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REVERSIBLE WANE MOTOR. 
Edgar Wayne Kay, Detroit, Mich., assignor to 
The Oilgear Company, Milwaukee, Wis., a cor 
poration of Wisconsin. 
Application May 20, 1942, Serial No. 443,730 

(C. 121-87) 19 Claims. 

This invention relates to reversible vane type 
motors and associated control mechanisms. 
More particularly, the invention relates to re 
versible vane type motors in which overrun of 
the rotor assembly may take place incident to re 
versal of its direction of rotation. 
Motors of the type to Which the invention re 

lates in particular include a vane track that Sur 
rounds the rotor and vane assembly and is 
adapted to contact the radially outer ends of the 
vanes to guide and control their inward and 
OutWard notions as the rotor rotates. For 
quiet and satisfactory operation of the motor, it 
is practically essential that the outer ends of the 
Vanes be urged into contact with the vane track 
when operation of the motor is started and that 
such contact be maintained continuously during 
its operation. 

In order to provide this track-contacting and 
track-following action of the vanes, it is neces 
sary to supplement the action of centrifugal force 
with an auxiliary force acting to urge the vanes 
outward, at least during the portion of their 
rotary travel in which they are passing through 
the inlet area or areas of the motor, so that the 
outer ends of the vanes will be held firmly in 
contact with the surrounding vane track and 
thus provide a movable resistance to the motive 
fluid acting upon the outer end portions of the 
vanes, whereby rotary motion is imparted to the 
rotor and driven shaft of the motor. In the 
vane motor of the present invention, fluid pres 
sure means are utilized to provide this auxiliary 
force and this is accomplished by introducing or 
admitting, behind the inner ends of the vanes, 
fluid having a pressure sufficient to move the 
vanes outward and keep their outer ends in Con 
tact with the vane track while passing through 
the inlet area. Or area.S. 
The present invention is not concerned with 

the nature of the pressure fluid admitted to the 
inner ends of the vanes but it is preferably a 
differential pressure fluid. That is, the pressure 
of the fluid admitted behind the inner ends of 
the vanes is a predetermined amount higher than 
the pressure of the motive fluid that acts upon 
the outer end portions of the vane to drive the 
motor. 
The means for providing motive fluid and 

differential pressure fluid form no part of the 
present. invention. For the purpose of illustra 
tion, the accompanying drawings show that the 
two pressures are obtained by passing the motive 
fluid through a resistance valve but it is to be 
understood that any other suitable means may be 

employed, such as an auxiliary pump which de 
livers enough fluid to the inner ends of the vanes 
to urge them outward and which discharges the 
remainder of its output through a resistance 
valve into the motive fluid Supply channel. 
The drive shaft, rotor and vanes are the only 

rotating parts of a vane type fluid motor of the 
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character under consideration and constitutes 
its entire rotor assembly. These parts are rela 
tively small and light in weight and their iner 
tia is usually so small that, when these parts con 
stitute the entire inertia load, they may be stop 
ped almost instantly upon reversal of the high 
and low pressure fluid connections to reverse the 
direction of rotation of the rotor assembly. In 
fact, the Small size and light weight of the ro 
tating masses of vane type motors of this class 
are among the most important and distinctive 
features of such motors, and make possible ex 
ceedingly rapid acceleration, deceleration and 
reversal. ". 

However, these motors are frequently employed 
to drive relatively large inertia, loads which re 
quire either an extremely high pressure of the 
motive fluid to instantly stop their rotation or 
a relatively longer time for deceleration. In 
most instances it is not practical to instantly 
stop the rotation of large inertia loads when ro 
tating at high speeds because of the excessively 
high pressure required to effect stoppage and it 
is customary to decelerate the load as rapidly as 
can be accomplished within certain reasonable 
pressure limits or as may be necessary for the 
safe operation of the driven device, and during 
such deceleration the rotor assembly tends to 
overrun, i. e., tends to continue momentarily to 
rotate in the direction in which it was rotating 
just prior to reversal of the motor's high and low 
pressure fluid connections. During such overrun 
the device functions as a vane type pump which 
is driven by the inertia load, with the Speed of its 
rotor assembly progressively decreasing as de 
-celeration takes place so that there is a corre 
sponding decrease in the centrifugal force avail 
able to move the vanes outward into contact with 
the Vane track. 

For quiet and satisfactory operation during 
periods of overrun, it is necessary to provide a 
force to urge the vanes outward as they pass 
through the inlet areas which are at that time 
the low pressure areas due to the motor funca 
tioning as a pump. Unless such auxiliary force 
is provided, the result will be noisy and unsatis 
factory operation comparable to that en 
countered in any vane type pump if the vanes do 



2 
not move out properly as they pass through the 
intake areas and in which the Wales are Working 
against a substantial pressure. 

Satisfactory operation of a reversible vene type 
fiuid motor in which overrun of the rotor as 
senbly occurs thus requires 3, provision of 37 
auxiliary force to urge the vanes outward into 
contact with the vane track during the time 
that the outer ends thereof aire passing rough 
the net airess and this is the 2ase irrespective 
of whether he inlet areas are the high pressure 
areas, as is the case during normal or non 
reversing operation of the motor, or Whether slachs, 
inlet areas are the jow pressure areas 2.s is ilhe 
case during overrun of tine i?otor assenioly 
through the period of deceleration incident to 
areversal. 

It has heretofore oeen proposed to supply dif 
ferential high pressure fluid to the inner ends of 
aii of the vanes continuousiy bit, during the 
periods between reversals, such an arrangement 
causes the Outer end of each wane as it passes 
through the low pressure area to be urged against 
the vane track by a very large force which 
greatly reduces the efficiency of the motor and 
causes undue wear of the vane track snd the 
outer end of the vane. 
The present invention has as an object to pre 

vide a vane type motor which will operate quietly 
and efficiently both during reversal and during 
normal operation. 
Another object is to provide a vaine type motor 

capable of being reversed at a rapid rate, that is, 
a motor capable of operating under conditions 
which require successive reversals of the notor 
at extremely brief intervals. 
Another object is to provide a vane type motor 

with an automatic control mechanism which is 
positive and precise in operation. 
Cther objects and advantages will appear from 

the description hereinafter given of a vane type 
fluid notor and associated control mechanism 
in which the invention is embodied. 
Wane type motors are at present ordinarily 

eriergized by notive liquid, such as oil, and the 
present invention will be described as embodied 
it a constant displacerient hydraulic motor and 
asSociated control mechanist, but it is to be 
a riderstood that the invention is equally appli 
cable to elastic fuid motors and to variable dis 
placeiaert Snoors. 

3 he invention is exemplified by the traine tyge 
Anotr 2.33 associated ontrol Zechanisri shown 
in 23 Sche:3.2atically in the accompanying draw. 
izags it ifich the views are as follows: 

fig. i is 3, "yiew, partly in side elevation and 
party is a 78rtical longitudinal sectio;a, of a yane 
type indigs 2:0 vizic the invention has sees 
applied. 

Fig. 2 is 2, t'ansverse sectioa taken along the 
ine 2-3 of Fig. 4. 

Fig. 3 is a fragmentary longitudirial section, 
partly in fuji, taken along the irregular lire 3-3 
(of Sigs. 2 aid $. 

Fig. 4 is a transverse section taken gniae ine 
5-4 of Fig. 3. 

ig. 5 is a view of the inner face of one of the 
two cheek plates oetween which the rotor rotates, 

gig. 8 is a diagrammatic view showing the 
hydraulic circuits of the motor and its certrol 
i.echanisri. 

:igs. 7, 8 and 9 are views showing the piston 
of the control Waive is positions differen: from 
that shown in Fig. 6. 
The motor has its mechanism arranged within 
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3,385,587 
a casing having a circular chamber it formed 
therein and closed by a removable end head 2 
which is attached to casing by boits 3: Chan. 
be has two cheek plates 4 and 5 fitted 
therein and spaced apart by a spacer ring 6 the 
inner peripheral surface of which is approxi 
mately elliptical and forms a vane track 7, the 
cheek plates and spacer ring being firmly clamped 
together within chamber by headi 2 and 
colts 3. 
A cylindrical rotor 8 is closely fitted for rota 

tion between the two cheek plates and provided 
With a plurality of radial Wane slots 9 in seach 
of Which a vane 20 is slidably fitted and has its 
olater end in contact with vane track it. Rotor 
8 is splined upon he inner end of a drive shaft 

2 which extends outward through casing 9 and 
is rotatably supported by suitable bearings ar. 
ranged therein, the spined connection being of 
such a nature that rotor 8 can adjust itself be 
tween the cheek plates and thereby permit it to 
be closely fitted therebetween. 
As previously explained, vane track T is ap 

proximately elliptical and has been shown as 
having its horizontal diameter but slightly 
greater than the diameter of rotor 8 and its 
vertical diameter considerably greater than the 
diarineter of rotor 8 to thereby leave spaces be 
tween the periphery of rotor 8 and the tipper 
&nd lower portions of vane track T. The division . 
between these two spaces is effected by coopera 
tioi) of rotor 8 and the outer ends of yanes 20 
With vane track it at the region of the vane 
track's least diameter, and these regions are con 
centric with rotor 8 to provide arcs 22 which 
are generally known as 'sealing arcs' and are 
of a length at least as great as the angular dis 
tence between adjacent vanes 2S, 

the two spaces between rotor 8 and vane 
track are each divided into interchangeable 
inlet and outlet areas with a working chamber 
therebetween. The inlet area and the outlet 
area in one of the spaces are diametrically op 
posed, respectively, to the inet area and the 
Cutlet area in the other space in order that rotor 
8 may be hydrostatically balanced in respect to 
the radial forces acting thereon. Division be 
tween the inlet areas and the outlet areas is ef. 
fected by vanes 20 engaging track 2 at the re 
gions of its greatest diameter and these regions 
are concentric with rotor 33 to provide arcs 23 
'gyhich are generally known as “working arcs' and 
aire of a length at least as great as the angular 
distance between adjacent vanes 20. 

Rotor 8 and vanes 26 form substantially fluid 
tight joints with the inner faces of cheek plates 
35 and 5 so that, when motive liquid is supplied 
50 he inlet areas, it will act upon the exposed 
Sortions of those vanes in 2catact with working 
aircS 23 and cause those varies to rotate rotor a 
Siid shaft 2 toward the outlet areas into which 
the liquid trapped between adjacent varies is dis 
Charged as the vaines are noved inward by pass 
ing along vane track 7 toward sealing arcs 22. 

AS best shown in Fig. 5, cheek piates 4 and 5 
are each provided with a pair of diametrically 
opposed ports 28 and a pair of diametrically op 
posed portS 29 which communicate with the in 
terchangeable inlet and outlet areas as shown 
is Fig. 2, the ports in one cheek plate being ar 
ranged axially opposite the corresponding ports 
in the other cheek plate as shown iri Fig. 3. One 
pair of ports in cheek plate 5 is adapted to ad 
Init notive liquid to the inlet areas and the 
other pair of ports in cheek plate 5 is adapted 
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to permit the discharge of liquid from the outlet 
areas but the ports in cheek plate 4 function 
simply as balance ports to hydrostatically balance 
rotor 8 in an axial direction in respect to the 
pressure exerted thereon by the motive liquid. 
The motor is adapted to have motive liquid 

supplied thereto through one and to have liquid 
discharged therefrom through the other of two 
pipes 30 and 3 which are attached to casing fo 
and communicate, respectively, with two annular 
channels 32 and 33. (Fig. 4). formed therein. 
Channel 32 communicates, through two short 
passages 34 with the two ports 28 in cheek plate 
f5, and channel 33 communicates through two 
short passages 35 with the two ports 29 in cheek 
plate 5. . . . . . . . . . 
When motive liquid is supplied through pipe 

30, it will flow through channel 32, passages. 3 
and ports 28, act upon the exposed end portions 
of the vanes 20 in contact with working arcs 23 

3 
with a valve block 42 which has been shown 
attached to end head 12. Vaneslot ports 38 are 
each connected by a passage 43 (Fig. 3) to an 
annular passage 44, which is formed in end head 
2. and connected by a channel 45 to valve block" 

42. Wane slot ports 39 are each connected by a 
passage 46 (Fig. 3), to an annular passage. 47 
which is formed in end head 2 and connected 
by a channel 48 to valve block 42. . . . . . . . . . . 
Any suitable means, may be employed for dis 

recting motive liquid to and exhausting liquid 
from the motor, for reversing the direction of 

5 

20 

and cause rotor 8 to rotate in a counterclockwise - 
direction in respect to Fig. 2, and the liquid car 
ried across arcs 23 by the vanes will be dis 
charged through ports 29, passages 35 and chan 
nel 33 into pipe 3 f which is at that time the 
discharge pipe. . . 
When motive liquid is supplied through pipe 

3, it will flow through channel 33, passages 35 
and ports 29, act upon the exposed portions of 
the vanes 20 in contact with working arcs 23. 

25 

30 

and cause rotor f 8 to rotate in a clockwise di 
rection in respect to Fig. 2, and the liquid carried 
across arcs 23 by the vanes will be discharged 
through ports 28, passages 34 and channel 32 into 
pipe 30 which is at that time the discharge pipe. 

Efficient operation of the motor requires that 
the vanes be held in contact with the vane track 
at all times. Therefore, the vanes must be moved 
progressively outward as they pass through the 
inlet areas and be moved progressively inward 
by the vane track as they pass through the out 
let areas. In order to obtain efficient operation 
of the motor, the inner end of each vane slot 9 
registers successively with a plurality of vane 
slot ports which are formed in cheek plates f4 
and 5 to admit pressure liquid behind the inner 
ends of the vanes the outer ends of which are 
passing through the inlet areas and across the 
sealing and working arcs and to permit the dis 
charge of liquid from the inner ends of the slots 
9 containing the vanes which are being moved 
inward by the vane track. . s 
As shown in Fig. 5, each of cheek plates 4 

and 5 has formed therein a pair of diametri 
cally opposed short vane slot ports 36, a pair of 
diametrically opposed short vane slot ports 37, 
a pair of diametrically opposed vane slot ports 
38 and a pair of diametrically opposed vane slot 
ports 39. Vane slot ports 36 are spaced radially 
inward from working arcs 23, vane slot ports 37 
are spaced radially inward from sealing arcs 22, 
vane slot ports 38 are spaced radially inward 
from main ports 28, and vane slot ports 39 are 
spaced radially inward from main ports 29. The 
vane slot ports in cheek plate 4 extend com 
pletely therethrough in order that they may be 
connected to an external circuit but the vane 
slot ports in cheek plate 5 are simply grooves 
formed in its inner face and function as balance 
ports to hydrostatically balance rotor 8 in re 
spect to the pressures prevailing in the vane 
slot ports in cheek plate f4. 
vane slot ports 36 and 37 are each connected 

by a passage 40 (Fig. 1) to a channel 4 which 
extends through end head 2 into communication 
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liquid flow to thereby effect: reversal of the 
motor, and for directing high pressure liquid to 
the vane slot ports selectively, but, for the pur 
pose of illustration, Fig.6 schematically shows . 
the motor connected to a source of pressure liquid 
and to exhaust through a reversing valve, the 
high pressure liquid supplied directly from the 
pressure source and a resistance valve connected 
between the reversing valve and the source to 
cause a drop in the pressure of the motive liquid 
supplied to the inlet areas of the motor. . . . . 
... As shown, pipes 30 and 3 are connected to 
opposite sides of a reversing valve 55 which in 
the position shown connects pipe 30 to an ex 
haust pipe 56 and connects pipe 3 f to a pressure 
pipe 57 and which when shifted will connect 
pipe 30 to pressure pipe 57 and pipe 3 to ex 
haust pipe 56. Pipe 5T is connected through a 
resistance valve 58 to a supply pipe 59 which is 
connected to a source of pressure liquid such as . 
a pump not shown, and high pressure liquid is 
supplied to the vane slot ports selectively through 
a channel 60 which is connected to supply pipe 
59. Resistance valve 58 causes a drop in pressure 
between channels 59 and 57 so that the pressure 
prevailing in the vane slot ports connected to 
channel 60 exceeds the pressure of the motive 
liquid delivered to the inlet areas of the motor 
by an amount equal to the pressure required to 
open resistance valve 58 which ordinarily opens 
at a very low pressure. . . . . . . 
The flow of liquid to and from the vane slot 

ports is controlled by a valve 65 which has been 
shown in Fig. 1 as being attached to valve block 
42 and which is shown in detail but somewhat 
schematically in Figs. 6 to 9. As shown, control 
valve 65 is symmetrical about its transverse cent 
ter line and has a valve member 66 arranged in 
a valve casing 67 and provided with three spaced 
apart heads or pistons 68, 69 and 70 to control 
communication between five annular grooves or 
ports 7,72, 73,74 and 75 formed in the bore of 
casing 67. . . . . . . . 

Valve casing 67 has two cylinders 76 and TT 
arranged upon opposite ends thereof and com 
municating with ports T4 and 75 respectively. 
Cylinders T6 and TT have pistons 78 and 79 fitted 
therein, respectively, and urged toward valve 
member 66 by springs 80 and 8 respectively. 
Pistons 78 and T9 have chokes 82 and 83 arranged 
therein, respectively, to permit liquid to flow at a 
limited rate from the outer end to the inner 
end of each cylinder when the piston therein is 
moved by valve member 66 as will presently be 
explained. . . . . 
The ports and cylinders of valve 65 are con 

nected to the several ports in the motor by a plu 
rality of passages, check valves and resistance 
valves as shown schematically in Fig. 6...In prace 
tice, these valves and passages are arranged in 
valve block 42 which has not been illustrated in 
detail for the reason that its exact construction 
forms no part of the present invention. 
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Forts, 4 and 5 in valve casing are con 
sected to opposite sides of the nain, hyiraulic 
circuit by channels 8 and 85 which have been 
shown in Fig. 6 as being connected, espectively, 
to pipes 39 and 3 but which in practice extend 
through end head f2 into communication with 
ports 23 and 29. Channels 8 and 35 are con 
nected, respectively, to cyliadiers SS and 27 by 
channels 8 and 8 having check waves 33 sac 
3S arranged therein, respectively, to peni; iud. 
to flow freely fror the naifa inciatic sitcai &c. 
cylinders 6 and bus to prevein, it; escaping 
therefrom except through choices 82 and 33. 
Channel , which is connected by passages is 

to vane slot ports 3 and 3, extend through valve 
block 2 into crimmunication with port with 
which channel 5 also consilicates so that, washe 
slot ports 36 and 3 are goritucisiy Septed 
with differential pressure liquid, that is, Tith 
liquid at a pressure which exceeds the pressure 
of the notive liquid by air an unt equal to ine 
resistance of resistance valve 58, 
Fassage 35, which contricates tarot:gh pas 

sages 4 and 3 with valve so grts 58, is co 
nected through a check Yaive as and a resistance 
waive 3 to a chain:he 2 Wigh cornia Iligates 
with port 2. Passage i8, thici; ecsarnunicates 
through passages 7 and 36 with valve slot ports 
39, is connected through 8, hack raiye S is 
a resistance v8.ive 3 to 3, chaniel 35 xthic cotia 
municates With por; 3. Check valves 9 and 33. 
perrit liquid to low freely fron wave ya 
Slot ports 38 and 39, and resistance valves 9 and 
94 offer a low resistance to the discharge of liquid 
from vane slot ports 38 and 39. 
Channels. 92 and 95 are connected, respectively, 

by check valves 96 and 9 to channel 4 and they 
are also connected, respectively, by check valves 
98 and 99 to channels 84 and 85 so that liquid can 
escape from one and liquid may be supplied to the 
other of the two pairs of vane slot ports 38 and 
39 when waive member 66 is in either one of its 
two positions in which it blocks one or the other 
of ports 72 and 73. 

Operation 

With the parts in the positions shown in Fig. 6 
and pressure liquid being supplied to pipe 59, the 
areas around ports 29 will be inlet areas and the 
areas around OOrts 28 will be the outlet, areas, 
Liquid Will flow from pipe 59 through resistance 
valve 58, pipe 57, reversing waive 55, pipe 3, 
channel 33, passages 35 and ports 29 to the inlet, 
al"eas, act upon the exposed portions of the vanes 
2 in contact with working arcs 23 and cause rotor 
8 to rotate in a clockwise irection in respect 

to Fig. 2. As the varies pass beyond areas 23, the 
liquid trapped between adjacent vanes will be 
discharged into the outlet areas and will fiew 
therefrom through ports 28, passages 25, channe 
32, pipe 30 and reversing valve 55 into exhaust; 
pipe 55. 
At the same time, differential pressure will ex 

tend from pipe 59 through channel 6G, valve 65, 
channel 95, check valve 93 and passages 58, 8. 
and 45 to vane slot ports 39 and from valve 65 
through channe and passages $0 to vane slot 
ports 36 and 3. The wanes passing through the 
inlet areas will be moved progressively outward 
and held firmly in contact with track by the 
differential pressure in vane slot ports 39 and the 
vanes passing across sealing arcs 22 and Working 
arcs 3 will be heid firmly in contact hereWith 
by the differential pressure in vane slot ports 36 
and 3. 

hereby 

4. 2,385,567 
The vanes 2 passing through the cutlet, areas 

will be moved progressively inward by wane track 
aEnd will expel liquid from he inner ends of 

their vane slots is through vane slo, ports 38, 
5 passages 43, 4 and 5, resistance valve 3 chan. 

nel 32, valve S5 and channel 34 into he dis 
charge side of the inctor circuit. 

Resistance valve 9 offers a loy resistance to 
the discharge of liquid from vane slot ports 38 and 

10 thereby prevents those vanes which are passing 
across ports 28 from ialing to the bottoms of 
their slots when the motor is operating at such a 
slow Speed that there is insufficient centrifugal 
force to old those Vanes in contact with the vane 

15 &rack. Resistance valve 93 gerforms the same 
function when actor 8 is rotating in a counter 
clockwise direction. 
When the fluid connections are reversed as by 

shifting Valve 55 to connect pipe 3 to pipe st 
20 and pipe 3 to pipe 56, liquid will tend to flow 

through pipe 30, channel 32 and passages 24 to 
ports 29 2nd tend to drive the motor in the op 
20Site direction but, if the motor is connected to 
an inertia iQad as is usually the case, the inertia 

25 of the load will cause the motor to overrun. That 
is, the load Wii drive the notor and cause it to 
Costinue to rotate in the same direction which 
Will cause the Inotor to function as a pump in 
that it will draw liquid through ports 29 and dis 

30 charge liquid into ports 28, thereby causing the 
gressure in the areas around ports 28 to rise to 
a Yaximum as determined, for example, by a re 
lief valve such as the reiief valves with which hy 
draulic transmissions are almost invariably pro 

35 vided. 
The high pressure in the areas around ports 28 

Will act upon the exposed end portions of the 
varies 20 in contact with working arcs 23 and 
quickly decelerate rotor 8 to zero speed and then 

40 start it rotating in the opposite direction, there 
by reversing the notor. 

During the period between the reversal of the 
fluid connections and the reversal of the notor, 
ports 29 continue to be inlet ports but the pres 

45 sure therein is very low or negative, and ports 
23 continue to be outlet ports but the pressure 
therein is very high. Therefore, if the pressures 
in the vane slot ports were reversed simultaneously 
With the reversal of the pressures in the inlet and 

50 outlet areas, nic liquid would be supplied to vane 
slot ports 39 to move outward the venes passing 
through the inlet areas during that period. 

Sowever, as soon as the fluid connections are 
refersed, liquid will fow through channel 84 to 

55 port 34 and shift valve member 86 toward the 
right at high speed until it strikes piston 79, at 
which time it is in the position shown in Fig. 8, 
and then it will continue to move toward the 
sighi, at a, inited rate as determined by choke 83 

60 until it reaches its extreme position as shown in 
Fig. . at the same time, spring 85 will move 
piston 78 toward the right into contact with the 
inner end of cylinder 6, and piston 8 will draw 
iiguid into the otter end of cylinder 6 through 

65 chaniel 36, check valve 38 and channel 88. 
As valve Enember 5 approaches its central po 

Sition, pistor SS hereon blocks conication 
between port 2 and port A and piston 68 opens 
communication foetween port 2 and port , 

directing differential pressure liquid 
through channel 92, check valve 90 and passages 
55, is and 33 to vane slot ports 38, and con 
minication between port 3 and port will not 
the blocked uinti after valve ineriber 66 has 

75 passed eyond its cantral position. Consequently, 



during the period that valve member 66 is at and 
near its central position, all of the vane slot ports 
are supplied with differential pressure liquid 
which urges all of the vanes into firm engagement 
with the vane track during at least the greater 5 
part of the time required to effect reversal of 
the motor. ; : ... . : . . . . 

If the movement of valve member 66 could be 
so timed that ports T2 and 3 would both remain 
in communication with port 7 during exactly 10 
the same period of time that would be required 
to effect reversal of the motor, it would only be 
necessary to so construct and adjust valve 65 that 
valve member 66 would move quickly from one ex 
treme position to its central position, pause at or 5 
near its central position for the required length 
of time and then move quickly to its other ex 
treme position. .. . . . 

However, the time required to effect reversal 
of the motor will vary in accordance with varia 
tions in several factors including variations in the 
size and speed of the load driven by the motor. 
Therefore, if valve 65 operated in the above man 
ner and the check valves and the resistance 
valves in valve block 42 were omitted, the motor 25 
would not operate satisfactorily for the following 
reasons: 

If the valve were adjusted to maintain differ 
ential pressure under all of the vanes during a 
period equal to the longest time required to effect 30 
reversal of the motor and the motor reversed in 
a shorter time, the differential pressure would 
cause the vanespassing through the low pressure 
areas to exert very high forces against the vane 
track between the time the motor reversed and 35 
the end of the period, thereby reducing the eff 
ciency of the motor and causing undue wear of 
the vane track and the outer ends of the vanes. 
If the valve were adjusted to maintain differential 
pressure under all of the vanes during a period 40 
equal to the shortest time required to effect re 
versal of the motor and a longer time were re 
quired to effect reversal of the motor, the vanes 
passing through the low pressure areas. after 
the end of that period would depend solely 
upon centrifugal force to hold them in contact 
with the vane track but, since rotor 8 at that 
time would be rotating at slow speed, centrifugal 
force would be insufficient and the vanes Would 
drop to the bottoms of their slots and remain 
there until the inner ends of those slots registered 
successively with vane slot ports 3 and then 
the differential pressure therein would force the 
vanes outward at high Speed and cause then to 
strike the vane track with considerable force, 
thereby creating objectionable noise and causing 
damage to the Vanes and the vane track. How 
ever, valve 65 and the valves in valve block 42 
cooperate to effect quiet and efficient operation 
of the motor. 
As valve member 66 moves from the position 

shown in Fig. 6 toward its central position, it 
momentarily blocks port T2 in the same manner 
that it blocks port 73 after it has passed beyond 
its central position as shown in Fig. 9. When 
port T2 is thus momentarily blocked, rotor 8 is 
still rotating in a clockwise direction at high 
speed, the vanes passing across ports 29 are be 
ing moved outward by centrifugal force and the 
vanes passing across ports 28 are being forced 
inward by the vane track. The Outward moving 
vanes will draw liquid into their vane slots from 
the hydraulic circuit through channel 85, check 
valve 99, channel 95, check valve 93, passages 48, 
47 and 46 and vane slot ports 39. The inward 
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thereto. E 
so that the liquid discharged by the vanes into 
vane slot ports 38 at such time may flow there 
from through passages 43,44 and 45, resistance 

to effect reversal of the motor. 

5 
moving vanes are exhausting liquid into vane 
slot ports 38 so that, if valve member 66 blocked 
the only channel of escape for this liquid, a very 
high pressure would be momentarily raised in 
vane slot ports 38 and the channels connected 

However, check valve 96 is provided 

valve 9, channel 92 and check valve 96 into chan 
nel 4 f. The functions performed by check valves 
'96 and 89 when rotor 8 is rotating in a clockwise 
direction is performed by check valves 97 and 98 
when rotor 8 is rotating in a counterclockwise 
direction and the fluid connections are reversed 

After valve member 66 strikes piston 79 and is 
decelerated thereby at and near its central posi 
tion so that all of the vanes are held in contact 
with the vane track by differential pressure, it 
continues to move toward the right at a lim 
ited rate as explained above and during this 
movement it blocks port 73 as shown in Fig. 9. 

If reversal has not taken place so that rotor 
is still rotating in a clockwise direction when port 

is blocked, the vanes passing across ports 28 
are being firmly held against the vane track by 
differential pressure for the reason that port 72 
at this time is open to port. If rotor 8 is ro 
tating at a high enough speed, centrifugal force 
causes the vanes passing acrossports 29 to move 
outward into contact with the vane track and to 
draw liquid into their vane slots from the low 
pressure side of the hydraulic circuit through 
channel 85, check valve 99, channel 95, check 
valve 93, passages 48, 47 and 46 and vane slot 
ports 89. If rotor 8 is rotating at a low speed, 
the Vanes passing across ports 29 will be moved 
outward against the vane track by liquid flowing 
from Vane slot ports 36 and 3 to vane slot ports 
39 through the lubricating film of liquid between 
rotor 8 and each of the cheek plates, it being 
understood that only an extremely small amount 
of liquid is required for this purpose due to the 
slow speed of rotor 8 and that pressure can be 
raised in ports 39 at this time due to port T3 be 
ing blocked. Liquid can flow at other times 
through the lubricating film from vane slot ports 
36 and 3 to the vane slot ports 38 or 39 con 
taining low pressure but a high pressure cannot 
be created therein unless port 72 or port T3 is 
blocked or open to port T. 

If reversal has taken place so that rotor 8 
is rotating in a counterclockwise direction when 
port 3 is blocked, the vanes passing across ports 
28 are being moved outward into engagement 
With the Vane track by differential pressure due 
to the fact that port 2 is at this time open to 
port , and the vanes passing across ports. 29 
are being moved inward by the vane track and 
are discharging liquid from their vane slots 
through ports 39, passages 46, 47 and 48, resist 
ance valve 94, channel 95 and check valve 97. 
into channel 4. 8 

Valve member 66 continues to move toward the 
right until it reaches the position shown in Fig. 
at which time port 72 continues to communi 

cate With port and port 73 is open to port 75 
So that the vanes passing across ports 28 are: be 
-ing moved outward by differential pressure into 
engagement With the vane track and the vanes 
passing across port 29 are being moved inward by 
the vane track and are discharging liquid from 
their vane slots through vane slot ports 39, 
passages 46, 47 and 48, resistance valve 94, chan 
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nel 95, valve 65 and channel 85 into the low pres 
sure side of the hydraulic circuit. 
When the fluid connections are again reversed, 

the mechanism will operate as explained above, 
but in the Opposite direction to effect reversal 
of the notor and to maintain quiet and efficient 
operation thereof. 
The operation has been explained step by step 

and valve member 66 has been referred to as be 
ing in various positions but it is to be under 
stood that the control mechanism operates con 
tinuously during reversal and that the time re 
quired for valve member 66 to move from one 
to the other of its extreme positions is very short, 
the control mechanism being used principally 
in connection with a fast reversing motor and 
sixty reversals per minute having been readily 
obtained. 
While only a single embodiment of the inven 

tion has been illustrated and described, it is to 
be understood that the motor and associated 
control mechanism may be modified in various 
ways without departing from the Scope of the in 
vention which is hereby claimed as follows: 

1. In a reversible vane type fluid motor, a ro 
tor having vanes slidable therein, a track for 
guiding said vanes in their inward and outward 
movements, means for enclosing said rotor and 
track and providing interchangeable fluid inlet 
and outlet areas, means in communication with 
said areas for connecting Said motor to a source 
of motive fluid and to exhaust and forming 
therewith a fluid circuit, said circuit includ 
ing means for reversing the flow therein to 
thereby direct fluid to either of said areas to 
make it the inlet area and to direct fluid from 
the other area to exhaust to make Said other. 
area, the outlet area, a channel for Supplying 
to said motor fluid at a pressure higher than 
the pressure of said motive fluid, means for con 
necting the inner ends of said vanes With said 
channel during the time the Outer ends of Said 
vanes are passing through the inlet area and for 
connecting the inner ends of Said Vanes to ex 
haust during the time the outer ends of said 
Vanes are passing through the Outlet area, and 
means for resisting the discharge of fluid from 
the inner ends of those vanes the outer ends of 
which are passing through the Outlet area. 

2. In a reversible Vane type fluid motor, a ro 
tor having vanes slidable therein, a track for 
guiding said Vanes in their inWard and out 
Ward movements, means for enclosing said ro 
tor and track and providing interchangeable 
fluid inlet and outlet areas, means in cominin 
cation with said areas for connecting said mO 
tor to a source of motive fluid and to exhaust 
and forming therewith a fluid circuit, said cir 
cuit including means for reversing the flow there 
in to thereby direct fluid to either of said areas 
to make it the inlet area and to direct fluid from 
the other area to exhaust to make said other 
area the outlet area, a channel for supplying to 
said motor fluid at a pressure higher than the 
pressure of Said motive fluid, means responsive 
to reversal of the relative pressures in said in 
let and outlet areas for connecting the inner 
ends of said vanes with said channel during the 
time the outer ends of said vanes are passing 
through the inlet area and for connecting the in 
her ends of saidyanes to exhaust during the time 
the outer ends of said vanes are paSSing through 
the outlet area, and means for resisting the dis 
charge of fluid from the inner ends of those vanes 
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, the outer ends of which are passing through the 
outlet area. 

3. In a reversible vane type fluid motor, a ro 
tor having vanes slidable therein, a track for 
guiding said vanes in their inward and outward 
movements, means for enclosing said rotor and 
track and providing interchangeable fluid in 
let and outlet areas, means in communication 
With Said areas for connecting said motor to a 
Source of motive fluid and to exhaust and form 
ing therewith a fluid circuit, said circuit includ 
ing means for reversing the flow therein to there 
by direct fluid to either of said areas to make it 
the inlet area and to direct fluid from the other 
area to exhaust to make said other area the out 
let area, a channel for Supplying to said motor 
fluid at a pressure higher than the pressure of 
Said motive fluid, a valve for connecting the in 
ner ends of Said vanes with said channel during 
the time the outer ends of said vanes are pass 
ing through the inlet area and for Connecting the 
inner ends of said vanes to exhaust during the 
time the Outer ends of said vanes are passing 
through the outlet area, and means providing 
during movement of said valve a paSSage for the 
discharge of fluid from the inner ends of those 
Vanes the outer ends of which are passirig 
through the outlet area. 

4. In a reversible vane type fluid motor, a rotor 
having vanes slidable therein, a track for guiding 
said vanes in their inward and outward move 
ments, means for enclosing said rotor and track 
and providing interchangeable fluid inlet and 
outlet areas, means in communication with said 
areas for connecting said motor to a source of 
motive fluid and to exhaust and forming there 
With a fluid circuit, said circuit including means 
for reversing the flow therein to thereby direct 
fluid to either of said areas to make it the inlet 
area and to direct fluid from the other area to 
exhaust to make said other area the outlet area, 
a channel for supplying to said motor flui at 
Presse higher than the pressure of saidmo. 

tive fluid, a valve for Connecting the inner ends 
of Said vanes with said channel during the time 
the outer ends of said vanes are passing through 
the inlet area and for Connecting the inner ends 
of Said Vanes to exhaust during the time the or ends of said vanes are passing through the 
9utlet area, means for resisting the discharge of 
fluid from the inner ends of those vanes the outer 
ends of which are passing through the outlet 
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T, and means providing during movement of 
Said Yve a passage for the discharge of fluid 
from the inner ends of those Vanes the outer ends 
of Which are passing through the Outlet area. 

5. In a reversible vane type fluid motor, a rotor 
having vanes slidable therein, a track for guiding 
Said vanes in their inward and Outward move. 
ments, means for enclosing said rotor and track 
and providing interchangeable fluid inlet and out 
let areas, means in communication With said 
areas for connecting said motor to a SOurce of 
motive fluid and to exhaust and forming there 
With a fluid circuit, said circuit including means 
for reversing the flow thereinto thereby direct 
fluid to either of said areas to make it the inlet 
area and to direct fluid from the other area to 
exhaust to make said other area the outlet area, 
channel for supplying to said motor fluid 

pressure higher than the pressure of said notive 
fluid, a valve operable in response to reWerSa 
the relative pressures in said inlet and outlet 
as for connecting the inner ends of said vanes 
With said channel during the time the Outer ends 
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of said vanes are passing through the inlet area, 
and for connecting the inner ends of said vanes 
to exhaust during the time the outer ends of 
said vanes are passing through the Outlet area, 
and means providing during movement of said 
valve a passage for the discharge of fuid from 
the inner ends of those vanes the Cuter ends of 
which are passing through the outlet area. 

6. In a reversible vane type fluid motor, a rotor 
having vanes slidable therein, a track for guid 
ing said vanes in their inward and outward move 
ments, means for enclosing said rotor and track 
and providing interchangeable fluidinlet and Olt. 
let areas, means in communication with said 
areas for connecting said motor to a Source of 
motive fluid and to exhaust and forming there 
with a fluid circuit, said circuit including means 
for reversing the flow therein to thereby direct 
fluid to either of Said areas to make it the inlet 
area, and to direct fluid from the other area to 
exhaust to make said other area, the outlet area, 
a channel for supplying to said motor fluid at a 
pressure higher than the pressure of said motive 
fiuid, a valve operable in response to reversal of 
the relative pressures in Said inlet and outlet 
areas for connecting the inner ends of Said vanes 
with said channel during the time the outer ends 
of said vanes are passing through the inlet area 
and for connecting the inner ends of said vanes 
to exhaust during the time the Outer ends of 
said vanes are passing through the outlet area, 
means for resisting the discharge of fluid from 
the inner ends of those vanes the Outer ends of 
which are passing through the outlet area, and 
means providing during movement of said valve 
a passage for the discharge of fluid from the inner 
ends of those vanes the outer ends of which are 
passing through the outlet area. 

7. In a reversible vane type fluid motor, a rotor 
having vanes slidable therein, a track for guid 
ing said vanes in their inward and outward move 
ments, means for enclosing said rotor and track 
and providing interchangeable fluid inlet and 
outlet areas and also providing vane slot ports 
spaced inward from said inlet and outlet areas 

O 

5 

20 

30 

35 

40 

45 
respectively to register with the inner ends of 
said vanes as the outer ends thereof pass through 
said areas, means in communication with said 
areas for connecting said motor to a source of 
notive fluid and to exhaust and forming there 
with a fluid circuit, said circuit including means 
for reversing the flow therein to thereby direct 
fiuid to either of said areas to make it the inlet 
area and to direct fluid from the other area to 
exhaust to make said other area, the outlet area, 
a channel for Supplying to Said motor fluid at a 
pressure higher than the pressure of said motive 
fluid, a first valve for controlling said ports and 
shiftable to connect the inner ends of said vanes 
with said channel during the time the outer ends 
of said vanes are passing through the inlet area 
and for connecting the inner ends of Said vanes 
to exhaust during the time the Outer ends of said 
vanes are passing through the Outlet area, and a 
channel connecting each of said ports to said 
valve and having a check valve and a resistance 
valve connected therein and opening in opposite 
directions to provide a free flow of fluid to said 
ports and to resist the discharge of fluid there 
from. 

8. In a reversible vane type fluid motor, a rotor 
having vanes slidable therein, a track for guid 
ing said vanes in their inward and outward move 
ments, means for enclosing said rotor and track 
and providing interchangeable fluid inlet and 
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outlet areas and also providing vane slot ports 
Spaced inward from said inlet and outlet areas re 
spectively to register with the inner ends of said 
Vanes as the outer ends thereof pass through 
said areas, means in communication with said 
areas for connecting said motor to a source of 
motive fluid and to exhaust and forming there 
with a fluid circuit, said circuit including means 
for reversing the flow therein to thereby direct 
fluid to either of said areas to make it the inlet 
area and to direct fluid from the other area, to 
exhaust to make said other area, the outlet area, 
a channel for supplying to said motor fluid at 
a preSSure higher than the pressure of said no 
tive fluid, a first valve for controlling said ports 
and shiftable to connect the inner ends of said 
Vanes. With said channel during the time the 
Outer ends of said vanes are passing through the 
inlet area and for connecting the inner ends of 
said vanes to exhaust, during the time the outer 
ends of said vanes are passing through the out 
let area, and a check valve connected between 
each of said ports and said channel to prevent 
fluid from being trapped in said ports during 
movement of Said first valve in either direction. 

9. In a reversible vane type fluid motor, a rotor 
having vanes slidable therein, a track for guid 
ing said vanes in their inward and outward move 
ments, means for enclosing said rotor and track 
and providing interchangeable fluid inlet and 
outlet areas and also providing vane slot ports 
Spaced inward from said inlet and outlet areas 
respectively to register with the inner ends of 
said vanes as the outer ends thereof pass through 
said areas, means in communication with said 
areas for connecting Said motor to a source of 
motive fluid and to exhaust and forming there 
with a fluid circuit, said circuit including means 
for reversing the flow therein to thereby direct 
fluid to either of said areas to make it the inlet 
area and to direct fluid from the other area to 
exhaust to make said other area the outlet area, 
a channel for supplying to said motor fluid at a 
pressure higher than the pressure of said motive 
fluid, a first valve for controlling said ports and 
shiftable to Connect the inner ends of said vanes 
with said channel during the time the outer ends 
of said vanes are passing through the inlet area. 
and for connecting the inner ends of said vanes 
to exhaust during the time the outer ends of said 
Vanes are passing through the outlet area, and 
means for supplying fluid to each of said ports 
from one of said inlet and outlet areas during 
movement of said valve including a check valve 
to prevent flow of fluid in the opposite direction. 

10. In a reversible vane type fluid motor, a 
rotor having vanes slidable therein, a track for 
guiding said vanes in their inward and outward 
movements, means for enclosing said rotor and 
track, and providing interchangeable fluid inlet 
and outlet areas and also providing vane slot 
ports spaced inward from said inlet and outlet 
areas respectively to register with the inner ends 
of said vanes as the outer ends thereof pass 
through said areas, means in Communication. With 
said areas for connecting Said notor to a Source 
of motive fluid and to exhaust and forming there 
with a fluid circuit, said circuit including means 
for reversing the flow therein to thereby direct 
fluid to either of said areas to make it the inlet 
area, and to direct fluid from the other area to 
exhaust to make said other area the outlet area, 
a channel for supplying to said motor fluid at a 
pressure higher than the pressure of Said mo 
tive fluid, a first valve for controlling said ports 



S 
and Shiftable to connect the inner ends of said 
vanes with said channel during the time the Out 
er ends of Said vanes are passing through the 
inlet area and for connecting the inner ends of 
said vanes to exhaust during the time the outer 
ends of said vanes are passing through the out 
let area, a second channel connecting each of said 
ports to said valve and having a check valve and 
a resistance valve connected therein and open 
ing in opposite directions to provide a free flow 
of fluid to said ports and to resist the discharge 
of fluid therefron, and check valves connected 
between said ports and said first channel to pre 
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vent fluid from being trapped in said ports dur 
ing movement of said valve in either direction. 

11. In a reversible vane type fluid motor, a 
rotor having Vanes slidable therein, a track for 
guiding said vanes in their inward and outward 
movements, means for enclosing said rotor and 
track and providing interchangeable fluid inlet 
and outlet areas and also providing vane slot 
ports spaced inward from said inlet and outlet 
areas respectively to register with the inner ends 
of said vanes as the outer ends thereof pass 
through said areas, means in communication with 
said areas for connecting said notor to a source 
of motive fluid and to exhaust and forming there 
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with a fluid circuit, said circuit including means 
for reversing the flow therein to thereby direct 
fiuid to either of said areas to make it the inlet 
area and to direct fluid from the other area to 
exhaust to make said other area the Outlet area, 
a channel for supplying to Said motor fluid at 
a pressure higher than the pressure of said motive 
fluid, a first valve for controlling said ports and 
shiftable to connect the inner ends of said vanes 
with said channel during the time the outer ends 
of said vanes are passing through the inlet area 
and for connecting the inner ends of said vanes 
to exhaust during the time the outer ends of said 
vanes are passing through the outlet area, a 
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channel connecting each of said ports to said 
valve and having a check valve and a resistance 
valve connected therein and opening in opposite 
directions to provide a free flow of fluid to said 
ports and to resist the discharge of fluid there 
from, and means for supplying fluid to each 
of said ports from one of said inlet and outlet 
areas during movement of said valve including 
a check valve to prevent flow of fluid in the 
opposite direction. 

12. In a reversible vane type fluid motor, a 
rotor having vanes slidable therein, a track for 
guiding said vanes in their inward and outward 
movements, means for enclosing said rotor and 
track and providing interchangeable fluid inlet 
and outlet areas and also providing vane slot 
ports spaced inward from said inlet and outlet 
areas respectively to register with the inner ends 
of said vanes as the outer ends thereof pass 
through said areas, means in communication with 
said areas for connecting said motor to a source 
of motive fluid and to exhaust and forming there 
with a fluid circuit, said circuit including means 
for reversing the flow therein to thereby direct 
fluid to either of said areas to make it the inlet 
area and to direct fluid from the other area to 
exhaust to make said other area the outlet area, 
a channel for supplying to said motor fluid at a 
pressure. higher than the pressure of said motive 
fluid, a first valve for controlling said ports and 
shiftable to connect the inner ends of said vanes 
with said channel during the time the outer ends 
of said vanes are passing through the inlet area 
and for connecting the inner ends of said vanes to 
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exhaust during the time the outer ends of said 
Vanes are passing through the outlet area, a sec 
ond channel connecting each of said ports to said 
valve and having a check valve and a resistance 
valve connected therein and opening in opposite 
directions to provide a free flow of fluid to said 
ports and to resist the discharge of fluid there 
from, check valves connected between said ports 
and said first channel to prevent fluid from be 
ing trapped in Said ports during movement of 
Said valve in either direction, and means for sup 
plying fluid to each of said ports from one of said 
inlet and outlet areas during movement of said 
valve including a check valve to prevent flow of 
fluid in the opposite direction. 

13. In a reversible vane type fluid notor, a 
rotor having vanes slidable therein, a track for 
guiding said vanes in their inward and outward 
movements, means for enclosing said rotor and 
track and providing interchangeable fluid inlet 
and outlet areas and also providing vane slot ports 
Spaced inward from said inlet and outlet areas 
respectively to register with the inner ends of 
Said vanes as the outer ends thereof pass through 
said areas, means in Communication with said 
areas for connecting said motor to a source of 
motive fluid and to exhaust and forming there 
with a fiuid circuit, said circuit including means 
for reversing the flow therein to thereby direct 
fluid to either of said areas to make it the inlet 
area and to direct fluid from the other area to 
exhaust to make said other area the outlet area, 
a channel for supplying to said motor fluid at a 
pressure higher than the pressure of said no 
tive fluid, a first valve for controlling said ports 
and shiftable to connect the inner ends of said 
Vanes with said channel during the time the outer 
ends of Said vanes are passing through the inlet 
area and for connecting the inner ends of said 
Vanes to exhaust during the time the outer ends 
of said vanes are passing through the outlet area, 
means for connecting each of said ports to said 
valve including a check valve and a resistance 
valve which open in opposite directions to pro 
Wide a free flow of fluid to each port and to re 
sist the discharge of fluid therefrom, and a check 
valve connected between said channel and each of 
said connecting means at a point between said 
resistance valve and said first valve to provide 
during movement of said first valve a path for 
the discharge of fluid from the port spaced in 
ward from an outlet area. 

14. In a reversible vane type fluid motor, a 
rotor having vanes slidable therein, a track for 
guiding said vanes in their inward and outward 
movements, means for enclosing said rotor and 
track and providing interchangeable fluid inlet 
and outlet areas and also providing vane slot 
ports Spaced inward from said inlet and outlet 
areas respectively to register with the inner ends 
of said vanes as the outer ends thereof pass 
through said areas, means in communication with 
Said areas for connecting said motor to a source 
of motive fluid and to exhaust and forming there 
with a fluid circuit, said circuit including means 
for reversing the flow therein to thereby direct 
fluid to either of said areas to make it the inlet 
area and to direct fluid from the other area to 
exhaust to make said other area the outlet area, 
a channel for supplying to said motor fluid at 
a pressure higher than the pressure of said motive 
fluid, a first valve for controlling said ports and 
shiftable to connect the inner ends of said vanes 
with said channel during the time the outer ends 
of said vanes are passing through the inlet area 
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and for connecting the inner ends of said wanes 
to exhaust during the time the outer ends of 
said vanes are passing through the outlet area, 
means for connecting each of said ports to said 
valve including a check valve and a resistance 
valve which open in opposite directions to pro 
vide a free flow of fluid to each port and to resist 
the discharge of fluid therefrom, a check valve 
connected between said channel and each of 
said connecting means at a point between 0 
said resistance valve and said first valve to 
provide a path for the discharge of fluid from 
a port during movement of said first valve, and 
a check valve connected between each of said 
areas and the port spaced inward therefron to 
provide a path for free flow of fluid from said 
area to said port during movement of said fest 
valve. 

15. In a reversible vane type hydraulic motor, 
a rotor having vanes slidable therein, a track for 
guiding said vanes in their inward and outward 
movements, means for enclosing said rotor and 
track and providing interchangeable inlet and 
outlet areas and also providing vane slot ports 
spaced inward from said inlet and outlet areas 
respectively to register with the inner ends of said 
vanes as the outer ends thereof pass through 
said areas, means for supplying motive liquid to 
said motor including means for connecting said 
areas to opposite sides of a hydraulic circuit hav 
ing means for reversing the flow therein to there 
by make either area the inlet area, a channel for 
supplying to said motor liquid at a pressure higher 
than the pressure of said motive liquid, means for 
connecting said ports to said channel and to ex 
haust alternately including a valve having a 
plunger which in either of its extreme positions 
connects one port to said channel and the other 
port to exhaust and which in an intermediate 
position connects both ports to said channel, cyl 
inders substantially larger than said plunger Com 
municating with said valve at opposite ends there 
of and forming therewith shoulders which are 
spaced apart a distance equal to the length of 
said plunger, a piston fitted in each cylinder, 
springs for urging said pistons against said 
shoulders, passages for supplying liquid 
said cylinders, check valves in said passages 
to prevent the discharge of liquid there 
through from said cylinders, means responsive 
to operation of said flow reversing means for 
directing motive liquid to one end or the other 
of said valve to move said plunger rapidly until 
it engages the piston at the opposite end of said 
valve and is thereby substantially stopped in its 
intermediate position, and means providing a re 
stricted passage for the escape of liquid from each 
cylinder so that said motive liquid can move said 
plunger only at a limited rate from its interme 
diate position to an extreme position. - 

16. In a reversible vane type hydraulic motor, 
a rotor having vanes slidable therein, a track for 
guiding said vanes in their inward and outward 
movements, means for enclosing said rotor and 
track and providing interchangeable inlet and 
outlet areas and also providing vane slot ports 
spaced inward from said inlet and outlet areas 
respectively to register with the inner ends of said 
vanes as the outer ends thereof pass through 
said areas, means for supplying motive liquid 
to said motor including means for connecting 
said areas to opposite sides of a hydraulic cir 
cuit having means for reversing the flow therein 
to thereby, make either area the inlet area, a 
channel for supplying to said motor liquid at a 
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pressure higher than the pressure of said motive 
liquid, means for connecting said ports to said 
channel and to exhaust alternately including a 
valve having a plunger which in either of its 
extreme positions connects one port to said chan 
nel and the other port to exhaust and which in 
an intermediate position connects both ports to 
said channel, cylinders substantially larger than 
said plunger communicating with said valve at 
opposite ends thereof and forming therewith 
shoulders which are spaced apart a distance equal 
to the length of said plunger, a piston fitted in 
each cylinder, springs for urging said pistons 
against said shoulders, passages for supplying 
liquid to said cylinders, check valves in said pas 
sages to prevent the discharge of liquid there 
through from said cylinders, means responsive 
to operation of said flow reversing means for 
directing motive liquid to One end or the other 
of said valve to move said plunger rapidly until 
it engages the piston at the opposite end of said 
valve and is thereby substantially stopped in its 
intermediate position, means providing a re 
stricted passage for the escape of liquid from 
each cylinder so that said motive liquid can move 
said plunger only at a limited rate from its 
intermediate position to an extreme position, and 
a plurality of check valves for providing one way 
flow of liquid to or from said ports during move 
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ment 'of said plunger between an intermediate 
position and either of its extreme positions. 

17. In a reversible vane type hydraulic motor, 
a rotor having vanes slidable therein, a track for 
guiding said vanes in their inward and outward 
movements, means for enclosing said rotor and 
track and providing interchangeable inlet and 
outlet areas and also providing vane slot ports 
spaced inward from said inlet and outlet areas 
respectively to register with the inner ends of 
said vanes as the Outer-ends thereof pass through 
said areas, means for supplying motive liquid 
to said motor including means for connecting 
said areas to opposite sides of a hydraulic cir 
cuit having means for reversing the flow thereinto 
thereby make either area the inlet area, a chan 
nel for supplying to said motor liquid at a pres 
sure higher than the pressure of said motive 
liquid, means for connecting said ports to said 
channel and to exhaust alternately including a 
Valve having a plunger which in either of its 
extreme positions connects One port to said chan 
nel and the other port to exhaust and which in 
an intermediate position connects both ports to 
said channel, cylinders substantially larger than 
said plunger communicating with said valve at 
opposite ends thereof and forming therewith 
shoulders which are spaced apart a distance equal 
to the length of said plunger, a piston fitted in 
each cylinder, springs for urging said pistons 
against said shoulders, passages for supplying 
liquid to said cylinders, check valves in said pas 
sages to prevent the discharge of liquid there 
through from said cylinders, means responsive 
to reversal of flow in said circuit, for directing 
motive liquid to one end or the other of said 
valve to move said plunger rapidly until it en 
gages the piston at the opposite end of said valve 
and is thereby substantially stopped in its inter 
mediate position, means providing a restricted 
passage for the escape of liquid from each cyl 
inder so that said motive liquid can move said 
plunger only at a limited rate from its inter 
mediate position to an extreme position, means 

s 
providing a low resistance to the discharge of 
liquid from each port and free flow thereto, and 
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a plurality of check valves connecting said last 
mentioned means to said channel and to said 
circuit for providing one way flow of liquid to or 
from said ports during movement of said plunger 
between an intermediate position and either of 
its extreme positions. 

18. In a reversible vane type fluid motor, a 
rotor having vanes slidable therein, a track for 
guiding said vanes in their inward and outward 
movements, means for enclosing said rotor and 
track and providing interchangeable fluid inlet 
and outlet areas, means in communication with 
said areas for connecting said motor to & Source 
of motive fluid and to exhaust and forming 
therewith a fluid circuit, said circuit including 
means for reversing the flow herein to thereby 
direct fluid to either of said areas to make it 
the inlet area and to direct fluid from the other 
area to exhaust to make said other area the olt 
let area, a channel for supplying to said notor 
fluid at a pressure higher than the pressure of 
said motive fluid, 8, valve movable from one to 
the other of two extreme positions in each of 
which it connects the inner ends of said varies 
with said channel during the time the outer ends 
of said vanes are passing through the area which 
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is at that time the inlet area and connects the 
inner ends of said vanes to exhaust during the 
time the outer ends of said vanes are passing 
through the area which is at that time the out 
let area, and means responsive to reversal of 
flow in said circuit for moving said valve quick 
ly from one extreme position to a position inter 
mediate its two extreme positions and thereafter 
moving it slowly to its other extreme position. 
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19. In a reversible vane type fluid motor, a 

rotor having vanes slidable therein, a track for 
guiding said vanes in their inward and outward 
movements, means for enclosing said rotor and 
track and providing interchangeable fluid inlet 
and outlet areas, means in communication with 
said areas for connecting said motor to a source 
of motive fluid and to exhaust and forming there 
with a fluid circuit, said circuit including means 
for reversing the flow therein to thereby direct 
fluid to either of said areas to make it the inlet 
area and to direct fluid from the other area to 
exhaust to make said other area the outlet area, 
a channel for supplying to said motor fluid at 
a pressure higher than the pressure of said mo 
tive fluid, a valve movable from one to the other 
of two extreme positions in each of which it 
connects the inner ends of said vanes with said 
channel during the time the outer ends of said 
vanes are passing through the area which is at 
that time the inlet area and connects the inner 
ends of said vanes to exhaust during the time 
the outer ends of said vanes are passing through 
the area which is at that time the outlet area, 
means responsive to reversal of flow in said cir 
cuit for shifting said valve at high speed from 
one extreme position toward its other extreme 
position, and dashpot means engageable by said 
valve intermediate its two extreme positions to 
decelerate said valve and thereby enable said 
wave to move from One extreme position to an 
intermediate position at high speed and to then 
nove to its other extreme position at a slow speed. 
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