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This invention relates to fluid engines, and particularly to a rotary fluid-operated reversible 
motor or pump; 

Hydraulic motors of the type herein deseribad. 
are useftal especially when low speed high torque 
driving means are required. An illustration of 
an apparatus which requires such a motor is the . 
gth positioning mechanism' of the present-day 
Warship. Guns on a warship are usually movable: 
through a Substantial arc’so they may be trained. 
upon'targets at varying azimuth from the ship: 

?. 

10. 

The guns are usually heavy and cumbersome so. 
that a very high torque is required to move them, 
and they must be moved at a relatively. slow.: 
speed to the particular azimuth at which they 
are to be fired, without hunting, and there be held positively against rotation. The apparatus - 
for rotating the gun must be operable to move 
it in either direction without any delay, so that 
the gun need move only through the smallest 20 
possible arc within the shortest possible time to 
reach its desired azimuth. The motor of the 
present invention is particularly adapted for 
Such requirements, since it furnishes high torque 
at a relatively low speed and it is possible to 
reverse the motor's direction of rotation. Without . 
undue delay." 

It has been previously proposed to provide 
fluid motors in which fluid under pressure is 
Supplied to a plurality of chambers to move vanes 
carried by a rotor and extending into the cham 
bers, successively past each chamber, However, 
in such motors the fluid under pressure, in addi 
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tion to providing a torque for movement of the 
pistcns and their associated rotor, exerted, an 
inward pressure on the vanes tending to move 
them away from the walls of the fluid chambers. 

35. 

So that "the...fluid within the chambers. escaped. 
around the vanes. To avoid the loss in efficiency. 
caused by this action, it was proposed also to 40 Supply fluid under pressure to the inner ends of 
the vanes, so that the inward force on the outer 
ends of the vanes would be balanced by an out 
ward force on the inner ends of the yanes. With 
this additional feature, the motor was efficient 45 and practical, but only for rotation in one direc-. tion... 
The object of the present invention is to pro- s. 

vide a fluid motor which is simpler indesign and, 
less-expensive in cost than earlier fluid motors. 
of the type referred to above, and which is also: , 
reversible in, direction: with a minimum of delay.,, 
and effort. The 'apparatus herein described in. 
cludes a rotor-carrying vanes:-whose outer ends: project into operating chambers formed between 

a stator and the rotot. Supply of fluid to one 
end of each of the operatingchambers and re 
moval of fluid from the other end causes rotation. 
of the rotorin one-direction through the torque. 
exerted on the vanes in that direction. To rotate. 
the rotor in the opposite-direction, the fluid is . 
supplied to the end of each of the operating: 
chambers which was previously the exhaust.end 
and removed from the end-which was previously. the supply end. 
In order to prevent the fluid in the operating 

chambers' from forcing:the-vanes' radially. in-. 
wardly; the fluid supplied to the operating.chani. 
bers is also transmitted to fluid chambers, which: 
communicate-with the inner, ends of the, Vanes. 
Thus, the inward force on the vanes is balanced: 
by the eutward force exerted on the vanes. by . 
the fluid from these last-mentioned fluid cham 
bers: : In order that this balancing of forces will. 
always: be effective on the Vanes, no matter: in. 
which direction the rotor is rotating, both ends, 
of each of the operating chambers: must be con 
nected to the fluid chambers. However, it is. 
necessary at the same time to prevent fluid from 
passing through the fluid chanabers to the ends: 
of the operating chambers from which fluid is'. 
being exhausted; in order to prevent interference. 
with the rotary movement: of the rotor and desi 
crease of the torque-causing:that movement. . 
The present invention provides a novel valve. 

apparatus automatically operated by the fluid. 
itself for isolating the exhaust ends of the oper 
atting chambers from the inletends, in both direc 
tions of rotation of the rotor. 
In addition, the present invention provides a 

novel means for preventing fluid from passing: 
from one operating chamber to another along the. periphery of the rotor. 
Though the fluid motor of the present inven tion is particularly adaptable to gun-positioning. 

apparatus, it is capable of many varied uses. For 
instance, the motor may be used as the driving: 
means for a land vehicle. To make it possible to : 
steer the vehicle to which the motor is attached, 

may be provided to allow movement of . the motor abgut one gof it 
An embodiment of the invention will be de in conjunction with the attached draw 

invention 
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Fig. 2 is a sectional view taken along line 2-2 
of Eig. 1. 
The engine of the invention has a rotor í 

mounted on a rotatable shaft 2 concentric with 
an annular stator 3. Bearing plates 4 and 5 on 
opposite sides of the stator support the stator 
and form bearings for the shaft. The shaft ter 
minates at one of its ends within a bearing box 
6 on one side of the engine where it is rotatably 
supported, and at the opposite side of the engine 
the shaft passes through another bearing box 
in which it is likewise rotatably Supported. 
A plurality of radial slots 8 extend axially of 

the rotor from the outer periphery of the rotor 
radially to points adjacent the inner periphery 
thereof. Within each of these slots a vane or 
piston 9 of less length than the radial extent of 
the slots 8 is positioned for radial movement. 
Each of the vanes 9 is formed of two mating Sec 
tions G and i. Each of the sections to and 
has a slot in its inner surface which forms One 
half of a chamber 2 within the vane. Each of 
the sections has a key Ca radially outward 
of its slot and a keyway 9b radially inward of its 
slot. Key Oa and keyWay Ob of each of the 
sections 0 mate with keyway ia and key if b of 
the corresponding section f, respectively. A 
spring 3 is mounted within each of the cham 
bers 2 to urge the sections 0 and if away from 
each other against the opposing faces of the slot 
8, for a purpose to be later explained. The 
springs are each normally of greater diameter 
than the chambers 2 within which they are po 
sitioned. Consequently, in assembly of the en 
gine, the springs must be laterally compressed to 
permit the pistons to fit within their slots. The 
spring 3 then exerts a force on each of the mat 
ing sections i 9 and i i of each of the vanes 9 
causing the outer sides of each of these sections 
to be firmly pressed against the adjacent face of 
the slot 8. The outer periphery of the rotor f is Substan 
tially cylindrical in form, but the inner periphery 
of the stator is formed with a plurality of axially 
extending surfaces 4 which are spaced from the 
rotor and separated from each other by axially 
extending surfaces or lands 5 which are nearly 
contiguous to the rotor. As a result of this con 
figuration of the inner periphery of the stator, a 
plurality of operating chambers 6, four in the 
illustrated embodiment, are provided between the 
stator and the rotor, the chambers 6 being 
bounded at their axial ends by the bearing plates 
4 and 5. 
A pair of annular grooves 1 and 7 are formed 

in the opposite end plates 4 and 5 of the engine. 
The radially inner surface of each of the grooves 

and T' forms a cam surface, 8 and 8', re 
spectively, which is complementary to the inner 
periphery of the stator. The radial distance be 
tween the cam surfaces 8 and 8' and the inner 
periphery of the stator is the same over the entire 
360° of these surfaces. The vanes 9 each have 
rollers 9 and 19 on their opposite axial ends 
which ride on these cam surfaces so that the 
vanes move alternately inwardly and outwardly 
as they move rotationally with the rotor. 
The radial distance between the inner Surface 

of each of the rollers 9 and 9' and the outer end 
of the corresponding vane 9 is substantially equal 
to the radial distance between the can surfaces 
i8 and 8' and the inner periphery of the stator, 
so that the outer ends of the vanes 9 are always 
in contact with the inner periphery of the stator. 
It will be apparent that, though the rollers and 
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4. 
cam surfaces are preferable, other means, such as 
springs, could be employed to urge the vanes into 
contact with the inner periphery of the stator, 
and it will further be apparent that shoulders 
formed on the vanes could be used in place of the 
rollers to ride on the cam surfaces. 
At one peripheral end of each of the operating 

chambers 6, a set of Spaced passages 20 extends 
between the operating chamber and an annu 
larly-shaped fluid manifold 2 in the stator. At 
the other peripheral end of each of the operating 
chambers, a Second set of spaced passages 20 
extends between the chamber and a second annu 
larly-shaped fluid manifold 2' in the stator. 
Each of the sets of passages 2 and 20' is dis 
placed a slight distance from the surface of land 
5 to which it is adjacent at its place of commu 

nication with the operating chamber 6. 
Fluid is supplied to or removed from the mani 

fold 2 through a passage 22 which communi 
cates with the outer side of the stator and is 
supplied to or removed from the manifold 2 
through a corresponding passage 22' which also 
terminates at the outer side of the stator. 

Each of the surfaces or lands 5 of the stator 
has an axially-extending preferably trapezoidal 
shaped slot 23, Within which a deformable bar or 
rod 24 of rubber or other appropriate material is 
positioned. When fluid under pressure enters 
one side of the slot 23, it exerts a transverse pres 
sure on the bar or rod 24 which causes it to flatten 
out so that one of its sides is in fluid-tight con 
tact with the inner side of the slot and the oppo 
site side of the bar or rod is in fluid-tight contact 
With the outer periphery of the rotor. : Conse 
quently, the fiuid cannot pass from one chamber 
6 to another along the periphery of the rotor, 

even if the Vanes 9 do not make good contact 
With the inner periphery of the stator. 
To prevent fluid from passing from the operat 

ing chambers and the manifolds inward along 
the axial ends of the pistons a pair of sealing 
rings 25 and 25' are positioned between grooves 
in the end walls 4 and 5, respectively, and the 
adjacent surface of the rotor. 
An axially-extending fluid chamber 26 is 

formed between the inner end of each of the 
slots 8 and the inner end of the corresponding 
wane 9 when the vane is in any position except its 
most in Ward position. All of the fiurid chambers 
26 communicate at one end with an annular 
chamber 2 and at the Opposite end With a second 
annular chamber 27. A surge chamber 28, com 
municating with the chamber 27, is provided in 
the end plate 4 to allow for expansion of fluid in 
the chambers 26, 26' and 27. 
The annular chamber 27 is connected by a 

passage 29 with a valve apparatus, generally indi 
cated at 30, which comprises a fluid cylinder 3 
within which a piston valve 32 of less length than 
the cylinder is positioned. One end 33 of the 
cylinder 3 is connected to the manifold 2 ?, while 
the other end 33 thereof is connected to the 
manifold 2. A pair of spaced passages 34 and 
34’ communicate at One end with the fluid cylin 
der 31 and at their other ends with the fluid 
paSSage 29. 
The Springs 3 above referred to exert forces 

On the mating Sections. 9 and of each of the 
vanes 9 so that the outer sides of each of the 
wanes are in contact with the adjacent inner sides 
of the slots 8. Consequently, fluid cannot pass 
radially inward from the operating chambers 6 
between the Vanes and the slots, even if the mat 
ing sections of the vanes are not of the exact cor 
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1rect, dimen Sion S. 3 Furthermore, the imating later. 
ally-extending surfaces of the keyways: 10b and, 
ld and the keys Oa and if b are contiguous and 
prevent passage of fluid between the sections. 0. 
and of the Vanes When the Sections are pressed, apart by the springs 3. 
In the operation of this preferred embodimenti 

of the invention as a notor, to cause rotation. 
of the rotor and the Shaft, in the clockwise direc 
tion, fiuid under pressure, preferably oil, is Sup 
plised through the passage 22, to the manifold: 2. 
From the manifold 2 f, some of the fluid enters: 
the end 33 of the fluid cylinder 3 and moves . 
the piston valve 32 to the end 33 of the cylinder. 
The fluid then passes from the cylinder through 
the passage: 3 and the passage. 29. to the fluid, 
chanber 2, fronia. Which it, passes into the fluid 
chambers 26 and the fluid chamber 2'. . The 
remainder of the fluid in the manifold 2. passes;, 
through the passages. 20 into the operating 
chambers 6 where it exerts a torque. On the vanes 
9, forcing the Vanes and the rotor which carries: 
them in the clockwise, direction... When a vane, 
9 is moving through one of the operating chann 
bers 6, it is in its most OutWard position. With its 
outer. end in contact with a surface 4 of the 
Stator. However, as the Vane approaches one of . 
the lands 5 between the Operating chambers, it is, 
moved in Wardly until, when it is opposite the land 
f5, it is in its most inward position. As each of 
the vanes 9 is in turn passed through -an operat-, 
ing chamber 6, the fluid in front of it is ex 
hausted from the chamber through the passages 
29' at the forward end of that chamber, the mani 
fold 2 and the passage 82. 
The in Ward force exerted on the outer ends of 

the vanes 9 by the fluid in the operating cham 
bers í 6 is counterbalanced by the outward force. 
exerted on the inner ends of the vanes 9 by the 
fiuid in the fluid chambers 28, so that no unbal 
anced radial force is exerted on the vanes. This 
is particularly important should the cam sur 
faces not be of exactly the proper configuration 
and distance from the stator, Since unbalanced 
pressure on the outer ends of the vanes would 
tend to move then inwardly and allow fiuid to 
escape around the outer ends of the vanes. Sup 
ply of fluid under pressure to the chambers 26 
furnishes an outward pressure. for the vanes to 
balance the inward pressure and permit the cam 
surfaces and the centrifugal force of the rotor 
to keep the Outer Surfaces of the vanes against 
the inner periphery of the stator. 
When the rotor and the shaft are to be rotated 

in the counter-clockwise direction, fluid under 
preSSure is Supplied through the passage 22' to the 
manifold 2'. A portion of the fluid in the mani 
fold 2' enters the end 33' of the fluid cylinder 
3 and moves the piston valve 32 to the end 33 
of the cylinder. Froin the cylinder the fluid 
passes through the passage 34' and the conduit 
29 to the fluid chambers 27, 26 and 2', as before, 
where it again exerts an outward force on the 
WaleS. 

The remainder of the fluid in the manifold 9' 
enters the operating chambers 6 through the 
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passages 20' and there exerts a counter-clockwise . 
torque on the vanes 9, causing the vanes and the 
rotor to rotate in a counter-clockwise direction. 
Fluid ahead of the Vanes is exhausted from the 
operating chambers 6 through the paSSages 20 
to the manifold 2 from which it passes through 
the passage 22 to an external Collector. 

If the engine is to be used as a pump, the shaft 
i? rotated and fluid supplied through the pas 
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sages: 2C or the: passages. 20's, to the operating 
chambers. 6, depending upon whether the shaft: 
is being rotated clockwise or counter-clockwise. 
The vanes. 9 will force the fluid between them and, 
the passages ahead. of them in the ...operating: 
chambers as they pass therethrough. The fluid. 
urged out of the operating chambers is removed 
therefrom through the other set of passages 20. 
or 28, depending upon whether rotation of the: 
rotor is in the clockwise or the counter-clockwise. 
direction, and transmitted to the location...at. 
Which the fluid is to be used or to appropriate, 
Storage means. ? 

AS. Stated above, it is. Contemplated that...a. 
motor of the type herein described could be uti- 5 
lized to drive, the wheels of a land vehicle. In 
Such case, the motors would be mounted on the: 
axles of the vehicle. With the shafts of the motors: 
Serving as Stub. shafts for the wheels of the ve-. 
hicle. diarietrically opposite trunnions: 35: and , 
35' are mounted on the stator of the motor to 
permit. Steering, of the wheel of the vehicle through appropriate mechanism. 
It Will be apparent that a fluid-operated rotary 

engine has been described which is relatively. 
Simple and inexpensive to operate and which can 
be: easily, reversed in its direction of rotation. 
The Scope of the invention to which this de 

Scription refers is defined in the following claims. I claim: 
1. A fluid engine comprising a shaft, a rotor 

mounted on said shaft and having a plurality 
of slots extending inwardly from the outer spe 
riphery of the rotor, vanes slidable in said slots, 
a stator. Surrounding said rotor and having an 
inner periphery including a plurality of surfaces 
Spaced from each other and from the rotor and 
lands Substantially contiguous to the rotor and 
separating said surfaces from each other to pro 
Vide a plurality of operating - chambers between 
the stator and the rotor, means for continuously 
urging the Outer ends of said vanes into contact. 
With the inner periphery of the stator, a first 
passageway System adapted selectively to supply 
fiuid to , and remove it from one end of each of 
Said chambers, a second passageway system. 
adapted. Selectively to remove fluid from and 
Supply...it to the other end of each of said cham 
bers, whereby the direction of rotation of said 
rotor may be reversed, means including. a fiulid. 
chamber in Said stator for supplying fluid to the 
inner ends of Said vanes, a valve chamber in 
said stator, a passage connecting said first pas 
Sageway System to one end of said valve champer, 
a paSSage connecting Said Second passageway 
System to the other end of said valve chamber, 
paSSage means connecting said valve chamber 
to said fluid chamber, and valve means in said 
Valve chamber movable by fluid under pressure 
to said other end of said valve chamber when 
fluid is Supplied to Said first passageway systein 
to allow communication between said first pas 
Sageway System and Said passage means and 
prevent Communication between said second 
paSSageway System and Said passage means, and 
movable by fluid under pressure to said one end of 
Said valve chamber When fluid is Supplied to said 
Second passageway System to allow communica 
tion between Said Second passageway System and 
said passage means and prevent communication 
between Said first passageway System and said 
passage means, whereby the in Ward pressure of 
the fluid in Said operating chambers on said 
vanes is counter-balanced by the outward pres 
Sure of the iuid from the illuid chamber on said 
W3CS, 
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2. A fluid engine comprising a shaft, a rotor 

mounted on said shaft and having a plurality of 
slots extending in Wardly from the outer periph 
ery of the rotor, each of Said slots having a vane 
slidable therein, a stator surrounding said ro 
tor and having its inner periphery including Sur 
faces spaced from the rotor and from each other 
and lands Substantially contiguous to the rotor 
and separating said Surfaces from each other to 
provide a plurality of Operating chambers be 
tween the stator and the rotor, means for con 
tinuously urging the outer ends of said vanes 
into contact with the inner periphery of the 
stator, a first set of fluid passages, one passage 
of said first set of fluid passages communicat 
ing with one peripheral end of each of said op 
erating chambers, a second set of fluid pas 
Sages, One paSSage of said Second set of fluid 
passages communicating with the other periph 
eral end of each of said operating chambers, 
means adapted selectively to supply fluid to and 
remove fluid from said first set of fluid passages, 
means adapted Selectively to remove fluid from 
and Supply fluid to said second set of fluid pas 
Sages, whereby supply of fluid to said first set 
of fluid passages and removal of fluid from said 
Second set of fluid passages causes rotation of 
Said rotor in one direction and supply of fluid 
to said second set of fluid passages and removal 
of fluid from Said first set of fluid passages 
causes rotation of said rotor in the opposite di 
rection, means including a fluid chamber in said 
Stator for conducting fluid to the inner ends of 
Said Vanes, a fluid cylinder in said stator, a fluid 
passage connecting said first set of fluid passages 
to one end of said fluid cylinder, a second fluid 
pasSage connecting Said second set of fiuid pas 
sages to the other end of said fluid cylinder, a 
piston Valve in Said fluid cylinder nowable by 
fluid under pressure to said other end of said 
valve chamber when fluid is supplied to said 
first passageway system and movable by fluid 
under pressure to said one end of said valve 
chamber when fluid is supplied to said second 
paSSageway System, and means for conducting 
fluid from said fluid cylinder to said fuid chann 
ber in both positions of said piston valve, said 
fluid conducting means being isolated from said 
first set of fluid passages and connected with 
Said Second set of fluid passages when said pis 
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ton valve is at Said one end of said fluid cylin 
der and being isolated from Said second set of 
fluid passages and connected with said first set 
of fluid passages when said piston valve is at 
Said other end of Said fluid cylinder, whereby 
the in Ward pressure of the fluid in Said cham 
bers on Said vanes is counter-balanced by the 
outward pressure of the fluid from the fiuid 
chamber on Said vanes. 

3. A fuid engine as defined in claim 2 in which 
each of Said lands has an axially-extending slot 
therein, and a deformable bar in each of said 
land slots of Smaller size than the slot, each of 
Said slots in the lands being of such shape that 
fluid passing from an operating chamber be 
tween the periphery of the rotor and the land 
enters the slot and exerts pressure on said de 
formable bar causing the inner portion of Said 
deformable bar to move radially inward and 
contact the outer periphery of the rotor and 
the Outer portion of Said deformable bar to con 
tact the inner side of the slot in the land, SO 
that the deformable bar seals the space between 
the periphery of the rotor and the inner side of 
the slot, said means for urging the outer ends 
of the vanes into contact with the inner periph 
ery of the stator comprising a can surface com 
plementary with the inner periphery of the sta 
tor and having all points thereon substantially 
equi-distant from corresponding radial points 
on the inner periphery of the stator, and a roller 
carried by each of Said vanes and riding on said 
can surface. LESTER. J. BECKER. 
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