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(54) HYDRAULIC STEERING SYSTEM

(57) A hydraulic steering system (1) is provided hav-
ing a steering device (2) and a symmetrically acting steer-
ing motor (3), said steering device (2) comprising a supply
port arrangement having a high pressure port (P) and a
low pressure port (T), a working port arrangement having
two working ports (L, R), a control valve (14), two working
lines (18, 19) each connecting said control valve (14) with
one of said working ports (L, R), and a measuring motor
(23).

Such a hydraulic steering system should show a
comfortable steering behavior.

To this end said measuring motor (23) is arranged
in one of said working lines (18, 19).
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Description

[0001] The present invention relates to a hydraulic
steering system having a steering device and a symmet-
rically acting steering motor, said steering device com-
prising a supply port arrangement having a high pressure
port and a low pressure port, a working port arrangement
having two working ports, a control valve, two working
lines each connecting said control valve with one of said
working ports, and a measuring motor.
[0002] Such a steering system is used to steer a vehi-
cle, for example a truck or a tractor.
[0003] The driver actuates a steering member, for ex-
ample a steering wheel, which is connected to the control
valve. Depending on the direction of the steering move-
ment the control valve opens the flow path from the high
pressure port to one of the working ports and another
flow path from the other working port to the low pressure
port. In each flow path a number of orifices or bleeds are
arranged. Before entering the control valve the fluid from
the high pressure port is guided through the measuring
motor. The measuring motor acts on the control valve in
a sense to close the above mentioned flow path when
an amount of hydraulic fluid corresponding to the intend-
ed steering angle of the steering member has been de-
livered or metered to the respective working po rt.
[0004] In many cases the control valve comprises a
housing having a bore in which a spool and a sleeve are
positioned. The spool and the sleeve can be rotated rel-
ative to each other to open the above mentioned flow
paths and to close other flow paths, if appropriate.
[0005] Such a steering system has the drawback that
a change from one steering direction to the opposite
steering direction shows a certain gap or dead zone. In
other words, when the steering direction is changed a
certain time passes before the steering motor can react
to the new steering command. This makes in some cases
steering difficult and uncomfortable.
[0006] The object underlying the invention is to show
a hydraulic steering system having a comfortable steer-
ing behavior.
[0007] This object is solved with a hydraulic steering
system as described at the outset in that said measuring
motor is arranged in one of said working lines.
[0008] The function of the measuring motor is the same
as before. It meters the amount of hydraulic fluid passing
to the working port and resets the control valve, i.e. closes
respective fluid paths and opens other fluid paths, if ap-
propriate, when the required amount of hydraulic fluid
has passed to the respective working port. However,
when the steering direction is changed there is no dead
band or time gap between steering in one direction and
steering in the opposite direction. This makes steering
more comfortable.
[0009] In a preferred embodiment said control valve
comprises a neutral position in which said two working
lines are connected. In this way it is possible to use the
measuring motor as auxiliary pump in case that the pres-

sure at the high pressure port is not high enough for steer-
ing, for example due to a failure in the motor of the vehicle
driving the main pump supplying the steering system with
hydraulic fluid. When the supply pressure at the high
pressure port is not sufficient to actuate the steering mo-
tor, the necessary hydraulic pressure can be generated
with means of the measuring motor. Since the measuring
motor is directly arranged between the two ports of the
steering motor, a direct steering of the steering system
is possible. The measuring motor is actuated by the steer-
ing member, for example by the steering wheel.
[0010] Preferably in said neutral position said high
pressure port and said low pressure port are connected
to each other via throttling means. In this way an open
center steering device is realized. The throttling means
prevent a too large flow through the steering device. How-
ever, the steering device can be kept on a temperature
corresponding to the temperature of the hydraulic fluid.
[0011] Preferably said throttling means comprise a first
bleed between said high pressure port and a connection
of said two working lines. In this way the hydraulic fluid
supplied to the high pressure port of the steering device
is throttled before it can reach the connection between
the two working ports. The two working ports are pre-
vented from being permanently loaded by the pressure
of the high pressure port.
[0012] Furthermore, it is preferred that said throttling
means comprise a second bleed between said low pres-
sure port and said connection of said two working ports.
The first bleed and the second bleed form a pressure
divider with which an ideal pressure at the working port
can be adjusted.
[0013] Preferably said measuring motor comprises two
measuring motor ports, each measuring motor port being
connected to said working line and each measuring mo-
tor port being connected to a tank via a check valve open-
ing in a direction to said measuring motor port. The check
valves close in a direction towards said tank. Therefore,
during normal operation there is no risk that hydraulic
fluid under pressure escapes to the tank. However, in an
emergency situation it is possible that the measuring mo-
tor sucks hydraulic fluid from the tank to supply it to the
steering motor.
[0014] Preferably said high pressure port and said low
pressure port are connected by means of a port check
valve opening from said low pressure port to said high
pressure port, wherein releasable blocking means are
located between said low pressure port and said tank.
When in an emergency steering situation the measuring
motor acts as pump supplying hydraulic fluid under the
required pressure to the steering motor and the steering
motor is moved in a direction decreasing the volume of
the pressure chamber to which the measuring motor is
connected, pressure builds up at the low pressure port
of the steering device. This pressure cannot escape to
the tank due to the blocking means. This pressure can,
however, open the port check valve to feed the hydraulic
fluid under pressure to the high pressure port and to sup-
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ply the hydraulic fluid to the pressure chamber having
the increasing volume. During normal operation the port
check valve prevents a short circuit between the high
pressure port and the low pressure port and the blocking
means are open.
[0015] Preferably said blocking means are in form of
an over center valve. An over center valve can operate
on basis of pressures in the hydraulic steering system
so that no external commands are necessary in order to
open or release the blocking means.
[0016] In a preferred embodiment said over center
valve comprises a first actuating port and a second ac-
tuating port, said first actuating port being connected to
said low pressure port and said second actuating port
being connected to said measuring motor and said work-
ing port connected to said measuring motor. In this way
it is possible to open the blocking means based on two
pressure signals. One pressure signal is the pressure at
the low pressure port and the other pressure is basically
the pressure in one of the pressure chambers of the steer-
ing motor. Both pressure signals are sufficient to reliably
operate the over center valve.
[0017] In this case it is preferred that a first opening
pressure at said first actuating port is lower than a second
operating pressure at said second actuating port. Already
a rather low second pressure is sufficient to open the
over center valve. This pressure can be smaller than the
normal operating pressure of the hydraulic steering sys-
tem so that during normal operation the blocking means
are always open. The first opening pressure is higher.
The opening of the over center valve by means of the
first opening pressure is more or less a safety measure
to avoid an overload of the tank line and parts connected
to the tank line.
[0018] In a preferred embodiment an over center check
valve is located in a valve element of said over center
valve. This is an additional safety measure in case the
valve element of the over center valve is blocked. In this
case the over center check valve allows escape of hy-
draulic fluid under a too high pressure.
[0019] A preferred embodiment of the invention will
now be described in more detail with reference to the
drawing, wherein:

Fig. 1 shows schematically a hydraulic steering sys-
tem and

Fig. 2 shows schematically an over center valve.

[0020] A steering system 1 comprises a steering de-
vice 2 and a steering motor 3.
[0021] The steering motor 3 is a symmetrically acting
steering motor. In the present case the steering motor 3
is in form of a cylinder 4 in which a piston 5 is arranged.
The piston 5 divides the interior of the cylinder in a first
pressure chamber 6 and a second pressure chamber 7.
The piston 5 is provided with a first piston rod 8 running
through the first pressure chamber 6 and with a second

piston rod 9 running through the second pressure cham-
ber 7. The piston rods 8, 9 have the same diameter.
Therefore, the piston 5 comprises a first pressure area
10 in the first pressure chamber 6 and a second pressure
area 11 in the second pressure chamber 7, wherein the
first pressure area 10 and the second pressure area 11
are of the same size.
[0022] The steering device 2 comprises a supply port
arrangement having a high pressure port P and a low
pressure port T. As shown, the high pressure port P is
connected to a pump 12 which is driven by a motor (not
shown) of a vehicle to be steered by said steering system
1. The low pressure port T is connected to a tank 13.
[0023] The steering device 2 furthermore comprises a
working port arrangement having a first working port L
and a second working port R. The first working port L is
connected to the first pressure chamber 6 and the second
working port R is connected to the second pressure
chamber 7.
[0024] The steering device 2 comprises a control valve
14. The control valve 14 is connected to a steering wheel
15 or any other steering member. More precisely, the
control valve 14 comprises a spool 16 which is rotatably
arranged within a sleeve 17. Upon actuation of the steer-
ing wheel 15 spool 16 is rotated relative to sleeve 17 to
open and close fluid paths which will be explained below.
[0025] The steering device 2 comprises a first working
line 18 connecting the control valve 14 with the first work-
ing port L and a second working line 19 connecting the
control valve 14 and the second working port R.
[0026] The figure shows the neutral position of the con-
trol valve 14. In the neutral position the control valve 14
forms a connection path 20 connecting the two working
lines 18, 19. The connection path 20 is connected to the
high pressure port P via first throttling means 21 and to
the low pressure port T via second throttling means 22.
In the neutral position of the control valve 14 a flow of
hydraulic fluid from the pump 12 to the tank 13 is possible.
However, the flow is limited by the two throttling means
21, 22. Throttling means 21, 22 form a pressure divider.
When throttling means 21, 22 have the same throttling
resistance, a pressure in the connection path 20 corre-
sponds to a half of the pressure difference between the
high pressure port P and the low pressure port T.
[0027] In a first steering position control valve 14 con-
nects the high pressure port P and the first working line
18 as well as the second working line 19 and the low
pressure port T.
[0028] In a second steering position control valve 14
connects high pressure port P and the second working
line 19 as well as the first working line 18 and the low
pressure port T.
[0029] The steering device 2 furthermore comprises a
measuring motor 23 which is located in the first working
line 18. It could, however, be located in the second work-
ing line 19 as well.
[0030] The measuring motor 13 is driven by the hy-
draulic fluid passing through the first working line 18. As
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shown, the measuring motor is connected by means of
a schematically shown connection 24 to the sleeve 17.
The fluid passing the measuring motor 23 drives the
measuring motor 23 and the sleeve 17 so that sleeve 17
follows the movement of spool 16 so that after a certain
amount of hydraulic fluid has passed through control
valve 14, control valve 14 assumes again the neutral po-
sition.
[0031] Since the measuring motor 23 is located in one
of the working lines, in the present case in the first working
line 18, there is no delay in actuating the measuring motor
23 when changing the steering direction.
[0032] The measuring motor 23 is connected to tank
13 by means of two check valves 25, 26, each check
valve 25, 26 opening in a direction towards said meas-
uring motor 23. This means that the measuring motor 23
can suck hydraulic fluid from tank 13 in each direction of
operation, for example if hydraulic fluid is missing due to
leakages or the like.
[0033] A pump check valve 27 is located between the
pump 12 and the high pressure port P and opens in a
direction towards the high pressure port P.
[0034] A port check valve 28 is located in a line con-
necting the high pressure port P and the low pressure
port T and opens in a direction from the low pressure port
T towards the high pressure port P.
[0035] Blocking means in form of an over center valve
29 are arranged in a tank line 30 connecting the low pres-
sure port T and tank 13.
[0036] Over center valve 29 comprises a first actuating
port 31 and a second actuating port 32. The first actuating
port 31 is connected to the first working port L. The sec-
ond actuating port 32 is connected to the low pressure
port T. A spring 33 acts in a direction opposite to the
direction of pressure at the two actuating ports 31, 32.
[0037] Over center valve 29 comprises a valve element
34 in which an over center check valve 35 is arranged.
The over center check valve 35 opens in a direction from
the low pressure port T to tank 13.
[0038] During normal operation pump 12 supplies hy-
draulic fluid under pressure from tank 13 to the high pres-
sure port P. The pump check valve 27 is opened by this
pump pressure and the port check valve 28 is closed.
The steering direction is determined by the position of
the control valve 14.
[0039] In an emergency steering mode the pressure
of pump 12 is too low. In this case the steering wheel 15
is rotated in a direction in which the high pressure port P
is connected to the measuring motor 23. The measuring
motor 23 pumps hydraulic fluid under pressure into the
first pressure chamber 6. Hydraulic fluid escaping from
the second pressure chamber 7 can build up a pressure
at the low pressure port T since the over center valve 29
is closed by means of spring 33. There is not sufficient
pressure at the first actuating port 31 and there is no
sufficient pressure at the second actuating port 32. The
pressure at the low pressure port T can open the port
check valve 28. However, if the pressure at the low pres-

sure port T becomes too high, the over center valve 29
is opened due to the pressure at the second actuating
port 32.
[0040] If in the emergency steering mode the steering
wheel is rotated in the opposite direction the measuring
motor 23 sucks hydraulic fluid out of the first pressure
chamber 6 thereby lowering the pressure at the first work-
ing port L and lowering the pressure at the first actuating
port 31 of the over center valve 29 thereby closing the
over center valve 29 by means of the action of the spring
33.
[0041] Hydraulic fluid pressurized by the measuring
motor 23 is guided to the low pressure port T and builds
up a pressure opening port check valve 28 so that the
pressurized hydraulic fluid can reach the second working
port R and can be supplied to the second pressure cham-
ber 7.
[0042] Fig. 2 shows schematically the functional ele-
ments of the over center valve 29.
[0043] Over center valve 29 comprises the valve ele-
ment 34 which is connected to a piston 36. The valve
element 34 is directly loaded by a pressure at the second
actuating port 32 and indirectly loaded by the pressure
at the first actuating port 31 via said piston 36. The ef-
fective pressure area of piston 36 is, for example, by the
factor 5 larger than the effective pressure area of valve
element 34. Therefore a much lower pressure at the first
actuating port 31 is sufficient to move valve element 34
and to open over center valve 29.
[0044] The over center check valve 35 comprises a
check valve element 37 which is loaded by spring 33 (or
another spring, if appropriate). When, for example, valve
element 34 of over center valve 29 is blocked by dirt or
any other means, the check valve element 37 can be
lifted from the valve element 34 when the force generated
by the pressure at the second actuating port 32 exceeds
the force of spring 33.

Claims

1. Hydraulic steering system (1) having a steering de-
vice (2) and a symmetrically acting steering motor
(3), said steering device (2) comprising a supply port
arrangement having a high pressure port (P) and a
low pressure port (T), a working port arrangement
having two working ports (L, R), a control valve (14),
two working lines (18, 19) each connecting said con-
trol valve (14) with one of said working ports (L, R),
and a measuring motor (23), characterized in that
said measuring motor (23) is arranged in one of said
working lines (18, 19).

2. Hydraulic steering system according to claim 1,
characterized in that said control valve (14) com-
prises a neutral position in which said two working
lines (18, 19) are connected.
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3. Hydraulic steering system according to claim 2,
characterized in that in said neutral position said
high pressure port (P) and said low pressure port (T)
are connected to each other via throttling means
(21,22).

4. Hydraulic steering system according to claim 3,
characterized in that said throttling means (21, 22)
comprise a first bleed (21) between said high pres-
sure port (P) and a connection (20) of said two work-
ing lines (18, 19).

5. Hydraulic steering system according to claim 4,
characterized in that said throttling means (21, 22)
comprise a second bleed (22) between said low
pressure port (P) and said connection (20) of said
two working ports (L, R).

6. Hydraulic steering system according to the any of
claims 1 to 5, characterized in that said measuring
motor (23) comprises two measuring motor ports,
each measuring motor port being connected to said
working line (18) and each measuring motor port be-
ing connected to a tank (13) via a check valve (25,
26) opening in a direction to said measuring motor
port.

7. Hydraulic steering system according to claim 6,
characterized in that said high pressure port (P)
and said low pressure port (T) are connected by
means of a port check valve (28) opening from said
low pressure port (T) to said high pressure port (P),
wherein releasable blocking means are located be-
tween said low pressure port (T) and said tank (13).

8. Hydraulic steering system according to claim 6 or 7,
characterized in that said blocking means are in
form of an over center valve (29).

9. Hydraulic steering system according to claim 8,
characterized in that said over center valve (29)
comprises a first actuating port (31) and a second
actuating port (32), said first actuating port being
connected to said low pressure port (T) and said sec-
ond actuating port (32) being connected to said
measuring motor (23) and said working port (L) con-
nected to said measuring motor (23).

10. Hydraulic steering system according to claim 9,
characterized in that a first opening pressure at
said first actuating port (31) is lower than a second
operating pressure at said second actuating port
(32).

11. Hydraulic steering system according to any of claims
8 to 10, characterized in that an over center check
valve (35) is located in a valve element (34) of said
over center valve (29).
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