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(57) Abstract: A control arrangement (5) of a hydraulic system (1) is provided, said control arrangement (5) comprising a supply
port arrangement having a high pressure port (6) and a low pressure port (7), a working port arrangement having two working ports
(8, 9), a first valve (10) arranged between said high pressure port (6) and said working port arrangement (8, 9), a second valve (11)
arranged between said low pressure port (7) and said working port arrangement (8, 9). Such a control arrangement should enhance
the control of a hydraulic system. To this end a controller (16) is provided for controlling said first valve (10) and said second valve
(11), said controller (16) has an input connection (17) for receiving a signal of an operator input device and on the basis of said sig-
nal said controller at least initially calculates an unbalance between a first flow demand for said first valve (10) and a second tlow
demand for said second valve (11), and adjusts said first valve (10) according to said first flow demand and said second valve (11)
according to said second flow demand.
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A control arrangement of a hydraulic system and a method for controlling a

hydraulic system

The present invention relates to a control arrangement of a hydraulic system,
said control arrangement comprising a supply port arrangement having a
high pressure port and a low pressure port, a working port arrangement

5 having two working ports, a first valve arranged between said high pressure
port and said working port arrangement, and a second valve arranged
between said low pressure port and said working port arrangement.

Furthermore, the present invention relates to a method for controlling a
10 hydraulic system comprising a supply port arrangement having a high
pressure port and a low pressure port , a working port arrangement having

two working ports , a first valve arranged between said high pressure port
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and said working port arrangement, and a second valve arranged between
said low pressure port and said working port arrangement, the method
comprising generating an input signal for said hydraulic system.

Such a control arrangement and such a method are known from

WO 96/27051 A1. In the system shown in this reference, the flow to the
working port arrangement and to an actuator connected to said working port
arrangement and the flow back from the actuator can be controlled
independently. One valve provides pressurized fluid to the actuator and the
other valve connects the fluid coming from the actuator with the return line of
the hydraulic system or the low pressure connection.

The object underlying the invention is to enhance the control of a hydraulic

circuit.

This object is solved in that a controller is provided for controlling said first
valve and said second valve, said controller has an input connection for
receiving a signal of an operator input device and on the basis of said signal
said controller at least initially calculates an unbalance between a first flow
demand for said first valve and a second flow demand for said second valve,
and adjusts said first valve according to the first flow demand and said

second valve according to said second flow demand.

In the following, a flow of pressurized fluid from the high pressure port to the
working port arrangement is called "meter-in flow" and the fluid coming from
the working port arrangement to the low pressure port of the hydraulic

system is called "meter-out flow".

The input signal from the operator's input device represents the meter-in flow
and gets converted by the controller into a flow demand for both valves
separately. The flow demand is a quantity representing the flow which should
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be able to pass through the valve. In other words, the flow demand is
representative of the opening degree of the valve related to a pressure
difference over the valve. Basically, the flow demand for the first valve should
be equal to the flow demand of the second valve, depending on the type of
actuator. If the actuator is a differential cylinder, the cylinder ratio is
additionally taken into account for the calculation of the ratio between the
meter-in flow demand and the meter-out flow demand. The controller adjusts
the first valve and the second valve so that, for example, the demanded
meter-out flow is slightly higher than the demanded meter-in flow. This
apparent unbalance avoids intended back-pressure in the actuator but still
enables the operator to control the actuator speed for both positive and
negative actuator forces. As will be clear from the following, the first flow
corresponds to the meter-in flow and the second flow corresponds to the
meter-out flow and consequently the first flow demand corresponds to the
meter-in flow demand and the second flow demand corresponds to the

meter-out flow demand.

It is preferred that the controller calculates a first flow demand for said first
valve and a second flow demand for said second valve. The flow demand for
both valves is calculated separately.

In many cases it is sufficient to have a fixed difference between the first flow
demand and the second flow demand. However, in some cases it is an
advantage that, depending on a load condition at the working port
arrangement, said controller corrects said first flow demand and/or said
second flow demand. In this way, it is possible to increase or decrease the
difference between the first flow demand and the second flow demand. In
many cases the load direction is predictable and for those cases it is
sufficient to control either the meter-in flow or the meter-out flow of a
hydraulic actuator. When the load direction is not predictable, a control logic
has to observe the actual load and switch the control method between meter-
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in flow control and meter-out flow control. However, in some cases it is an
advantage that a control logic must not determine which load direction is
present and thereby avoiding abrupt transitions between the two control
methods, associated with abrupt actuator velocity changes.

Preferably, said controller is connected to first pressure drop measuring
means measuring a first pressure drop over said first valve and/or to second
pressure drop measuring means measuring a second pressure drop over
said second valve. Using pressure drop measuring means, the controller is
able to adjust the respective valve to the given flow demand. The measured

pressure drop is a valuable information for the controller.

Preferably, said first valve and said second valve each comprise means for
indicating an opening degree, said means being connected to said controller.
The means for indicating an opening degree can, for example, be a position
sensor sensing a position of a valve element within a valve housing. The
position of the valve element is an indication for the magnitude of the
metering area. Therefore, the controller and the first valve form a first closed
loop control circuit. According to the measured pressure drop over the first
valve and according to the metering area known from the means for
indicating an opening degree, the controller can adjust the first valve in order
to meet the flow demand given from the controller. The same is true for the
second valve forming, together with the controller, a second closed loop

control circuit.

Preferably, said first valve and/or said second valve are spool valves. In a
spool valve a spool is moved within a housing. The position of the spool is an
indication of the metering area. Therefore, if the position of the spool in the
housing is known, the "opening degree" or the metering area are known as

well.
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Preferably, in case of a positive load, the first valve determines the velocity of
an actuator connected to said working port arrangement and a back pressure
is automatically adjusted to its minimum level. In this way, a reliable control of
the speed or velocity of the actuator is guaranteed and at the same time a

back-pressure is present, however, on a minimum level.

In an additional or alternative embodiment, in case of a negative load, the
second valve determines the velocity of an actuator connected to said
working port arrangement and the first valve determines an anti-cavitation
pressure. The determination of the velocity of the actuator is switched from
the first valve to the second valve, depending on the load condition. In any

case, cavitation is avoided.

The object is solved in a method as mentioned above in that a first flow
demand for the first valve and a second flow demand for the second valve
are calculated separately to create at least initially an unbalance between

said first flow demand and said second flow demand.

As mentioned above in connection with the hydraulic control arrangement,
this unbalance has the effect that, for example, the second valve in case of a
positive load is adjusted to a larger opening degree than it would be

necessary per se. Therefore the energy consumption can be minimized.

Preferably, the first valve determines the velocity of an actuator connected to
the working port arrangement and a back pressure is automatically adjusted
to its minimum level. The first valve is used to control the flow from the high

pressure port to the working port arrangement.

Additionally or alternatively in case of a negative load, the second valve
determines the velocity of an actuator connected to said working port

arrangement and the first valve determines an anti-cavitation pressure. In
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case of a negative load, the second valve determines the flow from the
working port arrangement to the low pressure port and the first valve is used
for

anti-cavitation purposes.

A preferred example of the invention will now be described in more detail with

reference to the drawing, wherein:

Fig. 1 is a schematic illustration of a control arrangement and an
actuator under positive load and

Fig. 2 is a schematic illustration of the control arrangement and the
actuator under negative load.

Figure 1 shows a hydraulic system 1. The hydraulic system comprises an

actuator 2, a pressure source in form of a pump 3 and a tank 4. Furthermore,
the hydraulic system comprises a control arrangement 5. The control
arrangement 5 comprises a supply port arrangement having a high pressure
port 6 and low pressure port 7. The high pressure port 6 is connected to the
pump 3. The low pressure port 7 is connected to the tank 4. Furthermore, the
control arrangement 5 comprises a working port arrangement having a first
working port 8 and a second working port 9. The two working ports 8, 9 are
connected to the actuator 2.

Furthermore, the control arrangement 5 comprises a first valve 10 and a
second valve 11. Both valves 10, 11 are in the form of spool valves. The first
valve 10 comprises a first spool 12, which can be moved by a first spool drive
13. The second valve 11 comprises a second spool 14, which can be moved
by a second spool drive 15.
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The first valve 10 controls a flow of fluid from the high pressure port 6 to one
of the working ports 8, 9, depending on the position of the spool 12. In other
words, the first valve 10 controls the meter-in flow, because it controls the

flow of fluid flowing into the actuator 2.

The second valve 11 controls the flow of fluid from the working port
arrangement to the low pressure port 7. In other words, the second valve 11
controls the flow of fluid coming out of the actuator 12, i.e. the meter-out flow.

Both valves 10, 11 are controlled by a controller 16. The controller 16 is
connected to the first spool drive 13 and to the second spool drive 15. In a
preferred embodiment the spool drives 13, 15 may be realized in form of a
bridge with several solenoids, e.g. four solenoids, working in a bridge and
performing, by means of a pilot oil supply, opening and closing of a
connection to tank or pilot oil supply, thus displacing the valve slide or
element. However, also other methods of displacing the valve element can

be imagined.

The control arrangement 5 furthermore comprises pressure drop measuring
means. In order to simplify the illustration, pressure sensors PP, PT, P1, P2
are shown. The pressure sensor PP is connected to the high pressure port 6.
The sensor PT is connected to the low pressure port 7. The sensor P1 is
connected to working port 9 and the pressure sensor P2 is connected to
working port 8. All pressure sensors PP, PT, P1 and P2 are connected to the
controller 16. Therefore, the controller 16 is able to detect a pressure drop
over the first valve 10 (depending on the position of the spool 12, this
pressure drop is the difference between P2 and PP or between P1 and PP).
The controller 16 is able to determine the pressure drop over the second
valve 11 as well (depending on the position of the second spool 14, this is the

difference between P1 and PT or between P2 and PT).
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The spool drives 13, 15 feed back to the controller 16 an information about
the position of the respective spool 12, 14. Therefore, the controller 16
"knows" the opening degree, in other words, the metering area of the first
valve 10 and the second valve 11. The spool 12, 14 can be, for example, be
provided with a position measuring device, in a preferred embodiment a
sensor working by means of an LVDT transducer, however, also other means

of measuring principles can be used as well.

The controller 16 furthermore comprises an input connection 17 for receiving

a signal of an operator input device, e.g. a joystick.

The input signal from the operator's input device represents the meter-in flow
and get converted by the converter 16 into a flow demand for both valves 10,
11, separately. The flow demand is a quantity indicating the flow of fluid
which could pass through each valve 10, 11 of, if the pressure drop over the
valve is known, an indication of the opening degree or metering area. If the
actuator 2 as shown, is a differential cylinder, the cylinder ratio (ratio between
the pressure areas A2 and A1) is taken into account for the calculation of the

meter-out flow demand.

According to the measured pressure drop across the metering edges of the
valve 10, 11 and according to the known metering area of the valves 10, 11,
the position of the spools 12, 14 gets always adjusted in order to meet the
given flow demand from the controller. The demanded meter-out flow is at
least initially slightly higher than the demanded meter-in flow. This apparent
unbalance avoids unintended back-pressure in the actuator 2 but still enables
the operator to control the speed of the actuator 2 for both positive and
negative actuator forces.

Positive load is given when the actuator force F counteracts the motion of the
actuator. Such a situation is shown in figure 1. The feed pressure P2 reflects
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the actuator force F and back-pressure P1. The back-pressure P1 is
determined by the sum of throttling losses in the line between the actuator 2
and the second valve 11, across the metering edges of the second valve 11
itself and in the line between the second valve 11 and the low pressure port
7.

The flow control at the second valve 11 demands slightly higher meter-out
flow than the first valve 10 would meter into the actuator 2. The meter-in /
meter-out flow balance of the actuator 2 is disturbed and lowers the back-
pressure P1. The lowered back-pressure P1 requires a wider opening of the
second valve 11 in order to maintain the demanded flow through the second
valve 11. The continued flow unbalance lets sink the back-pressure P1 even
more, which again forces the second valve 11 to open more. This sequence
continues until the second valve 11 reaches its maximum spool position or
opening degree. Then the second valve 11 does no longer control any longer
the meter-out flow. For keeping the demanded meter-out flow a much higher
opening of the second valve 11 would be required, which cannot be provided
due to the spool position saturation. The actual flow through the second valve
11 lowers until it meets the meter-in / meter-out flow equilibrium of the

actuator 2.

The flow through the first valve 10 (meter-in flow) determines the velocity of
the actuator. The back-pressure is automatically adjusted to its minimum

level.

Negative load is given when the actuator force F has the same direction as
the motion of the actuator 2. This situation is shown in figure 2. The feed-
pressure P2 is typically close to zero. The back-pressure P1 reflects the
actuator force F and the sum of throttling losses in the line between the

actuator 2 and the second valve 11, across the metering edges of the second
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valve 11 itself and in the line between the second valve 11 and the low
pressure port 7.

The flow control at the second valve 11 demands slightly higher meter-out
flow than the first valve 10 would meter into the actuator 2. As there is
sufficient pressure drop across the second valve 11, the second valve 11 will
settle to a particular spool position where the meter-out flow matches the flow
demand. Due to negative actuator force the back-pressure P1 will not sink
and the unbalanced flow equilibrium at the actuator 2 is the reason for the
lowering of the feed-pressure P2. The feed-pressure P2 would settle to
values below zero as the actuator 2 displaces more fluid volume than
provided by the meter-in flow through the first valve 10 due to the higher
meter-out flow. The avoidance of the cavitation effect is subject of an
additional function.

This anti-cavitation function ensures a minimum feed-pressure level. It
monitors the feed-pressure P2 and demands more meter-in flow when the
feed-pressure P2 drops below a defined level (anti-cavitation pressure). By
providing more meter-in flow than initially demanded by the flow control, the
flow equilibrium at the actuator 2 is balanced and the feed-pressure P2 stops
lowering. When the anti-cavitation pressure is reached, the additional meter-
in flow demand is going to be reduced gradually until the initial flow demand
by the flow control remains. So, the anti-cavitation function is always present
in the background and when the feed-pressure drops below cavitation critical
levels, it provides more meter-in flow to the actuator 2. The second valve 11
(meter-out flow) determines the velocity of the actuator 2. The feed-pressure

P2 settles on its minimum level (anti-cavitation pressure).
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Claims

1. A control arrangement (5) of a hydraulic system (1), said control
arrangement (5) comprising a supply port arrangement having a high
pressure port (6) and a low pressure port (7), a working port
arrangement having two working ports (8, 9), a first valve (10)

5 arranged between said high pressure port (6) and said working port

arrangement (8, 9), and a second valve (11) arranged between said
low pressure port (7) and said working port arrangement (8, 9),
characterized in that a controller (16) is provided for controlling said
first valve (10) and said second valve (11), said controller (16) has an

10 input connection (17) for receiving a signal of an operator input device
and on the basis of said signal said controller at least initially
calculates an unbalance between a first flow demand for said first
valve (10) and a second flow demand for said second valve (11), and
adjusts said first valve (10) according to said first flow demand and

15 said second valve(11) according to said second flow demand.
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The control arrangement according to claim 1, characterized in that
said controller (11) calculates a first flow demand for said first valve
(10) and a second flow demand for said second valve (11).

The control arrangement according to claim 1or 2, characterized in
that, depending on a load condition at the working port arrangement
(8, 9), said controller (16) corrects said first flow demand and/or said
second flow demand and for adjusts said second valve (11) according

to said second flow demand.

The control arrangement according to any of claims 1 to 3,
characterized in that said controller (16) is connected to first pressure
drop measuring means (P1, PT; P2, PP) measuring a first pressure
drop over said first valve (10) and/or to second pressure drop (P1, PP;
P2, PT) measuring means measuring a second pressure drop over

said second valve (11).

The control arrangement according to any of claims 1 to 4,
characterized in that said first valve (10) and said second valve (11)
each comprise means (13, 15) for indicating an opening degree, said
means being connected to said controller.

The control arrangement according to any of claims 1 to 5,
characterized in that said first valve (10) and/or said second valve (11)

are spool valves.

The control arrangement according to any of claims 1 to 6,
characterized in that, in case of a positive load, the first valve (10)
determines the velocity of an actuator (2) connected to said working
port arrangement (8, 9) and a back pressure (P1) is automatically

adjusted to its minimum level.
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The control arrangement according to any of claims 1 to 7,
characterized in that, in case of a negative load, the second valve (11)
determines the velocity of an actuator (2) connected to said working
port arrangement (8, 9) and the first valve (10) determines an anti-

cavitation pressure (P2).

A method for controlling a hydraulic system (1) comprising a supply
port arrangement having a high pressure port (6) and a low pressure
port (7), a working port arrangement having two working ports (8, 9), a
first valve (10) arranged between said high pressure port (6) and said
working port arrangement (8, 9), and a second valve (11) arranged
between said low pressure port (7) and said working port arrangement
(8, 9), the method comprising generating an input signal for said
hydraulic system (1), characterized in that a first flow demand for the
first valve (10) and a second flow demand for the second valve (11)
are calculated separately to create at least initially an unbalance

between said first flow demand and said second flow demand.

The method according to claim 9, characterized in that in case of a
positive load, the first valve (10) determines the velocity of an actuator
(2) connected to said working port arrangement (8, 9) and a back
pressure (P1) is automatically adjusted to its minimum level.

The method according to claim 9 or 10, characterized in that, in case
of a negative load, the second valve (11) determines the velocity of an
actuator (2) connected to said working port arrangement (8, 9) and the

first valve (10) determines an anti-cavitation pressure.
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