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an We, GENERAL SIGNAL CORPORA-
TION, a corporation of the State of New
York, of the United States of America,
doing business at High Ridge Park, Stam-
5 ford, Connecticut, United States of America,
do hereby declare the invention, for which
we pray that a patent may be granted to us,
and the method by which it is to be per-
formed, to be particularly described in and
10 by the following statement:—

The present invention relates generally to
a hydraulic control circuit having a
variable feedback path and more particu-
larly to a hydraulic control circuit for the
15 steering system of an articulated vehicle to

provide variable steering for that vehicle.

It is well known that certain articulated
vehicles utilized in construction, mining,
and logging require relatively fast or
responsive steering for certain operations
and require relatively slow or unresponsive
steering at other times. For example, log-
skidders require fast steering on the job to
enable the vehicle to “duck walk™ or assist
25 the tractive effort of the skidder to pull it

out of axle-deep mud. On the road, how-
ever, where the vehicle may be operated at
higher travel speeds, fast or responsive
steering can be dangerous, and therefore is
30 undesirable. Thus, for road travel, it is
desirable to have slow or relatively un-
responsive steering. This problem has been
solved heretofore by the use of complex
mechanical linkages to provide multi-rate
35 steering; by the use of plural pump systems;
by the use of an accumulator to back up
the normal pump pressure for increased
responsiveness; and by the use of flow
divider valves to vary steering rates. All of
40 these systems have been relatively complex
ift nature.
According to the present invention, there
is provided a hydraulic control circuit for
the steering system of an articulated vehicle

20

fluid under pressure. first directional control
valve means in fluid communication with
said first pump means for controlling the
direction of flow of said pressurized fluid;
second pump means, responsive to a steering
input signal, for developing an output
indicative of a desired change in vehicle
direction; actuator means connected to said
first directional control valve means for
controlling the position of said first 55
directional control valve means, said
actuator means being in fluid communica-
tion with said second pumps means to
receive said output therefrom; first and
second feedback cylinders in fluid com- 60
munication with said actuator means for
developing a feedback signal to counteract
the effect of said second pump means
output; and a second directional control
valve in fluid communication with said first 65
and second feedback cylinders, wherein said-
valve places the head and rod ends of said
first and second feedback cylinders in fluid
communication in a first manner when in a
first position and places the head and rod 70
ends of said first and second feedback
cylinders in fluid communication in a
second manner when in a second position.

Preferably, said second directional con-
trol valve when in said first position places 75
the head end of said first cylinder and the
rod end of said second cylinder in fluid
communication and places the head end of
said second cylinder and the rod end of
said first cylinder in fluid communication, 80
and when in said second position said
second directional control valve places the
rod ends of said first and second cylinders
in fluid communication with a reservoir.

The drawing shows a preferred embodi- 85
ment of the hydraulic control circuit of
the present invention in graphic form.

Referring now to the only figure, a
hydraulic control circuit is provided having

50

45 including first pump means for delivering a source of pressurized fluid 10. The source 90
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of pressurized fluid is preferably a fixed
displacement pump which draws fiuid from
a reservoir 12 and delivers it to an output
line 14. The output line 14 is in fluid
5 communication with a means 16 for
apportioning the pressurized fluid between a
plurality of paths. The apportioning means
16 includes a directional control valve 18
in fluid communication with the pump 10
10 for controlling the direction of flow of the
pressurized fluid, The apportioning means
16 further includes an actuator means 20
connected to the directional control valve
18 for controlling the position of the
15 directional control valve. The actuator
means 20 is preferably a double end rod
piston actuator to yield symmetry of
operation,

An input means 22 is placed in fluid

20 communication with the apportioning means
16 for changing the apportioning of the
pressurized fluid. The input means 22
includes a second pump means 24, respon-
sive to a steering input signal, for develop-

25 ing an output indicative of a desired change
in vehicle direction. The second pump
means includes a fixed displacement charge
pump system for maintaining fluid under
pressure and delivering the fluid to a hand

30 pump 28. The hand pump 28 is preferably
connected to a steering input shaft 30 and
consists of a rotary device for metering an
amount of fluid delivered by the pump
system 26 in accordance with the degree ot

35 rotation of shaft 30. The hand pump 28 is
placed in fluid communication with the
actuator 20 by means of lines 32 and 34.
Thus, in response to rotation of the steering
input shaft 30 the hand pump 28 will meter

40 fluid either along line 32 or line 34,
depending upon the direction of rotfation of
shaft 30, to actuator 20.

The directional control valve 18 is con-

nected by means of lines 36 and 38 to a

45 steering drive cylinder 40. The cylinder 40
is, in turn, connected, head end to rod end
and rod end to head end, to a second
steering drive cylinder 42. The drive
cylinders 40 and 42 are mounted between

50 the units of an articulated vehicle to steer
the vehicle in a known manner.

A feedback means 44 is placed in fluid
communication with the apportioning means
for developing a feedback signal to

55 counteract the effect of the input means.
The feedback means 44 consists of cylinder
means, such as the feedback cylinders 46
and 48, mounted on the articulated vehicle
in such a manner as to be responsive to the

60 position of the wvehicle and the drive
cylinders 40 and 42. The feedback cylinders
46 and 48 are connected to the actuator 20
by lines 50 and 52 respectively.

The elements of the system described

65 thus far are old and form no part of the

present invention. What is new is a means
54 in fluid communication with the feed-
back means 44 for varying the feedback
signal to thereby vary the rate of counter-
acting the input signal. Normally, the feed-
back cylinders 46 and 48 might have
permanent connections between the head
and rod ends of the respective cylinders as
shown. Thus the feedback signal along
lines 50 and 52 would have a fixed degree 75
of responsiveness. However, according to
the present invention a second directional
control valve 54 is provided to, for example,
place the head end of cylinder 46 in fluid
communication with the rod end of cylinder 80
48 and the rod end of cylinder 46 in fluid
communication with the head end of
cylinder 48 in a first valve position; and to
place the rod ends of cylinders 46 and 48

in fluid communication with reservoir 12 in 85
a second position. This is only one manner

in which the feedback cylinders 46 and 48
may be connected and other alternatives
will become apparent from the following
discussion of the operation of the hydraulic 90
control circuit of the present invention.

Assuming that the directional control
valve 18 starts in a neutral position, as
shown, all fluid pumped from the pump 10
will be returned to tank 12 and there will 95
be no change in the position of the drive
cylinders 40 and 42 and thus the aftitude
of the vehicle. Should the operator turn the
steering shaft 30 in a given direction, the
hand pump 28 will meter an amount of
fluid proportional to the rotation of shaft
30 into, for example, line 34. As a result,
fluid will be pumped into the left chamber
of piston actuator 20, driving the piston
and the control spool of valve 18 to the
right a corresponding amount. As the valve
spool moves off its neutral position, fluid
from line 14 will now be permitted to flow
into line 36 and into the head end of
cylinder 40 and the rod end of cylinder 42. 110
Thus the vehicle will begin to turn.

If, for example, the feedback cylinder 46
corresponds to drive cylinder 40 and the
feedback cylinder 48 corresponds to drive
cylinder 42, the piston of cylinder 46 will
be moved to the left and the piston of
cvlinder 48 will be moved to the right, as
a result of vehicle movement. Accordingly,
if the directional control valve 54 is in the
first position, as illustrated, fluid from the
head end of cylinder 48 and fluid from the
rod end cylinder 46 will be pumped into
the right hand chamber of piston actuator
20. Additionally fluid from the left side of
piston actuator 20 will be permitted to
escape through line 50 to the head end of
cylinder 46 and the rod end of cylinder 48.
Thus, the piston in actuator 20 will be
moved to the left, counteracting the input
signal from hand pump 28 and the valve 18 130
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will again be moved to its neutral position
cutting off any flow to the cylinders 40 and
42, and thus preventing any further change
in attitude of the vehicle. Consequently, in

5 this first position, a relatively large feedback
signal is provided which in turn makes the
responsiveness of the steering relatively slow.
Such an arrangement would be suitable for
high speed operation of the vehicle.

10 However, for low speed operation of the
vehicle where highly responsive steering is
required, the valve 54 may be placed in a
second position. The valve 54 may be so
shifted either manually, or automatically

15 through a mechanical connection to the
vehicle transmission. In any case, if the
valve 54 is shifted to the right, as a result
of an idential steering input the feedback
signal will be altered considerably. In the

20 second position only the head end of feed-
back cylinder 48 will be delivering fluid
through line 52 to the right side of piston
actuator 20. Additionally, only the head end
of feedback cylinder 46 will be available to

25 receive fluid from the left side of actuator
20. As a result, the spool of valve 18 would
not be returned to its neutral position as
quickly as in the first example, and the
steering would be more responsive. In the

30 example illustrated, the steering in the
second case might be nearly twice as
responsive as the steering in the first case.
However, this ratio can be easily varied
first of all by changing the volumetric ratios

35 between cylinder head and rod ends.
Additionally, although only two feedback
cylinders have been illustrated, there is no
limit to the number of feedback cylinders
that may be utilized and, accordingly, a

40 wide range of steering responsiveness could
easily be achieved. Furthermore, while the
valve 54 is illustrated as a two position
valve, it could in fact have additional
positions, enabling the operator to have the

45 choice of several degrees of steering respon-
siveness if so desired. Of course, should the
steering input shaft 30 be turned in a second
direction, the spool of valve 18 would be
moved to the left and the system would

50 work in an identical but opposite manner.

Thus, a hydraulic control circuit for the
steering system of an articulated vehicle
has been provided which will easily enable
the operator to achieve a high degree of

55 steering responsiveness at low vehicle speeds
and a low degree of steering responsiveness
at high vehicle speeds. Since the system
changes only the feedback signal and does
not alter the mode of operation of the

primary hydraulic circuit, the metering
characteristics of control valve 18 remain
unaffected by the change in steering
responsiveness. Additionally, since only a
directional contro] valve and a few extra
lines need be added to existing steering
systems, the present system may be easily
adapted to systems presently in use. Further-
more, this ease of adaptation will enable
the present invention to be easily and in-
expensively manufactured.

WHAT WE CLAIM IS.

1. A hydraulic control circuit for the
steering system of an articulated vehicle
including first pump means for delivering
fluid under pressure; first directional control
valve means in fluid communication with
said first pump means for controlling the
direction of flow of said pressurized fluid;
second pump means, responsive to a steering
input signal, for developing an output
indicative of a desired change in vehicle
direction; actuator means connected to said
first directional control valve means for
controlling the position of said first
directional control valve means, said
actuator means being in fluid communica-
tion with said second pump means to receive
said output therefrom; first and second
feedback cylinders in fluid communication
with said actuator means for developing a
feedback signal to counteract the effect of
said second pumps means output; and a
second directional control valve in fluid
communication with said first and second
feedback cylinders, wherein said valve places
the head and rod ends of said first and
second feedback cylinders in fluid com-
munication in a first manner when in a first
position and places the head and rod ends
of said first and second feedback cylinders
in fluid communication in a second manner
when in a second position.

2. A hydraulic control circuit as set forth
in Claim 1 wherein said second directional
control valve when in said first position
places the head end of said first cylinder
and the rod end of said second cylinder
in fluid communication and places tthe head
end of said second cylinder and the rod end
of said first cylinder in fluid communication,
and when in said second position said
second directional control valve places the
rod ends of said first and second cylinders
in fluid communication with a reservoir.

3. A hvdraulic control circuit sub-
stantially as described and illustrated by the
accompanying drawing.
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This drawing is a reproduction of
1 SHEET the Original on a. reduced scale
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