
April 4, 1944. J. K. Douglas 2,345,920 
HYDRAULIC DRIVE 

Filed Dec. 29, 1939 2. Sheets-Sheet 

?os 1O4 

throsiod 
Fig. 1. 2 & 3 ?of- 96, 95, 92, 3 

21 / 22, /OO. SS2.4%2S ZGN (N 

al 

66 
2NNNSNSSSSNSN NSNSSSSSNN. 

% Heish 32 UEF. It 
SNYAN ENSTRENR asyWNNN 

est: i. e X 

Olize 222s2 

2. 
46 92, go 68 

She sil is SES INVENTOR. NNN on N if a 

NRNRSN's SS Luna s RSSSNNRNSSKRSSSSSN BY - . f 

ATTORNEY. 

  

  

  

  

  

  

  

  

  

  

  



April 4, 1944. J. K. DOUGLAS 2,345,920 
HYDRAULIC DRWE 

Filed Dec. 29, 1939 2 Sheets-Sheet 2 

Fig. E, 5 - Fig. 4. 
J3. % NZza 1z N6(€14-? 'NZS1%-26 

N Z) N 
NZ %N 2 N%N'Z 
23 to W 

N N&% SA SN3. 

N7 N%$NZL SN3Ná3. 
... -lo 

21 35 S. Z. ŽR2N2 SéNZ Šá Yá NZ% 

SN 2 

W2X22 

s: i. Y 

INVENTOR, 
JAMES K. DOUGLAS 

BY 

ATTORNEY. 

  

  

  

  

  

  

  

  

  

  

  

  

  



Patented Apr. 4, 1944 2,345,920 

UNITED STATES PATENT OFFICE 
HYDRAULIC DRIVE 

James K. Douglas, Shorewood, Wis., assignor to 
The Oil gear Company, Milwaukee, Wis a cor 
poration of Wisconsin 

Application December 29, 1939, Serial No. 311,429 
(C. 60-53) 15 Claims. 

This invention relates to a hydraulic drive of 
the type which includes the rotary hydraulic mo 
tor for driving a machine or an element of a 
machine, a pump for supplying liquid to the mo 
tOr to cause it to drive the machine or machine 
element in one direction, and means for revers 
ing the flow of liquid to thereby cause the motor 
to drive the machine or machine element in the 
opposite direction. 
The invention has as an object to provide a 

hydraulic drive which will drive a machine or 
machine element at one speed in one direction 
and at a different speed in the opposite direction 
without varying the displacement of the pump, 
the displacement of the motor or the speed 
of the pump. 
Another object is to provide a hydraulic drive 

in which the motor may be caused to rotate in 
One direction at the maximum speed determined 
by the capacity of the pump and caused to ro 
tate in the opposite direction at a greater speed. 
Another object is to provide such a drive which 

is fully automatic in operation. 
Another object is to provide a drive of the 

above character which may be manufactured 
much more economically than the drives ordi 
narily used for such purpose. 
Other objects and advantages will appear from 

the following description of an embodiment of 
the invention shown Schematically in the accom 
panying drawings in which the views are as foll 
OWS: 
Fig. 1 is a diagram of the hydraulic circuit of a 

drive in which the invention is embodied. 
Fig. 2 is a view showing a control valve in a 

position different from that shown in Fig. 1. 
Fig. 3 is a view showing a pilot valve in a po 

sition différent from that shown in Fig. 1. 
Fig. 4 is a vertical longitudinal section through 

one of the motors shown in Fig. 1, the view be 
ing taken on the line 4-4 of Fig. 5. 

Fig. 5 is a transverse section through the mo 
tor taken on the line. 5-5 of Fig. 4. 

Fig. 6 is a transverse section taken through 
the motor on the line 6-6 of Fig. 4. 

Fig. 7 is a transverse section through the motor 
taken on the line 7-7 of Fig. 4. 

Fig. 8 is a vertical section taken on the ir 
regular lines 8-8 of Figs. 5 and 7. 
For the purpose of illustration, the invention 

has been shown embodied in a drive for a ma-. 
chine of the type having a carriage which makes 
an idle stroke in one direction at high speed 
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upon a workpiece but it is to be understood that 
the invention is adapted to various other uses. 
The machine includes a carriage having a 

rack 2 fixed upon the under side thereof and in 
mesh with a gear 3 which is fixed upon a shaft 
4 so that rotation of shaft 4 in one direction or 
the other will cause carriage to move in one 
direction or the other. Since the machine per 
se forms no part of the present invention, all 
other parts thereof have been omitted from the 
drawings. 
Shaft 4 is adapted to be rotated by two vane 

type hydraulic motors 5 and 5 which are con 
nected thereto by suitable drives 6 and 7 re 
Spectively. Motors 5 and 5 are energized by a 
pump 8 which delivers liquid to both motors to 
cause them to move carriage in one direction 
at a cutting Speed and then delivers its entire 
output to motor, 5 only to cause it to move car 
riage at high speed in the opposite direction 
at which time motor 5 is short circuited and 
the vanes thereof are retracted so that its rotor 
Spins idly as presently will be explained. 
The two motors may be of the same size but 

motor 5 has been shown as being larger than 
notor 5 in order to obtain a high speed of car 
riage during its return stroke. For example, 
if the displacement of motor 5 is twice that 
of motor 5, carriage will be moved during its 
idle stroke at a speed three times its speed dur 
ing its Working stroke. . . . 
Motor 5 may be of the type shown in Figs. 

4 to 8 and motor 5 may be exactly the same 
except that it may be of a different size if de 
sired. As shown, the motor includes a rotor O 
keyed upon a shaft and arranged within a 
stator consisting primarily of a casing 2 which 
has a removable end head 3 and rotatably sup 
ports shaft by means of bearings 4 and 5, 
a spacer ring 6 which is arranged within casing 
f2 and extends around rotor -, and two cheek 
plates f and fle which are arranged within cas 
ing 2 upon opposite sides of spacer ring 6, the 
cheek plates and Spacer ring being clamped in 
position by end head 3 and spacer ring fis being 
just enough thicker than rotor D to permit 

50 

rotor 0 to turn freely between cheek plates 
and 8. - 
The inner peripheral surface of spacer ring 6 

provides a track 9 for a plurality of vanes 20 
which are the same width as rotor D and fitted 
in slots formed radially thereil. Vane track 9 
is approximately elliptical with its short diameter and a working stroke in the opposite direction at. 

a lower speed appropriate for a tool to operate 66 ameter of rotor f to permit rotor to turn 
horizontal and just enough greater than the di 



2 
freely. The vertical diameter of track 9 is 
enough greater than the diameter of rotor 9 
to provide a working chamber 2 of the desired 
size both above and below rotor 0. 
Each chamber 2f communicates with two ports 

22 and 23 which are arranged upon opposite sides 
of the vertical center line of track f with the two 
ports 22 arranged diametrically opposite each 
other and each port 23 spaced approximately 90° 
from ports 22. Each portion of track 9 between 
adjacent ends of adjacent ports forms a sealing 
arc which is ordinarily concentric with rotor 0. 
The angular distance between adjacent ends of 
adjacent ports is at least twice as great as the 
angular distance between adjacent vanes so that 
each Sealing arc will at all times have at least 
two vanes in contact therewith. 
AS best shown in Figs. 7 and 8, ports 22 com 

municate with an annular passage 24 which is 
formed in the end wall of casing 2 and com 
municates With a main port 25 by means of which 
the motor may be connected to one Side of a 
hydraulic circuit, and ports 23 communicate with 
a passage 26 which is formed in the end wall of 
casing 2 outward from passage 24 and commu 
nicates with a main port 27 by means of which the 
motor may be connected to the other Side of 
the hydraulic circuit. 
The arrangement is such that, when main 

port 25 is connected to the discharge outlet of 
a pump or other source of motive liquid and main 
port 27 is connected to a return or discharge line 
so that ports 22 function as inlet ports and ports 
23 function as discharge ports, the motive liquid 
entering through each port 22 will exert a force 
upon the outer portion of that vane which is ad 
jacent the end of port 22 and in contact with the 
sealing arc of vane track 9. The force exerted 
by the liquid upon that vane will cause motor 0 
to rotate in a counterclockwise direction in re 
spect to Fig. 5 and the liquid will act upon each 
succeeding vane as it passes the end of port 22 
and comes into contact with the Sealing arc SO 
that rotor 0 is caused to rotate continuously as 
long as motive liquid is supplied to port 25. The 
liquid ahead of each vane will be discharged 
into the adjacent port 23 as soon as the preced 
ing vane passes the adjacent end of that port 23. 
When motive liquid is supplied to port 2, the 
motor will operate in exactly the same manner 
but in the opposite direction. 

It is essential that the vanes just beyond the 
ends of the inlet ports be held in contact with 
vane track 9 as otherwise the liquid could flow 
freely from each inlet port to a discharge port 
and no rotative force would be transmitted to 
rotor O. These vanes may be held in contact 
with track 9 by subjecting the inner ends there 
of to a pressure higher than the pressure prevail 
ing at the inlet ports but, if the inner ends of the 
vanes were subjected to this higher pressure dur 
ing a complete revolution of rotor 0, each vane 
would exert such an excessive force against track 
9 during the time its outer end was exposed to 
the low or negative pressure of the discharge 
liquid that undue wear of the vanes or tracks 
might result. - 
In order to hold the working vanes against the 

vane track arid. at the same time to avoid exces 
isive wear of the vanes or tracks, the vanes have 
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As shown, cheek plates 7 and 8 are each pro 

vided with a pair of arcuate pressure grooves 3, 
which are arranged diametrically opposite each 
other and spaced radially inward from ports 22, 
and a pair of arcuate pressure grooves 32 which 
are arranged diametrically opposite each other 
and spaced radially inward from ports 23, the 
pressure grooves being spaced a predetermined 
distance apart and So located that the inner ends 
of each vane slot will register with the four 
grooves successively as rotor 0 rotates. 
As shown in Fig. 6, the two grooves 3 in cheek 

plate 7 are connected to each other by a pas 
sage 33, which is formed in cheek plate and 
communicates with a connector 34 carried by end 
head 3, and the two grooves 32 in cheek plate 
are connected to each other by a passage 35 which 
is formed in cheek plate 7 and communicates, 
with a connector 36 carried by end head 3. The 
pressure grooves in cheek plate 8 communicate 
with the corresponding pressure grooves in cheek 
plate 7 through the inner ends of the vane slots 
and are provided for the purposes of hydrostati 
cally balancing rotor 0. 
As previously explained, motor 5 is exactly 

the same as motor 5 except that it is larger. Con 
sequently, the main ports and the connectors 
of both motors have been indicated in Fig. 1 by 
the same reference numerals but with the ex-. 
ponent “a” added to the reference numerals ap 
plied to motor 5. 
The liquid for operating motors 5 and 5 is dis 

charged by pump 8 into a channel 40 and the 
liquid discharged by motors 5 and 5 is returned 
to pump 8 through a channel 4. In order to 
make up for leakage losses and to Supercharge 
pump 8, additional liquid is supplied to channel 
4 by a gear pump 42 which draws liquid from 
a reservoir 43 and discharges it into a channel 
44 through which it supplies liquid to a valve Op 
erating mechanism to be presently described. 
The liquid discharged by gear pump 42 in ex 

cess of the liquid required to operate the valve 
mechanism is exhausted through resistance valve 
45 into one end of a channel 46 the other end 
of which is connected to channel 4. The liquid 
discharged by gear pump 42 into channel 46 in 
excess of the liquid required to Supercharge pump 
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the inner ends thereof subjected to a pressure 
higher than the pressure of the motive liquid only 
during the time the outer ends thereof are Sub 
jected to the pressure of the motive liquid. s 

8 is exhausted through a relief valve 4 into 
reservoir 43. Gear pump 42 is thus enabled to . 
maintain in channel 46 a pressure equal to the 
resistance of valve 47 and to maintain in chan 
nel 44 a pressure equal to the sum of the resist 
ances of valves 45 and 47. 
Pump 8 is initially controlled by a start and 

stop valve 48 which is fitted in the bore of a valve 
casing 49 having three annular grooves or ports 
50, 5 and 52 formed therein. Port 50 commu 
nicates with channel 40, port 5 communicates 
with a channel 53 through which liquid is di 
rected to the motors, and port 52 communicates 
with channel 4 and with a channel 54 through 
which liquid is returned from the motors. 
The arrangement is such that, when valve 48 

is in the position shown in Fig. 1, liquid dis 
charged by pump 8 will flow through channel 40 
and valve casing 49 into channel 53 and the liq 
uid returned from the motors through channel . 
54 will flow through port 52 and channel 4 to 
pump 8. When valve 48 is shifted to the limit 
of its movement toward the left, it will block 
port 5 and open port 52 to port 50 so that pump 
8 is bypassed. - 

Liquid for holding the working vanes 20 of 
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motors 5 and 5 against vane tracks 9 is sup 
plied by a small capacity pump 55 which is driven 
in unison with pump 8 and draws liquid from 
channel 53 and discharges it into a channel 56. 
The liquid discharged by pump 55 in excess of 
the volume required to hold the working vanes 
OutWard is exhausted through a low pressure 
resistance valve 57 back into channel 53 so that 
the pressure in channel 56 is always a few pounds 
higher than the pressure created by pump 8. 

Motors 5 and 5a, are controlled by a plurality 
of valves which are simultaneously operable to 
Control the flow of liquid to and from the main 

0 

ports of the motors and the flow of liquid to 
and from the pressure grooves of the motors. 
As shown, six valves or pistons 6, 62,63, 64, 65 
and 66 are fixed upon a plunger 67 and closely 
fitted in the bore of a control valve casing 68 
having twelve annular. grooves or ports 69, 70, 
Tf, T2, T3, T4, 75, T6, 77, 78, 79 and 80 formed 
therein. 

Port 69 is connected by a channel 8 to port 
27 of motor 5 and to port 27 of motor 5, and 
channel 54 is connected to the left end of the bore 
of valve casing 68 so that ports 27 and 27s are 
Connected to the intake of pump 8 when Valve 
plunger 67 is in the position shown in Fig. 1. 
Port 70 is connected by a channel 82 to port 25 
of motor 5 and it has channel 53 connected 
thereto so that port 25 is at all times subjected 
to the pressure created by pump 8. 

Port i? is connected by a channel 83 to port 
25 of motor 5, ports 72 and 6 are connected by 
a channel 84 to channel 54 intermediate the ends 
thereof, port 3 is connected by a channel 85 to 
connector 36 on motor 5, port. A has channel 56 
connected thereto, port 75 is connected by a 
channel 86 to connector 34 on motor 5, port 
is connected by a channel 8 to connector 36 
on motor'5, port 78 and the right end of the bore 
of valve casing 68 are connected to a drain chan 
nei 88 which discharges into reservoir 43, port 
9 is connected by a channel 89 to connector 348 
on motor 5, and port 80 is connected by a chan 
nel 90 to channel 56 intermediate the ends there 
Of. 
Walve plunger 6 is adapted to be shifted in 

one direction or the other by a piston 9 which 
is connected thereto and fitted in a cylinder 92 
arranged upon the right end of valve casing 68. 
Liquid for operating piston 9 is supplied to cyl 
inder 92 under the control of a pilot valve 93 
which is arranged in the bore, of a valve casing 
94 having both ends thereof connected to drain 
channel 88 so that movement of Wave 93 will 
not be hampered by entrapped liquid or gas. 
Walve casing 94 has three annular grooves or 

ports 95, 96 and 97 formed in the wall of the bore 
thereof. Port 95 has gear pump channel 44 con 
nected thereto, port 96 is connected by a chan 
nel 98 to the right end of cylinder 92, and port 
97 is connected by a channel 99 to the left end 
of cylinder 92. 

Pilot valve 93 may be shifted in any suitable 
manner such as in response to carriage ap 
proaching the limit of its movement in each di 
rection. Means are provided to compensate for 
the over run of carriage but, since such means 
are well known and form no part of the present 
invention, they have been omitted from the 
drawings and valve 93 shown as having its stem 
connected by a link 100 to a lever of which has 
one of its ends pivoted upon a bracket O2 and 
its other end extending into the path of two dogs 
03 and iO4 carried by carriage f. 
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Operation 

Assuming that the Several parts are in the po 
sitions shown in Fig. 1 and that pumps 8, 42 and 
55 are running, the drive will function as follows: 
Gear pump 42 will draw liquid from reservoir 

43 and discharge it through channel 44 and re 
sistance valve 45 into channel 46. The liquid 
discharged by gear pump 42 in excess of the liq 
uid required to supercharge pump 8 will be ex 
hausted through relief valve 4 into reservoir 
43 so that gear pump 4.2 maintains a low or re 
turn pressure in channel 46 and a higher or gear 
pump pressure in channel 44. The gear pump 
pressure will extend from channel 44 through 
pilot valve casing 94 and channel 99 to the left 
end of servo-motor cylinder 92 and cause piston 
9 to hold control valve plunger 6 in the posi 
tion shown in Fig. 1. The return pressure will 
extend from channel 46 through channel 4f, 
waive casing 49 and channel 54 to the left end 
of valve casing 68 and from channel 54 through 
channel 84 to ports 2 and 76. 
Main pump 8 will discharge liquid through 

channel 40, valve casing 49 and channel 53 to port 
70 in control valve casing 68 and maintain there 
in at all times a preSSure proportional to the load 
on pump 8. 
Pump 55 Will draw liquid from channel 53 and 

discharge a part of it through resistance valve 57 
back into channel 53 so that pump 55 is caused to 
maintain in channels 56 and 90 and in ports is 
and 89 a SuperpreSSlire Which is always greater 
than the main pump pressure by an amount equal 
to the resistance of valve 5. 
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With control valve plunger 67 in the position 
shown in Fig. 1, port 5 is open to port 4 and 
port 9 is open to port 80 so that superpressure 
can extend from port 74 through port 75, channel 
86, connector 34 and passage 33 (Fig. 6) to the 
pressure grooves 3 in motor 5 and from port 89 
through port T9, channel 89, connector 348 and 
passage 33 to the pressure grooves 3 of motor 5. 

Port T3 is open to port 72 and port 7 is open to 
port 76 so that return pressure can extend from 
port 2 through port 73, channel 85, connector 36 
and passage 35 (Fig. 6) to the pressure grooves 32 
of motor 5 and from port 76 through port 7, 
channel 87, connector 36 and passage 35 to the 
pressure grooves 32 of motor 5. 

Port 69 is open to return channel 54 so that 
return channel 54 is connected through valve 
casing 68, channel 8, main ports. 27 and 27 and 
passages 26 (Fig. 7) to the portS 23 of both motors. 

Port f is open to port 70 so that motive liquid 
will flow through channels 83 and 82, main ports 
25 and 25, passages 24 and ports 22 to the pres 
sure sides of the chambers 2 (Fig. 5) of both 
motorS. 
& The pressure of the motive liquid tends to move 
inward the vanes 20 whose Outer ends extend into 
the pressure sides of the chambers 2 but the inner 
ends of those Vanes are Subjected to the Super 
pressure in grooves 3 which holds them firmly 
against vane track S. So that the motive liquid 
may act, upon the Outer end portions thereof and 
cause rotors to to rotate in a counterclockwise 

O 

direction, the liquid carried acroSS the Sealing 
arcs of track 9 by the vanes being discharged 
into ports 23 and returned through the above 
described channels to the intake of pump 8. 

75 

Each vane 20 is held by the superpressure firmly 
against track 9 until the inner end of its slot 
moves out of registry with groove 3 at which time 
it has moved part way across the sealing arc, then 



4. 
the liquid in the inner end of the vane slot is . 
trapped therein during movement of the vane 
through a slight angular distance and then the 
inner end of the slot registers with a groove 32 
which contains liquid at the return pressure, as 
previously explained, so that the vane is hydro 
statically: balanced and is held against the vane 
track solely by centrifugal force. 

Rotation of rotors to in a counterclockwise 
direction causes drives 6 and 7 to rotate shaft 4 
in a counterclockwise direction and thereby cause 
gear 3 to move rack 2 and carriage toward the 
left at a speed proportional to the displacement 
of pump 8 relative to the combined displacements 
of motors 5 and 5. 
As carriage approaches the limit of its move 

ment toward the left, dog 04 will engage lever fo 
and cause it to shift pilot valve 93 to the position 
shown in Fig. 3, provision being made for over run 
of carriage as mentioned above. Liquid from 
gear pump 42 will then flow through channel 44, 
valve casing 94 and channel 98 to the right end of 
cylinder 92 and cause piston 9 to shift control 
'valve plunger 67 to the position shown in Fig. 2, 
the liquid expelled from cylinder 92 by piston 9 
being conducted through channel 99, valve casing 
94 and drain channel 88 into reservoir. 43. 

Shifting control valve plunger 67 to the position 
shown in Fig. 2 connects port 69 and port 70 and 
pump pressure will extend from port To through 
port 69 and channel 8 to main port 27 of motor 5 
and to main port 27 of motor 5, and pressure 
will extend from port T0 through channel 82 to 
main port 25 of motor 5 so that motor 5 is short 
circuited and the outer ends of all of the vanes 
thereof are subjected to pump pressure. Also, 
port 80 is blocked and ports TT and 79 are open to 
port 78 so that all of the pressure grooves 3 and 
32 of motor 5 are connected to drain channel 88 
through the previously described channels. Since 
all of the vanes of motor 5 have their outer ends 
Subjected to pump pressure and their inner ends 
to zero pressure, they will be moved inward so 
that, when motor 5a is driven by motor 5 as will 
presently be explained, rotor O of motor 5 will 
Spin idly and without displacing any liquid. 
While motor 5a has been shown as having both 

of its main ports connected to the pressure side of 
the main circuit and all of its pressure grooves 
connected to drain for the purpose of forcing the 
vanes inward, the vanes could be forced inward by 
connecting both main ports to the return side of 
the circuit and all of the pressure grooves to drain 
or by connecting both main ports to the pressure 
side of the circuit and all of the pressure grooves 
to the return side of the circuit. 
When control valve plunger is in the position 

shown in Fig. 2, port T3 is open to port 4 in 
stead of to port T2 and port 75 is open to port 
76 instead of to port 74, so that the pressures 
in the pressure grooves of motor 5 are reversed, 
and port is open to port 72 instead of to port 
70 and port 69 is open to port 70 instead of to 
return channel 54 so that the flow of motive 
liquid to motor 5 is reversed. Consequently, mo 
tor 5 will operate in the previously described 
manner but in the opposite direction and move 
carriage toward, the right at a high speed which 
is proportional to the displacement of motor 5 
relative to the displacement of pump 8. Dur 
ing movement of carriage 1. toward the right, 
drive 7 will rotate rotor O of motor 58 which will 
spin idly since its vanes are fully retracted as 
previously explained. 
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2,345,920 
ment toward the right, dog 03 will engage le 
wer of and cause it to shift pilot valve 93 to 
the position shown in Fig. 1, provision being 
made for over run of carriage as mentioned 
above. Liquid from gear pump 42 will then flow 
through channel 44, valve casing 94 and channel 
99 to the left end of cylinder 92 and cause piston 
9 to shift control valve plunger 67 to the po 
sition shown in Fig. 1, the liquid expelled from 
cylinder 92 by piston 9 being conducted through 
channel 98, valve casing 94 and drain channel 
88 to reservoir 43. 
Shifting control valve plunger to the position 

shown in Fig. 1 completes a cycle of operation and 
the Several parts are then in position to start the 
next cycle of Operation. 
The drive described herein is susceptible of 

various modifications and adaptations without de 
parting from the scope of the invention which is 
hereby claimed as follows: 

1. A hydraulic drive for an element, compris 
ing a first and a second rotary hydraulic motor 
mechanically connected to Said element to drive 
the same and each having two ports, a pump 
for supplying liquid to said motors to energize 
the same, means for connecting one port of each 
motor to said pump to cause the liquid discharged 
thereby to energize both motors simultaneously 
and enable them to drive said element in one 
direction at a predetermined speed, means for 
Connecting the other port of Said first motor to 
said pump to cause the liquid discharged there 
by to reverse said first motor and enable it to 
drive said element in the Opposite direction at a 
higher speed and to also drive said second mo 
tor, and means Operable simultaneously with said 
last named means for rendering said second mo 
tor incapable of pumping liquid. . 

2. A hydraulic drive for a reciprocable ele 
ment, comprising a first and a second rotary hy 
draulic motor mechanically connected to said 
element to reciprocate the same and each hav 
ing two ports, a pump for supplying liquid to said 
motors to energize the same, means responsive 
to said element approaching the limit of its 
movement in a given direction for connecting 
One port of each motor to said pump to cause 
the liquid discharged thereby to energize, both 
motors simultaneously and enable them to drive 
said element in the opposite direction at a pre 
determined speed, means responsive to said ele 
ment approaching the limit of its movement in 
Said opposite direction for connecting the other 
port of said first motor to said pump to cause the 
liquid discharged thereby to reverse said first 
motor and enable it to drive said element in said 
given direction at a higher Speed and to also drive 
said second motor, and means operable simul 
taneously with said last named means for ren 
dering said second motor incapable of pumping 
liquid. 

3. A hydraulic drive for an element, compris 
ing a first and a second rotary hydraulic motor 
mechanically connected to said element to drive 
the same and each having two ports, a pump for 
Supplying liquid to said motors to energize the 
same, means for connecting one port of each 
motor to said pump to cause the liquid discharged 
thereby to energize both motors simultaneously 
and enable them to drive said element in one 
direction at a predetermined speed, means for 
connecting the other port of said first motor to 
said pump to cause the liquid discharged there 
by to reverse said first motor and enable it to 

As carriage approaches the limit of its move- is drive said element in the opposite direction at a 
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higher speed and to also drive said second motor, 
and means operable simultaneously with said last 
named means for short circuiting Said Second 
motor. 

4. A hydraulic drive for an element, compris 
ing a first and a second rotary hydraulic motor 
mechanically connected to said element to drive 
the same and each having two ports, a pump for 
supplying liquid to said motors to energize the 
same, means for connecting one port of each 
motor to said pump to cause the liquid discharged 
thereby to energize both motors simultaneously 
and enable them to drive said element in One di 
rection at a predetermined Speed, means for Con 
necting both ports of said second notor to each 
other and simultaneously connecting the other 
port of said first motor to said pump to cause the 
liquid discharged thereby to reverse said first 
motor and enable it to drive said element in the 
opposite direction at a higher Speed and to also 
drive said second motor, and means Operable si 
multaneously with said last named means for 
rendering said second motor incapable of pump 
ing liquid. 

5. A hydraulic drive for a reciprocable ele 
ment, comprising a first and a second rotary 
hydraulic motor mechanically connected to said 
element to reciprocate the same and each hav 
ing two ports, a pump for supplying liquid to 
said motors to energize the same, means respOn 
sive to said element approaching the limit of 
its movement in a given direction for connect 
ing one port of each motor to said pump to cause 
the liquid discharged thereby to energize both 
motors simultaneously and enable then to drive 
said element in the opposite direction at a pre 
determined speed, means responsive to said ele 
ment approaching the limit of its movement in 
said opposite direction for connecting both 
ports of said second motor to each other and 
simultaneously connecting the other port of Said 
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first motor to said pump to cause the liquid dis- . 
charged thereby to reverse said first motor and 
enable it to drive said element in said given 
direction at a higher speed and to also drive said 
second motor, and means operable simultane 
ously with said last named means for rendering 
said second motor incapable of pumping liquid. 

6. A hydraulic drive for an element, Compris 
ing a first and a second vane type hydraulic 
motor mechanically connected to said element to 
drive the same and each having two ports, each 
of said motors having a rotor provided with 
slidable vanes which must be urged outward in 
order to enable it to drive a load wiren sup 
plied with motive liquid, a pump for supplying 
liquid to said motors to energize the same, means 
for Connecting one port of each motor to said 
pump to cause the liquid discharged thereby to 
energize both motors simultaneously and enable 
them to drive Said element in one direction at 
a predetermined speed, means for supplying to 
the inner end of each vane during at least a 
part of each revolution of said rotor liquid at a 
pressure higher than the pressure of the liquid 
which energizes said motor, means for connect 
ing the other port of said first motor to said 
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pump to cause the liquid discharged thereby to , 
reverse said first motor and enable it to drive 
said element in the opposite direction at a higher 
Speed and to also drive said second motor, and 
means operable simultaneously with said last 
named means for retracting all of the vanes of 
said second motor to thereby permit the rotor of 
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be urged outward in order to enable it to drive 

5 
said second motor to spin idly while being driven 
by said first motor. 

7. A hydraulic drive for a reciprocable ele 
ment, comprising a first and a second vane type 
hydraulic motor mechanically connected to said 
element to reciprocate the same and each having 
two ports, each of said motors having a rotor 
provided with slidable vanes which must beurged 
outward in order to enable it to drive a load 
when supplied with motive liquid, a pump for 
supplying liquid to said motors to energize the 
same, means responsive to said element ap 
proaching the limit of its movement in a given 
direction for connecting one port of each motor 
to said pump to cause the liquid discharged 
thereby to energize both motors simultaneously 
and enable them to drive Said element in the 
opposite direction at a predetermined speed, 
means for Supplying to the inner end of each 
vane during at least a part of each revolution of 
said rotor liquid at a pressure higher than the 
pressure of the liquid which energizes said motor, 
means responsive to Said element approaching 
the limit of its movement in said opposite direc 
tion for connecting the other port of said first 
motor to Said pump to cause the liquid dis 
charged thereby to reverse said first motor and 
enable it to drive said element in said given 
direction at a higher speed and to also drive said 
Second motor, and means operable simultane 
ously with said last named means for retracting 
all of the vanes of said second motor to thereby 
permit the rotor of said second motor to spin 
id) 7 While being driven by said first motor. 

8. A hydraulic drive for an element, compris 
ing a first and a second vane type hydraulic 
motor mechanically connected to said element to 
drive the same and each having two ports, each 
of Said motors having a rotor provided with slid 
able vanes which must be urged outward in order 
to enable it to drive a load when supplied with 
motive liquid, a pump for supplying liquid to 
said motors to energize the same, means for 
Connecting one port of each motor to said pump 
to cause the liquid discharged thereby to ener 
gize both motors simultaneously and enable them 
to drive said element in one direction at a pre 
determined speed, means for supplying, to the 
inner end of each vane during at least a part of 
each revolution of said rotor liquid at a pressure 
higher than the pressure of the liquid which 
energizes said motor, means for connecting both 
ports of said second motor to each other and 
simultaneously connecting the other port of said 
first motor to said pump to cause the liquid dis 
charged thereby to reverse said first motor and 
enable it to drive said element in the opposite 
direction at a higher speed and to also drive 
said second motor, and means operable simul 
taneously with said last named means for re 
tracting all of the Vanes of Said Second motor to 
thereby permit the rotor of said second motor to 
spin idly while being driven by said first motor. 

9. A hydraulic drive for a reciprocable ele 
ment, comprising a first and a second vane type 
hydraulic motor mechanically connected to said 
element to reciprocate the same and each hav 
ing two ports, each of said motors having a 
rotor provided with slidable vanes which must 

a load when supplied with motive liquid, a pump 
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for supplying liquid to said motors to energize 
the same, means responsive to said element ap 
proaching the limit of its movement in a given 



6 
direction for connecting one port of each motor 
to said pump to cause the liquid discharged 
thereby to energize both motors simultaneously 
and enable them to drive said element in the 
opposite direction at a predetermined speed, 
means for supplying to the inner end of each 
vane during at least a part of each revolution 
of said rotor liquid at a pressure higher than the 
pressure of the liquid which energizes said no 
tor, means responsive to said element approach 
ing the limit of its movement in said opposite 
direction for connecting oth ports of said second 
motor to each other and simultaneously con 
necting the other port of said first motor to said 
pump to cause the liquid discharged thereby to 
reverse said first motor and enable it to drive 
said element in said given direction at a higher 
speed and to also drive said second motor, and 
means operable simultaneously with said last 
named means for retracting all of the vanes of 
said second motor to thereby permit the rotor 
of Said second motor to spin idly while being 
driven by said first motor. 

10. A hydraulic drive for an element, compris 
ing a first and a second vane type hydraulic 
motor mechanically connected to said element 
to drive the same and each having two ports, 
each of said motors having a rotor provided with 
slidable vanes which must be urged outward in 
order to enable it to drive a load when supplied 
with motive liquid, a pump for supplying liquid 
to Said motors to energize the same, means for 
connecting one port of each motor to said pump 
to cause the liquid discharged thereby to energize 
both motors simultaneously and enable them to 
drive said element in one direction at a predeter 
mined speed, means for supplying to the inner 

“iend of each vane during at least a part of each 
revolution of: said rotors liquid at a pressure 
higher than the pressure of the liquid delivered 
to said ports, means for connecting the other. 
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port of said first motor to said pump to cause the 
liquid discharged thereby to reverse said first 

... motor and enable it to drive said element in the 
opposite direction at a higher speed and to also 
drive said second motor, and means operable 
simultaneously with said last named means for 
connecting both ports of said second motor to: 
said pump and for reducing the pressure at the 50 
inner ends of the vanes of said second motor 
below the pressure at the outer ends thereof to 
thereby cause said vanes to be moved inward and 
permit the rotor of said second motor to spin 
idly while being driven by said first motor. 

11. A hydraulic drive for an element, compris 
ing a first and a second vane type hydraulic 
motor mechanically connected to said element to 
drive the same and each having two ports, each 
of said motors having a rotor provided with slid 
able vanes which must be urged outward in order 
to enable it to drive a load when supplied with 
motive liquid, a pump for supplying liquid to said 
motors to energize the same, means for connect 
ing one port of each motor to said pump to cause 
the liquid discharged thereby to energize both 
motors simultaneously and enable them to drive 
said element in one direction at a predetermined 
speed, means for supplying to the inner end of 
each vane during at least a part of each revolu 
tion of said rotors liquid at a pressure higher 
than the pressure of the liquid delivered to said 
ports, means for connecting both ports of Said 
second motor to each other and simultaneously 
connecting the other port of said first motor to 
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said pump to cause the liquid discharged thereby 
to reverse said first motor and enable it to drive 
said element in the opposite direction at a higher 
speed and to also drive said second motor, and 
means operable simultaneously with said last 
named means for reducing the pressure at the 
inner ends of the vanes of said second motor 
below the pressure at the outer ends thereof to 
thereby cause said vanes to be moved inward and 
permit the rotor of said second motor to spin 
idly while being driven by said first motor. 

12. A hydraulic drive for a reciprocable ele 
ment, comprising a first and a second vane type 
hydraulic motor mechanically connected to said 
element to reciprocate the same and each having 
two ports, each of said motors having a rotor 
provided with slidable vanes which must be urged 
outward in order to enable it to drive a load when 
supplied with motive liquid, a pump for supplying 
liquid to said motors to energize the same, means 
responsive to said element approaching the limit 
of its movement in a given direction for connect 
ing one port of each motor to said pump to cause 
the liquid discharged thereby to energize both 
motors simultaneously and enable them to drive 
said element in the opposite direction at a prede 
termined speed, means for supplying to the inner 
end of each vane during at least a part of each 
revolution of said rotors liquid at a pressure 
higher than the pressure of the liquid delivered 
to said ports, means responsive to said element 
approaching the limit of its movement in said 
opposite direction for connecting both ports of 
said second motor to each other and simulta 
neously connecting the other port of said first 
motor to said pump to cause the liquid discharged 
thereby to reverse said first motor and enable it 
to drive said element in said driven direction at 
a higher Speed and to also drive said second 
motor, and means operable simultaneously with 
said last named means for reducing the pressure 
at the inner ends of the vanes of said second 
motor below the pressure at the outer ends there 
of to thereby cause said vanes to be moved in 
Ward and permit the rotor of said second motor 
to Spin idly while being driven by said first motor. 

13. In a drive having a first and a second hy 
draulic motor mechanically connected to an ele 
ment to drive the same and each including a 
stator having a chamber arranged therein, a 
cylindrical rotor arranged within said chamber 
and provided with a plurality of substantially 
radial vane slots, a substantially elliptical vane 
track arranged around said rotor, and vanes 
fitted in said slots and adapted to engage said 
track, said stator having a first and a second 
pair of diametrically opposed secondary ports 
communicating with said chamber, a first and a 
second main port communicating with said first 
and second pairs of secondary ports respectively 
and a first and a second pair of pressure grooves 
arranged inwardly from said first and second 
pairs of secondary ports respectively and con 
municating with the inner ends of said vane slots 
successively as said rotor rotates, the combina 
tion of a first channel, a second channel, a pump 
for supplying liquid to said channels, means for 
causing the pressure in said second channel to 
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at all times exceed the pressure in said first chan 
nel, and a plurality of valve means operable to 
simultaneously connect said second main ports 
and Said second pressure grooves to discharge, 
said first main ports to said first channel and 
Said first pressure grooves to said second ?han 
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nel to thereby enable said motors to drive said 
element in one direction at a predetermined 
speed, said valve means being also operable in 
another position to simultaneously connect the 
first main port and the first pair of pressure 
grooves of said first motor to discharge, the sec 
ond pair of pressure grooves of Said first motor 
to said second channel, all of the pressure grooves 
of said second motor to discharge, the main 
ports of Said second motor to each other and 
the second main port of said first motor to said 
first channel to thereby enable said first motor 
to drive said element in the Opposite direction at 
a higher speed and the rotor of said second motor 
to spin idly. 

14. In a drive having a first and a second hy 
draulic motor mechanically connected to an ele 
ment to drive the same and each including a 
stator having a chamber arranged therein, a 
cylindrical rotor arranged within said chamber 
and provided with a plurality of substantially 
radial vane slots, a substantially elliptical vane 
track arranged around said rotor, and vanes 
fitted in said slots and adapted to engage said 
track, said stator having a first and a second pair 
of diametrically opposed secondary ports com 
municating with said chamber, a first and a 
Second main port communicating with said first 
and Second pairs of secondary ports respectively 
and a first and a second pair of pressure grooves 
arranged inwardly from said first and second 
pairs of Secondary ports respectively, and corn 
municating with the inner ends of said vane slots 
successively as said rotor rotates, the combina 
tion of a first channel, a second channel, a pump 
for supplying liquid to said first channel, a sec 
Ond pump for drawing liquid from said first chana 
nel and discharging it into said second channel 
at a pressure which at all times exceeds the 
preSSure in Said first channel, and a plurality of 
valve means Operable to simultaneously connect 
Said Second main port and said second pair of 
pressure grooves of each motor to discharge, said 
first main port of each motor to said first chan 
nel and said first pair of pressure grooves of each 
motor to said second channel to thereby enable 
both of said motors to drive said element in one 
direction at a predetermined speed, said valve 
means being also operable in another position to 
simultaneously connect the first main port and 
the first pair of pressure grooves of said first 
notor to discharge, the second pair of pressure 
grooves of said first motor to said Second chan 
nel, all of the pressure grooves of said second 
notor to discharge, both main ports of said Sec 
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Ond motor and the Second main port of Said first 
motor to said first channel to thereby enable said 
first motor to drive said element in the Opposite 
direction at a higher speed and the rotor of said 
second motor to spin idly. 

15. In a drive having a first and a second hy 
draulic motor mechanically connected to an ele 
ment to reciprocate the same and each includ 
sing a stator having a chamber arranged therein, 
a cylindrical rotor arranged within said chamber 
and provided with a plurality of substantially 
radial vane slots, a substantially elliptical vane 
track arranged around said rotor, and vanes 
fitted in said slots and adapted to engage said 
track, said stator having a first and a second pair 
of diametrically opposed Secondary ports con 
municating with said chamber, a first and a 
second main port Communicating with Said first 
and second pairs of secondary ports respectively 
and a first and a second pair of pressure grooves 
arranged in Wardly from said first and second 
pairs of secondary ports respectively and con 
municating with the inner ends of Said Vane slots 
successively as said rotor rotates, the combina 
tion of a first channel, a second channel, a pump 
for supplying liquid to Said channels, means for 
causing the pressure in said Second channel to 
at all times exceed the pressure in said first chan 
nel, a plurality of valve means, means responsive 
to said element approaching the limit of its move 
ment in a given direction for operating said valve 
means to cause the same to simultaneously con 
nect said second main port and Said second pail 
of pressure grooves of each notor to discharge, 
said first main port of each motor to said first 
channel and said first pair of pressure grooves 
of each motor to said second channel to thereby 
enable both of said motors to move said element 
in the opposite direction at a predetermined 
speed, means responsive to said element ap 
proaching the limit of its movement in said 
opposite direction for operating said valve means 
to another position to cause the same to simuli 
taneously connect the first main port and the 
first pair of pressure grooves of Said first motor 
to discharge, the second pair of pressure grooves 
of said first motor to said second channel, all 
of the pressure grooves of said second motor to 
discharge, the main ports of said second motor 
to each other and the second main port of said 
first motor to said first channel to thereby en 
able said first motor to move Said element in said 
given direction at a higher speed and to enable 
the rotor of said second motor to spin idly. 

JAMES 3. DOUGLAS. 


