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(57) Hydraulic oil cooling control method for a fully
electric work vehicle, the vehicle (VEH) including a hy-
draulic pump (P) for powering a hydraulic member (HF)
via a hydraulic circuit (HC), an electric motor (ME) con-
figured to drive the hydraulic pump in rotation, a radiator
(HCR) equipped with a plurality of fans (F1,...,FN), a

processing unit (VCU) configured to activate the electric
motor in response to an activation of a human-machine
interface device (JK, RL) and for the selective activation
of a number of fans depending on a current temperature
of the hydraulic oil circulating in the hydraulic circuit.
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Description

Field of the invention

[0001] The present invention relates to the field of electric work vehicles, including the so-called Wheel Loaders, and
agricultural vehicles and in particular to the methods and systems for controlling the cooling of hydraulic oil.

State of the art

[0002] Compact Wheel Loaders and Wheel Loaders are work vehicles equipped with an articulated arm to which a
bucket is connected for moving material or for earthmoving. Some agricultural vehicles can also be equipped with similar
arms and tools.
[0003] What this category of vehicles, generically referred to as work vehicles, has in common is that they are entirely
electrically powered. Therefore, they are not equipped with an internal combustion engine, but with a first electric
propulsion motor that acts on at least one wheel without any hydrostat.
[0004] However, electric work vehicles maintain the hydraulic circuit for actuating the arm and/or other work tools. This
means that there is a hydraulic pump driven by a second electric motor, distinct and separate from the first electric motor.
As long as no hydraulic tools are activated, the hydraulic pump remains deactivated to save electric energy.
[0005] The hydraulic circuit generally includes at least one hydraulic actuator, generally a double action one, an open
center directional control valve and a hydraulic oil recovery tank.
[0006] The hydraulic oil, discharged into the recovery tank, is generally circulated through a radiator equipped with a
plurality of cooling fans.
[0007] According to the known technique, when a predetermined temperature threshold is exceeded, the fans are
activated to cool the hydraulic oil.
[0008] In electric work vehicles, the hydraulic pump and its second electric motor, which drives it in rotation, remain
deactivated until at least one hydraulic tool is activated.
[0009] Thissituationcannot beachievedby traditional vehiclesequippedwithan internal combustionengine,as in those
vehicles the hydraulic pump is operationally connected to the drive shaft and is therefore always active, resulting in
constant energy consumption.
[0010] Generally, the articulated arm is controlled via a joystick. Other hydraulic devices can be controlled using levers,
buttons or rollers.
[0011] In electricwork vehicles, as longasnohuman/machine interfacedevice is operatedby theoperator, thehydraulic
pump remains deactivated and therefore, the oil is not circulated in any way.
[0012] In these vehicles, since the available energy is limited, it is essential to manage it optimally.
[0013] Unless specifically excluded in the detailed description that follows, what is described in this chapter is to be
considered as an integral part of the detailed description.

Summary of the invention

[0014] The purpose of this solution is to improve the energymanagement of an electric work vehicle in connection with
the cooling of the hydraulic oil driving at least one work component.
[0015] The basic idea of the present invention is to control the selective switching on of the cooling fans associated with
thehydraulic oil radiator asa functionof thecurrent temperaturevalueof thehydraulic oil itself, taking intoaccount thestate
of charge of the vehicle batteries and the state activation of the hydraulic pump associated with the hydraulic circuit.
[0016] Preferably, when the state of charge of the vehicle batteries is higher than a predetermined threshold, as the
temperature of the hydraulic oil increases, the number of active fans associated with the hydraulic oil radiator is gradually
increased. Furthermore, as the temperature of the hydraulic oil decreases, the number of active fans associated with the
radiator is gradually reduced.
[0017] Preferably, the temperature threshold at which the last fan is deactivated is lower than the temperature threshold
at which the first fan is activated so as to achieve hysteretic behavior.
[0018] The dependent claims describe preferred variants of the invention, forming an integral part of the present
description.

Brief description of the figures

[0019] Further objects and advantages of the present inventionwill be clear from the following detailed description of an
example of its implementation (and its variants) and from the attached drawings given purely for explanatory and non-
limiting purposes, in which:
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Fig. 1 a hydraulic circuit diagramof a fully electric work vehicle controlled according to the present invention is shown;
Fig. 2 shows a joystick for controlling an articulated arm of the work vehicle of figure 1;
Fig. 3 shows an example of a work vehicle implementing the method of the present invention.

[0020] The same reference numbers and letters in the figures identify the same elements or components or functions.
[0021] It should also be noted that the terms "first", "second", "third", "higher", "lower" and the like may be used here to
distinguish various elements. These terms do not imply a spatial, sequential, or hierarchical order for the modified
elements unless specifically indicated or inferred from the text.
[0022] The elements and characteristics illustrated in the different preferred embodiments, including the drawings, can
be combinedwith each otherwithout departing from the scope of protection of the present application as described below.

Detailed description

[0023] The present invention proposes a continuous control method performed on the hydraulic oil cooling system of a
fully electric work vehicle VEH, such as for example a large (Wheel loader) or small (CompactWheel Loader) mechanical
loader.
[0024] The vehicle VEH comprises an electro-hydraulic circuit HC comprising a hydraulic pump P to power a hydraulic
member HF, an electric motor ME configured to drive the hydraulic pump in rotation, a radiator HCR equipped with a
plurality of fans F1,...,FN for cooling the hydraulic oil circulating in the circuit.
[0025] The circuit generally also includes a hydraulic oil recovery tank T.
[0026] The recovery tank T is associated with a temperature sensor S, appropriately interfaced with a processing unit
VCU.
[0027] In the blockHF it ismeant the presenceof at least onehydraulicmember, suchas for example anarmor abucket,
operated by a respective at least one hydraulic actuator, generally double action type.
[0028] Furthermore, again in the block HF it is meant that there is at least one open center directional valve, for the
control of the same at least one hydraulic actuator.
[0029] The processing unit VCU receives as input the signals generated by human/machine interface devices, such as
for example a joystick JK or a lever or a roller RL and is configured to activate the electric motor in response to an action
performed by an operator on one of the interface devices.
[0030] The activation of the electric motor ME causes the activation of the hydraulic pumpP, with fixed geometry, which
begins to pumphydraulic oil into the hydraulic circuit through at least one of the directional valves included in the blockHF.
[0031] The processing unit is configured to deactivate the electricmotor in response to a release of the human-machine
interfacedevice. Inotherwords,when theoperator releases the joystick JK leverLJKor the rollerRL, theyareconfigured to
return to a rest position.
[0032] And in such rest position of the joystick lever or the roller, the processing unit is configured to generate a control
signal, which indicates

- Stopping the electric motor
- The return of the corresponding directional valve to a corresponding rest position.

[0033] Each of the directional valves is configured to distribute the hydraulic oil pumped by the hydraulic pump P
betweena respectivehydraulic actuator and the recovery tankaccording to thedeflectionof the joystick lever orwheelwith
respect to the respective rest position. In particular, when the lever or wheel is fully operated, i.e. at maximum deflection
compared to the rest condition, the entire flow of the hydraulic oil from the hydraulic pump P which reaches the
corresponding directional valve is sent to the corresponding hydraulic actuator.
[0034] Aradiator is arrangedbetweenat least onedirectional valveand the recovery tankT. Its purpose is tomaintain the
temperature of the hydraulic oil below a predetermined temperature threshold, generally set at 90°C.
[0035] A predetermined number of cooling fans are associated with the radiator. They are generally arranged close to
each other in a plane parallel to the radiating surface of the radiator.
[0036] For example, four fans canbeprovided, eachassociatedwith aportionof the radiating surfaceof the radiator. For
example, if the radiator has a rectangular radiating surface, each portion can be identified by the axes of the rectangular
surface.
[0037] According to the present invention, the selective activation of a number of fans F1, F2, ... FN is envisaged as a
function of a temperature of a hydraulic liquid circulating in the hydraulic circuit.
[0038] For example, if there are four fans associatedwith theHCRhydraulic radiator, then turning on the fans can follow
the scheme indicated in the following table:
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HYDRAULIC OIL TEMPERATURE (°C) NUMBER OF ACTIVE FAN(S)

70 1

75 2

80 3

85 4

[0039] When the first threshold Ts is exceeded, for example 70°C, a first fan is activated.
[0040] When the second threshold is exceeded, for example 75°C, a second fan is activated.
[0041] When the third threshold is exceeded, for example 80°C, a third fan is activated.
[0042] When the fourth threshold is exceeded, for example 85°C, a fourth fan is activated.
[0043] It canbederived that the selective activationof the number of fans is a function of the temperature of the hydraulic
oil andmore preferably, it is proportional to the temperature of the hydraulic oil, in the sense that as the temperature of the
hydraulic oil increases, the number of active fans increases.
[0044] Evidently, thesameprocesscanbeperformed in reverse, in thesense thatwhen the temperaturedropsbelow the
fourth threshold, one fan is turned off, leaving three remaining active, etc.
[0045] Similarly, when the hydraulic oil temperature drops below the first threshold Ts, all fans are deactivated.
[0046] Preferably, the temperature threshold Te at which the last fan is deactivated is lower than the temperature
threshold Ts at which the first fan is activated (Te < Ts).
[0047] Preferably, selective switching on of the number of fans is permitted onlywhile at least one of the aforementioned
human-machine interface devices, necessary for the activation of a hydraulic tool, is activated.
[0048] Therefore, when, for example, the joystick lever is released, the electric motor is de-energized and the open-
center directional valves are placed in closed conditions.
[0049] Advantageously, this allows the consumption of electricity to be limited.
[0050] According to another aspect of the invention, the state of charge of the vehicle batteries necessary to power the
electric motor is continuously monitored and when the state of charge is lower than a predetermined threshold, for
example, 10%, then the activation of any fan is inhibited.
[0051] Preferably, when the state of charge is lower than said predetermined threshold, the rotation speed of the prime
mover is limited so as to prevent a further increase in the temperature of the hydraulic oil and to provide the operator with
the energy necessary for the return of the vehicle to a relevant charging station.
[0052] Fig. 2 shows an example of a joystick JK implemented in work vehicles VEH for controlling an arm A and/or a
bucket B, shown in figure 3.
[0053] The roller RL can be associated with the joystick lever, or it can be placed on the vehicle dashboard.
[0054] Thebuttons L1 - L3 can be implemented to allow the setting of some vehicle operating parameters. For example,
they can be implemented to set the intervention thresholds of fans F1 - FN.
[0055] The present invention can advantageously be carried out by means of a computer program which includes
codingmeans for carryingout oneormore stepsof themethod,when this program isexecutedonacomputer. Therefore, it
is understood that the scope of protection extends to said computer program and further to computer readable means
comprising a recordedmessage, said computer readable means comprising program coding means for carrying out one
or more steps of the method, when said program is executed on a computer.
[0056] Constructive variations to the non-limiting example described are possible, without departing from the scope of
protectionof thepresent invention, includingall theequivalentembodiments for apersonskilled in theart, to thecontentsof
the claims.
[0057] From the above description, the person skilled in the art is able to realize the object of the invention without
introducing further construction details.

Claims

1. Hydraulic oil cooling control method for a fully electric work vehicle, the vehicle (VEH) including

- a hydraulic pump (P) to power a hydraulic tool (HF) via a hydraulic circuit (HC),
- an electric motor (ME) configured to drive the hydraulic pump in rotation,
- a radiator (HCR) equipped with a plurality of fans (F1,...,FN),
- a processing unit (VCU) configured to control at least one directional valve supplying the hydraulic tool (HF) and
to activate the electric motor in response to an activation of a human-machine interface device (JK, RL) and for
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deactivating the electric motor in response to a release of the human-machine interface device, the method
comprising a procedure of selectively activating a number of fans as a function of a current temperature of a
hydraulic liquid circulating in the hydraulic circuit.

2. The method according to claim 1, wherein said selective activation of the number of fans is permitted only while said
human-machine interface device is activated.

3. A method according to claim 1 or 2, wherein an activation of any fan is inhibited when a current value of a state of
charge of vehicular batteries is lower than a predetermined threshold of the state of charge.

4. Method according to claim 3, wherein said state of charge threshold is equal to 10%.

5. Processing unit (VCU) configured to control at least one directional valve supplying a hydraulic tool (HF) of a fully
electric work vehicle (VEH), the vehicle (VEH) comprising

- a hydraulic pump (P) to power said hydraulic tool (HF) via a hydraulic circuit (HC),
- an electric motor (ME) configured to drive the hydraulic pump in rotation,
- a radiator (HCR) equipped with a plurality of fans (F1,...,FN),

wherein the processing unit (VCU) is configured to activate the electricmotor in response to an activation of a human-
machine interface (JK, RL) device and to deactivate the electric motor in response to a release of the interface device
man-machine, the unit being configured for the selective activation of a number of fans as a function of a current
temperature of a hydraulic liquid circulating in the hydraulic circuit.

6. Fully electric work vehicle (VEH), including

- a hydraulic pump (P) to power a hydraulic tool (HF) via a hydraulic circuit (HC),
- an electric motor (ME) configured to drive the hydraulic pump in rotation,
- a radiator (HCR) equipped with a plurality of fans (F1,...,FN),
- a processing unit (VCU) according to claim 5.

7. A computer program comprising instructions for causing the processing unit of claim 5 to implement the procedure of
the method according to claim 1.

8. A computer readable medium having stored the program of claim 7.
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