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CONTROLLER FOR FLUID OPERATED DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to controllers 

for ?uid pressure operated devices such as hydrostatic 
steering systems, where a mechanical input signal is 
converted to a mechanical output signal solely by the 
metering of pressurized hydraulic ?uid without a me 
chanical interconnection between the input and the 
output. More speci?cally, this invention relates to a 
controller of the above general type having means for 
preventing slip between input and output and for creat 
ing a travel limit stop. 

2. Discussion of the Prior Art 
Controllers of the aformentioned general type are 

known in the art. One such prior art controller is dis 
closed and claimed in U.S. Pat. RE. 25,126, issued Feb. 
20, 1942 to Charlson and now assigned to the assignee 
of the present invention. However, one problem of 
prior art devices has been that because of leakage 
within the meter of the controller, a positive position 
reference between the input and-the output could not 
be maintained. For example,,in the case where the 
input is a steering wheel of a vehicle, and the output is 
a hydraulic cylinder attached to steerable vehicle 
wheels, then leakage within the meter will result in the 
steering wheel assuming a different angular position for 
the straight ahead position of the vehicle wheels each 
time the system is activated and'then returned to the 
straight ahead position. 
Another problem of this type of device is lack of a 

positive limit stop on movement of the steering wheel 
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which results in a phenomena which may be called I 
“travel limit slip.” In this case, when the cylinder at 
tached to the vehicle wheels reaches the end of its 
stroke, the steerable vehicle wheels have reached the - 
limit of their travel. However, because of leakage out 
of the meterof the controller, if the operator continues 
to apply a turning force to the steering wheel, the steer 
ing wheel will continue to turn, although at a slower 
rate. The rate of steering wheel rotation at this position 
is known as “travel limit slip rate” and is measured in 
revolutions per minute of the steering wheel. 

Furthermore, as the vehicles on which these devices 
are used get larger, higher pressures are required in 
order to enable the operator to effectively steer the ve 
hicle. However, higher pressures increase the rate of 
leakage and thus further aggravate the aforementioned 
problems. _ 

It is to these problems of leakage in the meter section 
and provision of a travel limit stop in a controller for 
?uid pressure operated devices that the present inven 
tion is directed. 
Others have attempted to control leakage in ?uid 

pumps or motors, however, to date no one has success 
fully eliminated leakage of the meter section of a con 
troller for fluid pressure operated devices. 
Some prior art patents relating to control of leakage 

in ?uid pumps or motors are US. Pat. Nos: 211,582, 
issued Jan. 21, 1879 to Nash; 2,434,135, issued Jan. 6, 
1948 to Witchger; 3,240,158, issued Mar. 15, 1966 to 
Brundage; 3,246,835, issued Apr. 19, 1966 to Linder; 
and 3,551,079, issued Dec. 29, 1970 to Brundage. 

In the preferred form of the present invention, the 
controller is generally of the type shown in U. S. Reis 
sue Pat. No. 25,126 entitled Controller for Fluid Pres 
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2 
sure Operated Devices, issued Feb. 20, 1962 to Lynn 
L. Charlson and assigned to the assignee of the present 
invention. As previously stated, one of the major prob 
lems of prior art devices was the problem of travel limit 
slip rate. Travel limit slip rate may be de?ned as the 
rate in RPM’s at which the steering wheel of a totally 
hydraulic steering system will continue to rotate after 
the mechanical portions of the steered wheels have 
reached the limits of travel. This phenomenon occurs 
primarily because of the failure of a totally hydraulic 
steering system to provide a direct mechanical connec 
tion between the steering wheel and the steered wheels 
of the vehicle. Thus, in a totally hydraulic steering sys 
tem leakage between the surfaces of the metering de 
vice results in a slip or movement of the steering wheel 
for which there is no corresponding movement of the 
steering vehicle wheels. This problem is most clearly 
emphasized by the fact that in a totally hydraulic steer 
ing system using prior art controllers, the steering 
wheel and steered wheels of the vehicle do not continu 
ously remain in the same phase relationship. In other 
words, after making a sharp turn, the vehicle operator 
may find that, when he redirects the vehicle down a 
straight line path, the position of his steering wheel has 
moved relative to the straight ahead position as a result 
of slip within the controller. 

Since it is usually undesirable and many times impos 
sible to provide a direct mechanical connection be 
tween the ?uid controller and the steered vehicle 
wheels, up to the present time this problem has re 
mained unsolved. However, since hydraulic fluid is sub 
stantially incompressible, if leakage losses across the 
metering portions of a ?uid controller ‘can be substan 
tially reduced or eliminated, then “s1ip" can be re 
duced or eliminated. Also, if a frictional braking force 
acting on the movable element of the controller at the 
limit of steering travel can be provided, a travel limit 
stop exists and “travel limit slip" can be eliminated. 
The primary purposes for this invention are to reduce 

leakage in the meter section of a controller, to provide 
a travel limit stop in controllers for fluid pressure oper 
ated devices and to ‘extend the operating pressures for 
such controllers. In order to make it possible for the 
meter section of a controllerto withstand high pres 
sures without deformation and. excessive leakage, the 
meter section of the controller is enclosed in a pressur 
izable housing. With the meter thus enclosed, the exter 
nal surfaces of the metering section can be subjected to 
full system pressure by allowing pressure from one of 
the pockets of the meter displacement element to com 
municate with the interior chamber of the housing. 
This external pressurization of the meter section pro 

vides at least four advantages in a controller of the type 
disclosed in the aforementioned Pat. RE 25,126. 

1. By internal and external pressure equalization of 
the metering section, the stationary outer element of 
the meter remains geometrically unchanged irrespec 
tive of the operating pressure. This promotes smoother 
action of the meter element and more precise metering 
of ?uid since the inner rotatable element relies on the 
outer stationary element to maintain its orbiting circu 
lar motion and precise metering function. 

2. As pressures increase, the tensional load on the 
members holding the meter section together increases 
proportionally. By external pressurization of the end of 
the meter, the tensional loading on these members and 
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deformation of the meter end sealing surface is consid 
erably reduced. ‘ 

3. As pressure increases within the meter section, 
?uid under pressure leaks to the splined bore of the 
inner rotatable element at the interface with the end 
plate adjacent‘the valve section. Pressure within the 
meter causes the other end cap to de?ect away from 

. the meter element increasing the end clearance at these 
interfaces. This allows meter oil to leak away at an in 
creased rate. 
With external pressure on the end- cap and the end 

cap thickness designed to promote a controlled de?ec 
tion, it ‘is possible to inwardly de?ect the end cap 
towards the movable element to minimize end clear 
ance's. This inward de?ection is caused by the force im 
balance due to a differential in areas presented to pres 
sure on either side of the end cap. It should be noted 
that the center of the movable element of the meter RE 
25,l26_is subjected only to low return line pressure of 
the system. ‘ 

4. The increase of ?uid pressure due to bottoming of 
the steering cylinder, may be used to provide a fric 
tional braking force resisting further movement of the 
meter element to provide a travel limit stop. 
Accordingly, it is an object of the present invention 

to provide a controller for a ?uid operated device 
wherein an increase of ?uid pressure due to the fluid 
operated mechanical device reaching the limit of its 
movement may be used to create a frictional braking 
force resisting further movement of a metering element 
of the controller to thereby provide a travel limit stop. 

Another object of the present invention is to provide 
‘a ?uid controller having a metering portion for meter-' 
ing control ?uid to the ?uid operated device and 
wherein the cotroller has means for both radially and 
axially pressure biasing the metering elements into en 
gagement and wherein the biasing pressure is substan 
tially equal to or greater than the control ?uid pressure 
and acts through differential pressure areas to create a 
biasing force for accomplishing the above-stated pur_ 
pose. 
Another object of the present invention is to provide 

a ?uid controller of the type disclosed and claimed in 
U.S. Pat. RE 25,126 having a pressurizable housing sur 
rounding and enclosing a metering portion of the ?uid 
controller whereby leakage losses may be reduced or 
eliminated across the metering portion of the control 
ler. ' 

Another object of the present invention is to provide 
an improved controller for ?uid pressure operated de 
vices wherein the controller has a metering section 
which measures the volume of ?uid flow to the fluid op 
erat'ed device and including means operable to apply 
?uid pressure to the metering section of the controller 
to prevent leakage between movable and stationary 
meter surfaces and thereby insure a more precise me 
tering control fluid passing to the ?uid pressure oper 
ated device. ' ' 

Another object of the present invention is to provide 
a controller for fluid pressure operated devices wherein 
the controller has a metering means for measuring the 
volume of control ?uid and wherein hydraulic ?uid 
pressure within the metering means is balanced by hy 
draulic ?uid pressure outside of the metering means to 
thereby prevent distortion of the metering means and 
insure more accurate metering of the control ?uid. 
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'4 
- Another object of the present invention is to provide 

a ?uid controller having a meter and wherein fluid 
pressure is applied to one end surface of the meter to 
prevent leakage across the other end surface thereof. 

Other objects and advantages of the present inven 
tion will become apparent from the following detailed 
speci?cation, claims and drawings which follow herein 
after. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic representation of the controller 
of the present invention disposed in a hydraulic circuit. 

FIG. 2 is a cross-sectional view of the controller of 
the present invention taken along the longitudinal axis 
thereof. 
FIG. 3 is a cross-sectional view of the controller of 

the present invention taken along the line 3-3 of FIG. 
2. 
FIG. 4 is a cross-sectional view of a modi?ed form of 

the controller of the present invention. 
FIG. 5 is a partial sectional view taken along line 

5-5 of FIG. 2. 
FIG. 6 is a partial sectional view taken along line 

6-4; at FIG. 2. Y ' 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT ‘ 

The present invention is preferably used in hydro 
static steering system to provide a better position refer 
ence between a steering wheel of the vehicle and the 
steered wheels of the vehicle to thereby eliminate 
“travel limit slip” and provide a travel limit stop in a 
hydraulic steering system without the necessity of a me 
chanical interconnection between the steering wheel 
and the steered vehicle wheels. 

In the preferred embodiment of the invention the 
controller is indicated in its entirety by the numeral 10 
and, for the purpose of the present'example, is illus 
trated in FIG. 1 as used in a power steering mechanism 
of the vehicle (not shown). The controller 10 has a 
housing or body structure 12 having an inlet 13 to 
which is connected a conduit 14 to which ?uid under 
pressure is introduced to the controller 10 from a suit 
able source, such as a pump 15 that is connected to a 
reservoir or tank 16 by conduit 17. The casing 12 is fur 
ther provided with an outlet 18 for return of ?uid to the 
tank or reservoir 16 through a conduit 19 suitably con 
nected to the outlet 18. The casing 12 has a pair of 
ports 20 and 21 to which the respective conduits 22 
and 23‘are connected, these conduits lead to opposite 
ends of a hydraulic cylinder 24 having mounted for 
axial reciprocatory movement therein a piston 
equipped plunger rod 25. The plunger rod 25 is 
adapted to be connected to a steering link>26 of the ve 
hicle (not shown), by means of the usual bell crank 27 ' 
and rigid link 28. The steering linkage 26 is connected 
to the steerable wheels 29 in the usual manner. The 
housing or body structure 12 comprises a tubular sec 
tion 30 for de?ning the inlet and outlet 13 and 18 re 
spectively and the ports 20 and 21. A pressure relief 
valve 31 is provided between conduits l4 and 19. The 
relief valve setting is approximately three times as high 
as normal system working pressure of the controller 10. 
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With reference to FIG. 2 the controller 10 further in 
cludes a hearing or end seal plate 32, an internally 
toothed member 34 and an end cap or seal plate 36. 
The plate 32, internally toothed member 34, and end 
cap 36 are secured in end to end relationship to the one 
end of the tubular section 30 by means of machine 
screws 38. 

The tubular housing section 30 has an internal cylin 
derical wall 40 which, defines a chamber in which are 
disposed concentric primary and follow up valve ele 
ments 41 and 42 respectively. The follow up valve ele 
ment 42 is in the nature of the tubular sleeve which 
closely engages the inner cylinderical wall 40 for rotary 
movement about an axis of the housing. The cylindri 
cal wall 40 is provided with a plurality of annular 
grooves 40a, 40b, 40c and 40d each of which is con 
nected to one of the ports 18, 21, 22 and 13 respec 
tively. One of the axial ends of the valve element 42 
abuttingly engages plate 32 to prevent axial movement 
of valve element 42. 
The primary valve element 41 is cylindrical in form 

and hollow for the greater part of its length, to thereby 
define a recess or passage 48 which extends inwardly 
from the end thereof adjacent the end plate 32. As can 
be seen in FIG. 2, bore 48 is open to annular groove 
40a associated with outlet port 18 and is thus always 
exposed to return or low pressure. The valve 41 is nest 
ingly received within the follow up valve element 42 
and is concentric therewith. One end of the primary 
valve element 41 is in substantially abutting relation 
ship with the plate 32, the opposite end of the valve ele 
ment abuttingly engages a trust bearing 44 mounted in 
the housing 30 and is supported by an end retainer 45. 
The primary valve element 41 has a splined recess 50 
at one end thereof. A control shaft 52 (see FIG. .1) is 
rotatably supported relative to the housing 12 and is 
connected for positive driving rotation to primary valve 
element by engagement with the splined recess 50. The 
other end portion of the control shaft 50 is splined or 
otherwise arranged for reception thereon of a suitable 
control elements such as a steerng wheel 54 or the like 
as shown in FIG. 1. ' 

The primary valve element 41 is coupled to the fol 
low up valve element 42 for limited rotary movement 
in opposite direction with respect to the follow up ele 
ment 42, and for common rotary movement with the 
follow up valve element 42. Means for thus coupling 
the valve elements together comprises a transverse 
drive pin 56 which extends radially through a pair of 
diameterically opposed circumferentially extending 
slots 58 (see FIG. 5) in the primary valve element 41. 
The opposite ends of the drive pin 56 are snugly re 
ceived in diameterically opposed aperatures 60 in the 
follow up valve element 42. When the primary valve 
element 41 is rotated in either direction of its neutral 
position, the drive pin 56 becomes engaged by the op 
posite ends of the opposed slots 58 after which contin 
ued rotary movement of the primary valve element 41 
will cause similar rotary movement to be imparted to 
the follow up element 42. For the purpose of yieldingly 
urging the valve elements 41 and 42 toward neutral re 
lationship wherein the drive pin 56 is centered in the 
slots 58, a plurality of resilient leaf springs 62 (see FIG. 
6) which extend radially through aligned opposed 
notches 64 and 66 in the primary and follow up valve 
elements 41 and 42 respectively are provided. A series 
of grooves and ?ow passages 41a and 42a are provided 
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6. 
in elements 41 and 42 to enable the elements 41 and 
42 to control ?ow of ?uid through the controller. These 
are better shown in aforementioned U.S. Pat. RE 
25,126. 
The internally toothed member 34 comprises the sta 

tor of a meter which measures control ?uid to the fluid 
pressure operated device. The rotor of the meter com 
prises an externally toothed member 70 having a less 
number of teeth 72 than the internally toothed member 
34. The externally toothed member 70 is adapted to ro 
tate on its own axis and partake of orbital movement 
about an axis of the member 34. The members 34 and 
70 are so arranged that the teeth thereof move into and 
out of intermeshing engagement and de?ne expanding 
and contracting fluid chambers 74 during rotary and 
orbital movement of the member 70. Drive shaft means 
80 are provided to drivingly connect follow up valve 
element 42 for rotation in synchronism with the exter 
nally toothed member 70. This driving connection is 
accomplished by means of a splined bore 76 in member 
70 which drivingly engages a splined end 82 of member 
80 and pin 56 which is drivingly engaged by a slot 84 
in the other end of drive member 80. Drive member 80 
passes through the end wall 32 by a clearance bore 32a 
therein. This clearance is necessary in order to allow 
end 82 of'shaft 80 to partake of orbital movement with 
member 70. A cylindrical spacer block 77 is provided 
to fill most of the remaining axial distance of splined 
bore 76. The splined teeth of bore 76 are thus open to 
bore 48 and are thus likewise always exposed to the re 
turn or low pressure at groove 40a. The construction 
and operation of the fluid controller up to this point is 
more clearly set forth in U. S. Pat. Re. 25,126 issued 
Feb. 20, 1962 to L. L. Charlson and assigned to the as 
signee of the present invention. Since the description of 
the structure and operation of the ?uid controller up to 
this point is essentially identical to the device disclosed 
in the U.S. Pat. Re. 25,126 further description is be 
lieved unnecessary to understanding of the invention. 
The specification of that patent is hereby incorporated 
by reference into the speci?cation of the present inven 
tion. 
For the present, it is sufficient to note that upon 

movement of the steering wheel 54, primary valve ele 
ment 41 is rotated causing pressurized ?uid to ?ow 
from the inlet 13 through the expanding and contract 
ing chambers 74 to one of the ports 20 or 21 to move 
the piston rod 25. The other port 20 or 21 is simulta 
neously connected to outlet 18 and tank I6._Pressur 
ized ?uid in the chambers 74 causes rotational and or 
bital movement of externally toothed member 70 
which in turn rotates follow up valve element 42 to 
close off the ?ow. Movement of the member 70 thus 
meters the volume of ?uid fed to the cylinder 24. The 
reader is referred to the speci?cation of Reissued pa 
tent 25,l26 for more detailed understanding of the por 
tions of the ?uid controller previously described. 

It should be noted that a separate portion of the hous 
ing 12 from that portion which houses the valve ele 
ments 41, 42, is provided to house the metering ele 
ments of the fluid controller. One advantage of this 
type of structure in the present invention is that subse 
quent pressurization of the external surfaces of the me 
tering mechanism will have no effect on the valve 
mechanism. 
As previously stated, the metering section of the ?uid 

controller 10 comprises a ?rst end plate 32, a station 
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ary internally toothed member 34, rotatable and orbital 
externally toothed member 70 disposed therein and a 
second plate member 36. The plate members 32 and 36 
are placed over the ends of the internally and externally 
toothed members 34 and 70 respectively and sealingly 
engage the end surfaces of internally toothed member 
34. A slight clearance,- less than 0.001 inches, exists be 
tween the ends of externally toothed member 70 and 
plates 32 and 36. The ?uid metering means thus is de 
fined by a pair of axially spaced end walls 90 and 92 re 
spectively, one of which is normally disposed in sealing 
engagement with each end of the internally toothed 
member 34 and adjacent surfaces of externally toothed 
member 70. Thus a slight clearance or ?uid flow path 
may initially exist between each end of member 70 and 
the adjacent end walls. In order to provide a biasing 
force acting on the metering section which is propor 
tional to pressure within the metering section of the 
fluid controller, a heavy walled pressurizable casing 
100 is provided which is operable upon pressurization 
thereof to create both radial and axial biasing forces 
which balance the radial and axialpressures within the 
metering section to thereby eliminate distortion of the 
metering section due to pressure therewithin and 
thereby eliminate or reduce leakage between the re 
spective portions of the metering section. A retaining 
ring 102 engaging a groove 104 of the housing 12 and 
a'seal 106 are provided to maintain the casing 100 in 
engagement with the housing 12 and to prevent leakage 
therefrom. At assembly, the retaining ring 102 is in 
serted through a slot 107 in the casing 100 and fed 
along the groove 104 until it reaches the other end of 
slot 107. , 7 

As shown in FIG. 2, one end of the splined bore 76 
in the externally toothed member 70 is sealed by a plate 
108 across the end thereof to prevent pressurized hy 
draulic ?uid from leaking from the expanding and ‘con 
tracting chambers 74 into the splined bore 76 which as 
previously stated is normally at outlet pressure. Alter 
natively the splined bore 76 could be made a blind re 
cess to accomplish the same result. 

Pressure on the end surface of member 70 adjacent 
end wall 92 will thus create a greater axial force acting 
on member 70 than the force created by pressure adja 
cent end wall 90. This is because a larger effective area 
is exposed to high pressure in the displacement cham 
bers 74. . 

The end plate 36 is further provided with a passage 
or ori?ce 110 extending through the center thereof and 
communicating between the end surface of the exter 
nally toothed member 70 and the interior of the pres 
surizable casing 100. 

DESCRIPTION OF OPERATION 

When the operator turns the steering wheel 54, pres 
surized ?uid flows from the pump 15 through inlet 13, 
through primary and follow up valve elements 40 and 
41 to the chambers 74. Upon initial pressurization of 
chambers 74, plate member 36 will deform slightly to 
increase the a ?uid flow path from the expanding and 
contracting chambers 74 along end wall 92 and 
through passage 110 to the interior of pressurizable 
housing 100. As pressure in the housing 100 increases, 
end wall.92 on plate member 36 will return to the unde 
formed position adjacent the end surface of the exter 
nally toothed'member. Further, the pressure acting on 
the end surface of externally toothed member 70 adja 
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cent wall 92 will bias the externally toothed member 70 
into frictional sealing engagement with the surface 90 
of plate member 32. thereby closing off any clearance 
between member 70 and end wall 90 and increasing the 
clearance or flow path between member 70 and end 
wall 92. Frictional sealing engagement between the sur-' 
face 90 and the abutting end of externally toothed 
member 70, causes a relatively slight frictional force 
resisting rotation of member 70. > 
However, the only resistance to rotation of the steer 

ing wheel that the operator can detect at this time is the 
resistance of springs 62 to relative rotation of the valve 
members 41, 42. This is because pressurized fluid is 
acting within the chambers 74 to drive member 80 and 
follow up valve element 42 to close off the flow. In 
other words, in order to rotate the member 70, the 
pressurized ?uid must overcome all frictional forces 
within the controller as well as the ‘steering load at the 
wheels 29. Thus, until relief valve pressure is reached 
in the system, the operator can only sense the resis 
tance of springs 62 to rotation of the steering wheel. 
The pump 15 will supply what ever pressure is needed 
to cause movement of member 70 up to the relief valve 
pressure. 
When piston 25 bottoms in cylinder 24, further at 

tempts to rotate the steering wheel 54 will still deform 
springs 62 causing relative movement of primary and 
follow up valve members 41 and 42. This allows the 
pump to ‘supply more ?uid to the system. However, 
since piston 24 is at the limit of its travel, the ?uid be 
comes trapped and system pressure increases instanta 
neously to relief valve pressure. This increases the nor— 
mal component of the frictional force at surface 90 by 

' several times since this normal force is proportional to 
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system pressure. 
Since a frictional force is equal to a friction coe?ici 

ent times the normal force, the frictional force at sur 
face 90 likewise increases proportionately. 
Bottoming of the piston 25 in cylinder 24 thus causes 

an effective braking action on member 70 at the travel 
limit of the steering system is provided. Since the bore 
76 of externally toothed member adjacent the drive 
shaft 80 is normally exposed to low or return pressure, 
the pressure on member 70 at end wall 92 thus prevents 
?ow from the high pressure within the expanding‘and 
contracting ?uid chambers 74 to the low pressure at 
bore 76 and end wall 90. Thus, leakage losses along this 
surface are substantially eliminated. As working pres 
sure increases, the sealing force increases. With this 
construction, a slight clearance between the end of ex 
ternally toothed member 70 and the sealing surface 92 
of plate member 36 will occur. However, this is not en 
tirely objectionable because this is a metering device.‘ 
Pressures within each of the expanding and contracting 
?uid chambers 74 are substantially equal. Since pres 
sure in the chambers is substantially equal, little or no 
flow or leakage will occur along surface 92 between the 
chambers. Plate member 18 seals the bore 76 and pre 
vents leakage to the bore 76 at surface 92. 
The hydraulic imbalance necessary to reduce the 

clearance between the externally toothed member 70 
of the meter and the surface 90 and provide the afore 
mentioned braking action is created by the difference 
in end areas of the externally toothed member 70 ex 
posed to pressure. This pressure imbalance results in a 
predictable axial force being applied to the externally 
toothed member 70 to cause frictional and sealing en 
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gagement with end plate 32 at surface 90. The axial 
force is de?ned by the pressure times the area of the 
splined hole 76 in the center of the externally toothed 
member 70 of the meter. This force or thrust load cre 
ates a certain frictional drag at this interface 90 which 
results in reducing the travel limit slip rate to near 0 at 
any system pressure above approximately 500 PSI. This 
frictional drag is not noticable to the operator except 
at either end of the steering cylinder stroke. The hy 
draulic pressure differential across the meter element 
to overcome this frictional drag is inversely propor 
tional to meter element displacement per revolution. 

Pressurization of the casing 100 further acts radially 
upon the external surface of the internally toothed 
member 34 to prevent radial deformation thereof 
which further increases the ef?ciency of this device as 
a ?uid memter by decreasing ?uid leakage losses. 
This version of the high pressure controller design 

does not require controlled de?ection of the end cap 
36. Oil is admitted under pressure through a center 
hole 110 in the end cap 36 to pressurize casing 100. It 
is felt the pressure admitted into the casing at this point 
will have less ?uctuation with respect to variations of 
pressure within the meter element. 

In a modi?ed form of the preferred embodiment as 
shown in FIG. 4, sealing of the bore in the externally 
toothed member may be eliminated by providing a dif 
ferent fluid flow path for pressurization of the casing 
100’. As shown in FIG. 4, like elements previously des 
ignated with respect toFIG. 2 are shown in FIG. 4 by 
the same numeral with a prime (’) attached. As previ 
ously stated, in the embodiment of FIG. 4, the bore 76' 
of the externally toothed member 70’ may be left open 
and the plate 108 eliminated. This is because pressur 
ized ?uid ?ow for‘ pressurization of casing 100' is ac 
complished by an alternate method. Internally toothed 
member 34 is provided with a notch or groove I20 
communicating between one of the expanding or con 
tracting ?uid chambers and the interior of casing 100'. 
In this modi?ed version, the plate member 36 must be 
designed to be controllably de?ected by working pres— 
sure within the controller. By this method, since the 
bore 76’ of externally toothed member 70' is left open 
and exposed to low pressure, a differential force acts on 
plate member 36’. This differential force controllably 
de?ects plate 36' inwardly to urge both the externally 
and internally toothed member into substantial sealing 
engagement with the surfaces 90’ and 92' thereby elim 
inatingor reducing leakages. The radial pressure within 
the casing 100' would likewise act on the external pe 
ripheral surface of internally toothed member 34’ to 
eliminate distortion of externally toothed member 34’ 
caused by pressurization of the chambers 74'. 

Since plate 36’ is designed to be de?ected slightly by 
working pressure within the system, it will be de?ected 
to a much greater extent when cylinder 24 bottoms at 
the travel limit and back pressure on the plate 36’ in 
creases to relief valve pressure. This is because relief 
valve pressure is usually several times normal working 
pressure. 
This increased de?ection of plate 36' will act on ex 

ternally toothed members 70' to cause frictional en 
gagement at the surfaces 90’ and 92' thereby acting as 
a brake on externally toothed member 70 and provid 
ing an effective travel limit stop. Frictional engagement 
between the externally toothed member 74’ and sur 
faces 90’ and 92' and elimination of leakage from the 
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chambers 74' therefore acts to eliminate slip and pro 
vide a substantially positive travel limit stop. 
A further advantage of either of the aforementioned 

embodiments is that if the hydraulic pump 15 should 
fail, resulting in a loss of control ?uid pressure, the fric 
tional braking force acting on member 70 at surfaces 
90 and 92' will also be released. The importance of this 
is that when pump failure occurs, the operator must 
exert enough force on the steering wheel to'cause the 
metering portion to pump fluid for steering the vehicle. 
Thus, elimination of the added friction at surfaces 90 
or 90’ and 92’ makes it’easier for the operator to con 
trol the vehicle during such an emergency. 

I claim: 
1. A controller for a ?uid pressure operated device, 

said controller comprising a housing having an inlet 
port, and a control ?uid outlet port, a member disposed 
in said housing and movable under the in?uence of 
?uid pressure to meter the volume of ?uid which passes 
out of said control port during operation of said con 
troller, and means for applying a braking force to said 
movable member which is proportional to the outlet 
pressure at said control port, 

said movable member comprising an externally 
toothed member having parallel end surfaces, said 
housing including an internally toothed member, 
and parallel end walls, said externally toothed 
member being disposed between said end walls 
with its opposite end surfaces adjacent thereto, the 
teeth of said members intermeshing .to form ex 
panding and contracting ?uid chambers for meter 
ing control ?uid during operation of said control 
ler, - 

said means for applying a braking force to said mov 
able member comprising means for pressure bias-' 
ing one of the ends of said externally toothed mem 
ber into frictional engagement with one of said end 
walls including said movable member having a bore 
extending axially therethrough, said bore normally 
being exposed to a pressure which is substantially 
below the pressure in said fluid chambers, means 
for sealing said bore to prevent ?ow therethrough, 
and a leakage clearance between one of said end 
surfaces and the adjacent end wall whereby one of 
said end surfaces may be ‘exposed to pressure in 
said ?uid chambers. 

2. The invention of claim 1 including a pressurizable 
casing surrounding and enclosing said internally and 
externally toothed members, and means for pressuriz 
ing said casing to the pressure in said ?uid chambers to 
thereby control distortion of said members due to ?uid 
pressure in said chambers during operation of said con- - 
troller. 

3. The invention of claim 2 wherein said means for 
pressurizing said casing includes passage means extend 
ing from said leakage clearance through one of said end 
walls to the interior of said casing. 

4. A controller for a ?uid operated device, said con 
troller comprising a housing, a ?rst portion of said 
housing having an internally toothed member and a 
pair of axially spaced ?xed end walls de?ning a cham 
ber, 
an externally toothed member disposed for orbital 
and rotational movement about an axis in the 
chamber, the teeth of said internally and externally 
toothed members forming expanding and contract 
ing volume chambers during relative movement 



ll 
therebetween to measure the volume of ?uid which 

' passes through said chamber, said externally 
toothed member having parallel end surfaces and 
a splined bore extending axially therethrough, 

a second portion of said housing de?ning an inlet 
port, a return port, a control port, and a valve 
chamber, 

valve means disposed in the valve chamber and oper 
able to feed an exhaust pressurized ?uid through 
said expanding and contracting volume chambers 
upon movement thereof, and 

drive means connecting said valve means for follow 
up movement in synchronism with one of the 
movements of said externally toothed member, 
said drive means including a shaft having a splined 
end received in and drivingly engaging the splined 
bore of said externally toothed member, 

the improvement which comprises said externally 
toothed member having a counterbored recess in 
one end surface thereof surrounding said splined 
bore, a plate member disposed in said recess and 
sealing said splined bore to prevent ?uid leakage 
therethrough and to provide a continuous end sur 
face extending across one end of said externally 
toothed member, the distance between said fixed 
end walls of said housing being slightly greater than 
the width of said externally toothed member to en 
able one of the end surfaces of said externally 
toothed member to be entirely exposed to ?uid 
pressure in the expanding and contracting volume 
chambers, and means in said housing for directly 
exposing at least a portion of the other end surface 
of said externally toothed member to a relatively 
lower ?uid pressure to provide a resultant axial 
force acting on said externally toothed member 
and‘urging said externally toothed member into 
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sealing engagement with one of said end walls. 
5. The invention of claim 4 including a pressurizable 

casing surrounding and enclosing said internally and 
externally toothed members, and means for pressuriz 
ing said casing to the pressure in said ?uid chambers 
during operation of said controller to thereby control 
distortion of said members due to ?uid pressure in said 
chambers. 

6. A controller for a ?uid pressure operated device, 
said controller, comprising a housing, a ?rstportion of 
said housing having an internally toothed member and 
a pair of axially spaced end walls de?ning a pressuriza 
ble metering chamber, 
an externally toothed member disposed in said cham 
ber for rotational and orbital movement about an 
axis thereof, the teeth of said members interengag 
ing to form expanding and contracting volume 
chambers during relative movement therebetween, 

said externally toothed member having an end sur 
face disposed parallel to and in confronting rela 
tionship with each of said end walls, 

means for exposing one of the end surfaces of said ex 
ternally toothed member directly to the ?uid pres 
sure in said expanding and contracting volume 
chambers, and means for exposing at least a por 
tion of the opposite end surface of said externally 
toothed member directly to a lower ?uid pressure 
to provide a resultant axial force acting directly on 
said one end surface of said externally toothed 
member urging said externally toothed member 
into sealing engagement with the opposite end wall 
of said metering chamber during operation of said 
controller. 

* * * * * 
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