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ABSTRACT: A hydraulic flow amplifier valve assembly for 
regulating fluid flow to steering jacks. A steering control valve 
receives fluid directly from a pump and is pilot operated by 
fluid from a conventional metering unit to provide amplified 
flow of pump fluid to the jacks. A blocker valve passes fluid 
from the steering valve during steering motion of the jacks and 
otherwise isolates the jacks to prevent fluid loss. A lock valve 
protects against steering wheel slippage during overpressure 
conditions and also permits pilot fluid provided by the meter 
ing unit to operate the steering jacks in the event of pressure 
failure. 
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HYDRAULICFLOW AMPLIFIERVALVE 

It is well known in the prior art to employ flow control and 
pressure compensating valves to regulate fluid flow to hydrau 
lic motors such as jacks disposed between pivoted frames of 
an articulated vehicle. However, such steering control systems 
and necessary followup linkages are complex and require con 
siderable amounts of space for installation of all the hydraulic 
lines, valves and associated hardware. Such systems are also 
susceptible to damage from road shock. Further, in the event 
of pressure failure, steering of the vehicle through relatively 
inadequate mechanical linkage is difficult for the operator and 
may result in mechanical failure. These problems are not 
limited to hydraulic steering motor controls. They may arise in 
a generally similar manner where hydraulic motors are em 
ployed to operate a variety of equipment such as various 
material handling implements where flow amplification is also 
desirable. For purposes of simplicity, the present invention is 
described with particular reference to hydraulic steering con 
trol systems. 
The present invention provides a simple, compact flow am 

plifier valve assembly which has a control valve for regulating 
the flow of fluid from a source to hydraulic motor means. The 
control valve is pilot operated by fluid flow from a conven 
tional metering means which is capable of precise flow regula 
tion. The control valve permits fluid flow from the pump to 
the motor means which flows amplified at a preselected ratio 
relative to the pilot flow. The control valve preferably has 
pressure compensating means to insure that the flow ratio is 
volumetrically maintained regardless of pressure variations in 
the system. 

In addition to providing a flow amplifier valve as described 
above, it is a further object to provide means for blocking pilot 
flow from the metering means in the event maximum system 
pressure is exceeded. 

It is another object to provide means permitting the motor 
means to be directly actuated by pilot flow in the event of 
pressure failure in the steering system. 

Fulfillment of the above objects eliminates the need for any 
mechanical followup linkage when the flow amplifier valve is 
employed for steering control. In addition, the steering control 
system is made relatively resistant to damaging effects from 
road shock and the like. An additional advantage of the 
present valve assembly lies in the large fluid volume which it 
may provide to the steering means in proportion to its size. 
Another object is to provide simple means for accomplish 

ing dual ratio operation of the motor means, for example, dual 
ratio steering in the steering control system referred to above. 
Other objects and advantages of the present invention are 

made apparent from the following description with reference 
to the accompanying drawings wherein: 

FIG. 1 is a schematic representation of a flow amplifier 
valve assembly in the hydraulic steering system of a vehicle; 

FIG. 2 illustrates a valve from the control system of FIG. 1 
for establishing a minimum turning radius of the vehicle; 

FIG. 3 illustrates, as an alternate embodiment, a solenoid 
operated piston assembly for association with a steering con 
trol valve of the flow amplifier valve assembly of FIG. 1 to per 
mit the optional use of dual steering ratios; and 
FIGS. 4 and 5 illustrate alternate embodiments of the flow 

amplifier valve assembly of FIG. 1. 
The present invention is described below with reference to 

an articulated vehicle having a pair of hydraulic steering jacks 
between two pivoted frame sections and a rotatable fluid me 
tering unit operable by the steering wheel of the vehicle. How 
ever, it will be apparent that the present invention is employa 
ble on other vehicles having different hydraulic steering motor 
means and fluid metering means as well as for other equip 
ment adaptable to operation by hydraulic motors. 

Referring to FIG. 1, an articulated vehicle 11, having frames 
12 and 13 pivotally joined at 14, is steered by hydraulic means 
comprising a pair of hydraulic steering jacks 16 and 17 con 
ventionally positioned between the articulated frames. Pres 
surized fluid for operating the jacks is provided by a fluid 
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2 
source, for example, the pump 18, through a conduit 34 and 
also communicates through a conduit 19 to a metering unit 
21. The metering unit is of a conventional type controlled by 
the steering wheel (not shown) of the vehicle through a shaft 
22. Conduits 23 and 24 connect the metering unit with a flow 
amplifying valve assembly 26 which responds to the metering 
unit to direct fluid to the steering jacks in a manner described 
below. The metering unit transfers fluid from conduit 19 to 
one of conduits 23 and 24, depending on the direction in 
which the metering unit is rotated, only when the shaft 22 is 
being rotated with the steering wheel. Resulting fluid flow is 
proportional to the rate at which the metering unit is rotated. 
While the metering unit is transferring fluid into one of con 
duits 23 and 24, it communicates the other conduit to a drain 
tank 27 through a conduit 28. 

SUMMARY OF THE FLOW AMPLIFIERVALVE 
ASSEMBLY OF FIG. 1 

The flow amplifier valve assembly 26 comprises a symmetri 
cal steering control valve 29 which is pilot operated by fluid 
from the conduits 23 and 24 to direct fluid at an amplified rate 
to the steering jacks through one of conduits 31 and 32 de 
pending upon the direction of turn desired. The steering con 
trol valve is arranged so that amplified fluid flow to the jacks is 
related to pilot flow through the corresponding conduit 23 or 
24 by a preselected ratio. 

Pressure compensation of fluid flow the steering jacks is ac 
complished by a load piston 33 associated with the steering 
control valve so that the pressure of fluid flow to the jacks va 
ries as necessary according to changing conditions such as ter 
rain, desired rate of turn and weather conditions. The load 
piston responds to fluid pressure downstream of the steering 
valve and additional spring force to modulate the pressure of 
direct fluid flow from the pump 18 through a branch 34 of 
conduit 19 to the steering control valve. 
A symmetrical blocker valve 36 is interposed between the 

steering control valve and the steering jacks. Its function is to 
permit fluid to freely pass from the steering valve to the steer 
ing jacks in response to rotational motion of the metering unit. 
Otherwise, the blocker valve normally isolates the steering 
jacks from the steering control valve to fix the positions of the 
steering jacks. However, when external forces which tend to 
turn the vehicle create over-pressures in the steering jacks 
above a preselected level, the blocker valve vents the excess 
fluid pressure to drain through the steering valve to protect 
the hydraulic components from damage. 
A lock valve 37 communicates with and regulates fluid flow 

from the conduits 23 and 24 to the steering valve or through 
bypass conduits 38 and 39 which connect respectively with 
conduits 31 and 32 to the steering jacks. The lock valve 
responds to pressure in conduit 19 to perform numerous func 
tions. During normal operation, it isolates the bypass conduits 
38 and 39 from the conduits 23 and 24 so that there is no feed 
back from the steering jacks to the metering unit and steering 
wheel. When pressure within the flow amplifier valve exceeds 
a preselected maximum operating pressure, it also isolates the 
flow amplifier valve assembly from the conduits 23 and 24. 
Such excessive pressure could result from overpressure in the 
steering jacks or malfunctioning of a component of the control 
valve system. The flow amplifier valve assembly includes pop 
pet valve means 41 to relieve such excessive pressures. The 
lock valve thus hydraulically locks the metering unit during 
excess pressure relief through the poppet valve 41 to prevent 
steering wheel slippage. 
The lock valve 37 performs an additional function in com 

bination with the blocker valve 36 upon a pressure failure, 
resulting for example, from stoppage of an engine (not shown) 
driving pump 18. In that event, at least limited hydraulic con 
trol is maintained over the steering jacks since the conduits 31 
and 32 from the steering jacks are blocked by the blocker 
valve and communicated directly to the conduits 23 and 24 by 
the bypass conduits 38 and 39 and the lock valve. In this con 
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dition, rotation of the shaft 22 causes the metering unit to 
draw fluid from tank 27 through the pump 18 and conduit 19. 
This fluid is transferred to one of the conduits 23 and 24 and 
directed to the steering jacks. Although the metering unit 
must be rotated a substantially greater number of times to ac 
complish an equivalent steering maneuver, at least limited 
hydraulic steering control is always maintained. This feature 
also obviates the necessity for mechanical followup linkage to 
accomplish the same purpose. 

DESCRIPTION OF THE EMBODIMENT OF FIG. 1 

To describe the above components in greater detail, the 
steering control valve and blocker valve have individually 
symmetrical spools, 42 and 43, respectively, which are 
disposed for longitudinal motion in respective bores 44 and 46 
formed by a valve housing 47. The ends of the steering spool 
define chambers 48 and 49 at the ends of the steering spool 
bore with centering springs 51 and 52 disposed respectively in 
the end chambers 48 and 49 to normally position the steering 
spool as shown in FIG. 1. Conduits 53 and 54, in respective 
communication with end chambers 48 and 49, are also 
disposed for respective communication with conduits 23 and 
24 through the lock valve 37. Fluid is directed through one of 
the conduits 23 and 24 and one of the conduits 53 and 54 for 
pilot operation of the steering spool according to operation of 
the metering unit 21 and the lock valve 37 in a manner 
described below. An internal passage 56 communicates the 
chamber 48 at the left end of the steering spool with an annu 
lar recess 57 formed by the steering spool bore around the 
right end of the normally positioned control spool 42. 
Similarly, another internal passage 58 communicates the right 
end chamber 49 with an annular recess 59 about the left end 
of the control spool. Hydraulic fluid from the pump 18 and the 
conduit 34 is introduced into the steering spool bore by a fluid 
inlet passage 6. A drain passage 62 is in communication with 
the steering control spool bore 44 at each side of the inlet 
passage 61 and is also in free communication to drain 27 by 
another internal passage 63 and a conduit 64. The steering 
control spool 42, in its normal central position, has a central 
land 66 disposed to block substantially all fluid flow from the 
inlet passage 61 into the steering control spool bore 44. Two 
chambers 67 and 68 communicate with the steering spool 
bore at each side of inlet passage 61 respectively so that when 
the steering spool is shifted, one of the chambers 67 and 68 is 
in downstream communication with inlet passage 61 across 
the central land 66 and the other chamber is communicated to 
drain through the steering spool bore and passage 62. When 
the steering spool is in its normal central position, lands 69 
and 71 formed at its ends permit limited drainage of fluid into 
the passage 62 from chambers 67 and 68 respectively. A slot 
72 is machined into each edge of the central steering spool 
land 66 such that minor movement of the spool first allows a 
limited amount of fluid flow across the normally positioned 
steering spool to provide for modulation when minor steering 
corrections are made. As the spool is moved further, more of 
the slot is opened to pass a progressively larger amount of the 
main flow. Each end of the steering control spool 42 also has a 
slot, as at 73, which is just out of communication with the ad 
jacent annular recess 59 or 57 when the steering spool is in its 
normal position. 
The blocker spool bore 46 is also in communication with 

both chambers 67 and 68 and has a central land 74 which 
prevents communication between the two chambers. Outlet 
passages 76 and 77 communicate with conduits 31 and 32 
respectively as well as with the blocker spool bore 46. Blocker 
spool 43 also defines chambers 78 and 79 at the left and right 
ends of the blocker spool bore 46 respectively. Centering 
springs 81 and 82 are disposed in the two end chambers 78 
and 79 to normally position the blocker spool as illustrated in 
FIG. 1. An internal passage 83 communicates the chamber 68 
with the chamber 78 at the left end of the blocker spool while 
a similar internal passage 84 communicates the chamber 67 
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land 86 on the blocker spool 43 normally prevents fluid com 
munication between chamber 67 and outlet passage 76. How 
ever, when the steering spool is shifted rightwardly to commu 
nicate fluid from inlet passage 61 to chamber 67, that fluid 
pressure is communicated by internal passage 84 into 
chamber 79 so that the blocker spool 43 is shifted leftwardly 
and the land 86 permits the fluid to pass freely from chamber 
67 into outlet passage 76 and from there to the steering jacks 
by means of conduit 31. The blocker spool 43 has a similar 
land 87 which normally prevents fluid communication 
between chamber 68 and outlet passage 77. When the blocker 
spool 43 is shifted rightwardly, the land 87 permits fluid to 
pass freely from chamber 68 to the steering jack through con 
duit 32. 
The load piston 33 provides pressure compensation in the 

inlet passage 61 during either a right or a left turn. The load 
piston has a face 88 in fluid communication with the inlet 
passage 61. The load piston is disposed for longitudinal mo 
tion in a bore 89 which crosses the drain passage 63 and com 
municates to the inlet passage 61. A chamber 91 is formed at 
the rear of the load piston and contains a spring 92 which 
urges the load piston leftwardly toward the inlet passage 61 so 
that its face 88 normally meters fluid flow between the inlet 
passage 61 and the drain passage 63. An internal passage 93 is 
in communication with the load piston chamber 9 and with 
both chambers 67 and 68 by means of a shuttle valve 94 so 
that fluid pressure downstream of the steering spool is com 
municated into the load piston chamber regardless of the 
direction in which the vehicle is being turned. The poppet 
valve 41 communicates with the load piston chamber 91. 
When pressure in the load piston chamber exceeds a 
preselected value, the poppet valve is shifted against its spring 
96 and communicates the excess pressure from load piston 
chamber 91 to drain through a conduit 97. 
To perform the numerous functions described above for the 

lock valve 37, it comprises a spool 98 disposed for vertical mo 
tion in a bore 99 formed by a housing 101. Fluid pressure in 
the pump conduit 19 is communicated to the lock valve by a 
conduit 102 so that it acts upon a slug 103 and urges the slug 
upwardly against the lock valve spool 98. Upward motion of 
the lock valve spool 98 is resisted initially by a spring 104 and 
subsequently by a spring 106 after the lock valve spool en 
gages a washer 107. In the absence of fluid pressure in con 
duits 19 and 102, such as when an engine (not shown) driving 
the pump 18 is stopped, the lock valve spool 98 is positioned 
as shown to communicate the conduits 23 and 24 with con 
duits 38 and 39 respectively. When normal operating pressure 
exists in conduit 102, the lock valve spool is urged upwardly 
against the first spring 104 so that the conduits 38 and 39 are 
blocked and conduits 23 and 24 are communicated respec 
tively with conduits 53 and 54 for pilot operation of the steer 
ing valve spool. When maximum pressure is exceeded within 
the control valve system, the lock valve spool is urged up 
wardly against the second spring 106 in a manner described 
below so that the conduits 23 and 24 are isolated by the lock 
valve spool. 

OPERATION OF THE EMBODIMENT OF FIG. 1 
To describe the operation of the present flow amplifier 

valve assembly, the blocker valve spool 43 and the steering 
control valve spool 42 are centrally positioned as shown when 
the pump 8 is operating and the metering unit 21 is not rotat 
ing. Fluid from the pump passes through conduit 34 into the 
inlet passage 61 to be substantially blocked by the central 
steering spool land 66. Pressure in the inlet passage 61 ac 
cordingly rises and acts against the load piston 33. The load 
piston chamber 91 is communicated to drain through passage 
93, the shuttle valve 94, one of chambers 67 and 68, the con 
trol spool bore 44 and drain passage 62. Thus, fluid pressure in 
inlet passage 61 acting against load piston face 88 is resisted 
only by the spring 92 so that the load piston is urged 
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rightwardly to communicate inlet passage 61 with drain 
passage 63 and permit the pump fluid to return to drain 
through the conduit 64. As noted above, this initial pressure in 
conduits 19 and 102 shifts the lock valve spool upwardly so 
that conduits 23 an 24 are in respective communication with 
conduits 53 and 54. The blocker valve and steering control 
valve are symmetrical and operate similarly with regard to the 
other valve components regardless of turning direction. 
Therefore, operation of the control system is described in 
detail only for a turning maneuver in one direction, for exam 
ple, a left turn where fluid is directed to the rod end of steering 
jack 16 and the head end of steering jack 17 to pivot frame 
section 12 counterclockwise about point 14 with respect to 
the frame section 13. For a turn in this direction, the operator 
rotates the metering unit so that fluid from the pump is trans 
ferred in a precisely controlled amount to conduit 23 and then 
to conduit 53 through the lock valve 37. Fluid from the con 
duit 53 enters the chamber 48 through a slot 50 and 
cooperates with the spring 51 to urge the steering spool 
rightwardly in its bore. Fluid entering the internal passage 56 
is blocked by the right end of the steering spool. Thus, the 
steering spool is shifted rightwardly until the slot 73 commu 
nicates with the annular recess 59 to relieve pressure in the 
chamber 48. Fluid in the annular recess 59 passes to drain 
through the passage 58, chamber 49, conduit 54, the lock 
valve conduit 24, the metering unit and conduit 28. The 
distance which the steering spool is shifted rightwardly is de 
pendent upon the pressure in chamber 48 and accordingly, the 
speed of rotation of the metering unit. At the same time that 
the slot 73 enters into communication with the annular recess 
59, the central steering spool land 66 commences to meter 
fluid from the inlet passage 61 into the chamber 67. The volu 
metric ratio of the pilot fluid flow and pump fluid flow into 
chamber 67 is determined by the width of the slot 73 com 
pared to the circumference of the central steering spool land 
66. Fluid in chamber 67 is blocked from chamber 68 by the 
shuttle valve 94 but permitted to pass to the load piston 
chamber 91 through the passage 93. Downstream pressure of 
the steering control valve 29 thus acts in combination with the 
spring 92 to urge the load piston leftwardly and tends to block 
off inlet passage 61 from direct communication with drain 
passage 63. This interaction of pressures results in pressure 
compensation within the inlet passage 61 as will be described 
immediately below. At the same time, fluid from chamber 67 
passes through internal passage 84 to chamber 79 at the right 
end of the blocker valve spool 43. Fluid pressure in chamber 
79 urges the blocker valve spool leftwardly so that chamber 67 
is in communication with outlet passage 76 and conduit 31. 
Variable resistance of the vehicle and the steering jacks to 
turning results in back pressure within the outlet passage 76 
and the chamber 67. That back pressure is communicated to 
the load piston chamber through the passage 93 so that it 
cooperates with the spring 92 to urge the load piston left 
wardly and further limit passage of fluid from the inlet passage 
61 to the drain passage 63 across the load piston. Thus, pres 
sure in the inlet passage 61 is compensated so that the steering 
ratio is unaffected by the variable resistance of the vehicle to 
turning. The increased pressure in inlet passage 61 also exists 
in conduit 34 and conduit 19 so that a pressure differential is 
experienced between its inlet conduit 19 and drain conduit 28 
for proper operation of the metering unit. 
The volumetric flow ratio for slot 73 and central steering 

spool land 66 assumes equivalent pressure drops across the 
slot 73 and the land 66. However, these pressure drops are not 
equal since the pressure drop across slot 73 is fixed by the cen 
tering spring 52 and the pressure drop across the central steer 
ing spool land 66 is fixed by the spring 92 in the load piston ac 
cording to the above description. 
Thus, further amplification is established in the flow of 

pump fluid to the jacks as compared to the flow of pilot fluid 
across the slot 73 by the varying strengths of the springs 52 
and 92. 
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6 
As fluid is being directed into the rod end of jack 16 and the 

head end of jack 17, an equal volume of fluid from the head 
end of jack 16 and the rod end of jack 17 passes to drain 
through outlet passage 77, chamber 68 and passages 62 and 
63. 
Once the operator achieves the desired radius turn, discon 

tinued rotation of the metering unit 21 terminates pilot flow 
tnrough the conduit 53 so that both the steering spool and the 
blocker spool are returned to their normal position by their 
centering springs. In this condition, outlet passages 76 and 77 
are both isolated by the blocker valve spool to fix the steering 
cylinders in their desired positions. The steering cylinders are 
maintained in this position until the operator again com 
mences rotation of the metering unit. To turn further in the 
same direction, he rotates the metering unit to again direct 
fluid through the conduit 23 so that the above-described 
process is repeated. On the other hand, to return to straight 
ahead travel or accomplish a turn to the right, the metering 
unit is rotated to direct fluid into the conduit 24. In this event, 
the above operation would also be repeated. However, func 
tions of the steering valve and the blocker valve would be per 
formed by the symmetrically opposite features of those valves 
so that fluid flow to and from the steering jack 16 and 17 
would be reversed. 

Provision is made to relieve excessive pressure resulting, for 
example, for malfunctioning of a portion of the flow amplifier 
valve assembly or from a road obstruction. In addition to re 
lieving the excess pressure, it is desirable to prevent steering 
wheel slippage during the period in which excess pressure is 
present in the control valve system. Steering wheel slippage is 
exemplified in that excess, pressure in the control valve system 
may prevent the steering jacks from properly responding to 
the rotation of the steering wheel and the metering units. To 
describe these functions in relation to the most typical over 
pressure situation, assume that the vehicle wheels encounter 
an obstruction which tends to turn the vehicle leftwardly. 
Overpressure would result in conduit 31 and outlet passage 76 
of the valve housing. To relieve such overpressure above a 
preselected level, each end of the blocker valve spool has an 
orifice 108 in communication with one of the outlet passages 
76 and 77. Each orifice 108 is in communication with an axial 
bore 109 which is open to the adjacent end of the block spool 
and contains a slug 111. The overpressure appearing in outlet 
passage 76 from the steering jacks enters the port 108 and the 
axial bore 109 and interacts between the slug 111 and the 
blocker spool to urge the blocker spool rightwardly within its 
bore. The blocker spool land 86 is accordingly shifted 
rightwardly so that outlet passage 76 is communicated to drain 
through chamber 67 and passage 62. However, when the 
steering spool is in its normal position, its land 69 permits only 
limited flow thereacross into passage 62 so that the overpres 
sure also passes into the shuttle valve 94, shifting it 
rightwardly to block chamber 68 and then to the load piston 
chamber 91 through passage 93. The additional pressure in 
load piston chamber 91 urges the load piston leftwardly to 
decrease fluid flow from inlet passage 61 to drain passage 63 
with the result that fluid pressure in the inlet passage 61 rises 
in correspondence with the overpressure discussed above. 
This rising pressure also exists in conduit 34 and accordingly 
in conduits 19 and 102 so that the lock valve spool is shifted 
upwardly against the washer 107 and the second spring 106. 
Thus, by the above action of the lock valve, the conduits 23 
and 24 from the metering unit are blocked by the lock valve 
spool during operation of the poppet valve 41 to relieve excess 
pressure so that slippage of the steering wheel is prevented. 
Once the excess pressure is relieved from the system, the pop 
pet valve 41 reseats. In addition, once the overpressure ap 
pearing in outlet passage 76 has been reduced to a satisfactory 
level, the blocker spool returns to its centered position ac 
cording to its spring so that the steering jacks are again iso 
lated and further turning of the vehicle is prevented. 
An additional function of the lock valve in combination 

with the metering unit is to permit the operator to retain 
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limited hydraulic steering control in the event of a general 
pressure failure such as could result from stoppage of the en 
gine driving the pump 18. To describe this function, the pump 
18 is preferably of a type having vanes which collapse when it 
is not being driven by the engine so that pressure in conduits 
19 and 102 would be rapidly dissipated to the drain 27. Pres 
sure reduction in conduit 102 would result in downward posi 
tioning of the lock valve spool according to springs 104 and 
106 so that it would communicate bypass conduits 38 and 39 
with conduits 23 and 24 respectively from the metering unit. 
The metering unit is of a positive displacement type so that, 
when it is rotated, it draws fluid from the tank 27 through the 
collapsed vanes of the pump 18 and the conduit 19. The fluid 
is transferred into one of the conduits 23 and 24, through the 
lock valve to one of the conduits 38 and 39 and then to the 
steering jacks. During this operation, the load piston 33 and 
the steering spool 66 blocks off the inlet passage 61 and the 
blocker spool blocks outlet passages 76 and 77 so that the 
pilot flow in one of the conduits 3 and 32 does not pass the 
drain through the flow amplifier valve. 

It is additionally desirable to provide limit means to stop a 
turning maneuver in either direction when the machine ap 
proaches its minimum radius capability. To accomplish this 
purpose, limiting or neutralizer valves 112 and 113 are as 
sociated respectively with the conduits 23 and 24 from the 
metering unit. A check valve 114 is associated with each 
neutralizer valve by appropriate hydraulic conduits so that the 
fluid directed to the flow amplifier valve assembly from the 
metering unit through either of conduits 23 and 24 must pass 
through the appropriate neutralizer valve. However, fluid 
being returned to drain through either of conduits 23 and 24 
together with the metering unit 21 and the conduit 28 
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bypasses the neutralizer valve and passes, directly across the 
associated check valve. The neutralizer valves 112 and 113 
are associated respectively with stop means 116 and 117 
disposed on the opposite frame member 12 of the articulated 
vehicle. 
To describe the structure and operation of neutralizer valve 

112, neutralizer valve 113 being similar, reference is made to 
FIG. 2. The neutralizer valve comprises a housing 118 forming 
a bore 119. A spool 121 is disposed for longitudinal motion in 
the bore 119 and is urged leftwardly by a spring 122 so that its 
left end 123 projects out of the neutralizer valve housing. 
When the neutralizer valve spool is positioned by the spring as 
shown, the check valve 114 causes fluid from the pump and 
metering unit to enter the neutralizer bore through a port 124. 
The neutralizer valve spool 121 permits fluid from the inlet 
port 124 to pass to the flow amplifier valve assembly through 
an outlet port 126. However as the articulated members of the 
vehicle are pivoted, the spring loaded stop 116 engages the 
left end of the neutralizer valve spool 121 and urges it 
rightwardly into the neutralizer valve bore. The stop is spring 
loaded to permit slight compression to absorb slight overtravel 
of the steering cylinders. In this condition, its inlet port 124 is 
blocked from the outlet port 126 and the outlet port 126 is in 
stead communicated to drain through another port 127. The 
neutralizer valve 112 prevents continued turning of the vehi 
cle once the minimum radius capability of the machine is real 
ized, because interruption of the pilot flow allows the main 
control valve spool to return to neutral. However, the associa 
tion of its outlet port 126 with the drain port 127 together with 
the position of the check valve 114 continues to permit fluid 
to pass from the flow amplifier valve assembly to drain across 
the check valve associated with each neutralizer valve so that 
a turn in the opposite direction may be accomplished and the 
neutralizer valve does not otherwise interfere with the opera 
tion described above. 
A check valve 128 (FIG. 1) is disposed across the conduit 

19 between the metering unit 21 and the branch conduit 102 
to eliminate the possiblity of pressure feedback through that 
line caused by the wheels striking an obstruction of some kind, 
which could spin the steering wheel and perhaps injure the 
operator during a manual steering condition. 
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A modified pressure compensating load piston 133 is illus 

trated in FIG. 3 and provides a dual ratio steering option for 
the vehicle. Branched conduit 134 corresponds to the conduit 
93 of the load piston 33 in FIG. and communicates fluid 
pressure to a chamber 136 corresponding to load piston 
chamber 91 of FIG. 1. The load piston has a spring 137 which 
is similar to the spring 92 of FIG. l. The other components are 
numbered similarly as the corresponding components in FIG. 
1 except for the following components which are added in the 
modification. A solenoid piston 138 is disposed for longitu 
dinal motion in the load piston chamber 136 so that the spring 
137 interacts between the load piston 133 and the solenoid 
piston 138. Normally, the solenoid piston is positioned 
rightwardly within the chamber 36 so that the load piston 
133 functions identically as the load piston 33 of FIG. I. How 
ever, the solenoid piston 138 is electrically actuated by means 
of a switch 139 so that the solenoid piston is shifted leftwardly 
against a stop 141 within the load piston chamber 136. Left 
ward shifting of the solenoid piston increases the strength with 
which the spring 137 resists rightward shifting of the load 
piston 133. As discussed above, amplification of fluid flow 
from the pump to the steering jack in relation to pilot flow is 
amplified by the strength relation of the spring 137 to another 
spring 52 (see FIG. 1). Increasing the strength of the spring 
137 provides for greater amplification of the flow rate. For ex 
ample, if the steering ratio as previously described required 
three revolutions of the steering wheel to turn the wheel from 
stop to stop, actuation of the solenoid piston would thus 
change the amplification ratio so that one and one-half to two 
of the steering wheel would be required. 

THE ALTERNATE EMBODIMENT OF FIG. 4 

An alternate embodiment of the flow amplifier valve as 
sembly, having reference to FIG. 4, is employed in combina 
tion with similar components as were described with reference 
to FIG.1. Those similar components are indicated by a primed 
numeral of equal value as for the same component in FIG. 1. 
For example, steering jacks 16' and 17" are similarly posi 
tioned upon an articulated vehicle as in FIG. 1 so that the 
delivery of hydraulic fluid through conduits 31' or 32' will ac 
complish a similar steering maneuver as would delivery of 
fluid through the conduits 31 and 32 respectively of FIG. 1. A 
pump 18' provides fluid from a tank 27 through a conduit 19' 
and check valve 128' to a metering unit 21' driven by a shaft 
22". Rotation of the metering unit transfers fluid into either 
conduit 23' or 24' as with the embodiment of FIG. 1. A return 
path to drain from the control valve system and the metering 
unit is provided by conduits 64' and 28. A conduit 34' 
delivers pump fluid to the control valve system. 
The alternate flow amplifier valve assembly is contained 

within a single housing 201 and comprises equivalent com 
ponents performing generally equivalent functions as the com 
ponents in the flow amplifier assembly of FIG. 1. However, the 
structure and the physical interrelation of those components is 
substantially different. For example, two steering control 
valves, designated 202 and 202a, are together equivalent to 
the steering control valve 29 of FIG. 1. Load piston 203, 
blocker valve 204 and lock valve 206 are generally equivalent 
to the similarly identified components indicated at 33, 36 and 
37 in FIG. 1. Poppet valve 207 is equivalent to poppet valve 
41 in FIG. 1 and shuttle valve 208 is equivalent to the shuttle 
valve 94 of FIG. 1. Just as steering valve 202 and 202a form 
symmetrical halves of a steering valve similar to that indicated 
at 29 in FIG. 1, flow paths through the blocker valve 204, 
shuttle valve 208 and lock valve 206 are provided by symmet 
rically opposite features of those components depending upon 
whether the vehicle is to be turned into one direction or the 
other. Accordingly, this control valve system will be described 
with reference to a leftward turning maneuver similar to that 
described with reference to FIG. , that is, where jack 16' is to 
be retracted and jack 17' is to be extended. The symmetrically 
opposed features which perform the same functions during a 
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turning maneuver in the other direction are identified by the 
same numeral and distinguished by addition of the lettera. 
To briefly describe the valve components, steering valves 

202 and 202a respectively comprise spools 209 and 209a 
disposed for longitudinal motion in respective bores 211 and 
211a. Both spool bores 211 and 2.11a are in free communica 
tion with the conduit 34 from the pump by means of an inlet 
passage 212 formed in the valve housing. The blocker valve 
204 has a spool 213 normally positioned within a bore 214 ac 
cording to a single preloaded centering spring 216. The 
blocker spool bore 214 is in communication with each of the 
steering spool bores 211 and 21 1a by means of downstream 
passages 217 and 217a respectively. Passage 217 commu 
nicates by means of another passage 218 with a chamber 219 
formed at the left end of the blocker spool in its bore 214. 
Similarly, a passage 218a communicates passage 217a with a 
chamber 219a, formed at the right end of the blocker spool 
213. Free fluid communication between the passage 218a and 
the chamber 219a is insured by a slot 221 formed in the valve 
housing. Conduit 31' is communicated with the blocker spool 
bore adjacent communication passage 217 therewith by 
means of a passage 222. A similar passage 222a communicates 
with conduit 32' with the blocker spool bore adjacent commu 
nication of the passage 217a therewith. Lock valve 206 com 
prises a spool 223 normally positioned in a bore 224 by means 
of a spring 226. With the lock valve spool 23 in its normal 
position according to the spring 226, conduits 23' and 24' are 
in communication thereacross with passages 227 and 227a 
respectively. Passage 227 is also in communication with a 
chamber 228 formed at one end of the steering spool bore 211 
while the passage 227a is in communication with a similar 
chamber 228a formed at one end of the steering spool bore 
2.11a. The shuttle valve 208 comprises a spool 229 free for 
longitudinal motion in a bore 231. A chamber 232 formed in 
the steering spool bore 211 across the spool 209 from the 
chamber 228, is in communication with one end of the shuttle 
spool by a passage 233. A similar chamber 232a in the bore 
2.11a is communicated to the other end of the shuttle spool by 
a passage 233a. The shuttle spool bore 231 is in communica 
tion with a chamber 234 by means of another passage 236. 
One end of the shuttle spool 229 contains a notch 237 so that 
when fluid enters the shuttle spool bore from passage 233 it is 
communicated to passage 236 via the notch 237. Fluid pres 
sure acts on the shuttle spool 229 and causes it to shift left 
wardly. A similar notch 237a is formed at the other end of the 
shuttle spool to provide communication between passages 
233a and the passage 236. 

In operation, the various components are positioned as 
shown prior to start up of the pump 18. Operation of the 
pump 18' delivers fluid through conduit 19' and conduit 34' 
into inlet passage 212 where it is blocked by normally posi 
tioned steering valve spools 209 and 209a. Resulting pressure 
rise in the inlet passage 212 is communicated to a tubular 
chamber 238 in the front of the load piston 203 by means of a 
passage 239 and tends to urge the load piston against its spring 
234. As the load piston rises, multiple orifices 241 formed 
about the load piston chamber 238 permit fluid from the 
chamber 238 to flow back to the drain through the conduit 
64'. 
Thus, pressure in the inlet passage 212 rises to a preselected 

level according to the selected strength of the spring 242 be 
hind the load piston. This pressure also exists in conduit 19' to 
insure a suitable pressure drop between conduits 19' and 28 
for proper operation of the metering unit 21'. 
Upon rotation of the metering unit 21' to accomplish a left 

ward turn, for example, it transfers fluid from conduit 19' into 
conduit 23. Fluid from conduit 23' enters passage 227 across 
the normally open lock valve 206 and passes into the chamber 
228. The steering valve spool 209 has a cross passage 243 
which remains in communication with the passage 217. Fluid 
from chamber 228 is communicated into cross passage 243 
and then into the passage 217 by means of an orifice 244. The 
pressure drop caused by the orifice 244 results in the steering 
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valve 209 being shifted upwardly at a rate depended upon the 
flow of fluid into chamber 228 from the metering unit. The 
steering valve spool 209 has an annular channel 246 which 
rises into varying communication with the inlet passage 212 as 
the spool 209 is shifted upwardly. Fluid which enters the annu 
lar channel 246 from the inlet passage 212 is communicated 
into the cross passage 243 through multiple orifices 247 so 
that pump fluid from the inlet passage 212 is communicated 
into passage 217 for delivery to the steering jacks. Fluid from 
the annular channel 246 also passes through additional bores 
248 formed in the spool 209 into the chamber 232 and 
through passage 233 to the shuttle valve. The fluid pressure 
shifts the shuttle spool leftwardly as discussed above and is 
thereupon communicated into passage 236 and then into 
chamber 234 behind the load piston 203. At a given point in 
time, pressure in chambers 228 and 232 across the spool 209 
as well as the pressure in the annular channel 246 will be 
generally equal and that pressure is communicated into the 
chamber 234. Since that pressure cooperates with the spring 
242 to urge the load piston downwardly, and limit flow of fluid 
from inlet passage 212 to drain, the fluid circuit described in 
mediately above provides for pressure compensation of fluid 
in the inlet passage 212 similarly as in the embodiment 
described with reference to FIG. 1. 

Since the pressures in passage 228 and annular channel 246 
tend to be equal, the ratio of pilot flow from chamber 228 and 
pump flow from annular channel 246 are in direct proportion 
to the ratio determined by the cross-sectional area of the ori 
fice 244 and the combined cross-sectional area of the orifices 
247. This ratio establishes the amplified pump flow to the 
jacks as compared to pilot flow and thus determines the steer 
ing ratio for the control system. Since the orifice 244 is always 
open to fluid flow and thus able to pass fluid flow from 
chamber 228 to passage 243, it is apparent that machining of 
the spool 209 (and similarly spool 209a) is less critical than 
with the steering spool described with reference to FIG. 1. 
This is due primarily to the fact that only one combined flow 
path is established in the present embodiment whereas two 
flow paths were established simultaneously in the first embodi 
ment to accomplish a steering maneuver. It is to be noted that 
the pressure drop across the orifice 244 always moves the 
spool 209 upwardly sufficiently to satisfy the full flow require 
ments of the orifices 247 as well as the orifice 244. 
The rising fluid pressure in the passage 217 enters chamber 

219 through the passage 218 and urges the blocker spool 213 
rightwardly to permit communication from the passage 217 
into the outlet passage 222 and then to the steering jacks 
through conduit 31'. 
When rotation of the metering unit 21' is terminated, pilot 

flow through conduit 23' ceases and steering spool 209 is 
returned to its normal downward position by fluid pressure ex 
isting in load piston chamber 234 and accordingly in chamber 
232 above the steering spool. In this manner, fluid flow to the 
passage 217 is terminated and the blocker spool accordingly 
returns to its centered position to isolate both outlet passages 
222 and 228 to fix the jacks for a given turning radius. In the 
operation described immediately above, while passage 217 is 
in communication with outlet passage 222, outlet passage 
222a is in communication across the shifted blocker spool 
with another drain passage 249 formed generally at the center 
of the blocker spool bore. Thus, as fluid is provided into the 
rod end of jack 16’ and the head end of jack 17", the head end 
of jack 16’ and the rod end of jack 17" are communicated to 
drain for proper operation of the steering jacks. 
The blocker valve 204 functions similarly as described in 

the first embodiment for the blocker valve 36 of FIG. 1 to re 
lieve overpressure arising in the steering jacks, for example, 
upon encountering an obstruction in the roadway which tends 
to force the vehicle into a leftward turning maneuver. Result 
ing pressure rise in the conduit 31' is communicated to the 
blocker spool bore through the passage 222. A port 251 is 
formed by the blocker spool in communication with the 
passage 222 and in communication with an axial bore 252 in 
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the right end of the blocker spool. A slug 253 is disposed for 
longitudinal motion in the axial bore 252 so that fluid pressure 
in passage 222 enters bore 251 and interacts between the slug 
253 and the spool. 213 within the axial bores 252 to urge the 
blocker spool 213 leftwardly in its bore. Leftward motion of 
the blocker spool 213 communicates the passage 222 with the 
center drain passage 249 across the blocker spool bore so that 
overpressure in the steering jacks of a preselected level is 
vented to drain to protect those hydraulic components. That 
preselected pressure level is determined by the strength of the 
spring 216. 
To turn in the other direction or if an obstruction in the 

roadway tends to turn the vehicle in the opposite direction, 
the flow amplifier valve functions similarly through its sym 
metrically opposite flow paths. 
The lock valve 206 functions similarly as the lock valve 37 

in FIG. 1 to prevent steering wheel slippage in the event max 
imum operating pressure is exceeded within the control valve 
system, for example, from malfunctioning of one of the con 
trol valve system components. Resulting excessive pressure 
arises in inlet passage 212 an is reflected in load piston 
chamber 234 so that the poppet valve 207 operates to release 
excess pressure into a passage 254 which communicates with 
the tubular right end of the blocker valve spool. The fluid 
under pressure then passes through a port 256 formed in the 
blocker spool and into a passage 257 which is in free commu 
nication with the drain conduit 64'. However, since a pressure 
drop exists across the port 256, the blocker valve spool 223 is 
shifted leftwardly to prevent respective communication of 
conduits 23' and 24 with passages. 227 and 227a. In this 
manner, the metering unit 21' is isolated from the steering 
control system during relief operation of the poppet valve 207 
to prevent steering wheel slippage as described above. 
An additional advantage of the present embodiment lies in 

the much simpler means by which dual ratio steering may be 
accomplished. A simple air actuated valve 261 or 261a is as 
sociated with each of the steering valve spools 209 and 209a 
respectively. Selective actuation of the valve 261, for exam 
ple, provides an additional fluid path from the annular channel 
246 of spool 209 into the passage 217 in parallel with the ori 
fices 247. If the cross-sectional area of the flow path through 
the air actuated valve is, for example, equal to the cross-sec 
tional area of the orifices 247, actuation of the valve 261 dou 
bles the amplification ratio of pump fluid flow to the jacks as 
compared to pilot flow. The steering ratio is also increased as 
was discussed with reference to the embodiment of FIG. I. To 
vary the steering ratio, valve 261 comprises a spool 262 posi 
tioned in a bore 263 by means of a spring 264. The separate 
passages 266 and 267 communicate the spool bore 263 with 
the annular channel 246 of spool 209 and the passage 27 
respectively. When the spool 262 is normally positioned by its 
spring, it prevents fluid communication between the passages 
266 and 267. However, upon introduction of air pressure 
through a port 268 (by conventional means which are not 
shown) into the spool bore 263, the spool is shifted 
downwardly against its spring to permit fluid communication 
between passages 266 and 267. By this means, an additional 
fluid path is opened up which is parallel to the orifices 247 and 
the amplification factor and steering ratio are increased as 
discussed above. 
The present embodiment also permits the operator to 

hydraulically accomplish a steering maneuver in the event of a 
pressure failure similarly but in a somewhat different manner 
from the embodiment described in FIG. 1. If an engine (not 
shown) driving the pump 18' is stalled, all of the valve com 
ponents assume the position shown in FIG. 4. As with the me 
tering unit and pump described in FIG. 1, rotation of the me 
tering unit 21' directs fluid into either of conduits 23' and 24. 
Fluid in the conduit 23 passes across the lock valve 206 into 
passage 227 and from there into the chamber 228 below to the 
spool 209. The spool is shifted upwardly as in normal opera 
tion. However, a check valve 271 disposed across the conduit 
34' prevents reverse flow out of inlet passage 212. The fluid in 
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chamber 228 is thus forced to pass into the passage 217. Fluid 
entering end chamber 219 from passage 218 shifts the blocker 
spool rightwardly to communicate the passage 217 with 
passage 222 across the blocker valve so that the pilot flow 
described above is directed to the steering jacks. As in normal 
operation, the other conduit 32' is communicated to drain 
through passages 222a and 249a by means of the blocker 
spool bore to permit proper response of the steering jacks. 

THE ALTERNATE EMBODIMENT OF FIG.5 
A simplified version of the flow amplifier valve of FIG. 4 is 

shown in FIG. 5. Simplification of the present embodiment is 
due basically to utilization of a single steering control spool 
301 which performs the function of both steering control 
valves 202 and 202a as well as the blocker valve 204 in FIG. 4. 
Hydraulic fluid from the pump 18' is delivered directly to the 
steering control spool by means of a central inlet passage 302. 
Fluid from the steering spool is communicated to the steering 
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which correspond to downstream passages 217 and 217a 
respectively of FIG. 4. A similar load piston assembly 203' is 
associated with the steering spool to provide pressure com 
pensation in the inlet passage 302. The shuttle valve 208 of the 
embodiment in FIG. 4 is replaced by a feedback pressure 
selector valve 306 and a signal pressure selector valve 307 to 
reduce the complexity and number of hydraulic fluid passage 
in the valve housing. Since the steering spool 301 and the 
selector valves 306 and 307 are of symmetrical construction, 
the present embodiment will also be described with reference 
to only a single turning maneuver as with the embodiment of 
FIG. 4. 
The steering control spool is normally positioned within a 

bore 308 in response to a single preloaded centering spring 
309. The steering ratio, that is the ratio of pump fluid flow 
compared to pilot flow, is determined by the relative cross 
sectional area of a pair of orifices, for example, 309 and 311, 
associated respectively with each of the outlet conduits 303 
and 304 downstream of the steering control spool. The signal 
pressure selector valve 307 comprises a spool 312 having cen 
tering spring 313 and 314. The feedback pressure selector 
valve 306 comprises a shuttle valve 316 disposed for free lon 
gitudinal motion within a bore 317. Each end of the feedback 
selector bore 317 is in communication with one of the con 
duits 23' and 24' from the metering unit 21'. 

In operation, the components are initially positioned as 
shown. Operation of the pump provides fluid through conduits 
19' and 34' to the inlet passage 302 which is blocked by the 
normally positioned main steering spool 301. Fluid pressure 
accordingly builds up in the face chamber 238' of the load 
piston 203' so that it is urged rightwardly against its spring 
242". As the load piston shifts rightwardly, the multiple ori 
fices 241' communicate the inlet passage 302 to drain through 
conduits 64''. Pressure in the inlet passage 302 is then deter 
mined by the strength of spring 242' which insures sufficient 
pressure in conduits 19' for proper operation of the metering 
unit 21'. Rotation of the metering unit, to accomplish a steer 
ing maneuver, causes pilot fluid to be directed to the feedback 
pressure selector valve 306 through conduit 23', for example. 
The fluid pressure acts against the left end of the shuttle spool 
316 urging it rightwardly in its bore so that fluid from conduit 
23' is communicated to a passage 317 which is also in com 
munication with a chamber 318 formed by the left end of the 
steering spool 301 in its bore 308. The chamber 318 is in com 
munication with the left end of the signal selector spool 312 
through a conduit 319 so that fluid from conduit 317 acts 
rightwardly against both the steering spool 301 and the signal 
selector spool 312. However, the centering springs for the 
signal selector spool are of lesser strength than the centering 
spring for the main steering spool so that the signal selector 
spool is shifted rightwardly first. Rightward shifting of the 
signal selector spool communicates the passage 319 with 
another passage 321 by means of the bore 313. The passage 
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321 communicates through the smaller orifice 311 into the 
outlet passage 303. After the signal selector spool is shifted 
rightwardly, pilot fluid pressure continues to rise and shifts the 
main steering spool 301 rightwardly against its centering 
spring 309. Rightward shifting of the main steering spool com 
municates fluid from inlet passage 302 across the steering 
spool bore 308 and through the larger orifice 309 into the out 
let passage 303 where it is combined with flow from the other 
orifice 311. It has been found in such metering arrangements 
that the upstream pressure from each of the orifices 309 and 
311 will be substantially equal during a turning maneuver. 
Fluid immediately upstream of the larger orifice 309 is com 
municated into a passage 322. The rightward shifted signal 
selector spool communicates the passage 322 with another 
passage 323 which is also in communication with the main 
steering spool bore 308 at the right end of its spool and with 
the right end of the signal pressure selector spool 312. Fluid 
from the right end of the steering spool is communicated back 
to the pressure selector valve bore 317 by another passage 
324. While the shuttle valve 316 is positioned rightwardly by 
the pilot flow described above, it communicates the passage 
324 with another passage 326 which is also in communication 
with the chamber 234' behind the load piston 203'. Thus, fluid 
pressure immediately downstream of the steering spool 
cooperates with the spring 309 to shift the steering spool left 
wardly against pressure in chamber 318 as well as cooperating 
with the load piston spring 242' to shift the load piston 203' 
leftwardly. While the upstream pressure for both orifices 309 
and 311 are equal, their downstream pressures are also equal 
since they combine in outlet passage 303 so that there will be 
an equal pressure drop across both of the orifices. This flow 
arrangement provides two important features in the present 
valve. First, the main steering spool is shifted rightwardly to 
allow sufficient flow into the orifice 309 to maintain the pres 
sure drop thereacross equal with the pressure drop across the 
other orifice 311. In this manner, flow of pump fluid to the 
steering jacks is directly proportional to pilot flow from the 
conduit 23'. Provision of fluid pressure downstream from the 
main steering spool to the chamber 234 behind the load piston 
provides for pressure compensation of the fluid in the inlet 
passage 302 in a similar manner as was described with 
reference to the embodiments of both FIGS. 1 and 4. When 
the operator ceases the rotation of the metering unit 21' and 
terminates pilot flow into the flow amplification valve from 
conduit 23', the main steering spool 301 is again shifted left 
wardly to its centered position. In this position, it functions as 
a blocker valve to isolate the steering jacks and fix their 
operating position. Upon termination of pilot flow, the signal 
selector spool 312 is also returned to its centered position to 
block both the passages 321 and 322. During the above 
described steering maneuver, rightward shifting of the steering 
spool 301 communicates the opposite outlet passage 304 with 
a drain conduit 327 to permit proper extension or retraction 
of the steering jacks. 
The present embodiment also incorporates a poppet valve 

207" which functions similarly as the poppet valve 207 in FIG. 
4. 
The present embodiment also provides for protection of the 

hydraulic components in case external forces acting upon the 
vehicle create overpressure in the steering jacks, for example, 
the rod end of jack 16' and the head end of jack 17'. Such 
over pressures are normally blocked by the steering spool as 
discussed above. However, if that overpressure exceeds a 
preselected maximum value, for example 2500 p.s. i., a 
blocker popper 328 disposed in a passage 329 in communica 
tion with the outlet passage 303 unseats and relieves pressure 
from outlet passage 303 into the passage 329. The passage 329 
is also in communication with the right end of the main steer 
ing spool while the passage 324 is blocked by the feedback 
pressure selector spool since there is no pilot flow. Ac 
cordingly, the steering spool is shifted leftwardly and commu 
nicates the outlet passage 303 with the split drain passage 327 
to eliminate overpressure in the steering jacks. 
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14 
A check valve 331 disposed across the conduit 19' to 

prevent fluid flow from the metering unit to the pump 
prevents backlash in the metering unit and the steering wheel 
during the condition described immediately above similarly as 
with the embodiment of FIG. 4. 
Another check valve 332 prevents back flow from the inlet 

passage 302 to the pump 18' so that the operator may main 
tain limited hydraulic steering control when pump 18' is not 
operating. This function is similar to that described for the em 
bodiment in FIG. 4. 
Although the present invention is described above with 

reference to three specific embodiments, it is apparent that 
numerous modifications are possible within the scope of the 
present invention. For example, a dual ratio steering system is 
easily attainable in the embodiment of FIG. 5 with a valve 
similar to that indicated at 261 in FIG. 4 to selectively provide 
an additional fluid flow path in parallel with the orifice 309. 

Further, the embodiment of FIG. 4 may be simplified to 
achieve a modification of the embodiment in FIG. S. For ex 
ample, in FIG. 5 the main steering spool has a single inlet 
passage 302 and a split drain passage 327 in communication 
with each end of the steering spool. A functionally similar 
valve could be achieved from the embodiment of FIG. 4 by 
removing the two steering control valves 209 and 209a to free 
ly communicate fluid to each end of the blocker spool 213 
through passages 217 and 217a. This split inlet arrangement 
and the single central drain passage 249 would permit that 
valve to function similarly as the valve described with 
reference to FIG. 5. It would be additionally necessary to 
modify the other valve components of FIG. 4 in accordance 
with the description referencing FIG 5. The embodiment of 
FIG. 1 could similarly be modified in accordance with the em 
bodiment of FIG. 5. 
A lock valve, similar to that described in FIG. 4, could also 

be employed in the embodiment of FIG. 5, For example, it 
could suitably cross the internal passages communicating con 
duits 23' and 24" to the feedback pressure selector valve and 
be in fluid communication with the rear of poppet valve 207". 
The neutralizer valves of FIG. 1 could similarly be em 

ployed with the embodiments of either FIG. 4 or FIG. 5. 
We claim: 
1. A flow amplifier valve assembly for regulating fluid flow 

including a single pump providing a source of hydraulic fluid 
under pressure and hydraulic motor means operable in 
response to fluid metering means which are operable to 
deliver fluid from said source to said valve assembly at a rate 
proportional to a desired rate of operation for the motor 
means comprising: 

passage means connecting said source to said motor means, 
a control valve in said passage means for regulating fluid 
flow from said source to the motor means; 

lock valve means interconnected by conduit means between 
said metering means and the ends of said control valve; 
said lock valve including means to bias said lock valve to 
a first position preventing fluid communication between 
said metering means and said control valve and further in 
cluding means connected to and responsive to fluid pres 
sure from said source biasing said valve to a second posi 
tion permitting fluid communication between said meter 
ing means and the ends of said control valve; 

said control valve including end face means responsive to 
fluid pressure from said metering means to regulate 
delivery of fluid from said source to said motor means at 
an amplified and proportional rate in relation to the 
delivery of fluid from the metering means to the control 
valve; 

pressure compensating valve means having a first pressure 
responsive portion in said passage means on the source 
side of said control valve and a second pressure respon 
sive portion interconnected through shuttle valve means 
on the hydraulic motor side of said control valve to adjust 
fluid pressure at said control valve; and 
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said lock valve means including bypass means for commu 

nicating fluid when said lock valve is in said first position 
from said metering means directly to said hydraulic motor 
in the event of pressure loss from said source of hydraulic 
fluid. 

2. The combination of claim 1 including variable bias means 
acting on said pressure compensating valve means, said varia 
ble bias means being selectively operable to vary the actuating 
ratio for the motor means. 

3. The combination of claim 2 wherein the hydraulic motor 
means is the steering means of a vehicle. 

4. The combination of claim 1 further comprising blocker 
means to normally block fluid communication from said con 
trol valve to the motor means and thus maintain the motor 
means in an established condition, said blocker means having 
means thereon responsive to said amplified flow to permit 
fluid passage for operating the motor means. 

5. The combination of claim 4 wherein said blocker means 
includes relief means for communicating the motor to drain in 
response to overpressure above a preselected level in the mo 
tor. 

6. The combination of claim 1 wherein said pressure com 
pensating means permits variable bypass flow of excess inlet 
fluid to drain and includes spring means acting on the second 
pressure responsive portion of said pressure compensating 
means to limit bypass flow of fluid from the inlet across said 
pressure compensating means. 

7. The combination of claim 6 wherein said motor means is 
a double acting hydraulic type including opposed jacks and 
wherein two chambers are provided between said control 
valve and said motor means, each chamber being in communi 
cation with opposite ends of the pair of jacks, said control 
valve communicating amplified fluid flow through one of said 
two chambers, said shuttle valve means being between said 
chambers and said pressure compensating means and being ef 
fective: to selectively communicate both of the downstream 
chambers with said pressure compensating means so that fluid 
pressure in one of the downstream chambers is communicated 
to said pressure compensating means and is blocked from the 
other downstream chamber. 

8. The combination of claim 7 wherein each downstream 
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chamber is associated with a separate end of the jack by 
means defining a separate fluid flow path, a slidable blocker 
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spool normally blocking each downstream chamber from its 
respective flow path, said blocker spool including means 
responsive to pressure in either one of said downstream cham 
bers to communicate said one downstream chamber to its as 
sociated flow path, said blocker spool also including means 
responsive to overpressure in either one of the flow paths to 
communicate the one flow path to drain through its associated 
downstream chamber. 

9. The combination of claim 8 wherein said lock valve in 
cludes means responsive to excessive pressure in the flow am 
plifier valve assembly to block said flow amplifier valve as 
sembly and said flow pass from the metering means in an addi 
tional lock valve position. 

10. The combination of claim 6 wherein said control valve is 
a slidable spool having at least one axial notch and at least one 
land means for simultaneously and respectively controlling 
fluid flow from said metering means to drain and fluid from 
said inlet to the fluid motor, said control valve spool having 
centering spring means for regulating the pressure drop of 
flow across said notch, the pressure drop of fluid across said 
land means from said inlet being regulated by said compensat 
ing means. 

11. The combination of claim 10 wherein solenoid means 
for selectively varying the actuating ratio for the flow amplifi 
er valve assembly is included with said pressure compensating 
means, said solenoid means being operable to vary action of 
said spring means on said pressure compensating means. 

12. The combination of claim i wherein said bypass means 
comprises means operable in an additional lock valve position 
to block excessive pressures in the flow amplifier valve as 
segly, communication back to the metering means. 13. The combination of claim wherein the flow amplifier 
valve assembly further comprises means to block excessive 
pressures therein from communication back to the metering 
means and supplemental relief means for venting excessive 
fluid pressure arising in the flow amplifier valve assembly. 

14. The combination of claim 1 further comprising limit 
means associated with the fluid motor means and operable to 
prevent operation of the motor means beyond selected limits 
by the flow amplifier valve assembly, said limit means being 
effective to block fluid flow from the metering means to the 
flow amplifier valve assembly while permitting reverse fluid 
flow there between. . . . 
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