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PHASE MAINTAINING CONTROL FOR A 
HYDRAULIC STEERING SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to hydraulic 
steering systems and, more speci?cally, to a system for 
hydraulically maintaining steered Wheels in phase Without 
need for a mechanical tie rod. 

BACKGROUND OF THE INVENTION 

[0002] To maintain phase of the steered Wheels of imple 
ments such as self-propelled sprayers, the Wheels often are 
tied together hydraulically rather than mechanically so that 
expensive and cumbersome tie rods are eliminated. 
Although the Wheels are normally maintained in proper 
phase, very high pressure loads Which develop under certain 
conditions such as operation in soft soils or on side hills can 
cause the steering unit to leak so that pressure in the steering 
lines is lost and steering phase is lost. The steering unit 
components are typically manufactured With loose toler 
ances to prevent contaminants in the hydraulic system from 
prematurely Wearing seals and liners. Such tolerances, hoW 
ever, increase the problem of leakage and steering phase 
loss. 

[0003] An example of lost steering phase is shoWn in the 
schematic representation of a prior art sprayer 10 in FIG. 1 
having steerable Wheels 12. The Wheels 12 can toe in or toe 
out to disrupt proper steering function and put high loads on 
the suspension system and on the drivetrain. Similar prob 
lems can develop on rear Wheels 14 if the sprayer 10 has four 
Wheel steering. 

[0004] Attempts to correct steering phase problems under 
high loads have included utiliZation of pilot operated check 
valves in the hydraulic steering system to hold steering 
pressure. HoWever, the check valves introduce excessive 
chatter into the system and have not provided an acceptable 
solution to the problems. Circuits With check valves and no 
relief paths can generate damaging high pressures When 
obstacles are struck or When certain maneuvers are per 
formed. 

SUMMARY OF THE INVENTION 

[0005] It is therefore an object of the invention to provide 
an improved hydraulic steering system for a vehicle such as 
an agricultural sprayer Which overcomes the aforementioned 
problems. 
[0006] It is another object of the invention to provide an 
improved hydraulic steering system for an off-road vehicle 
Which maintains steered Wheel phase, even When the Wheels 
are subjected to high force loads, so that need for mechanical 
tie rods is eliminated. It is another object to provide such a 
system Which maintains pressure in the steering lines under 
severe operating conditions so that Wheel phase is not lost 
When a hydraulic tie rod system is utiliZed. 

[0007] It is yet another object of the invention to provide 
an improved hydraulic steering system for an implement 
such as a sprayer having a counterbalance valve betWeen the 
steering unit and the steering cylinders Which maintains 
pressure in the steering lines to retain proper phase of the 
steered Wheels even under severe Wheel load conditions 
such as encountered When the implement is operating in soft 
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soils or on side hills. It is still another object to provide such 
a system Wherein damaging high pressures are avoided 
When obstacles are struck or When high force maneuvers are 
performed. 
[0008] It is still a further object of the invention to provide 
an improved hydraulic steering system for an implement 
having a valve that can be easily added to neW systems or 
retro?tted on old systems, Wherein the valve maintains 
Wheel steer synchroniZation Without need for mechanical 
linkages. 
[0009] In accordance With the above objectives, a dual 
counterbalance valve is added in the hydraulic lines betWeen 
the steering unit and the steering cylinders on an implement. 
The counterbalance valve maintains pressure in the steering 
lines by metering hydraulic ?uid to and from the cylinders 
under pressure so that the steered Wheels stay in phase. Since 
the steering system is constantly kept under pressure, the 
Wheels can only be steered by the steering unit and not by 
tractive soil forces. Therefore, toe in and toe out problems 
are eliminated Without need for a mechanical tie rod con 
necting the steered Wheels. The valve conveniently is added 
in-line to the steering cylinders so that current machines can 
be easily retro?tted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a schematic representation of a sprayer 
With a prior art hydraulic steering system shoWing the 
problem of hydraulically steered Wheels moved out of phase 
by excessive forces on the Wheels. 

[0011] FIG. 2 is a schematic of the hydraulic system 
utiliZed With the sprayer of FIG. 1. 

[0012] FIG. 3 is a hydraulic system schematic similar to 
that of FIG. 2 but including a counterbalance valve to 
overcome the phase problem shoWn in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0013] Referring noW to FIG. 1, therein is shoWn the 
sprayer or other off-road vehicle 10 of the prior art having 
hydraulically steered front Wheels 12 and ?xed rear Wheels 
14. Alternatively, the rear Wheels may also be steered. 

[0014] FIG. 2 shoWs a schematic of the hydraulic steering 
system 20 for the sprayer of FIG. 1. The system includes a 
conventional steering unit 22 connected to steering cylinders 
24 and 26 by ?rst and second steering lines 34 and 36 Which, 
in turn, are connected to the outlet ports 34a and 36a of the 
steering unit 22. When the steering Wheel is turned, the 
rotary input moves a spool and turns a gerotor. The spool 
connects the pressure port to the proper steering line 34 or 
36 depending on Which Way the steering Wheel is turned. 
The gerotor meters the pressuriZed hydraulic ?uid to the 
cylinders 24 and 26 depending on hoW the steering Wheel is 
turned. 

[0015] As shoWn, the line 34 is connected to the base end 
of the steering cylinder 24, and the rod end of the cylinder 
24 is connected to the rod end of the cylinder 26 by a line 
38. The base end of the cylinder 26 is connected to the line 
36. As the steering Wheel is turned a ?rst direction, pres 
suriZed hydraulic ?uid is communicated to the base end of 
the cylinder 24 to extend its rod and retract the rod of the 
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cylinder 26 to turn the Wheels 12 in the ?rst direction. 
Hydraulic ?uid from the base end of the cylinder 26 is 
returned to the steering unit via line 36 as the cylinder 24 
eXtends and the cylinder 26 retracts. Turning the steering 
Wheel the opposite direction pressuriZes the line 36 to cause 
the cylinder 26 to eXtend and the cylinder 24 to retract to turn 
the Wheels 12 in the second direction. Under certain extreme 
operating conditions, high forces developed in the cylinders 
can cause leakage in the steering unit 22 so that pressure in 
the steering line 38 is lost and steering phase is lost, a 
problem illustrated in FIG. 1. 

[0016] FIG. 3 shoWs the improved steering system 20‘ 
Which also has a steering unit 22 and steering cylinders 24 
and 26 generally identical to those shoWn in FIG. 2. 
HoWever, unlike the conventional system 20, a dual coun 
terbalance valve 40 is added to the steering lines 34 and 36 
betWeen steering unit 22 and the cylinders 24 and 26 to 
maintain ?uid pressure in the cylinders in extreme condi 
tions so that the steered Wheels stay in phase. Since the valve 
40 is added to the lines betWeen the steering unit 22 and the 
cylinders, eXisting steering systems may be easily retro?tted 
for improved operation. 

[0017] The valve 40 includes a pair of pilot operated 
variable ori?ces 44 and 46 connected in series With the 
respective lines 34 and 36. A pilot tube 44a connects the 
control input of the ori?ce 44 With the outlet port 36a. A 
similar pilot tube 46a connects the outlet port 34a With the 
control input of the ori?ce 46. Check valves 54 and 56 are 
connected in parallel With the ori?ces 44 and 46, respec 
tively. 

[0018] The check valve 54 or 56 assures relatively unre 
stricted pressuriZed ?uid ?oW from the outlet port 34a or 36a 
to the associated steering cylinder, but return ?oW must 
bleed over the opposite ori?ce 46 or 44. The amount of 
restriction to return How is determined by the pilot pressure 
Which is dependent on the pressure in the pressuriZed output 
port 34a or 36a. The more pressure at the output port, the 
more open and unrestricted is the return line ori?ce 46 or 44. 
Therefore, the restriction automatically adjusts to changing 
steering control pressures to assure there is not an eXcess 
back pressure and that steering function remains good. 
HoWever, the restriction of the ori?ce is alWays suf?cient to 
assure that the return or drain lines from the cylinder 24 and 
26 stay pressuriZed and the steering lines 34, 36 and 38 are 
pressuriZed. This pressure maintenance keeps the steering 
cylinders 24 and 26 in phase, even under severe load 
conditions. To prevent an over-pressure condition in the 
cylinders 24, 26 and the lines 34, 36, pilot lines 64 and 66 
are connected from the output or load sides of the valve 40 
to the respective variable ori?ces 44 and 46 to open the 
ori?ces and relieve the eXcess pressure. 

[0019] In operation, When the operator desires to turn in 
the ?rst direction, the steering Wheel is rotated to pressuriZe 
the port 34a. Hydraulic ?uid ?oWs relatively freely through 
the check valve 54 to the line 34 and the base end of the 
cylinder 24 to eXtend the cylinder 24 and retract the cylinder 
26. At the same time the pressure at the port 34a acts through 
the pilot line 46a to open the ori?ce 46 and reduce the 
restriction to return ?uid ?oW from the base end of the 
cylinder 26 through the line 36. The amount of reduction of 
restriction is directly dependent on the ?uid pressure being 
applied to base end of the cylinder 24. The check valve 56 

Apr. 17, 2003 

assures that the return line ?uid How is through the ori?ce 
46. The ori?ce restriction assures maintenance of system 
pressure to prevent steering phase loss. 

[0020] When the steering Wheel is turned the opposite 
direction, the port 36a is pressuriZed and ?uid ?oWs rela 
tively freely through the check valve 56 to the base end of 
the cylinder 26 to steer the Wheels the second direction. 
Fluid from the base end of the cylinder 24 returns to the 
steering control 22 through the ori?ce 44 having a restriction 
dependent on the pressure applied to the base end of the 
cylinder 26. 

[0021] Having described the preferred embodiment, it Will 
become apparent that various modi?cations can be made 
Without departing from the scope of the invention as de?ned 
in the accompanying claims. 

I claim: 
1. In a hydraulic steering system for an off-road imple 

ment having at least ?rst and second steerable Wheels, ?rst 
and second hydraulic steering cylinders connected to the 
respective steerable Wheels, a steering unit for selectively 
supplying hydraulic ?uid under variable pressure to the 
hydraulic cylinders for steering of the Wheels, hydraulic 
lines connecting the cylinders for movement of the Wheels 
in phase independently of a mechanical tie rod, Wherein 
forces on the steerable Wheels cause loss of pressure in the 
cylinders and movement of the Wheels out of phase under 
certain steering conditions, the improvement comprising: 

a valve assembly connected betWeen the steering unit and 
the cylinders, the valve assembly including an input 
side connected to the steering unit, an output side 
connected to the hydraulic cylinders, the valve assem 
bly including variable ori?ce structure selectively 
restricting return How of hydraulic ?uid from the 
cylinders to the steering unit to maintain the hydraulic 
?uid from the cylinders under pressure. 

2. The improvement as set forth in claim 1 above Wherein 
the variable ori?ce structure includes a pilot operated ori?ce 
responsive to the variable pressure of the hydraulic ?uid 
supplied from the steering unit, the pilot operated ori?ce 
having decreased ?oW resistance With an increase in the 
variable pressure. 

3. The improvement as set forth in claim 1 Wherein the 
variable ori?ce structure includes pilot structure connected 
to the cylinders and reducing the restriction of the return 
?oW When the cylinder pressure reaches a preselected maXi 
mum pressure level thereby preventing an overpressure 
situation in the cylinders. 

4. The improvement as set forth in claim 1 including a 
one-Way valve connected in parallel With the variable ori?ce 
structure facilitating relatively unrestricted ?uid ?oW 
toWards the cylinders and directing ?uid ?oW from the 
cylinders through the variable ori?ce. 

5. In a hydraulic steering system for an off-road imple 
ment having at least ?rst and second steerable Wheels, ?rst 
and second hydraulic steering cylinders connected to the 
respective steerable Wheels, a steering unit for selectively 
supplying hydraulic ?uid under variable steering pressure to 
the hydraulic cylinders for steering of the Wheels, ?rst and 
second hydraulic lines connecting the ?rst and second 
cylinders for movement of the Wheels in phase indepen 
dently of a mechanical tie rod, Wherein forces on the 
steerable Wheels cause loss of pressure in the cylinders and 
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movement of the Wheels out of phase under certain steering 
conditions, the improvement comprising: 

a valve assembly connected betWeen the steering unit and 
the cylinders, the valve assembly including an input 
side With ?rst and second input ports connected to the 
steering unit, an output side With ?rst and second output 
ports connected to the hydraulic cylinders, the valve 
assembly including variable ori?ce structure having 
?rst and second pilot operated ori?ces selectively 
restricting return How of hydraulic ?uid from the 
cylinders to the steering unit in dependence on the 
variable steering pressure from the steering unit to the 
cylinders to maintain the hydraulic ?uid from the 
cylinders under pressure. 

6. The improvement as set forth in claim 5 Wherein the 
pilot operated ori?ces have decreased ?oW resistance With 
an increase in the variable pressure. 

7. The improvement as set forth in claim 5 Wherein the 
?rst pilot operated structure is connected in series With the 
?rst hydraulic line and includes a ?rst pilot line connected to 
the second hydraulic line and the second pilot operated 
ori?ce is connected in series With the second hydraulic line 
and includes a second pilot line connected to the ?rst 
hydraulic line. 

8. The improvement as set forth in claim 7 including a 
one-Way valve connected in parallel With the variable ori?ce 
structure facilitating relatively unrestricted ?uid ?oW 
toWards the cylinders and directing ?uid ?oW from the 
cylinders through the variable ori?ce structure. 

9. The improvement as set forth in claim 5 including a 
pilot line connecting the ?rst hydraulic line to a control input 
of the variable ori?ce structure and controlling the variable 
ori?ce structure to reduce the restriction of the return ?oW 
When the cylinder pressure reaches a preselected maXimum 
pressure level thereby preventing an overpressure situation 
in the cylinders. 

10. In a hydraulic steering system for an off-road imple 
ment such as a self-propelled sprayer having at least ?rst and 
second steerable Wheels, ?rst and second hydraulic steering 
cylinders connected to the respective steerable Wheels, a 
cylinder-connecting line extending betWeen the cylinders, a 
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steering unit for selectively supplying hydraulic ?uid under 
variable steering pressure to the ?rst and second hydraulic 
cylinders through ?rst and second hydraulic lines, respec 
tively, for steering of the Wheels, the ?rst and second 
hydraulic lines and the cylinder-connecting line connecting 
the ?rst and second cylinders for movement of the Wheels in 
phase in ?rst and second steered directions independently of 
a mechanical tie rod, Wherein forces on the steerable Wheels 
cause loss of pressure in one or more of the lines and a 
resulting movement of the Wheels out of phase under certain 
steering conditions, the improvement comprising: 

?rst and second pilot operated ori?ces connected to the 
?rst and second lines, respectively, and selectively 
restricting How of hydraulic ?uid betWeen the cylinders 
and the steering unit in dependence on the variable 
steering pressure from the steering unit to the cylinders 
to maintain the hydraulic ?uid in the lines under 
pressure, Wherein the ?rst pilot operated ori?ce 
includes a control input and a pilot line connecting the 
control input to the second hydraulic line, and the 
second pilot operated ori?ce includes a second control 
input connected to the ?rst hydraulic line, Whereby 
restriction to a return ?uid How of hydraulic ?uid from 
one of the cylinders is dependent on the pressure 
applied to the other of the cylinders. 

11. The improvement as set forth in claim 9 including ?rst 
and second check valves connected in parallel With the ?rst 
and second ori?ces, respectively, and providing generally 
free How from the steering unit toWards the cylinders 
through one of the check valves and compelling a return 
How of hydraulic ?uid from the cylinders to the steering unit 
to pass restricted through one of the ori?ces. 

12. The improvement as set forth in claim 9 further 
including a pilot line structure connected to the cylinders 
and the pilot operated ori?ces, the ori?ces responsive to an 
overpressure situation in the cylinders to reduce restriction 
of the How of ?uid betWeen the cylinders and the steering 
unit to relieve the overpressure situation. 


