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HYDRAULIC CONTROL SYSTEM FOR CONTROLLING AN OPERATION OF AWORK VEHICLE

AND RELATED METHOD

Hydraulic control system (1) for controlling at

least a third operation actuator (3; 4) of a work vehicle,
provided with valve means (2) fluidly interposed between
a third operation actuator (3; 4), a source of fluid in pres-
sure (P) and a discharge (T) and an electronic control

FIG. 1

unit (6) comprising elaboration means configured to re-
ceive a plurality ofinput(7) and to provide an output signal
(8) to control the valve means (2) for operating the third
operation actuator (3; 4).
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Description

TECHNICAL FIELD

[0001] The present invention concerns a hydraulic
control system and related method for a work vehicle.
[0002] The present invention finds its preferred, al-
though not exclusive, application in control of a third op-
eration function in earth moving machines such as wheel
loaders or scrapers.

BACKGROUND OF THE INVENTION

[0003] Work vehicles such as earth moving machines
are provided with a plurality of hydraulic circuits for op-
erating their operational systems.

[0004] In particular, earth-moving machines such as
wheel loaders or scrapers are provided with a bucket and
a boom operated by a hydraulic circuit and with other
essential hydraulic systems such as the hydrostatic
transmission, the brake system or the steering.

[0005] In general the hydraulic circuit may be utilized
also for controlling at least a further hydraulic function,
that is usually known as "third function".

[0006] In order to do so, the user may control the joy-
stick to activate such third function and maintain the latter
via a mechanical detent on a control lever.

[0007] However, itis clearthatsuch mechanical detent
is costly and occupies space.

[0008] Therefore, the need is felt to provide system
and method for controlling a third operation on work ve-
hicle that is efficient and comfortable for the user.
[0009] An aim of the presentinvention is to satisfy the
above mentioned needs in a cost effective and optimized
way.

SUMMARY OF THE INVENTION

[0010] The aforementioned aimis reached by a control
hydraulic system and a related method as claimed in the
appended set of claims.

BRIEF DESCRIPTION OF DRAWINGS

[0011] Forabetter understanding of the presentinven-
tion, a preferred embodiment is described in the follow-
ing, by way of a non-limiting example, with reference to
the attached drawings wherein:

e Figure 1 is a schematic representation of the third
function hydraulic control system according to the
invention; and

e Figure 2 is a schematic representation of an elec-
tronic control system for the hydraulic system of the
invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0012] Figure 1 discloses a control hydraulic system 1
of a work vehicle (not shown) comprising, inter alia, an
electric valve 2 configured to control an additional func-
tion actuator, namely a so-called third function actuator
3, of the work vehicle.

[0013] With third function actuator 3 it is intended an
actuator configured to control a further operational func-
tion of the vehicle such as control of an attachment, of
brushes control system or anything other than the boom
control or the bucket control that may be defined as first
and second function.

[0014] As per se known, the first and second functions,
i.e.the boom and bucket control, are controlled by related
control valves that are not here described for sake of
brevity.

[0015] Asdepictedinthe disclosed embodiment it may
further be present a fourth function actuator 4, that is
further addition to third function and may be one of the
above listed ones.

[0016] In greater detall, if the fourth function actuator
4 is present, the third and fourth actuators 3, 4 may be
selected via valve means 5, as described in detail in the
following.

[0017] In particular valve 2 may be a six ways propor-
tional valve wherein the six ways are fluidly connected
respectively to a tank T of the vehicle, to a source P of
fluid in pressure and to valve means 5. The valve 2 may
therefore assume at least the following limit positions, a
first limit position wherein fluid may flow from source P
tovalve means 5inafirstcirculation direction with respect
to tank T, a second limit position opposite with respect
to the preceding and a third position wherein the source
P is directly connected to tank T, i.e. tank T and source
P are not fluidly connected to valve means 5 (as repre-
sented in figure 1).

[0018] Valve means 5 may be realized as a diverter
that is configured as a four ways-two positions electro-
actuated valve. Diverter 5 may therefore assume a first
position wherein the third operation actuator 3 is fluidly
connected to valve 2 and the fourth operation actuator 4
is fluidly isolated and a second position wherein the fourth
operation actuator 4 is fluidly connected to valve 2 and
the third operation actuator 3 is fluidly isolated.

[0019] Hydraulic system 1 further comprises an elec-
tronic control unit 6 provided with elaboration means con-
figured to elaborate a plurality of inputs 7 and to provide
afirst control output 8 configured to control the operation
of valve 2, i.e. its passage among the first and second
limit positions and third positions there between. In par-
ticular first control output 8 may comprise a first value
output 8a configured to move the valve 2 towards the
first limit position and a second value output 8b config-
ured to move the valve 2 towards the second limit posi-
tion.

[0020] If the fourth operation actuator 4 is present, the
electronic control unit 6 may further provide a second
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control output 9 configured to control the operation of
valve means 5, i.e. its passage between its first and sec-
ond position.

[0021] In detail, the work vehicle is provided with a joy-
stick to control the different operational elements of the
work vehicle, and it is provided with a roller configured
to rotate about a rotation axis supported by joystick body
and voted to control the operation of the third-fourth op-
eration actuator. In particular, the roller may be rotated
clockwise or counterclockwise to provide an opposite
flow to the third-fourth operation actuator and control this
latter in two different operative conditions.

[0022] Furthermore, the work vehicle is provided with
selection means, such as buttons or a display, configured
to collect user’s inputs as listed below.

[0023] The work vehicle may furthermore be provided
with visual output means, such as lights or a display,
configured to provide visual signaling or representation
of such outputs. The same display that works as selection
means may further operate as output means.

[0024] Makingreference to figure 2, the electronic con-
trol unit 6 is electrically connected to retrieve the following
data as inputs 7:

e Afirstinput 7a coming from the roller and detecting
the angular run of this latter about its support axis
(from 0° to a maximum angular value less than 360°)
that is representative of a request of activation to be
provided to third-fourth operation actuators 3, 4;

e Asecond input 7b coming from joystick position sen-
sors and representing other operative circuits of the
work vehicle;

e A third input 7e coming from a control unit of the
engine of the work vehicle and representing its
speed;

e A fourth input 7d coming from selection means of
the work vehicle that represents the choice of the
user to use the memorization option of the third-
fourth operation actuator 3, 4;

* Afifth input 7e representative of the enabling of the
hydraulic function of the work vehicle; and

e Asixthinput 7frepresentative of the status of a quick
coupler of the work vehicle.

e If presentafourth operation actuator, a seventhinput
7g coming from selection means of the work vehicle
thatrepresents the choice of the user to use the third-
fourth operation actuator 3, 4;

[0025] The outputs provided by control unit 6 may fur-
ther comprise, in addition to outputs 8, and if present
output 9, a third output signal 10 configured to be sent
to visual output means to signal to the user the actuators
that are in functions.

[0026] The operation of the above disclosed hydraulic
control system, making reference to the described em-
bodiment, is the following.

[0027] The electronic control unit 6 send control signal
9 to valve means 5 to selectively put in fluidic communi-
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cation third or fourth actuators 3, 4 with valve 2 ports.
[0028] Then, the electronic control unit 6 controls via
signals 8a, 8b the actuation of valve 2 between the two
limits positions to provide fluid between source P, tank
T and third/fourth functions actuators 3, 4.

[0029] Inparticular, when arequest of activation is pro-
vided to actuator 3, 4 via signals 8a, 8b such activation
may be memorized as outlined below.

[0030] The electronic control unit 6 is configured to pro-
vide the output signals 8, 9 in function of the inputs 7
according to the below steps:

e Step 1: Detecting that the engine is ON, its speed
and that the hydraulic function of the vehicle is ena-
bled;

e Step 2: Controlling the operation of the third actuator
3 in function of the speed of the engine and the po-
sition of the roller;

*  Step 3: Detecting that the memorizing function of the
third function actuator 3 is requested;

e Step 4: Detect the position of the roller;

e Step 5: If the roller is maintained over a preset an-
gular position of its possible rotation for at least a
preset time, then enable the memorizing function;
and

e Step 6: Maintain the provided operation of the third
actuator 3 elaborated at step 2 till a disabling condi-
tion of the memorizing function is detected.

[0031] In particular, if at least one among a plurality of
conditions, that are continuously detected during the op-
eration of step 2, is verified, then the control of third op-
eration actuator is aborted, the conditions comprising:

* Detecting that a quick coupler of the vehicle is ena-
bled; or

* Detecting that engine is OFF; or

* Detecting that hydraulic function is disabled.

[0032] If a fourth function actuator 4 is present, then
the following additional step is present between steps 1
and step 2:

* Step 1.1 Detecting the choice between the third or
fourth function actuators 3, 4 to provide output 9 to
valve means 5;

then, the steps 2to 6 will refer to the fourth or third function
actuators 3, 4 according to step 1.1

[0033] In particular, the disabling condition may be at
least one among the following that are continuously de-
tected during the operation of step 6:

* Detecting that the memorizing function of the third
function actuator 3 has been disabled; or

* Detecting a request to activate a fourth request ac-
tuator (if present).



5 EP 4 116 505 A1 6

[0034] Preferably the above defined step 2 comprises
the following sub-steps:

e Step 2.1 Detecting the movement of the roller;

* Step 2.2 Elaborate the value of speed of the engine,
and the roller position to provide outputs 8a, 8b to
valve 2.

[0035] Preferably, the above defined time is 3 seconds
and the preset angular position is a stroke position zone
of the roller, e.g. starting from three quarters of the pos-
sible angle rotation till its end.

[0036] The above mentioned steps may be executed
automatically by elaborations means of the electronic
control unit 6.

[0037] In view of the foregoing, the advantages of the
hydraulic control system and method according to the
invention are apparent.

[0038] Thanks to the provided system it is avoided to
use a mechanical detent to memorize the requested ac-
tivation of third/fourth functions actuator/s.

[0039] Indeed, the detection of a specific angular po-
sition of the roller for a preset time substitutes the pres-
ence of the mechanical detent. Furthermore, the specific
preset time allows to select the memorization of the re-
quested activation without misleading with random short
utilization of the actuator.

[0040] Accordingly, the comfort of the operator is in-
creased.

[0041] Furthermore, the costs and space due to the
presence of the mechanical detent are avoided.

[0042] Itis clear that modifications can be made to the
described hydraulic control system and method which do
not extend beyond the scope of protection defined by the
claims.

[0043] For example, as said, only third function may
be present.
[0044] Moreover, valve means 2, and 5 may be sub-

stituted by equivalent valve means.

[0045] Furthermore, the preset angular position and
time may be varied according to the typology of vehicle
and of actuator.

Claims

1. Hydraulic control system (1) for controlling at least
a third operation actuator (3; 4) of a work vehicle
provided with a joystick and a roller for controlling
said third operation actuator (3, 4), said hydraulic
control system (1) comprising valve means (2) fluidly
interposed between a third operation actuator (3; 4),
a source of fluid in pressure (P) and a discharge (T)
of said work vehicle, said hydraulic control system
(1) comprising an electronic control unit (6) compris-
ing elaboration means configured to receive a plu-
rality of input (7) and to provide an output signal (8)
to control said valve means (2) for operating said
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third operation actuator (3; 4), said input data com-
prising the following data:

« A first input (7a) coming from said roller and
detecting the angular run of this latter about its
supportaxis ( from 0° to a maximum angular val-
ue less than 360°) that is representative of a
request a request activation to be provided to
said third operation actuator (3; 4)

* A second input (7b) coming from joystick po-
sition sensors and representing a desired actu-
ation of other operative circuits of the work ve-
hicle;

* A third input (7c) coming from a control unit of
the engine of the work vehicle and representing
its speed;

« A fourth input (7d) coming from selection
means of the work vehicle that represents the
choice of the user to use the memorization op-
tion of said third operation actuator (3; 4)

« Afifth input (7e) representative of the enabling
of the hydraulic function of the work vehicle; and
« A sixth input (7f) representative of the status
of a quick coupler of the work vehicle.

- Hydraulic control circuitaccording to claim 1, further
comprising valve means (5) fluidly interposed be-
tween said valve means (2), said third operation ac-
tuator (3) and a fourth operation actuator (4) of said
work vehicle, said electronic control unit (6) being
configured to provide a further output signal (9) to
control said valve means (5), said inputs (7) further
comprising:

* A seventh input (7g) coming from selection
means of the work vehicle that represents the
choice of the user to use the third-fourth opera-
tion actuator 3, 4.

- Hydraulic control circuit according to claim 1 or 2,
wherein said valve means (2) comprise a six ways
proportional valve configured to assume firstlimit po-
sition wherein fluid may flow from said source (5)
towards said third operation actuator (3, 4) in a first
circulation direction with respect to said discharge
(T), a second limit position opposite with respect to
the preceding and a third position wherein said
source (P)is directly connected to said discharge (T).

- Hydraulic control circuits according to claim 3,
wherein said valve means (2) are electro-actuated
by said control signal (8), said control signal (8) pro-
viding a first value (8a) and a second value (8b) to
move, respectively said valve means (2) towards
said limit positions.

- Hydraulic control circuit according to claim 2,
wherein said valve means (5) comprise a four ways-
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two positions valve configured to assume a first po-
sition wherein only said third operation actuator (3)
is fluidly connected to said valve means (2) and a
second position wherein only said fourth operation
actuator (4) is fluidly connected to said valve means

@).

- Hydraulic control circuit according to claim 2,
wherein said valve means (5) comprise an electro
actuated valve, said output signal (9) moving said
valve between said two positions.

Method for controlling a third function operation in a
hydraulic control system for a work vehicle as
claimed in any of the preceding claims comprising
the following steps:

« Step 1: Detecting that the engine of said work
vehicle is ON, the speed of said engine and that
the hydraulic function of said work vehicle is en-
abled;

» Step 2: Controlling the operation of the third
actuator 3 in function of said speed of the engine
and the position of the roller;

« Step 3: Detecting that the memorizing function
of the third function actuator 3 is requested;

« Step 4: Detect the position of the roller;

« Step 5: If the roller is maintained over a preset
angular position of its possible rotation for at
least a preset time, then enable the memorizing
function; and

« Step 6: Maintain the provided operation of the
third actuator 3 elaborated at step 2 till a disa-
bling condition of the memorizing function is de-
tected.

Method according to claim 7 wherein, if at least one
among a plurality of conditions, that are continuously
detected during the operation of step 2, is verified,
then the control of third operation actuatoris aborted,
the conditions comprising:

« Detecting that a quick coupler of the vehicle is
enabled; or

* Detecting that engine is OFF; or

* Detecting that hydraulic function is disabled.

Method according to claim 7 or 8, when depending
on claims 2, 5 or 6, wherein if a fourth function actu-
ator 4 is present, then the following additional step
is present between steps 1 and step 2:

« Step 1.1 Detecting the choice between the third
orfourth function actuators 3, 4 to provide output
9 to valve means 5;

then, the steps 2 to 6 will refer to the fourth or third
function actuators 3, 4 according to detection of step
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10.

1.

12.

13.

1.1.

Method according to claim 7 to 9, wherein the disa-
bling condition may be at least one among the fol-
lowing conditions that are continuously detected dur-
ing the operation of step 6:

« Detecting that the memorizing function of the
third function actuator 3 has been disabled; or

* Detecting arequest to activate a fourth request
actuator (if present).

Method according to claim 7 to 10, wherein the above
defined step 2 comprises the following sub-steps:

« Step 2.1 Detecting the movement of the roller;
» Step 2.2 Elaborate the value of speed of the
engine, and the roller position to provide outputs
8a, 8b to valve 2.

Method according to claim 7 to 11, wherein the above
defined time is 3 seconds

Method accordingto claim 7 to 12, wherein the preset
angular position is three quarters of the possible ro-
tation of the roller.
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