is 
Several times that of the maximum fluid capacity 
of the Small unit, low speed is obtained by the 
large unit and high speed by the Small unit for 
the same total amount of pressure fluid. Each 
Operates within a wide range of speeds and 
torque at substantially constant horsepower with 
relation to the speed of the pump A, both units 
being of economical design for the range in 
which they operate. Furthermore, both units 
have infinitely variable speeds with efficiency 
within their operating ranges. 
When the machine in connection. With which 

the transmission is to be used and the operating 
range and characteristics are such that a con 
tinuous rise in speed from the lowest to highest 
limit is required, the units are chosen with re 
Spect to each other so that when the capacity of 
the larger unit is reduced to the point where its 

Thus the . 
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efficiency begins to decrease appreciably and 
therefore this relatively large capacity has passed 
to the Small unit, the small unit will be operating 
at the same speed as the larger unit and at high 
efficiency. 

In many instances, such as in power lathes and 
the like, it is desirable that an extremely high 
torque at very slow speed be provided during 
the working cycle of the lathe tool and that very 
high speed and at low torque be provided for rap 
id traverse of the lathe tool to starting position. 
The connection illustrated in Fig. 4 is primarily 
for such operations. These are readily effected 
and a further range of efficient operation pro 
vided dur to the fact that the large unit is geared 
to the shaft 64 in step down speed relation, 
whereas the small unit is geared to the shaft 
64 at substantially equal speed relation. Thus 
on the working cycle of the lathe, the fork 70 
may be shifted to mesh the gears 67 and 73 and 
the large unit operated at full stroke. At the 
end of the working cycle, the fork 70 is shifted, 
disengaging the gears 6 and 73 and engaging 
the gear 66 and the idler gear 74, whereupon, the 
small unit being set at full stroke, the stroke of 
the large unit decreased to Zero so that, the 

30 

35 

rapid traverse of the lathe tool is completed and 
the working head is returned to starting position. 

It might be pointed out, that by closing the 
valve 8 and driving either the large unit or the 
small unit as a pump, the other unit may be op 
erated as a motor. 
In Fig. 6 is illustrated the use of the structure 

as a pump, wherein two different prime movers 
are utilized and are to drive a common member, 
or as a motor driving two separate driven means. 
In the first instance, one prime mover B is con 
nected to the large unit shaft 9 and another 
prime mover C is connected to the Small unit 
shaft 8. Both units are then operated as pumps 
concurrently or independently and supply fluid 
through the common main pressure port 42, the 
fluid circuit being as illustrated by the arrows in 
Fig. 6. Such an application would be useful in 
integrating the power of two prime movers, one 
of which is high speed and one of which is low 

5 
speed. In the example given, the prime mover B 
may be a low speed prime mover and the prime 
mover C a high speed prime mover So that the 
Small unit may be operated at high speed and 
the large unit at low speed at which respective 
speeds they are most efficient. Both may deliver 
the same pressure and even the same fluid ca 
pacity through the common port to a hydraulical 
ly driven means, such as the hydraulic motor D, 
thus providing efficient synchronization of the 
output of the prime movers B and C, for driving 
the motor or for driving through the driving 
shaft of the motor, an engine E. connected to the 
shaft of the motor. 
Having thus described my invention, I claim: 
1. A hydraulic pump mechanism comprising a 

large capacity rotary radial plunger, independ 
ently variable delivery pump unit, a smaller ca 
pacity rotary, radial plunger, independently var 
iable delivery pump unit, independent driving 
means for the units respectively, and means con 
necting said units in a fluid circuit in parallel 
with each other. - 

2. A rotary, radial plunger pump or motor com 
prising a casing, a plurality of coaxial barrel 
units mounted for rotation in the casing, plunger 
and cylinder assemblies carried by the barrel 
units respectively, reactance means for the as 
semblies, valve means for the assemblies respec 
tively, individual shafts on the units respectively 
operable at different rotative speeds and each 
shaft being connected to its associated unit for 
rotation together therewith and being coaxial 
therewith. 

3. A rotary, radial plunger pump or motor com 
prising a casing, a large barrel and a small bar 
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rel rotatably mounted therein, shafts carried one 
by each barrel and respectively rotatable to 
gether with the associated barrel independently 
of the other barrel, plunger and cylinder as 
semblies carried by the barrels respectively, in 
dependently adjustable reactance means for the 
assemblies respectively, and valve means fitting 
the barrels and in valving cooperation with the 
assemblies of the associated barrels. 
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