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This invention relates to fluid pressure devices 
and systems which are adapted to transmit 
power by means of fluid under pressure and 
more particularly to devices and systems of this 
character which include a vane type fluid motor 5 
in which the vanes are urged into contact with 
the Vane track by fluid pressure means. 
The widest present use for devices and sys 

tens of this general class is as hydraulic devices 
and Systems, that is to say, devices and systems 10 
for handling, or whose motive fluid is a liquid, 
Such for example, as oil. The present invention 
Will accordingly be described in connection with 
such use although it will be understood that 
the invention is also applicable to devices and 15 
Systems operating with elastic fluids. 
Wane type motors of the character mentioned 

above include a vane track that Surrounds the 
rotor and vane assembly. For quiet, and satis 
factory operation of the motor it is practically 20 
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. 
tacting and track-following action of the vanes 
it is necessary to supplement the action of cen 
trifugal force with an auxiliary force acting to 
urge the vanes outward, at least during the por 
tion of their rotary travel in which they are 30 
paSSing through the intake 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 pressure fluid admitted to the outer ends 35 
of the vanes of the fluid motor, whereby rotary 
motion is imparted to the rotor and driven shaft 
of the vane motor. In the vane motor forming 
part of the fluid pressure device and system of 
the present invention, fluid pressure means are 40 
utilized to provide this auxiliary force and this 
is accomblished by introducing or admitting, be 
hind the inner ends of the Vanes, pressure fluid 
having a pressure greater than but related to 
the pressure of the fluid admitted to the pres- 45 
sure areas at the outer ends of said vanes, as 
fully explained in my co-pending application 
filed March 28, 1938, Serial Number 198,449. 
Thus fluid under two different but related op 
erating pressures is used; the fluid having the 50 
higher of these two pressures, which for conven 
ience is termed the “differential high pressure 
fluid,' is admitted to the radially inner ends of 
the vanes, while fluid under the lesser of these 

In order to provide this track-con- 25 

"working pressure fluid' or "operating pressure 
fluid') is admitted to the pressure areas at the 
outer ends of the vanes of the vane motor. In 
the fluid pressure device and System of the pres 
ent invention these two different but related 
pressures are obtained by passing the supply of 
fluid going to the motor through "differential 
pressure' or resistance valve mechanism' posi 
tioned in the fluid inlet conduit. 
When the vane type motor is of constant ca 

pacity (i. e. constant fluid capacity or displace 
ment per revolution of its rotor) its speed or 
operation or rotation is controlled by regulating 
the volume of operating pressure fluid Supplied 
to the outer ends of its vanes. The speed of a 
variable capacity vane motor may also be regu 
lated by altering the capacity or displacement 
per revolution of the rotor thereof, but the 
torque of the motor Will then vary Substantially 
inversely with the speed of rotation so that in 
all events the volume of operating pressure fluid, 
at any given pressure thereof, supplied to the 
outer ends of the vanes determines the power 
that is transmitted by the vane motor. 
An object of the bresent invention is to pro 

vide an improved, simple and economical fluid 
pressure device and system including a vane type 
fluid motor and employing unitary means for 
performing the dual functions of controlling the 
speed of the motor by regulating the volume of 
operating pressure fluid supplied to the outer 
ends of the vanes of the motor and of provid 
ing fluid, at a different pressure but related to 
the pressure of the operating fuid supplied to 
the outer ends of the vanes, for urging the Vanes 
of the motor Outward into contact With the vane 
track. 
Another object is to provide a fluid pressure 

device and system of the character above set 
forth, and in which the volume of operating 
pressure fluid supplied to the outer ends of the 
wanes and the difference in pressures of the Op 
erating pressure fluid and the fluid supplied for 
urging the vanes into contact with the vane 
track are held substantially constant independ 
ent of the load that is imposed on the Vane mo 
tor and the consequent pressure of the operating 
fluid resulting from Such load. 
A further object is to provide such a fluid 

pressure device and system in which the volume 
of operating pressure fluid supplied to the outer 
ends of the vanes is held substantially constant 
independent of change in viscosity of the circu 
lated fluid, and further, by which the Volume 

two pressures (for convenience termed the 55 of operating pressure fluid and the difference 
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in pressures between the operating pressure fluid tor will be presumed to be employed in all em 
and the differential high pressure fluid going to 
the inner ends of the vanes may both be held 
Substantially constant irrespective of viscosity 
changes. 
A still further object is to provide a fluid pres 

Sure device and System of the character above 
set forth which also includes a variable output 
pump and in which unitary means are employed 
for regulating the output of the pump and for 
providing the supply of fluid active to urge 
the vanes of the vane type motor into contact 
With its vane track. 
Other and more specific objects will appear 

from the description which follows. 
The invention will be understood from a con 

Sideration of the accompanying drawings which 
illustrate, by way of example, several embodi 
ments of the present invention. 
In the accompanying drawings: 
Fig. 1 is a diagrammatic view, partly in sec 

tion, showing an illustrative embodiment of the 
present invention in a fluid pressure device and 
System that includes a variable output pump; 

Fig. 2 is also another diagrammatic view, part 
ly in section, corresponding generally to Fig. 1 
but showing another illustrative embodiment of 
the invention in which means are provided to 
compensate for change in viscosity of the cir 
culated fluid 

Fig. 3 is a fragmentary diagrammatic view, 
partly in section, showing a modification includ 
ing a constant capacity or output pump and re 
lief valve means for the escape of pressure fluid, 
which may be substituted for the variable out 
put pump of both Figs. 1 and 2; 

Fig. 4 is another diagrammatic view, partly in 
section, illustrating another modification which 
also includes a pump of constant capacity or out 
put; 

Fig. 5 shows a modification of alternative vis 
cosity compensating means; 

Fig. 6 is a longitudinal sectional view, taken 

bodiments illustrated in the accompanying draw 
ings and will accordingly be first described. 

Referring now to Figs. 6 to 10 inclusive, the 
motor B includes a casing 0 formed with an 
open-ended rotor cavity for the rotor 5. and 
aSSociated parts as shown in FigS. 6 and 7. The 
rotor cavity is closed (Fig. 6) by an end head or 
cover member which is attached to the cas 

10 

5 

20 

25 

30 

35 

40 

along the line 6-6 of Fig. 7 of an illustrative 
embodiment of the vane type motor forming part 
of the fluid pressure device and system of the 
present invention; 

Fig. 7 is a view in vertical section transverse 
, the axis of rotation of the vane type motor and 
taken along the line 7-7 of Fig. 6; 

Fig. 8 is also a vertical transverse section but 
with the shaft removed and is taken along the 
line 8-8 of Fig. 6, looking in a direction opposite 
to that of Fig. 7; 

Fig. 9 shows an inner elevation of one of the 
members of the vane motor, for convenience 
termed an “end plate' or "cheek plate'; and 

Fig. 10 is a sectional view of the cheek plate, 
taken along the line O-O of Fig. 9. y 
As shown in Figs. 1, 2 and 4, the fluid pres 

Sure device and system of the present invention 
includes a vane type motor B. The motor - B 
may be of either constant or variable capacity 
or displacement per revolution of its rotor, but 
for purposes of illustration I have chosen a con 
stant capacity vane type motor in which the 
vanes move inward and outward with respect to 
the rotor. in a generally radial direction; this 
illustrative motor forms no part per se, however, 
of the present invention but a part of co-pend 
ing application filed March 28, 1938, Serial Num 
ber 198,449 and certain features of its construc 
tion are similar to those shown in co-pending 

I application filed December 6, 1939, Serial Num 
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ing 0 as by cap screws 2. The rotor 5 is 
provided with a plurality of vanes 7 which are 
movable in a substantially radial direction in 
ward and outward in the vane slots 6 (Fig. 6). 
A vane track ring 25 surrounds the rotor and 
vane assembly and its inner circumferential Sur 
face 26 forms a track adapted to contact the 
radially outer ends of the vanes 7 as the rotor 
revolves and to guide and control the Vanes in 
their inward and outward movement; the Sur 
face 26 will hereinafter be refered to as the 'vane 
track.' 
The rotor 5 and driven shaft 20 may be 

mounted and the two parts may be operatively 
connected with each other in any appropriate 
manner. In the present instance the rotor 5, 
shaft 20, their mountings and the operative con 
nection therebetween are the same as disclosed 
in co-pending application filed December 6, 1939, 
Serial Number 307,755. As shown in Fig. 6, the 
shaft 20 is revolubly supported by a pair of bear 
ing elements 23 and 24 carried by the casing 
O and the rotor 5 is supportedly mounted on 

the end of the shaft 20 which projects into the 
rotor cavity. For this purpose the end of the 
shaft 20 is formed with axially extending splines 
2 (Figs. 6 and 7) and the rotor 5 is formed 
in its central opening with mating splines 8. 
The arrangement is such that the rotor 5 is 
freely movable in an axial direction on the shaft 
splines 2 f while also permitting a limited angu 
lar or rocking motion of the rotor 5 relative to 
the shaft 20 in such maner that the cheek plates 
34 and 35, to be presently described, determine 
the axial and angular position of the rotor on 
the shaft and the plane of rotation of the rotor 
as fully explained in co-pending application Se 
rial Number 307,755 above mentioned. 
The rotor f 5 is hydraulically balanced with 

respect to all forces imposed thereon by fluid 
pressure. Hydraulic balance of forces acting on 
the rotor in a radial direction is obtained by 
dividing the space intermediate the periphery 
of the rotor 5 and the vane track 26 into two 
equal and oppositely positioned fluid Sections, 
each fluid section comprising a working cham 
ber flanked by an inlet area, and an outlet area. 
As shown in Fig. 7, the division between the two 
fluid sections is effected by co-operation of the 
rotor 5 and the outer ends of the vanes 7 with 
the vane track 26 at the regions of the vane 
track's least diameter which in the present em 
bodiment is adjacent the horizontal centerline. 
The vane track 26 is preferably provided at each 
of these points of division with an arc 2, for 
convenience termed the 'sealing arc,' substan 
tially concentric with the rotor 5 and extending 
in a circumferential direction for a distance equal 
to at least the angular distance between a pair 
of adjacent vanes f. 
The working chambers of the two fluid sec 

tions are formed by means of two diametrically 
positioned arcs 3, preferably concentric With 
the rotor 5 and termed 'working arcs,' which 
are located in the regions of greatest diameter 

ber 307,755. For convenience the same vane mo- 75 of the vane track 26. The working chambers 
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extend in a circumferential direction for an arcu 
ate distance substantially equal to the distance 
between the outer ends of two adjacent vanes 

which at any given instant are moving in 
contact with the working arcs 3. Operating 
pressure fluid is admitted between the vanes as 
they move through the inlet areas toward the 
working chambers and fluid is discharged as the 
vanes recede therefrom through the outlet areas 
of the two fluid sections. The inlet area of each 
fluid section is thus at all times separated from 
the outlet area of the same fluid section by at 
least one of the vanes 7 and the difference in 
pressures on the opposite sides or faces of such 
vane or vanes causes rotation of the rotor 5, 
which in the present instance is in a clockwise 
direction as viewed in Fig. 7. The portions of 
the vane track 26 intermediate the sealing arcs 
2 and working arcs 3 may be given any suit 
able curvature producing satisfactory rates of 
inward and outward movement of the vanes 
as the rotor 5 revolves. 
The sides or axial ends of the working cham 

bers are closed by a pair of mating disc-shaped 
members 34 and 35 (Figs. 6, 7, 9 and 10), for 
convenience termed 'end plates' or 'cheek 
plates,” which are provided with holes at their 
centers for the shaft 20. The outer surfaces 
of the cheek plates 34 and 36 fit Snugly against 
the wall surfaces of the casing 0 and end head 

respectively and form substantially fluid tight 
fits with the several ports and passages to be 
presently described. The inner or opposing faces 
of the cheek plates 34 and 35 form fluid tight 
fits with the sides of the vane track ring 25 by 
which they are axially positioned with respect 
to the rotor 5 in such manner that the rotor 
is permitted to turn freely while its sides and 
the sides of the vanes 7 form substantially fluid 
tight running fits with the adjacent faces of 
the cheek plates 34 and 35. The cheek plate 
34 will hereinafter be termed the 'casing cheek 
plate' and the cheek plate 35 will be termed the 
"end head cheek plate.' - 
The cheek plates 34 and 35 are each provided 

with co-extensive mating ports (Figs. 6, 7 and 
9), the ports of one cheek plate being axially 
opposite the ports of the other cheek plate when 
the parts are in position in the casing O so that 
all forces exerted upon the rotor 5 and vanes 

in an axial direction by fluid pressure are 
thus completely balanced. The ports in the 
cheek plates 34 and 35 will be best understood 
from Figs. 9 and 10, in which Fig. 9 shows an in 
ner elevation or the rotor face of the end head 
cheek plate 35. Referring to Fig. 9, each cheek 
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plate is provided with a pair of diametrically . 
opposed arcuate inlet slots or ports 36 and a 
similar pair of diametrically opposed outlet slots 
Or ports 37; these ports are also partially shown 
in Fig. 7 and the inlet ports 36 are shown in 
the sectional view of Fig. 6 and the outlet ports 
37 are shown in section in Fig. 10. Operating 
pressure fluid is admitted to the outer ends of 
the vanes 7 through the inlet ports 36 of the 
casing cheek plate 34, and, similarly, fluid dis 
charged or exhausted by said vanes passes out 

60 

3 
provided with two pairs of arcuate recesses or 
vane slot ports 38 and 39 in the faces thereof 
adjacent the rotor 5 as best shown in Fig. 9; 
the vane slot ports 38 are, however, also shown 
in the sectional view of Fig. 6 and the vane 
slot ports 39 are likewise shown in the sectional 
view of Fig. 10. These vane slot ports 38 and 
39 are positioned to register successively with 
the inner ends of the vane slots 6 as the rotor 
revolves and the vane slot ports of each pair 
are positioned diametrically opposite each other. 
The arrangement is such that the inner end of 
each. vane slot 6 connects with one of the vane 
slot ports 38 while the vane 7 therein is pass- . 
ing through the inlet area of each fluid Section 
and also while traversing the sealing arcs 27 and 
working arcs 3. The arrangement is also such 
that the inner end of each vane slot 6 con 
nects with one of the vane slot ports 39 while 
the vane in said slot is passing through the out 
let area of each fluid section; the vane slot 
ports 39, preferably of both cheek plates 34 
and 35, are connected with the corresponding 
outlet ports 37 by radial grooves 32 formed on 
the outer faces of said cheek plates, as indicated 
by dotted lines in Fig. 9 and shown in the sec 
tional view of Fig. 10. In this manner fluid 
discharge by the inner ends of the vanes passes 
out through the outlet ports of the casing cheek 
plate 34. 
As already stated, in order for the motor B 

to operate quietly and smoothly it is necessary 
to supplement the action of centrifugal force 
with an auxiliary force urging the vanes 7 into 
contact with the vane track 26 during at least 
the portion of their rotary travel in which the 
Outer ends of said vanes are, passing through 
the inlet areas of the motor. This is accom 
plished by introducing behind the inner ends of 
the vanes, through the vane slot ports 38, pres 
sure fluid (hereinafter termed the “differential 
high pressure fluid') having a pressure greater 
than but correlated with the pressure of the 
operating pressure fluid supplied to theinlet areas 
of the motor B where it acts upon the exposed , 
outer ends of the vanes, as fully explained in 
co-pending application Serial Number 198,449 to 
which reference has already been made. Each - 
of the vane slot ports 38 of the end head cheek 
plate 35 is accordingly provided with a hole 33 
(Figs. 6 and 9) that registers with the inner 
end of one of the two passages 3 formed in 
the end head . The outer ends of the pas 
sages 3 connect with a passage 4 which in 
turn is appropriately connected with a conduit 
45 through which differential high pressure fluid 
is supplied, said differential high pressure fluid 
being obtained in a manner to be presently ex 
plained. The vane slot ports 38 of the casing 
cheek plate 34 are not directly connected with 
the differential high pressure fluid supply and 
act principally as “balance ports' to contain a 
supply of fluid (which is received through the 

65 
... vane slots f6) having the same pressure as the 

fluid in the vane slot ports 38 of the end head 
cheek plate 35, in order to substantially balance. 
the hydraulic forces acting on the sides or axial 

through the outlet ports. 37 of the same cheek 
plate. The ports 36 and 37 of the end head 
cheek plate 35 function principally as “balance 70 
ports" to contain fluid under the same pressure 
as that in the corresponding ports of the casing. 
cheek plate 34 in order to produce hydraulic bal 
ance of the rotating parts, as already stated. 
Each of the cheek plates 34 and 35 is also 75 

ends of the vanes 7 and rotor 5 and thus pre 
vent binding of the parts. 
The fluid circuit of the motor B also includes 

a branched fluid inlet channel 40 (Figs. 6 and 8) 
and a branched fluid outlet channel 4f which 
are similar to the fluid channels shown in ap 
plication Serial Number 307,755 and both of 
which are formed in the casing 10. The fluid in 



4 
let channel 40 is appropriately connected with 
the fluid supply conduit 42 and is also connected 
with the fluid inlet ports 36 of the casing cheek 
plate 34 as by the slanted passages. 44 shown in 
Fig. 6. The fluid Outlet channel 4 is similarly 
connected with the Outlet or exhaust conduit 43 
and with the outlet ports 37 in the casing cheek 
plate 34 by slanted passages, not shown, similar 
to the slanted passages 44. 

In the fluid pressure device and system illus 
trated in Fig. 1, the motor B is operated by fluid 
delivered by a variable delivery pump A, the out 
put of which may be infinitely varied from mini 

5 

O 

imum (such as zero) to maximum to produce cor 
responding speeds of the motor B. The pump 
A receives its supply of fluid through an inlet 
conduit 46 from a reservoir or tank 47 and fluid 
pumped by the pump A is discharged into the 
conduit 42 with which said pump A is appropri 
atelf connected. 
The volume of fluid delivered per revolution 

or other unit of movement of the driving ele 
ment of the pump A is controlled in the embodi 
ment shown by the position of a laterally mov 
able adjusting rod or volume-determining ele 
ment 48. The arrangement is such that move 
ment Of the adjusting rod 48 inward, or toward 
the right as viewed in Fig. 1, causes decrease in 
the delivered volume, while its movement out 
Ward, Or toward the left, causes increase in said 
delivered Volume. 
The adjusting rod 48 is moved and its posi 

tion controlled by power actuated means in coop 
eration with control mechanism. The power ac 
tuated means in this instance is a fluid motor 
which includes an adjusting piston 59 recipro 
cable in an adjusting cylinder 5 and operatively 
connected with the adjusting rod 48, as indicated 
at 49, for simultaneous movement therewith. 
Movement of the adjusting piston 50, and 

hence its position, is controlled by admission of 
pressure fluid to one end of the adjusting cyl 
inder 5 and simultaneous exhaust of fluid from 
the other end thereof under control of valve 
mechanism. The valve and associated-pump out 
put control mechanism illustrated in Figs. 1 and 
2 are similar to those disclosed and claimed in 
co-pending application Serial Number 207,512, 
filed May 12, 1938, since issued as Patent No. 
2,238,061. Referring to Fig. 1, the ends of the 
adjusting cylinder 5 are suitably connected, as 
by passages 53 and 54 respectively, with a pair 
of annular cylinder ports 57 and 58 in the bore 
56 of the valve housing 55, the valve bore 56 
being appropriately closed at both its ends. Ad 
mission and exhaust of fluid to and from the 
ends of the adjusting cylinder 5 are regulated 
by a valve piston 60 slidable within the valve bore 
56 and provided with a pair of heads 6, and 62 
which are separated by a reduced portion 63. 
The arrangement is such that the heads 6 and 
62 cover the cylinder ports 57 and 58 respec 
tively when the valve piston 6O is in its neutral 
position in which it is shown in Fig. 1 and in 
which said heads 6f and 62 cut off all communi 
cation between the ends of the adjusting cyl 
inder 5 and the valve bore 56, so that the ad 
justing piston 50 is rendered inoperative. Move 
ment of the valve piston 60 away from its neu 
tral position and toward the right as viewed in 
Fig. 1 causes the adjusting piston 60 to move 
outward or toward the left; and similarly, move 
ment of the valve piston 30 away from its neu 
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adjusting piston to move inward, or toward the 
right. . 
In the embodiment of the invention illustrat 

ed in Fig. 1, the differential high pressure fluid 
for urging the vanes 7 of the motor B into con 
tact with the vane track 26, thereof is obtained 
by providing in the conduit 42 a variable ori 
fice 70, the resistance to flow through which 
Creates the difference in pressures between the 
differential high pressure fluid going to the inner 
ends of the vanes 7 and the operating pressure 
fluid going to the Outer ends of said vanes. The 
conduit 45 is accordingly connected with the con 
duit 42 at a point on the inlet side of the ori 
fice 70, that is, at a point intermediate the pump 
A and said Orifice. The Output of the pump A is 
regulated to provide the proper volume of fluid 
to produce a predetermined pressure drop across 
the variable orifice 70, for any extent of open 
ing thereof, so that the difference in pressures 
between the differential high pressure fluid and 
the Operating pressure fluid is held substantially 
constant, and change in output of the pump A 
is made responsive to the pressure drop actually 
existing across said orifice 70 relative to the pre 
determined pressure-drop thereacross. 
In order that the output of the pump A may 

be regulated and varied responsive to the pres 
sure drop across the variable orifice 70, the op 
posite ends of the valve piston 60, which are of 
equal area, are adapted to be acted upon by 
fluid from the inlet and outlet sides respectively 
of the orifice 70. The opposite ends of the valve 
bore 56 are accordingly supplied with fluid from 
the inlet and outlet sides respectively of the ori 
fice T0, as by the passages 72 and 73 which enter 
Said valve bore 56 at points intermediate its 
closed ends and the ends of the valve piston 
60. With this arrangement, pressure fluid from 
the inlet side of the orifice TO entering the right 
hand end of the valve bore 56 exerts a force upon 
the valve piston 60 tending to move it toward 
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-tral position and toward the left will cause the 75 

the left as viewed in Fig. 1, this force being op 
posed by the action of pressure fluid from the 
Outlet side of the orifice 0 upon the left hand 
end of the valve piston 60 which tends to move 
said valve piston toward the right. 
The force exerted upon the valve piston 60 

by pressure fluid from the outlet side of the 
orifice 70, that is, the force tending to move 
the valve piston 60 toward the right, is supple 
mented by force exerted by a compression spring 
64 positioned in the left hand of the valve bore 
56. One end of the spring 64 bears against the 
adjacent end of the valve piston 60 and its other 
end bears; against an abutment piece 65 dis 
posed intermediate the end of said springs 64 
and the end of a screw 66 which extends through 
the closed end of the valve bore 56 and provides 
means by which the compression of the spring 
64 may be adjusted. The force exerted by the 
spring 64 thus combines with the fluid-exerted 
force tending to move the valve piston 60 to 
Ward the right and together they act to oppose 
and balance the single force exerted upon said 
valve piston. 60 by fluid from the inlet side of 
the orifice 70, as will be more fully explained 
presently. - 

With the parts in the position shown in Fig. 
1 and the pump A continuously driven, pressure 
fluid delivered by said pump into the conduit 
42 passes therethrough to the motor B which is 
Operated thereby, differential high pressure fluid 
from the inlet side of the orifice 70 going to the 
inner ends of the motor vanes 7 through the 
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conduit 45 and operating pressure fluid from the 
outlet side of the orifice 70 going to the outer 
ends of said motor vanes 7. The parts of the 
control and adjusting mechanism will remain 
in the position shown in Fig. 1 whenever the 
Output of the pump A is such that it produces 
a pressure drop across the orifice 70 of such an 
amount that the force exerted upon the valve 
pistOn 60 by fluid from the inlet side of the 
orifice 70 equals the combined opposing forces 
exerted by the spring 64 and the pressure fluid 
from the outlet side of said orifice. With the 
viscosity of the fluid constant or neglected for 
purposes of explanation, it will thus be under 
stood that the pressure drop across the orifice 
70 (for any setting or adjustment of size of said 
Orifice and of compression of the spring 64) will 
depend entirely upon the rate of fluid flow there 
through. It Will also be understood that the 
valve piston 60 will remain in its neutral posi 
tion of Fig. 1 as long as the output of the pump 
A remains constant at an amount producing the 
pressure drop across the orifice 70 required to 
balance the force exerted by the spring 64. 
The pressure of the differential high pressure 
fluid will therefore exceed the pressure of the 
Operating pressure fluid by a substantially con 
stant amount whenever the valve piston 60 is 
in its natural position and the speed of the 
motor B will likewise be held substantially con 
stant (internal leakage within said motor B be 
ing neglected). 

Increase in the output of the pump A, as 
because of increase in its speed or for any other 
reason, Will produce...an increase in the pressure 
drop across the orifice 70. This increase in 
relative pressures will be immediately communi 
cated to the ends of the valve bore 56 and the 
force exerted upon the valve piston 60 by the 
fluid from the inlet side of the orifice To will 
then be greater than the combined Opposing 
forces exerted by the spring 64 and the pres 
Sure fluid from the outlet side of said orifice 
10. The valve piston 60 will thus be immediately 
displaced from its neutral position and moved 
toward the left as viewed in Fig. 1. This move 
ment of the valve piston 60 connects the Cylin 
der port 58 with the right hand end of the valve 
bore 56, permitting pressure fluid to pass to the 
Outer end of the adjusting cylinder 5; the cylin 
der port 57 is simultaneously connected with 
the portion of the valve bore 56 Surrounding the 
valve piston's reduced portion 63, permitting ex 
haust of fluid from the inner end of the adjust 
ing cylinder 5 into this portion of the valve 
bore and thence through the passage 59 to the 
reservoir 47. Pressure fluid acting upon the 
Outer end thereof will immediately move the ad 
justing piston 50 in an inward or delivery-de 
creasing direction, thus reducing the Output of 
the pump A. 
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The pressure drop across the orifice TO will 
decrease conformably with and immediately 
upon decrease in the output of the pump A. Re 
Sponsive to this decrease in pressure drop, the 65 
valve piston 60 will be correspondingly and 
simultaneously moved toward the right as viewed 
in Fig. 1. Decrease in the output of the pump 
A, accompanied by corresponding decrease in 
the Speed of the motor B and corresponding 
movement of the valve piston 60 toward the 
right, will continue until the delivered volume 
is reduced to the exact amount producing the 
preSSure drop across the orifice 70 as established 

5 
be restored to its neutral position and will again 
render the adjusting piston .50 inoperative; the 
speed of the motor B will likewise be correc 
tively altered and the pressure difference be 
tween the differential high pressure fluid and 
the operating pressure fluid will also be restored 
E. amount as determined by the spring 64. 
The Operation of the mechanism is the reverse 

of that explained when the output of the pump A 
is for any reason decreased below the amount at 
which the corresponding pressure drop across 
the orifice 70 produces balance of forces acting 
upon the valve piston 60 in its neutral position; 
that is, whenever the difference between the 
preSSures of the differential high pressure fluid 
and the Operating pressure fluid drops below the 
amount determined by the spring 64, with cor 
responding decrease in the speed of the motor 
B. Immediately upon such decrease in the 
preSSure drop, the valve piston 60 is moved to 
ward the right as viewed in Fig. 1, pressure fluid 
is admitted to the inner end of the adjusting 
cylinder 5 and the outer end thereof... will be 
connected with the exhaust, so that the adjust 
ing piston 50 will be moved outward or in a 
delivery-increasing direction until the output of 
the pump A is increased to an amount producing 
the predetermined pressure drop across the 
orifice 70, thereby providing the predetermined 
difference in pressures between the differential 
high pressure fluid and the operating pressure 
fluid, as determined by the spring 64 and causing 
the Operation of the motor B at the speed cor 
responding to the exent of opening of the orifice 
70. Upon these corrective changes, the valve 
piston 60 will again be restored to its neutral 
position of Fig. 1. 
These corrective changes in both increase and 

decrease of the pump's output and restoring 
movements of the valve piston 60 take place al 
most instantaneously, and the adjustments are 
Such as to set the corrective mechanism into Op 
eration upon slight changes in the pressure drop 
to be maintained across the orifice 70. 

It will thus be seen that the spring 64 deter 
mines the amount of the pressure drop to be 
maintained across the orifice 70 and hence the 
difference in pressures between the differential 
high pressure fluid and the operating preSSure 
fluid; the valve piston 60 being moved in one 
direction or the other to effect corrective change 
in the pump's output whenever the pressure drop 
across this orifice is either greater or less than 
the corresponding force exerted upon the valve 
piston 60 in its neutral position by the spring 64. 
The compression of the spring 64 is accordingly 
adjusted to provide a pressure drop across the 
orifice 70 such that the differential high pressure 
fluid from the inlet side of said orifice TO exceeds 
the pressure of the operating pressure fluid from 
the outlet side of said orifice by an amount suf 
.ficient to provide satisfactory action of the 
motor vanes T. Position and movement of the 
Valve piston 60 are determined and effected en 
tirely by relative pressures existing on the inlet 
and outlet sides respectively of the orifice 70 and 
are independent of absolute pressures; that is to 
say, the valve piston's movement and position re 

70 
sult from the difference between these pressures 
regardless of their actual amount so that the dif 
ferential high pressure fluid is kept at a pressure 
Or pressures exceeding by a substantially con 
stant amount the pressure or pressures of the 
Operating fluid, regardless of the amount of or 

by the Spring 64, when the valve piston 60 will 75 change in the pressure of said operating pres 

  



6 
sure fluid, and the inner ends of the motor vanes 
7 are thus supplied with fluid at a pressure 

greater than but correlated with the pressure 
of the fluid adunitted to the outer ends thereof. 
The speed of the motor B is regulated by vary 

ing the size or extent of opening of the variable 
orifice 70, as by the means 7 schematically 
shown in Fig. 1. Change in the size or extent 
of opening of the orifice 70 will, of course, change 
the volume of fluid required to pass therethrough 
to produce the pressure drop as established by the 
spring 64. An infinitely variable orifice, such as 
here provided, thus makes it possible to infinitely 
vary the pump's output to any desired extent 
from maximum to a minimum, such as Zero, and 
to correspondingly vary the speed of the motor 
B. At all outputs of the pump A and at all speeds 
of the motor B, the differential high pressure 
fluid will exceed in pressure by a substantially 
constant amount, as determined by the spring 64, 
the pressure of the operating pressure fluid ad 
mitted to the outer ends of the motor vanes 7, 
and the maximum size or extent of opening of 
the orifice T0 is preferably made such that the 
corresponding pressure drop thereaCrOSS pro 
duced by the maximum output of the pump A 
will provide a sufficient difference in pressure to 
assure satisfactory action of said motor vanes 7. 
No fluid will be available for moving the ad 

justing piston 50 to start delivery of fluid by the 
pump A when the output thereof is reduced to 
zero. The inner or piston rod end of the ad 
justing cylinder 5 is accordingly provided with 
a spring 68, one end of which acts against the 
adjacent end of the adjusting piston 60 and the 
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other end of which acts against the cover 52 
which closes the end of the adjusting cylinder 5. 
The arrangement is such, preferably, that the 
spring 68 is compressed as the adjusting piston 50 
moves into its position corresponding to the Zero 
output position of the adjusting rod 48. The 
energy thus stored up is avaliable for displacing 
the adjusting piston 50 and adjusting rod 48 from 
their zero output positions So that the pump 
may be caused to start delivery of pressure fluid. 
In the embodiment illustrated in Fig. 1, the 

output of the pump A. Will be varied, upon any 
change in its speed or increased leakage in said 
pump, to hold the volume of fluid delivered to 
the outer ends of the motor vanes 7 substan 
tially constant, and hence to hold the speed of the 
motor substantially constant, for any extent of 
opening of the orifice 70 provided the viscosity 
of the circulated fluid remains constant. Ilubri 
cating oil is usually employed as the circulated 
fluid in systems of this character, and is subject 
to relatively large changes in viscosity as its 
temperature changes. Such viscosity changes 
alter the resistance to flow through the orifice 70 
and therefore noticeably affect the volume of 
fluid that is permitted to pass; therethrough (for 
any given opening of said orifice 70 and any given 
adjustment of the spring 64) which in turn causes 
corresponding change in the speed of the motor 
B unless means are provided to compensate for 
such viscosity changes. Such viscosity com 
pensating means are provided in the embodiment 
illustrated in Fig.2 and will now be described. 
The arrangement of Fig. 2 is generally similar 

to the embodiment of Fig. 1 except for the pro 
vision of the viscosity compensating mechanism. 
The valve mechanism includes a valve piston 60' 
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spectively when said valve piston is in its neutral 
position in which it is shown in Fig. 2. The valve 
piston 60 also includes a pair of extension rods 
77 and 78, of equal diameter, which extend from 
the heads 6' and 62’ respectively and project 
through suitable openings in the closures of the 
ends of the valve bore 56 in such manner that 
they form substantially fluid tightfits therewith. 
The ends of the adjusting cylinder 5 are con 
nected with the cylinder ports 57 and 58 re 
spectively by the passages 53 and 54 and the por 
tions of the valve bore Surrounding the Valve 
rods - 77 and 78 respectively are connected with 
the inlet and outlet sides respectively of the 
orifice 70 by the passages 72, and 13 which are 
shown as constricted at 72 and 73' at the valve 
bore 56 in order to reduce any tendency toward 
“hunting' or “chatter'. The spring 64' in the 
left hand end of the valve bore 56 surrounds 
the valve rod 77 and exerts a force on the valve 
piston 69' tending to move it toward the right, as 
in the embodiment of Fig. 1. It will thus be 
seen that this portion of the valve mechanism is 
substantially identical with that of the embodi 
ment of Fig. 1 from which it differs, as described 
up to this point, principally with respect to the 
provision of the valve rods 77 and 78. This por 
tion of the mechanism is therefore capable of 
operation in the same manner as described in 
connection with Fig. 1 and may, if desired, be so 
employed without regard to the viscosity com 
pensating mechanism which will now be de 
Scribed. 
The viscosity compensating mechanism in 

cludes a pair of compensating cylinders or bores 
79 and 80 respectively, for convenience termed 
"compenasting cylinders,' which in the present 
instance are formed in the members 75 and 76 
which close the ends of the valve bore 56. The 
Compensating cylinders are provided With slid 
ably fitted pistons, termed "compensating pis 
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slidable within the bore 56' and provided with a 
pair of heads 6 i' and 62 which are adapted to 
cover the annular cylinder ports 57 and 58 re 75 

tons,' operatively connected with the valve piston 
60' and the ends of the rods 77 and 78 are ulti 
lized as the compensating pistons, in the present 
embodiment. Each compensating piston is of 
Such size that its cross-sectional area equals the 
cross-sectional area of one of the portions of the 
valve piston 60' which are exposed to the pres 
sure fluid in the ends of the valve bore 56, that 
is to say, the cross-sectional area of each Con 
pensating piston equals the Cross-sectional area 
of the head 6', or 62, minus the cross sec 
tional area of the corresponding rod 77 or 78; 
this relation is here obtained by making the rods 
77 and 78 of such size that the cross-sectional 
area of each of them is one-half the area of a 
section through the heads 6' or 62 of the valve 
piston 60'. 
The viscosity Compensating mechanism also 

includes an auxiliary fluid circuit, which may be 
termed the "compensating circuit,' which in turn 
includes a small constant capacity pump 83 
adapted to be continuously driven at a constant 
speed. The pump 83 receives its supply of oil or 
other, fluid from the reservoir 47 and in the 
present instance is shown as provided with an 
inlet conduit 84 which connects with the inlet 
or fluid supply conduit 46 of the main pump A. 
It will thus be seen that the fluid supplied to the 
pump 83 will at all times be of exactly the same 
viscosity as the fluid supplied to the main pump 
A, and hence of the same viscosity as that of the 
fluid passing through the orifice 70. The pump 
83 is also provided with a discharge conduit 85 
leading to the reservoir 47 and having an ori 
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fice 86 which is here shown as a variable orifice 
although a fixed orifice may be employed since 
the size thereof is not adjusted during operation. 
With this arrangement, the amount of the 

pressure drop across the orifice 86 will be con 
stant as long as the viscosity of the circulated 
fluid is constant but will vary immediately and 
conformably with any change taking place in the 
viscosity of Said fluid. As the fluid passing 
through the orifice 86 is of substantially the 

, Same Wiscosity as the fluid passing through the 
orifice 70, it will be seen that change in viscosity 
of the circulated fluid will produce identical 
changes in the amounts of the pressure drop 
across both orifices for constant rates of flow 
through them. The rate of fluid flow through 
the orifice 86 is constant for the reason that the 
pump 83 is of constant capacity and is driven at 
constant speed. Hence the change in the pres 
sure drop across the orifice 86 is an exact meas 
lure of the Corresponding change, due to change 
in viscosity, which takes place during the same 
interval in the amount of pressure drop across 
the orifice. To for any particular output of the 
pump A; that is to say, it is an exact measure 
of the effect of the change in viscosity upon the 
amount of the pressure drop across the orifice 70 
produced by a constant output of the pump A 
and with the adjustment of the orifice 70 and 
spring 64' unchanged. 
According to this embodiment, the change tak-, 

ing place in the amount of the pressure drop 
across the Orifice 86 is employed to correspond 
ingly modify the amount of pressure drop to be 
maintained across the orifice 70. The compen 
sating cylinder 79 is therefore connected, as by 
a passage 8, with the discharge conduit 85 at 
a point on the inlet side of the orifice 86 and 
the compensating cylinder 80 is similarly con 
nected, as by a passage 82, with said discharge 
conduit 84 at a point on the outlet side of said 
orifice 86. The compensating cylinders 79 and 
80 are thus supplied with fluid having the same 
pressures as the pressures existing on the inlet 
and outlet sides respectively of the orifice 86. 
Two additional opposing forces are thus 

brought to bear upon the valve piston 60' by the 
Compensating pistons. These two opposing 
forces have a net difference or resultant tending 
to move the Valve piston 60' toward the right, 
this net difference or resultant corresponding to 
and varying with the amount of the pressure 
drop existing across the orifice 86. The net ef 
fect, therefore, is that of a force tending to move 
the valve piston 60' toward the right and which is 
varies conformably with the amount of the pres 
sure drop across the orifice 86; hence likewise 
varies with the viscosity of the fluid. 
The net difference or resultant of forces thus 

exerted upon the valve piston 60' by the com 
pensating pistons combines with the force ex 
erted by the spring 64 to determine the amount 
of pressure drop to be maintained across the 

IO 

7 
orifice 70 produced by a constant output of the 
pump A and therefore reduces the net differ 
ence or resultant of the forces exerted upon the 
valve piston 60' by fluid from the inlet and out 
let sides of the orifice 70, which net difference 
or resultant tends to move the valve piston 60' 
toward the left; this decrease in viscosity simul 
taneously also reduces, by exactly the same 
amount, the sum of the combined opposing forces 
which tend through action of the compensating 
pistons to move the valve piston 60' toward the 
right. In the same manner, increase in viscosity 
of the fluid simultaneously and equally increases 
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, orifice 70 which is, therefore, modified by change 
in the amount of said net difference or resultant. 
The amount of the pressure drop to be main 
tained across the orifice O is thus modified con 

65 

formably with the change in viscosity of the fuid 
and in exact accordance with the change occur 
ring in the amount of the pressure drop across 
the orifice 70, with a constant size of opening 
thereof and a constant rate of fluid flow there through, resulting from viscosity change. In 
other words, decrease in viscosity of the fluid re 
duces the amount of pressure drop across the 
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the forces tending to move the valve piston to 
Ward the right and those tending to move it 
toward the left. The relative balance of forces 
acting upon the valve piston 60 is therefore un 
disturbed by change in Wiscosity of the fuid. 
Change in viscosity thus affects the amount 

of pressure drop to be maintained across the 
orifice 70, and alters the amount thereof in exact 
accordance with the effect of Such change in 
viscosity upon the amount of the pressure drop 
actually taking place across the orifice 70 with 
the output of the pump A constant and the ad 
justment of the spring 64’ unchanged. The 
compensating mechanism therefore cooperates. 
with the other parts of the mechanism to hold 
substantially constant the volume of operating 
pressure fluid passing through the orifice 70 to 
the outer ends of the motor wanes 7 and hence 
to hold the speed of the motor B Substantially 
constant irrespective of change in viscosity of 
the circulated fluid. The difference in pressures 
between the operating pressure fluid and the dif 
ferential high pressure fluid will vary, however, 
with change in viscosity of the circulated fluid 
and the spring 64 is accordingly made such that 
the drop across the orifice 70, and hence the dif 
ference in pressures of the operating pressure 
fluid and differential high pressure fluid, is suff 
cient to provide satisfactory action of the motor 
vanes 7 when the pressure drop across the ori 
fice 86 is minimum for the particular fluid em 
ployed. This provides satisfactory operation of 
the motor at all times and with all viscosities 
of the fluid. 

In order to prevent leakage of fluid from the 
valve bore 56' into the compensating cylinders 79 
and 80, which leakage might possibly affect the 
pressures existing in Said compensating cylin 
ders, the members 75 and 76 are provided with 
counterbores or leakage grooves 87 and 88 re 
spectively, intermediate the ends of the valve 
bore 58' and the exposed ends of the compensat 
ing pistons, and said leakage grooves are ap 
propriately connected with the exhaust passage 
59 which leads to the reservoir 47. 
When the discharge conduit 85 of the Com 

pensating circuit is relatively short and dis 
charges directly into the reservoir, as illustrated 
in Fig. 2, it has been found that the pressure 
existing on the outlet side of the orifice 86 is so 
small and subject to such minor variations that . 
in practice it may frequently be neglected and 
the amount of pressure existing on the inlet side 
of the orifice. 86 alone employed as the measure 
of the pressure drop thereaCrOSS. In such in 
stances, the compensating cylinder 80 and it 
fluid connections may be omitted. 
Compensation for change in viscosity of the 

circulated fluid may also be accomplished with 
out modifying the amount of pressure drop to be 
maintained across the metering orifice but by 
modifying the size or extent of opening thereof, 
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so that not only will the speed of the motor B 
be held substantially constant but the difference 
in pressures between the operating pressure fluid 
and the differential high pressure fluid will also 
be maintained substantially constant irrespec 
tive of viscosity changes. This may be accom 
plished, for example, by substituting for the 
orifice O of FigS. 1 and 4 the modified orifice 
and arrangement illustrated in Fig. 5, and also 
disclosed in said Patent No. 2,238,061. 
The metering orifice of Fig. 5 is adapted to be 

substituted for the variable orifice 70 of Fig. 1, 
and also the variable orifice 70 of Fig. 4 as will 
be later explained. It is shown as of the con 
ventional balanced piston valve type and in 
cludes the usual valve piston 90 slidably fitted 
within the bore of the valve housing 95. The 
conduit 42 is connected with the valve bore 
through a pair of spaced annular ports 97 and 
98 respectively and, as indicated by the arrows, 
fluid enters the Valve bore through the port 97 
and passes out through the port 98. 
The valve piston 90 comprises a pair of heads 

9 and 92 separated by a reduced portion which 
it: preferably tapered to provide gradual opening 
and closing of the orifice and thus facilitate ad 
justment. The size of the metering orifice is 
varied by axial movement of the valve piston 90 
in the valve bore, this movement varying the 
extent to which the head 9 f restricts communi 
cation between the port 97 and the portion of the 
valve bore leading to the port 98. The arrange 
ment is such that the valve piston may be moved 
to any desired extent so that the size or extent of 
Opening of the metering Orifice may be infinitely : 
varied from its maximum open position to the 
fully closed position in which the head 9 comi 
pletely cuts of communication between the port 
97 and the valve bore. The reduced tapered por 
tion intermediate the heads 9 and 92 is made of 
such length that the head 92 does not restrict the cylinder port 98 at any position of adjustment 
of the valve piston 90. 
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ingly provided with a slot O6 for slidably receiv 
ing a fulcrum block which is rotatable upon a 
fulcrum pin as indicated by the dotted lines 
at 07. 
The fulcrum pin is carried by a preferably 

forked fulcrum bar 08 which is slidably sup 
ported by any suitable means, not shown, upon 
a supporting member 09. The fulcrum bar 08 
is also attached to the outer end of the piston 
rod f O of a compensating piston reciprocable 
in a compensating cylinder 2, the piston rod 
to being guidingly supported by the cylinder 

cover 3 through which it projects. A spring 
4 is positioned in the closed end of the com 

pensating cylinder 2 and exerts a force tend 
ing to move the compensating piston f toward 
the right as viewed in Fig. 5. 
The compensating cylinder 2 is connected 

with an auxiliary or compensating circuit identi 
cal with that of Fig. 2 and including a constant 
capacity pump 83 receiving its supply of fluid 
through a conduit 84 from the same source of 
supply as that of the fluid passing through the 
metering orifice in the valve bore. 
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A spring 93 is positioned in the closed lower 
end of the valve bore and acts to move the valve 
piston 90 upwardly as far and as rapidly as per 
mitted by the other parts of the adjusting mech 
anism. The upper end of the valve piston 90 
bears against the adjacent end of a plunger rod 
foo which projects through and is slidably sup 
ported by the cover 96 which closes the valve 
bore. In Order to assure quick and easy move 
ment of the valve piston 90 and to prevent dis 
turbance of its position in the valve bore by the 
action of unequal fluid pressures on the ends 
thereof, the portions of the valve bore axially 
beyond the ends of the valve piston 90 are pro 
vided with a fluid connection, such as the pas 
Sage 94, and the closed lower end of the valve 
bore is connected with an exhaust passage 99 
which may lead to the reservoir 47. 
The outer end of the plunger rod OO slidably 

bears against an adjusting lever of by which 
the position of said plunger rod 00, and hence. 
the position of the valve piston. 90, are deter 
mined. One end of the adjusting lever of is 
provided with a suitable handle 02, near which 
said adjusting lever 0 is pivotally connected 
as at 03 with a member which may be moved 
along a curved locking bar 04 and which may 
be held or fastened at any desired position on 
said locking bar 04 by the friction gripping 
mechanism illustrated at 05. The other end of 
the adjusting lever f of is adapted to be sup 
ported upon a movable fulcrum and is accord 
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The auxiliary or compensating circuit also in 
cludes a variable orifice 86 in the pump's dis 
charge conduit 85, and the forward or piston rod 
end of the compensating cylinder 2 is Con 
nected with said discharge conduit 85 at a point 
on the inlet side of the inlet side of said orifice 
86 while the rear or closed end of said compen 
sating cylinder f2 is connected with said dis 
charge conduit 85 at a point on the outlet side 
of the orifice 86, these connections being pro 
vided by the passages 8 and 82. 
With this arrangement pressure fluid from the 

inlet side of the orifice 86 exerts a force upon the 
compensating piston f f which is opposed by the 
combined forces exerted upon the other side of 
the piston f f by the spring f4 and fluid from 
the outlet side of the orifice 86. When the pump 
83 is driven at a constant speed, the pressure 
drop across the orifice 86 will vary, as hereinbe 
fore explained, conformably with change in vis 
cosity of the circulated fluid, so that the force 
acting to hold or move the compensating piston 
against the force exerted by the spring 4 will 
vary correspondingly. It will thus be seen that 
the compensating piston if f and the fulcrum 
pin will be moved toward the right upon decrease - 
in viscosity of the circulated fluid and toward the 
left upon increase in said viscosity, the extent 
of this movement corresponding to the extent 
of change in viscosity. 
Such movement or change in position of the 

fulcrum pin causes the adjusting lever 0 to 
rock about its pivot. 03, which in turn results 
in change in position of the valve piston 90 in 
the valve bore, thus modifying the size or extent 
of opening of the metering orifice. In other 
words, upon decrease in viscosity of the fluid the 
compensating piston and fulcrum will move to 
'ward the right, as already stated, thus moving 
the valve piston 90 downward and reducing the 
extent of opening of the metering orifice; in 
crease in viscosity produces action reverse to that 
just explained and the extent of opening of the 
metering orifice is increased. The dotted lines 
of Fig. 5 show, to somewhat exaggerated extent, 
the relative positions to which the parts will move 
from their positions as shown in full lines upon 
decrease in viscosity of the fluid. 
Change in resistance to flow caused by change 

in viscosity of the fluid is thus offset and bal 
anced by modifying the extent of opening of the . 
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variable metering orifice to oppositely change 
the resistance to flow presented thereby. It 
will therefore be seen that with proper propor 
tions of the parts, the size or extent of opening 
of the metering orifice may be modified con 
formably with the effect produced by change 
in viscosity of the fluid so that the Output of 

5 

the pump A will not be affected thereby, when 
the arrangement of Fig. 5 is substituted for the 
variable orifice 70 of Fig. 1, and the volume of 
operating pressure fluid going to the Outer ends 
of the motor vanes , and hence the speed of the 
motor B, will be likewise held substantially con 
stant irrespective of viscosity change. At the 
same time, the difference in pressures between 
the operating pressure fluid and the differential 
pressure fluid will also be held substantially con 
stant at the amount determined by the spring 
64. It will further be noted that the modifying 
action to compensate for viscosity change does 
not affect the position at which the pivot O3 is 
fastened upon the locking bar f04, so that there 
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is a definite and unchanged speed of the motor 
B (internal leakage within said motor being again 
neglected) for each position of adjustment of 
this manually movable member. 
The orifice 86 is preferably not adjusted during 

operation but, as is also the case in the embodi 
ment of Fig. 2, its variable feature makes pos 
sible the use of the same compensating mech 
anism with almost all fluids. A non-differential 
piston may be substituted for the compensating 
piston (Fig. 5), although the differential areas 
of the piston's ends resulting from the piston rod, 
in the arrangement shown, will be satisfactory in 
most instances because the pressure acting on the 
"big end' thereof is usually negligible, as it is 
the same as the pressure existing on the outlet 
side of the orifice 86; in fact, connection between 
the closed end of the compensating cylinder and 
the outlet side of the orifice TO may be omitted 
entirely in many instances without adversely af 
fecting the operation and control provided by 
the mechanism. 
A variable capacity or delivery pump, as shown 

in Figs. 1 and 2, is preferably employed as the 
source of pressure fluid for operation of the mo 
tor B, the output of said pump being altered to 
vary and control the speed of said motor as al 
ready explained. A constant capacity pump with 
means for regulating the extent of escape or by 
passing of fluid delivered by aid pump may, how 
ever, be employed instead of the variable delivery 
pump A and its output varying means. This will 
be understood from Fig. 3 which shows, by Way 
of example, and in partly schematic arrangement, 
a constant capacity pump A' and controlled 
escape or bypass means in association therewith 
which may be substituted for the pump A and 
its output varying means in the arrangement of 

9 
of the valve housing 2 and is provided with a 
pair of spaced heads 9 and 20 respectively. 
The bore of the valve housing 2 is provided 
with an annular port 22 which is connected with 
the conduit 42, as by the branch passage 42", 
and which is adapted to be completely closed to 
prevent all escape of fluid therethrough when 
the valve piston 8 is in the position shown, in 
which the head 20 covers said port 22. The 
arrangement is such that movement of the valve 
piston 8 toward the right as viewed in Fig. 3 
progressively opens the port 22 and permits 
correspondingly increasing amounts of fluid to 
escape from said port 22, and hence from the 
conduit 42, the escaping fluid passing around 
the reduced portion of the valve piston 8 in 
termediate its heads 9 and 20 and to the 
reservoir 4 through the passage 59'. The head 
9 serves principally as a guide and support for 

the valve piston as amount of fluid permitted to 
escape is entirely controlled by the extent of 
opening of the port 22 by the head 20 which 
is here shown as provided with conventional v 
notches to facilitate the establishment of gradual 
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Figs, 1 and 2, including the modified arrange 
ment of Fig.1 in which the metering orifice 
mechanism of Fig. 5 and its viscosity compensat 
ing mechanism are substituted for the orifice 70. 

Referring to Fig. 3, the pump A' receives its 65 
supply of fluid from the reservoir 47 through 
the conduit 46 and discharges its pressure fluid 
into the conduit 42 leading to the motor B (not 
shown in Fig. 3) and identical with the con 
duit and arrangement of this portion of the 
embodiments illustrated in Figs, 1 and 2. The piston rod of the adjusting piston 50 is 
attached, as at 49', to the piston rod 7 of the 
valve piston of the escape valve mechanism. 
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connection between the port 22 and the exhaust. 
The ends of the cylinder 2 are connected, as 
by passages 23 and 24, with the exhaust paS 
Sage 59' to permit free movement of the valve 
piston 8 at all times. 
The Operation will be clear from this descrip 

tion and from explanations previously given. 
The operation of the piston 50, for example, is 
the same as explained in connection with Figs. 
1 and 2, said piston being moved toward the 
right to increase the extent of opening of the 
port 22 and thereby decrease the volume of 
fluid passing through the orifice To responsive 
to a pressure drop across said orifice To exceed 
ing the predetermined pressure drop thereacross, 
and vice versa. The arrangement therefore 
functions to so control the amount of fluid es 
cape permitted through the port 22 that the 
volume of operating pressure fluid passing to 
the Outer ends of the motor vanes 7 is held sub 
stantially constant for any size or extent of Open 
ing of the orifice 70, this likewise being true ir 
respective of viscosity changes when the ar 
rangement of Fig. 3 is substituted in Fig. 2. The 
Speed of the motor is regulated by varying the 
extent of opening of the orifice io, exactly as 
explained in connection with Figs. 1 and 2. A 
stop 25 is preferably provided, however, adja 
cent the head 9 and adapted to strike the end 
cover 26, to limit the distance toward the left 
to which the piston 50 may be moved in order to 
prevent movement of the valve piston 8 to a 
point where the head 20 is to the left of the 
port 22 sufficiently to open said port to the 
right hand end of the valve bore. Fig. 3 shows 
a portion of the conduit 84 of the compensating 
circuit of Fig. 2 which, of course, is connected 
With the pump 83 when the arrangement of Fig. 
2 or Fig. 5 is employed, the conduit 84 being 
omitted when the pump A and its associated 
mechanism are substituted for the pump A and 
its output control mechanism in Fig.1. 
When a constant capacity pump is employed, 

however, it is frequently simpler and therefore 
preferable to utilize a by-pass or escape valve 
mechanism positioned in the conduit 42 and 
having an element directly responsive to the 
pressure drop across the orifice T0. By way of 
example, an arrangement of this kind is shown 
in Fig. 4. - & 

The valve piston if 8 is reciprocable in the bore 75 The bore of the valve housing 30 (Fig. 4) is 
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suitably closed at both its ends and is provided 
with an annular port 3 which is here shown 
as having two connections with the conduit A2 
so that the connected portion of said valve bore 
forms in effect a part of said conduit 42. The 
valve bore is also provided with an exhaust port 
32 spaced from the port 3 and connected with 
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desired speed, from zero to maximum, that can 
be produced by the output of the pump A'. 
The metering orifice and viscosity Compensat 

ing arrangement of Fig. 5 may be substituted for 

the exhaust passage 59' leading to the reservoir 
4. 

Slidably fitted within the valve bore is a valve 
piston 35 having two heads 36 and 37 re 
spectively, of the same cross-sectional area and 
spaced from each other so that they do not ob 
struct the flow of fluid through the port 3 in 
any position Occupied by said valve piston 35. 
The head 37, which is provided with conven 
tional V-notches, controls the extent of connec 
tion between the ports 3 and 32 and the valve 
piston f35 is movable to establish any degree of 
connection between said ports 3 and 132 to 
permit by-passing or escape of all, any part or 
none of the fluid delivered by the constant ca 
pacity pump A'. The valve piston 35 is shown 
in Fig. 4 in its position in which it completely 
cuts off communication between the ports 3 
and 32 and hence prevents the escape of any 
fluid, a small stop 38 projecting upward from 
the head 36 preventing further upward move 
ment of the valve piston 35 beyond the fully 
closed position. The valve piston 35 is, how 
ever, free to move downward from the position 
shown in Fig. 4 to establish any degree or ex 
tent of connection between the ports 3 and 
s32 as already stated. 
The valve piston 35 is moved and its position 

controlled responsive to the pressure drop actu 
ally existing across the orifice 70 relative to a 
predetermined pressure drop thereacross. The 
upper end of the valve bore is accordingly con 
nected with the inlet side of the orifice TO, as 
by a passage 72 here shown as branching from 
the passage 45 leading to the inner ends of the 
motor vanes T. Similarly, the outlet side of the 
orifice T0 is connected, as by a passage 73 with 
the lower end of the valve bore in which is po 
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the orifice 70 of Fig. 4. When so modified, the 
arrangement of Fig. 4 will hold the speed of the 
motor and the pressure difference between the 
differential high and operating pressure fluids 
substantially constant irrespective of viscosity 
change. 

Each of the embodiments shown and described 
thus provides accurate and dependable means for 
regulating the speed of the motor B and some of 
them are capable of corrective action to com 
pensate for all variations in the motor's speed 
except the variation due to the leakage of fluid 
past the rotor 5 and vanes from the motor's 
inlet areas to its outlet areas, which is usually 
small. . In all embodiments, regulation of the 
speed of the motor B is accomplished by regu 
lating and controlling the volume of operating 
pressure fluid admitted to the outer ends of the 
vanes, which volume may be varied at will and 
will be held substantially constant at the desired 
amount. The combined fluid volumes admitted 
to both the inner and Outer ends of the motor 
vanes 7 is thus regulated and controlled; for ex 
ample, in the embodiments illustrated the volume 

30 

35 

40 

sitioned a spring 34 which exerts a force sup 
plementing the upward force exerted on the 
valve piston 35 by the action of the pressure 
fluid from the outlet side of the orifice T0. It is 
thus seen that pressure fluid from the inlet side 
of the orifice TO exerts a force upon the valve 
piston 35 in a direction tending to establish and 
increase the extent of the connection between 
the ports 3 and 32, to thereby increase the 
volume of fluid escaping therethrough, and this 
force is opposed and balanced by the combined 
forces of the spring 34 and the action of the 

essure fluid from the outlet side of the orifice 
The valve piston 35 is thus moved responsive 

to the pressure drop across the orifice 70 and 

50 

of differential high pressure fluid supplied or ad 
mitted to the inner ends of the motor vanes 7 
is proportional to the speed of the rotor 5 (leak 
age being neglected) and hence is proportional 
to the volume of operating pressure fluid admit 
ted or supplied to the outer ends of Said vanes, 
so that the mechanism thus effectively regulates 
and controls the combined fluid volumes supplied 
to both the inner and outer ends of Said notor 
vanes, which combined volumes may be varied 
at will by adjustment of the variable orifice. The 
same mechanism employed for controlling the 
speed of the motor B is likewise utilized to pro 
vide a pressure drop in the supply line whereby 
the difference in pressures is obtained between 
the differential high pressure fluid supplied to 
the inner ends of the motor vanes 7 to urge 
them into contact with the vane track 26 and 
the operating pressure fluid supplied to the Outer 
ends of the vanel to cause rotation of the rotor 
f5, which difference in pressures is essential for 
satisfactory operation of the motor as hereinbe 
fore explained. A simple, economical arrange 
ment is thus provided in which the several parts 
cooperate to provide satisfactory operation at the 
desired speed, with many attendant advantages. 

55 
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takes a position to permit the escape of just the 
proper fluid volume so that the volume passing 
through the orifice 70 will produce a pressure. 
drop equal in amount to the value determined by. 
the spring 34. The speed of the motor B is thus 
held substantially constant (viscosity change 
neglected) for any extent of opening of the ori 
fice 70 and the differential high pressure fluid is 
held at a pressure exceeding by a substantially 
iconstant amount the pressure of the operating 
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pressure fluid. The speed of the motor B is reg 
ulated by varying the size or extent of opening 
of the orifice TO and, as this may be infinitely 

. varied, the motor may thus be operated at any 75 

Important among these advantages are the econ 
omy and simplicity made possible along with ac 
curate and reliable operating results. 

It will be understood that the several embodi 
ments of my invention have been described for 
the purpose of illustrating the operating and con 
struction of the apparatus of my present inven 
tion and that changes, some of which have been 
indicated, may be made without departing from 
the spirit of the invention. 
I claim: . 
1. In a fluid pressure system having a variable 

delivery pump and a rotary vane type fluid motor 
in the fluid circuit thereof, said vane motor hav 
ing a rotor provided with a plurality of vanes mov 
able inward and outward thereof and also having 
a vane track adapted to contact one of the ends 
of said vanes to guide them in their in and out 
movement, in combination, a fluid supply line 
connecting Said pump and said motor, a flow re 
sistance means in said supply line, means respon 
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sive to the pressure drop across said flow resist 
ance means for controlling the delivery of said 
pump, and means for connecting the opposite 
ends of said vanes in parallel with the inlet and 
outlet sides of said flow resistance means where 
by the difference in pressures across said flow re 
sistance means urges said vanes into contact 
with said vane track. 

2. In a system of the character set forth, a 
fluid pressure supply line, a vane motor in said 
line, means for establishing differential pressure 
drop in said line including means adjustable at 
will to determine the speed of Operation of said 
motor, means responsive to said pressure drop 
for maintaining the determined speed substan 
tially constant and means supplying the higher 
Of the two pressures of said differential pressure 
drop to the inner ends of the vanes of the motor. 

3. In a system of the character set forth, a 
fluid pressure supply line, a vane motor in said 
line, Said vane motor having a rotor provided 
with a plurality of vanes movable inward and 
Outward thereof and a vane track adapted to 
Contact the Outer ends of said vanes to guide 
them in their in and out movement, means for 
establishing differential pressure drop in said 
line, means responsive to said pressure drop for 
regulating volume of fluid admitted to said motor 
to thereby regulate its speed and means supply 
ing the higher of the two pressures of said dif 
ferential pressure drop to the inner ends of the 
vanes of the motor. 

4. In a fluid pressure power transmission sys 
tem, a fluid pressure supply line, a resistance 
mechanism in said supply line, a vane motor 
having a rotor provided with a plurality of vanes 
movable inwardly and outwardly thereof, Said 
vane motor also having a vane track to guide 
said vanes in their in and out movement, means 
for supplying pressure fluid from the inlet side 

11. 
6. In a fluid pressure power transmission sys 

tem, a fluid pressure supply line, a variable orifice 
in said Supply line, a vane motor having a rotor 
provided with a plurality of vanes movable in 
Wardly and outwardly thereof in a substantially 
radial direction, said vane motor also having a 
vane track to guide said vanes in their in and 
Out movement, means for supplying pressure fluid 
from the inlet side of said orifice to the radially 
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inner ends of said Vanes to urge said vanes into 
contact with Said vane track, means for simull 
taneously supplying pressure fluid from the out 
let side of said orifice to the radially outer ends 
of Said vanes to cause rotation of Said rotor, 
means responsive to the difference in pressures 
On the inlet and outlet sides of said Orifice active 
to alter the volume of fluid supplied to said vanes 
conformably with the size of said variable ori 
fice, and means for varying the size of said ori 
fice to determine at will the fluid volume to be 
supplied. 

7. In a fluid pressure system having a variable 
delivery pump and a rotary vane type fluid mo 
tor in the fluid circuit thereof, said vane motor 
having a rotor provided with a plurality of vanes 
movable inward and outward thereof and also 
having a vane track for guiding Said vanes in 
their in and out movement, in combination, a flow 
resistance means in said circuit, means responsive . 
to the pressure drop across said flow resistance 
means for controlling the delivery of said pump, 
means for supplying to one of the ends of said 
vanes fluid having the higher of the two pres 
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40 
of said resistance mechanism to one end of said . 
vanes to urge said vanes into contact with said 
vane track, means for simultaneously supplying 
pressure fluid from the outlet side of said re 
sistance mechanism to the other ends of said 
vanes to cause rotation of said rotor, and motor 
speed control means responsive to the difference 
in pressures on the inlet and outlet sides of said 

. . .tor, a flow resistance means in said supply line, 
power means for varying the delivery of said 
pump, fluid pressure operated control means re 
sponsive to the pressure drop across said flow 
resistance, means, said fluid pressure operated 
control means being operative upon a predeter 
mined pressure drop across said flow resistance 

resistance mechanism. 
5. In a fluid pressure power transmission syst 

tem, a fluid pressure supply line, a resistance 
mechanism in said supply line, a vane motor 
havin a rotor provided with a plurality of vanes. 
movable inwardly and outwardly thereof, said 
vane motor also having a vane track to guide said 
vanes in their in and out movement, means for 
supplying pressure fluid from the inlet side of 
said resistance mechanism to one end of said 
vanes to urge said vanes into contact with said 
vane track, means for simultaneously supplying 
pressure fluid from the outlet side of said re 

sures existing on Opposite sides of Said flow re 
sistance mechanism to urge said vanes into Con 
tact with said vane track and means for supply 
ing to the other of the ends of said vanes fluid 
having the lower of the two pressures existing on. 
opposite sides of said flow resistance mechanism 
to cause rotation of said rotor. . . . . . 8. In a fluid pressure system having a variable 
delivery pump and a rotary vane type fluid-mo 
tor in the fluid circuit thereof, said vane motor 
having a rotor provided with a plurality of vanes. 

45 movable inward and outward there of and also having a vane track for guiding said vanes in 
their in and out movement, in combination a fluid 
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supply line connecting said pump. and said mo 

means to hold said power means in a fixed posi 
tion but upon departures therefrom to control the 
power means for varying the pump delivery in 

- a direction to correct for such departures in pres 
60 

sistance mechanism to the other ends of said. 
vanes to cause rotation of said rotor, and means 
responsive to the difference in pressures on the 
inlet and outlet sides of said resistance mecha 
nism active to regulate the volume of fluid sup 

means for supplying to the other of the ends of 
65 

... plied to said vanes, and viscosity compensating. 
mechanism co-operating with said last named 
means to correct for change in pressure difference 
on the inlet and Outlet side of said resistance 
mechanism due to change in viscosity of the fluid 
to thereby hold substantially constant the volume 
of fluid supplied to said vanes from the outlet 
side of said resistance mechanism irrespective 
of changes in the viscosity of the circulated fluid. 

70 

sure drop, means for supplying to one of the 
ends of the vanes of said motor fluid having 
the higher of the two pressures existing on oppo 
site sides of said flow resistance means to urge 
said vanes into contact with said vane track and 

said vanes fluid having the lower of the two prese 
sures existing on opposite sides of said flow re 
sistance means to cause rotation of said rotor. 

9. In a fluid pressure system having a variable 
delivery pump and a rotary type fluid motor in 
the fluid circuit thereof, said vane motor having 
a rotor provided with a plurality of vanes mov 
able inward and outward thereof and also having 

75 
a vane track for guiding said vanes in their in 
and out movement, in combination a fluid supply 
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line connecting said pump and said motor, a flow 
resistance means in Said Supply line, power means 
for varying the delivery of said pump, fluid pres 
sure operated control means responsive to the 
pressure drop across said flow resistance means, 
said fluid pressure operated control means being 
operative upon a predetermined pressure drop 
across said flow resistance means to hold Said 
power means in a fixed position but upon de 
partures therefrom to control the power means 
for varying the pump delivery in a direction to 
correct for such departures in pressure drop, 
means for supplying to one of the ends of the 
vanes of said motor fluid having the higher of 
the two pressures existing on opposite sides of 
said flow resistance means to urge said vanes into 
contact with said vane track and means for Sup 
plying to the other of the ends of said vanes 
fluid having the lower of the two pressures ex 
isting on opposite sides of said flow resistance 
means to cause rotation of said rotor, and vis 
cosity compensating means for correcting for de 
partures in fluid pressure drop across said flow 
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resistance means due to change in viscosity of 
the fluid. 

10. In a fluid pressure system having a vari 
able delivery pump and a rotary vane type fluid 
motor in the fluid circuit thereof, said vane 
motor having a rotor provided with a plurality 
of vanes movable inward and Outward thereof 
and also having a vane track for guiding said 
vanes in their in and out movement, in combi 
nation a fluid supply line connecting Said pump 
and said motor, a flow resistance means in said 
Supply line, power means for varying the de 
livery of said pump, fluid pressure operated 
control means responsive, to the pressure drop 
across said flow resistance means, said fluid pres 
Sure operated control means being Operative 
upon a predetermined pressure drop across said 
flow resistance means to hold said power means 
in a fixed position but upon departures there 
from to control the power means for varying the 
pump delivery in a direction to correct for such 
departures in pressure drop, means for supply 
ing to one of the ends of the vanes of said mo 
tor fluid having the higher of the two pres 
sures existing on opposite sides of said flow- re 
sistance means to urge said vanes into contact 
With said vane track and means for supplying 
to the other of the ends of said vanes fluid 
having the lower of the two pressures existing 
On opposite sides of said flow resistance means 
to cause rotation of said rotor, and viscosity 
compensating means active to modify the amount 
of Said predetermined pressure drop across said 
flow resistance means conformably with change 
in resistance to flow therethrough due to change 
in viscosity of the fluid. 

11. In a fluid pressure system having a ro 
tary vane type fluid motor in the fluid circuit 
thereof, said vane motor having a rotor pro 
vided with a plurality of vanes movable inward 
and outward thereof, and also having a vane 
track adapted to guide said vanes in their in 
and Out movement, in combination, a fluid sup 
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ply line for said motor, a flow resistance means 
in said supply line, means for supplying to one 
of the ends of said vanes fluid having the higher 
of the two pressures existing on Opposite sides 
of said resistance means to urge said. vanes into 
contact with said vane track while passing 
through the intake area of said motor, means 
for supplying to the other of the ends of said 
Vanes fluid having the lower of the two pres 75 
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Sures existing on opposite sides of said flow re 
sistance means to cause rotation of said rotor, 
and motor speed control means responsive to 
the pressure drop across said flow resistance 
means for regulating the volume of fluid pass 
ing to said motor So that the volume of said 
lower pressure fluid supplied to one of the ends 
Of the Vanes is maintained at a predetermined 
rate of flow. 

12. In a fluid pressure system having a ro 
tary vane type fluid motor in the fluid circuit 
thereof, said vane motor having a rotor pro 
vided with a plurality of vanes movable inward 
and outward thereof and also having a vane 
track adapted to guide said vanes in their in 
and out movement, in combination, a fluid sup 
ply line for said motor, a flow resistance means 
in said supply line, means for Supplying to one 
of the ends of said vanes fluid having the high 
er of the two pressures existing on opposite 
sides of said resistance means to urge said Vanes 
into contact with said vane track while passing 
through the intake area of said motor, means 
for supplying to the other of the ends of said 
vanes fluid having the lower of the two pressures 
existing on Opposite sides of Said flow-resistance 
means to cause rotation of said rotor, motor 
speed control means responsive to the pres 
sure drop across said flow resistance means for 
regulating the volume of fluid passing to said 
motor so that the volume of said lower pres 
sure fluid supplied to One of the ends of the 
vanes is maintained at a predetermined rate of 
flow with the viscosity of the circulated fluid 
constant, and co-operating viscosity compen 
Sating means for correcting for departures in 
said last named fluid volume conformably with 
variation in pressure drop across said flow re 
sistance means due to change in viscosity, in 
cluding means for adjusting said flow resist 
ance means in response to changes in viscosity. 

13. In a fluid pressure System including a con 
stant capacity pump and having a rotary vane 
type fluid motor having a rotor provided with a 
plurality of vanes movable inwardly and out 
Wardly thereof and also having a vane track 
adapted to contact one of the ends of Said vanes 
to guide them in their in and Out movement, in 
combination, a supply line connecting said pump 
and said motor, an orifice in said supply line, 
a fluid escape mechanism positioned in said 
supply line and having an element Subjected to 
the pressures existing on Opposite sides of said 
orifice and active responsive to the difference in 
such pressures to regulate the volume of es 
caping fluid, means for supplying fluid from the 
inlet side of said orifice to One of the ends of 
said vanes to urge them into contact with said 
vane track and means for supplying to the other 
of the ends of said vanes fluid from the out 
let side of Said orifice to cause rotation of said 
rotor. 

14. In a fluid pressure System including a 
pump and having a rotary vane type fluid mo 
tor provided with a plurality of vanes movable 
inwardly and outwardly thereof in a substan 
tially radial direction, said motor having in 
take and outlet areas, said motor also having 
a vane track adapted to contact the radially 
Outer ends of said vanes to guide them in their 
in and out movement, in combination, a supply 
line connecting said pump and said motor, a 
flow resistance means in said supply line, a fluid 
escape mechanism connected with said supply 
line intermediate said pump and said resistance. 
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means, said fluid escape mechanism including 
an element movable responsive to the pressure 
drop across said resistance means relative to a 
predetermined pressure drop therea cross and 
active to regulate the volume of fluid escaping 
through said escape mechanism, means for Sup 
plying to the radially inner ends of said vanes 
while they are passing through the inlet area 
of said motor fluid from the inlet side of said 
flow resistance means to urge said vanes into 
contact with said vane track and means for 
supplying to the inlet area of said motor fluid 
from the outlet side of said flow resistance means 
to act on the exposed radially outer portions 
of said vanes and thereby produce rotation of 
said rotor. 15. In a fluid pressure system including a 
pump and having a rotary vane type fluid motor 
provided with a plurality of vanes movable in 
ward and outward of said rotor in a substan 
tially radial direction, said motor having intake 
and outlet areas adjacent the periphery of Said 
rotor, said motor also having a vane track adapted 
to contact the radially outer ends of said vanes 
to guide them in their in and out movement, in 
combination, a Supply line connecting said pump 
and notor, a variable orifice in said Supply line, 
a fluid escape mechanism connected with said 
supply line intermediate said pump and said 
variable orifice and having an element movable 
to regulate the volume of fluid escaping there 
through, separate power means for moving said 
element, fluid operated control means respon 
sive to the pressure drop across said orifice, said 
fluid pressure operated control means being Op 
erative upon a predetermined pressure drop 
across said orifice to hold said power means in 
a fixed position but upon departures therefrom 
to control the power means for varying the 
volume of fluid escaping through said fluid 
escape means in a direction to correct for Such 
departures in pressure drop, means for supply 
ing to the radially inner ends of the vanes of 
said motor while they are passing through the 
inlet areas of said motor fluid from the inlet 
side of said orifice to urge said vanes into contact 
with said vane track and means for supplying 
to the inlet area of said motor fluid from the 
outlet side of said orifice to cause rotation of 
said motor. 

16. In a fluid pressure system having a variable 
delivery pump, and a rotary vane type fluid 
motor in the fluid circuit thereof, said vane motor 
having a rotor provided with a plurality of vanes 
movable inward and outward thereof and also 
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having a vane track adapted to contact one of 

... the ends of said vanes to guide them in their 
in and out movement, in combination, a fluid supply line connecting said pump and said motor, 
a flow resistance means in said supply line, means 60 
responsive to the pressure drop across said flow . 
resistance means for controlling the delivery of 
said pump, co-operating viscosity compensating 
means for correcting for departures in pressure 
drop across said flow resistance means due to. 
changes in viscosity, and means for connecting 
the opposite ends of said vanes in parallel with 
the inlet and Outlet sides of said flow resistance 
means whereby the difference in pressures across 
said flow resistance means urges said vanes into 
contact with said vane track. 

17. In a fluid pressure system having a variable 
delivery pump and a rotary vane type fluid motor 
in the fluid circuit thereof, said vane motor hav 
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movable inward and outward thereof and also 
having a vane track adapted to contact One of 
the ends of said vanes to guide them in their 
in and out movement, in combination, a fluid 
supply line connecting said pump and said motor, 
a flow resistance means in Said Supply line, means 
responsive to the pressure drop across said flow 
resistance means for controlling the delivery of 
said pump, co-operating viscosity compensating 
means for correcting for departures in pressure 
drop across said flow resistance means due to 
changes in viscosity, and means for connecting 
the opposite ends of said vanes in parallel with 
the inlet and outlet sides of said flow resistance 
means whereby the difference in pressures acroSS 
said flow resistance means urges said vanes into 
contact with said vane track, said viscosity Com 
pensating means including an auxiliary circuit 
through which fluid flows at a constant rate and 
in which there is a resistance means, together 
with méans for utilizing the pressure drop across 
said last named flow resistance means to correct 
for departures in pressure drop acroSS Said first 

, named flow resistance means. 
18. In a fluid pressure power transmission 

device including a source of pressure fluid, a 
rotary vane type fluid motor Operated by pressure 
fluid from said source, said motor having a rotor 
provided with a plurality of vanes movable in 
wardly and outwardly thereof in a substantially 
radial direction as said rotor revolves and a vane 
track adapted to contact the outer ends of said 
vanes, said vanes being urged into contact with 
said track by action of pressure fluid on the 
inner ends thereof and said rotor being revolved 
by pressure fluid admitted to the outer ends of 
said vanes, and means actively responsive to the 
pressure drop across a single orifice for regulat 
ing the combined volumes of pressure fluid from 
said source admitted to both ends of said vanes 
to thereby control the speed of rotation of said 
rotor and for supplying to the inner ends of 
said vanes fluid under pressure greater than but 
correlated with the pressure of the fluid ad 
mitted to the outer ends of said vanes. 

19. In a fluid pressure power system comprising 
a source of pressure fluid, a rotary vane type 
fluid motor operated by pressure fluid from said 
source and a conduit connecting said source 
with said motor, said motor having a vane track 
and a rotor provided with a plurality of vanes 
movable inwardly and outwardly thereof, said 
vanes being urged into operating position in 
contact with said track by fluid pressure means, 
in combination, an orifice in said conduit, sepa 
rate fluid volume supply control means respon 
sive to the pressure drop across said orifice active 
to regulate the volume of fluid supplied from 
said source to said motor to thereby control the 
speed of said motor and means for connecting 
the inner and outer ends of said vanes in parallel 
with the inlet and outlet sides respectively of 
said orifice whereby the difference in pressures 
urges said vanes into contact with said track. 

20. In a fluid pressure power transmission 
system including a source of pressure fluid, a 
rotary vane type fluid motor operated by pres 
sure fluid from said source, said motor having 
a rotor provided with a plurality of vanes mov 
able inwardly and outwardly thereof and a vane 
track, said vanes being urged into operating po 
sition in contact with said vane track by fluid 
pressure means, in combination, a Supply line 
connecting said source with Said motor, flow 

ing a rotor provided with a plurality of vanes resistance means in said supply line, means for 



4. 
connecting the opposite ends of said vanes in 
parallel with the inlet and Outlet sides of Said 
flow resistance means whereby the difference in 
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position in contact with said vane track and 
means for supplying pressure fluid from the out 
let side of said orifice to the outer ends of said 

pressures across said flow resistance means urges 
said vanes into contact with said track and fluid 
volume supply control means responsive to the 
pressure drop across said flow resistance means 
for controlling the combined fluid volumes ad 
mitted to both ends of said vanes, said control 
means being Operative upon a predetermined 
drop of pressure across said flow resistance means 
to hold said combined fluid volumes substantially 
constant but upon departures therefrom to alter 
said combined fluid volumes in a direction to cor 
rect for said departures in pressure drop. 

21. In a fluid pressure. System comprising a 
vane type fluid motor and a supply line connect 
ed thereto, said vane motor having a vane track 
and a rotor provided with a plurality of Vanes 
movable inwardly and outwardly thereof, said 
vanes being urged into operating position in con 

... tact with said vane track at least in part by fluid 
- pressure means, in combination, motor speed reg 
ulating means for controlling the operation of the 
motor including means for producing a pressure 
drop whereby two pressures are obtained in the 
portions of said supply line at opposite ends of 
said resistance mechanism and means supplying 
fluid having the higher of said pressures to one 
of the ends of said vanes to urge them into op 
erating position in contact with said vane track. 

22. In a fluid pressure system comprising a 
vane type fluid motor, a pump supplying pressure 
fluid for operating said motor and a fluid pres 
sure conduit operatively connecting said pump 
and said motor, said motor having a vane track 
and a rotor provided with a plurality of vanes 
movable inwardly and outwardly thereof, said 
vanes being urged into operating position in con 
tact with said vane track by fluid pressure means, 
in combination, a variable orifice in said conduit, 
fluid volume supply control means responsive 
to the pressure drop across said orifice active to 
control the volume of pressure fluid from said 
pump admitted to said motor conformably with 
the size of said orifice, means for varying at will 
the size of said orifice to alter the volume of pres 
sure fluid admitted to said motor from said pump, 
thereby altering the speed of Said motor, means 
for supplying pressure fluid from the inlet side 
of said orifice to the inner ends of said vanes to 
urge them into operating position in contact with . 
said vane track and means for supplying pres 
sure fluid from the outlet side of said orifice to 
the outer ends of said vanes to cause rotation 
of the rotor. 

23. In a fluid pressure system comprising a 
vane type fluid motor, a pump supplying pressure 
fluid for operating said motor and a fluid pres 
Sure conduit operatively connecting said pump 
and said motor, said motor having a vane track 
and a rotor provided with a plurality of vanes 
movable inwardly and outwardly thereof, said 
vanes being urged into operating position in con 
tact with said vane track by fluid pressure means, 
in combination, an orifice in said conduit, motor 
speed control means responsive to the pressure 
drop across said orifice active to control the vol 
ume of pressure fluid from said pump supplied 
to said, motor, means for supplying pressure fluid 
from the inlet side of said orifice to the inner 
ends of said vanes to urge them into. operating 
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vanes to cause rotation of the rotor, said motor 
Speed control means being inoperative upon a 
predetermined pressure drop across said Orifice 
but upon departures therefrom being operative 
to alter the volume of pressure fluid supplied to 
said motor from said pump in a direction to cor 
rect for such departures from the predetermined 
pressure drop. - 

24. In a fluid pressure system comprising a 
vane type fluid motor, a pump supplying pres 
sure fluid for operating said motor and a fluid 
pressure conduit operatively connecting said 
pump and said motor, said motor having a vane 
track and a rotor provided with a plurality of 
vanes movable inwardly and outwardly thereof, 
said vanes being urged into operating position 
in contact with said vane track by fluid pressure 
means, in combination, flow resistance means in 
said conduit active to produce a difference in 
pressures on opposite sides thereof, means for 
supplying to one of the ends of vanes fluid hav 
ing the higher of the two pressures existing on 
opposite sides of said flow resistance means to 
urge said vanes into contact with said vane track 
while passing through the intake area of said 
motor, means for supplying to the other of the 
ends of said vanes fluid having the lower of the 
two pressures existing on opposite sides of said 
flow resistance means to cause rotation of the ro 
tor, and motor speed control means responsive 
to the difference in pressures existing on oppo 
site sides of said flow resistance means for reg 
ulating the volume of fluid supplied said motor 
from said pump so that the volume of said lower 
pressure fluid supplied to one of the ends of said 
vanes is maintained substantially constant at a 
predetermined rate of flow. 

25. In a fluid pressure system including a con 
stant capacity pump and having a rotary vane 
type fluid motor provided with a plurality of 
vanes movable inwardly and outwardly thereof 
in a substantially radial direction, said motor 
having intake and outlet areas, said motor also 
having a vane track adapted to contact the rar 
dially outer ends of said vanes to guide them in 
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their in and out movement, in combination, a 
supply line connecting said pump and said motor, 
a flow resistance means in said Supply line, a 
fluid escape mechanism connected with said Sup 
ply line intermediate said pump and said resist 
ance means, said fluid escape mechanism includ 
ing an element movable responsive to the pres 
sure drop across said resistance means relative 
to a predetermined pressure drop thereacross and 
active to regulate the volume of fluid escaping 
through said escape mechanism to provide fluid 
flow at a pretermined rate from the outlet side 
of said resistance mechanism, means for supply 
ing to the radially inner ends of said vanes while 
they are passing through said inlet areas of Said 
motor fluid from the inlet side of said flow rea: 
sistance means to urge said wanes into contact 
with said vane track and means for supplying to 
the inlet areas of said motor fluid from the out 
let side of said flow resistance means to act on 
the exposed radially outer portions of Said Vanes 
and thereby produce rotation of said rotor. 
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