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(57) An arrangement for controlling the flow rate
through a hydraulic valve, the arrangement comprising
a control device having a first range of positions for pro-
viding a first range of flow rates through the hydraulic
valve, a second range of positions for providing a second
range of flow rates through the hydraulic valve, and a
neutral position for providing substantially no flow
through the hydraulic valve, wherein the relationship be-

tween the first range of flow rates through the hydraulic
valve and the first range of positions of the control device
is substantially linear having a first ratio and the relation-
ship between the second range of flow rates through the
hydraulic valve and the second range of positions of the
control device is substantially linear having a second ra-
tio.
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Description

[0001] The present invention relates to a controller and a method for controlling the flow rate through a hydraulic valve,
in particular controlling the flow rate through a hydraulic valve for work vehicles.
[0002] Hydraulic valves provide auxiliary hydraulic flows to implements that are coupled to vehicles for performing
various tasks. Implements may be coupled at the front, e.g. front loaders, or at the rear. Typically, such a vehicle will
have several such valves, commonly varying between two and eight. These valves are controlled in an operator station
typically in the cab of the vehicle, most commonly by manipulating a lever or knob that provides a signal proportional to
the movement of the lever or knob and indicates a desired flow rate to or from an auxiliary hydraulic valve.
[0003] The hydraulic valves are typically connected to a manifold or manifolds to which hydraulic actuators are mounted.
These hydraulic actuators include such things as hydraulic motors and cylinders. By varying the position of the lever or
knob, the operator can vary the flow direction and flow rate to the manifold, and consequently to the hydraulic actuators
located on the implement.
[0004] Another common user input located at the operator station is a flow rate control. The flow rate control is typically
a small dial or knob that is set by the operator and indicates a maximum flow rate through the valve. Thus, by rotating
the flow rate control, the operator can limit the operating range of the lever or knob from a flow rate of zero to a positive
or negative flow rate.
[0005] Typically, the flow rate controls can provide the same maximum flow rates in both extend and retract modes
of operation. In other words, when the control lever is moved to one extreme limit, for a given flow rate control setting it
will provide a maximum flow rate through the hydraulic valve. Similarly, when the control lever is moved to the opposite
extreme limit, for a given flow rate control setting it will provide a maximum flow rate through the hydraulic valve in the
reverse direction through the valve.
[0006] For example, if the flow rate control is moved to a position that reduces the maximum flow by half, moving the
control lever to one extreme will cause half the maximum flow rate to flow through the hydraulic valve. If the control lever
is moved to the other extreme position, half the maximum flow rate to flow through the hydraulic valve in the opposite
direction.
[0007] Alternatively there are can be two separate maximum flow rate controls for a hydraulic valve. One in the extend
mode, the other in the retract mode. In this situation, the operator may set a 80% maximum flow rate in extend mode
and 20% maximum flow rate in retract mode.
[0008] However, for a lot of operators this level of flow control is insufficient. As the relationship between the movement
of the control lever and the flow rate through the hydraulic valve is linear, it can be difficult for the operator to precisely
control the operation of an implement attached to the vehicle when low flow rates through the hydraulic valve are required,
while also allowing rapid operation of the implement, which requires high flow rates through the hydraulic valves. In
particular, an operator typically requires good control of flow rates around the central position of the control lever.
[0009] It is desirable to improve this situation.
[0010] In accordance with an aspect of the present invention there is provided a controller and method according to
the accompanying claims.
[0011] The invention as claimed provides the advantage of allowing different hydraulic valve flow rate characteristics
to be assigned to different ranges of movement of a control device, in other words, the relationship between valve flow
rates and movement of a control device is non-linear. This allows one range of positions of the control device to provide
precise operator control with another range of positions for the control device allowing the operator to provide rapid
operation of an implement.
[0012] The present invention will now be described, by way of example, with reference to the accompanying drawings,
in which:

Figure 1 illustrates a work vehicle, shown as a tractor, having a hydraulic valve flow rate controller according to an
embodiment of the present invention;

Figure 2 illustrates a joystick according to an embodiment of the present invention;

Figure 3 illustrates a first flow rate ratio according to an embodiment of the present invention;

Figure 4 illustrates a second flow rate ratio according to an embodiment of the present invention.

Figure 1 illustrates a vehicle 10 having an engine 12 drivingly engaged to a transmission 14 by a drive shaft 16, which
are mounted on a chassis 35. The transmission 14 is in turn coupled through drive shafts 18 and 20 to front differential
22 and rear differential 24. Front wheels 26 are coupled to and driven by differential 22 and rear wheels
28 are coupled to and driven by differential 24. A hydraulic pump 30 is coupled to and driven by engine 12. The pump



EP 2 998 586 A1

3

5

10

15

20

25

30

35

40

45

50

55

30 provides hydraulic fluid to auxiliary valves 40.
[0013] Inside the cab 32 is an operator station 33 that includes a control device in the form of a control lever 34, a flow
rate control 36 and an electronic display. These controls are coupled to a controller 38. The controller 38 drives the
display to provide the operator with indicia indicating each of the auxiliary hydraulic valves 40, selectable directions of
flow for each valve and selectable valve offsets.
[0014] The control lever 34 is used by the operator to control the amount of fluid flow through an auxiliary valve, while
the flow rate control 36 is used by the operator to select the maximum possible flow rate through an auxiliary valve.
[0015] Controller 38 is arranged to receive operator commands from the flow rate control 36 and control lever 34 and
converts these commands into valve signals which are applied to auxiliary hydraulic control valves 40. Valves 40 regulate
the flow of fluid between pump 30 and auxiliary valve manifold 42, front- or mid-mounted or located at the rear of the
vehicle. Manifold 42 typically includes quick-connect couplings that provide bi-directional flow to implements (not shown)
that have mating hydraulic connectors.
[0016] The control lever 34 is a manually actuated operator input device, typically including either a lever, joystick or
a knob, which generates a signal indicative of the lever position, which in turn is used to determine fluid flow through an
auxiliary valve, as described below. The control lever 34 may include a potentiometer or a shaft encoder to provide a
computer readable signal to controller 38. A preferred implementation of the control level 34 is illustrated in Figure 2.
[0017] The flow rate control 36 is a manually actuated operator input device, typically including a knob, which generates
a signal indicative of the position of the device. The flow rate control 36 may include a potentiometer or a shaft encoder
to provide a computer readable signal to the controller 38. The flow rate control 36 defines the selected maximum flow
rate, being a parameter that is a portion of the absolute maximum flow rate through an auxiliary valve. This parameter
may also be input through a HMI to the controller 38 instead of using flow rate control 36. The maximum flow rate can
be indicated as an absolute value (I/h) or a portion of the absolute maximum flow rate of the circuit (%).
[0018] Preferably, a load sensing and control circuit 44 is fluidly coupled to valves 40 and pump 30. The control circuit
44 receives signals from each of the auxiliary hydraulic valves (40) and transmits a signal indicative of the hydraulic load
on the valves to pump 30. Pump 30, in turn, varies its specific hydraulic output (i.e. the volume of hydraulic fluid per
single revolution or cycle of pump 30) in accordance with the load signal that it receives.
[0019] Controller 38 is electrically coupled to valves 40 and generates a valve signal indicative of the degree of desired
valve opening for each of the valves, based on the respective positions of the control lever 34 and flow rate control 36.
[0020] It should be understood that the system is not limited to any particular number of auxiliary hydraulic control valves.
[0021] Controller 38 transmits a signal to valve actuators. The valve actuators typically include an electrical coil re-
sponsive to the current transmitted from controller 38 and open the valve proportional to the current flowing through the
actuators. In this manner, controller 38 can selectively apply individual signals to each of the valves 40 causing them to
separately and independently open or close.
[0022] Preferably, each valve is connected to quick connect couplings located at manifolds 42. There are typically two
hydraulic lines extending between each valve and the manifold. Preferably, on the hydraulic lines extending between
the valves and the couplings, bi-directional flow is provided in each hydraulic line.
[0023] Preferably, each of the hydraulic valves 40 are also connected to a hydraulic reservoir or tank for receiving
fluid returned from the implement (not shown).
[0024] In one embodiment, one control lever 34 and one flow rate control 36 is provided for each of the auxiliary
hydraulic valves in the vehicle. In operation, the operator moves a lever 34 to indicate a desired flow rate to one of valves
40. This signal, typically an electrical signal, is received by the controller 38 which uses this signal to generate a signal
to the appropriate valve actuator for controlling the fluid flow through the appropriate valve. In this manner, electronic
controller 38 responds to operator commands and generates an appropriate valve signal.
[0025] However, in a preferred embodiment, for a two valve system the control lever 34 takes the form of a joystick
that is used for providing operator control of one valve via movement of the joystick along an Y axis and for providing
operator control of the second valve via movement of the joystick along an X axis, thereby allowing a single joystick to
be used to control the operation of two valves, as illustrated in Figure 2.
[0026] As stated above, each valve 40 is bi-directional, where the direction of fluid flow determines whether the
implement being operated is moving in a "retract" direction or an "extend" direction. When the lever 34 (i.e. the joystick)
is in a ’neutral’ position, for example a central position between the extreme X axis and Y axis positions, the controller
38 is arranged to prevent fluid flow through the valves 40. Further, is it possible to disable all the joystick commands by
putting the joystick in its middle position (i.e. in the ’neutral’ position). As such, the controller 38 defines a first range of
flow rates for one direction of the joystick 34, a central position for providing substantially no flow through a valve 40,
and another range of positions providing a second range of flow rates in the opposite direction when the joystick 34 is
operated in the opposite direction.
[0027] The joystick 34 has three switches 20, 21, 22 for controlling the operation of the auxiliary valves 40, however
as these switches 20, 21, 22 are not relevant to the present invention they will not be described in any further detail.
[0028] During normal operation, for a given flow direction, the controller 38 is arranged to control the flow rate through
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a valve 40 so that the flow rate is proportional to the movement of the joystick 34, thereby providing a linear relationship
between flow rate and joystick movement. This linear relationship can only be influenced by the maximum flow parameter,
adjustable by the flow rate control 36 or directly through a HMI to controller 38.
[0029] Further, however, the controller 38 may also be placed in a non-linear mode of operation where the relationship
between the flow rate through a valve 40 and the movement of the joystick 34 is non-linear, as described in detail below.
By providing a non-linear relationship between the valve flow rate and joystick position allows the operator greater control
of valve flow rates around the central position of the joystick 34.
[0030] During operation, the controller 38 periodically polls the flow rate control 36 and the joystick 34 to determine
whether the operator has moved either device. When the operator moves either device 34 or 36, the controller 38 senses
the change virtually instantly, recalculates the appropriate valve signal and applies that signal to the corresponding valve.
[0031] When the controller 38 receives the respective control signals from the joystick 34 and the flow rate control 36
the controller 38 converts these signals into a numeric value dependent upon whether the system is operating in normal
operation mode or non-linear operation mode.
[0032] Although the range of values produced by the controller 38 when the joystick is moved through its entire range
is arbitrary, for the purposes of the present embodiment the joystick values varies from -100 to +100 when the joystick
is moved from the maximum retract flow rate position (i.e. one mechanical lever limit) to the maximum extend flow rate
position (the other mechanical lever limit) in both axis of movement. An intermediate or central position, generally midway
between these two limits, would provide a value of zero and would be indicative of a zero flow rate, neither extend nor
retract (i.e. in the neutral position).
[0033] Similarly, although the range of values produced by the controller 38 when the flow rate control 36 is moved
through its entire range is arbitrary, for the purposes of the present embodiment the flow rate control value can vary from
0 (indicative of a zero flow rate) to +100 (indicative of the maximum desired flow rate through the valve) when the flow
rate control 36 is moved from an extreme counter clockwise position to an extreme clockwise position. An intermediate
position generally midway between these two limits would provide a value of 50.
[0034] For the purposes of one embodiment, the process for an operator to enter the non-linear mode of operation
requires a non-linear mode switch 23 that is mounted on the joystick base 24 to be activated and the position of the
joystick needs to be within a predetermined angle, for example thirty degrees, of the joysticks central position. If the
joystick is moved to an angle greater than the predetermined angle and the non-linear mode switch is deactivated the
controller 38 is arranged to exit the non-linear operation mode and to operate in normal operation mode. However, any
suitable means for selecting the non-linear mode of operation may be used.
[0035] In a further, preferred embodiment, the non-linear mode of operation is the default and only mode of operation.
In this situation the selection of a specific parameter allows the controller 38 to behave like in a linear or normal mode
of operation.
[0036] Although any non-linear flow characteristic may be implemented by the controller 38 when placed in the non-
linear mode of operation, for the purposes of the present embodiment when in the non-linear mode of operation the
movement of the joystick results in different flow behavior of the valves compared to when the controller is operating in
the normal mode of operation. In particular, when the controller is configured to operate in the non-linear mode of
operation the central position movement of the joystick changes the flow in the valve proportional but at a slower rate
compared to when the joystick 34 is moved away from the central position in normal mode of operation. Movement of
the joystick further away from the central position increases the ratio of flow rate to joystick movement with increased
flow rate until maximum flow, for a given flow rate control setting, is obtained. Between the two zones (i.e. slow flow rate
ratio and fast flow rate ratio) a form of knee point is created, as illustrated in Figure 3 and Figure 4.
[0037] The selection of where the knee point is positioned, that is to say the angle of movement of the joystick required
to switch from one flow rate ratio to another flow rate ratio, is arbitrary and may be preconfigured in the controller 38
during manufacture or may be operator selectable. However, for the purposes of the present embodiment the knee point
has been set at 25% of the maximum joystick movement for a given direction (i.e. for the ’retract’ direction or the ’extend’
direction). The knee point position may be different for different flow directions.
[0038] Preferably, two additional non-linear mode parameters are selectable. These parameters are i) a first non-linear
mode parameter, being the portion of the absolute maximum flow rate at maximum deflection of the joystick (ymaxflow),
where the standard ratio would be 100%, and ii) a second non-linear mode parameter, being the portion of the flow rate
when the joystick is at the knee point position (yknee) and the absolute maximum flow rate is selected. The standard
portion would be 50%, the resulting flow yknee at xknee (25%) would then be 12,5%.
[0039] The first non-linear mode parameter may be equal to the portion of the flow that is selected with the flow rate
control 36 or through a HMI in the normal mode of operation.
[0040] The second non-linear mode parameter is in a first aspect independent from said first non-linear mode parameter
because it relates to the absolute maximum flow rate. However, controller 38 limits the flow at the knee point to a value
that would maximally be obtainable when operating in normal mode.
[0041] Selecting 100% as second non-linear mode parameter results in a substantially linear behavior and mimics a
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normal mode of operation.
[0042] For the purposes of the present embodiment, the equations used to define the flow rate characteristics/sensitivity
when the controller is in the non-linear mode of operation are:

For the first zone (m1 = slow flow rate ratio) in non-linear mode: 

For the second zone (m2 = fast flow rate ratio) in non-linear mode: 

In normal mode (m3 = normal flow rate ratio): 

[0043] However, any suitable means for defining the different flow rate ratio may be used.
[0044] Figures 3 and 4 illustrate different values for these parameters relative to the rate of change of flow rate with
respect to deflection of the joystick, with the ’knee point’ (i.e. the point at which the flow rate ratio/flow rate sensitivity
changes) being set to 25% of the maximum joystick movement.
[0045] Figure 3 illustrates an example of the maximum flow rate, said first non-linear mode parameter, being set at
100% with three different values of the parameter ’flow rate when the joystick is at the knee point position as a portion
of the maximum flow rate possible in view of the absolute maximum flow rate’, said second non-linear mode parameter.
[0046] Line A illustrates an example of this second non-linear mode parameter value being set at 100% (i.e. there is
the same proportion of flow in the central portion as in the outer portion, where there is a linear relationship of fluid flow
over the whole range of joystick movement). Here m1 = m2 = m3.
[0047] Line B illustrates an example of this second non-linear mode parameter value being set at 50% (i.e. at the knee
point the fluid flow is 50% of the portion of the maximum flow rate possible in view of the absolute maximum flow rate,
which in this example is 12,5%, being 50% of 25). Here m1 < m2 and m1 < m3.
[0048] Line C illustrates an example of this second non-linear mode parameter value being set at 25% (i.e. at the knee
point the fluid flow is 25% of the portion of the maximum flow rate possible in view of the absolute maximum flow rate,
which in this example is 6,25%, being 25% of 25). Here m1 < m2 and m1 < m3.
[0049] Figure 4 illustrates a scenario where the first non-linear mode parameter, the maximum flow rate parameter,
has been reduced from 100%, as in Figure 3, to 40%. For a maximum flow rate value of 40% in normal mode the flow
rate at the knee point would only be 10%. Because of the limitation that the flow at the knee point is always equal or
lower than in normal mode would be the case the requirement m1≤m3 is added, but because both m2 and m3 depend
on a chosen maximum flow rate the requirement m1≤m2 has the same result. For a scenario where there is a linear
relationship between flow rate and joystick movement over the whole range of movement of the joystick, this results in
the line corresponding to Line B in Figure 4, where the second non-linear mode parameter has been set at 50%, becoming
a straight line (i.e. the valve flow characteristics will be linear over the whole range of movement of the joystick).
[0050] Using the same reasoning Line A in Figure 4, with a second non-linear mode parameter of 100%, becomes a
straight line, equal to line B of Figure 4.
[0051] However, line C, which corresponds to a second non-linear mode parameter value of 10%, has a flow rate of
two and a half at the knee point (i.e. 10% of the flow rate when the joystick is at the knee point position as a portion of
the maximum flow rate, i.e. 25, possible in view of the maximum flow rate, i.e. 100).
[0052] Accordingly, when in the non-linear mode of operation the operator has greater sensitivity when controlling an
implement in the central region of the joystick, while also allowing rapid movement of the implement when the joystick
is moved in the outer region.
[0053] Although the above illustration describes the controlling of fluid flow rates through a valve in a single direction,
the present invention is equally applicable to the control of fluid flow through a valve in the opposite direction.
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Claims

1. A method of controlling the flow rate through a hydraulic valve (40) in a non-linear mode, the method comprising
defining a first range of positions of a control device (34), closest to a neutral position of the control device (34),
corresponding to a first range of flow rates through the hydraulic valve (40), defining a second range of positions of
the control device (34) corresponding to a second range of flow rates through the hydraulic valve (40), wherein the
relationship between the first range of flow rates through the hydraulic valve (40) and the first range of positions of
the control device (34) is substantially linear having a first ratio and the relationship between the second range of
flow rates through the hydraulic valve (40) and the second range of positions of the control device (34) is substantially
linear having a second ratio,
characterized in that the first ratio is smaller than or equal to the second ratio.

2. A method according to claim 1, the method further comprising the steps of defining the first ratio by a second non-
linear mode parameter in relation to the absolute maximum flow rate of said hydraulic valve (40) and defining the
second ratio by a first non-linear mode parameter in relation to a selected maximum flow rate of said hydraulic valve
(40).

3. A method according to claim 2, the method further comprising the step of defining a knee-point as a predefined
position of the control device (34) where the linear relationship of the flow rate through said hydraulic valve (40)
changes from said first ratio to said second ratio.

4. A method according to claim 3, wherein the second non-linear mode parameter is a portion of the maximum flow
rate possible at the knee-point and wherein the first non-linear mode parameter is a portion of the absolute maximum
flow rate.

5. A method according to claim 4, wherein the first and second non-linera mode parameters are adjustable.

6. A method according to any of the preceding claims, wherein the first range of positions and the second range of
positions correspond to flow rates in a first direction and a third range of positions and a fourth range of positions
correspond to flow in a second direction, while the flow in the third and fourth range behaves similarly to the flow in
the first and second range.

7. A controller (38) for controlling the flow rate through a hydraulic valve (40) in a non-linear mode, the controller (38)
comprising a processor arranged to allocate a first range of positions of a control device (34), closest to the neutral
position of the control device (34), to a first range of flow rates through the hydraulic valve (40), allocate a second
range of positions of the control device (34) to a second range of flow rates through the hydraulic valve (40), wherein
the relationship between the first range of flow rates through the hydraulic valve (40) and the first range of positions
of the control device (34) is substantially linear having a first ratio and the relationship between the second range
of flow rates through the hydraulic valve (40) and the second range of positions of the control device (34) is sub-
stantially linear having a second ratio, and characterized in that the first ratio is smaller or equal than the second ratio.

8. A controller (38) according to claim 7, wherein the first ratio is defined by a second non-linear mode parameter in
relation to the absolute maximum flow rate of said hydraulic valve (40) and the second ratio is defined by a first non-
linear mode parameter in relation to a selected maximum flow rate of the hydraulic valve (40).

9. A controller (38) according to claim 8, wherein a predefined position of the control device (34) is a knee-point where
the linear relationship of the flow rate through the hydraulic valve (40) changes from the first ratio to the second ratio.

10. A controller (38) according to claim 9, wherein the second non-linear mode parameter is a portion of the maximum
flow rate at the knee-point and wherein the first non-linear mode parameter is a portion of the absolute maximum
flow rate.

11. A controller (38) according to claim 8, wherein the first and second non-linear mode parameters are adjustable.

12. A controller (38) according to claim 8 to 11, wherein the first range of positions and the second range of positions
correspond to flow rates in the first direction and a third range of positions and a fourth range of positions correspond
to a flow in a second direction, while the flow in the third and fourth range behave equal to the flow in the first and
second range.
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13. A controller (38) according to claim 12, wherein the processor is arranged to select a flow rate based on the position
of the control device (34) based on whether the position of the control device (34) is within the first range of positions
of the control device, the second range of positions of the control device, the third range of positions of the control
device or the fourth range of positions of the control device.
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