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Description

Field of the invention

[0001] The presentinvention relates to the field of elec-
trified work vehicles, and in particular of the type com-
prising an electro-hydraulic circuit for the actuation of at
least one hydraulic member, including an arm and/or a
bucket.

State of the art

[0002] In the field of work and agricultural vehicles, the
operation of members, such as arms and related tools,
is carried out by means of a hydraulic circuit.

[0003] The hydraulic circuit is powered by a hydraulic
pump driven in rotation by a prime mover, very often an
internal combustion engine.

[0004] The hydraulic actuators implemented for mov-
ing the members are of the double chamber type, that is
to say a movable piston divides two closed chambers
that can be fed alternately by the hydraulic pump.
[0005] There aredifferenttypes of valves for controlling
hydraulic circuits. Those that are most implemented are
the directional ones with open center. These valves, in
relation to the position of the relative movable spool, di-
vide the hydraulic oil fluid pumped by the hydraulic pump
into a first flow destined for one of the hydraulic actuator
chambers, while the second, remaining flow is sent to a
collection tank, where the hydraulic pump draws the hy-
draulic oil to recirculate it.

[0006] In particular, when the spool is in the rest posi-
tion, all the pump flow is sent to the tank, during the ad-
justment phase, the flow of the hydraulic pump is divided
between the actuator and the tank. When the spool is in
the maximum opening position, all the pump flow is sent
to the actuator. The position of the movable spool is gen-
erally controlled by the operator using a joystick placed
in the vehicle’s cockpit.

[0007] The progressive technological development of
battery power systems makes it possible to design elec-
tric work vehicles.

[0008] The fundamental problem of the electrification
of work vehicles consists in the fact that the hydraulic
control circuits of arms, shovels, etc., are very well tested
and reliable, therefore, electric vehicles continue to in-
clude a hydraulic circuit for actuating at least one hydrau-
lic actuator enslaved to the movement of a working hy-
draulic organ.

[0009] The term "work hydraulic organ" means one of
those distinct and separate components from those in-
herent to the movement of the work vehicle, such as
transmissions, braking systems, etc. Hereinafter, for con-
venience, reference is made to a "hydraulic organ" mean-
ing a "working hydraulic organ".

[0010] The electrification of a work vehicle involves the
elimination of the internal combustion engine in favor of
at least one electric motor.
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[0011] Forexample,itis possible to provide afirst elec-
tric motor used exclusively to drive the hydraulic pump
for feeding at least one hydraulic working member in ro-
tation. A second electric motor can be provided for mov-
ing the vehicle.

[0012] There are many differences between internal
combustion engines and electric motors. In addition to
the substantial different source of energy, the internal
combustion engine, when active, has a minimum rotation
speed, which is essential for its operation, while an elec-
tric motor starts rotating as soon as it is electrically pow-
ered.

[0013] All of this has repercussions on the operation
of the hydraulic pump driven by the first electric motor.
[0014] A minimum rotation speed of the electric motor
implies a consumption of electricity not necessary for the
intrinsic operation of the same.

[0015] Savingelectricity is essential to allow the spread
of electrified vehicles, replacing traditional work vehicles
equipped with internal combustion engines.

[0016] If not specifically excluded in the detailed de-
scription that follows, what is described in this chapter is
to be considered as an integral part of the detailed de-
scription.

[0017] EP1291467A1 discloses an excavator having
an electro-hydraulic circuit with the features of the pre-
amble of claim 1.

Summary of the invention

[0018] The purpose of the presentinvention as defined
in claims 1 and 8 is to propose a method and system for
saving electric energy in an electrified work vehicle. In
particular for those work vehicles completely without an
internal combustion engine.

[0019] The purpose of the presentinvention is to mod-
ify the hydraulic circuit and the behavior of the electric
motor, which drives a fixed displacement hydraulic pump
in rotation, when an directional open center control elec-
tro-valve of the hydraulic supply circuit of a hydraulic
member is in the closed condition, ie released, so that
the replacement of the internal combustion engine with
the electric motor does not alter the functionality of the
entire hydraulic circuit.

[0020] The basicideais to deactivate the electric motor
when the control lever of the directional electro-valve is
released, thatis, when the directional open center control
electro-valve is in the released condition. This results in
significant energy savings. However, this fact can lead
to a depressurization of the portion of the hydraulic circuit
between the fixed displacement hydraulic pump and the
open center control directional electro-valve, therefore,
when the control lever is operated again, there is a risk
that the hydraulic organ behaves in an uncontrolled way.
According to the present invention, an overpressure
valve is arranged on the "neutral" line of the directional
open center electro-valve, which connects the electro-
valve with the hydraulic oil recovery tank, configured to
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open when a first predetermined pressure threshold is
exceeded.

[0021] When the control lever is inclined to cause an
actuation, the hydraulic circuit is pressurized to a pres-
sure greater than or equal to the aforementioned first
predetermined pressure threshold.

[0022] This is because when the position of the mov-
able spool is in the "adjustment” range, the hydraulic oil
is directed by the hydraulic pump partly to the actuators
and partly to the recovery tank through the overpressure
valve, while when the spool is in the maximum opening
all the pump flow is sent to the actuator, therefore, the
portion of the circuit between the hydraulic pump and the
electro-control valve is pressurized at a pressure level
greater than or equal to the aforementioned first prede-
termined threshold of pressure. When the control lever
is released, the hydraulic pump is activated cyclically to
keep this portion of the hydraulic circuit pressurized at a
pressure level slightly below the opening threshold of the
overpressure valve.

[0023] This ensures that a power supply circuit for the
solenoid valve actuation, branched from the portion of
the circuit between the hydraulic pump and the control
electro-valve, always has the minimum pressure suffi-
cient for the actuation of the solenoid valve itself.
[0024] Preferably, the power supply circuit is connect-
ed to the aforementioned portion of the circuit between
the hydraulic pump and the electro-valve, by means of a
pressure relief valve. Advantageously, the power supply
circuit of the electro-valve can operate at a pressure
much lower than the pressure generated by the hydraulic
pump.

[0025] In other words, both the high pressure circuit
intended to power the hydraulic actuator, and the low
pressure circuit, which activates the electro-valve, are
powered by the same hydraulic pump.

[0026] Such pump, is the sole pump connected to the
hydraulic circuit.

[0027] Atthe same time, on the portion of the hydraulic
circuit comprised between the hydraulic pump and the
electro-valve there is a pressure sensor configured to
activate the electric motor when the measured pressure
is lower than a second predetermined pressure threshold
and deactivate it when the measured pressure is higher
than a third predetermined pressure threshold greater
than the second predetermined pressure threshold and
less than or equal to the first predetermined pressure
threshold, when the control lever of the directional elec-
tro-valve is released. Advantageously, the overpressure
valve, in addition to always guaranteeing the minimum
pressure necessary to operate the control electro-valve,
allows to close the portion of the hydraulic circuit between
the hydraulic pump and the directional open center con-
trol electro-valve, generating a closed volume of oil
which, in order to be pressurized, requires few non-con-
tinuous activations of the electric motor, useful only to
compensate for oil leaks through the pump. This involves
significant energy savings because otherwise, the elec-
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tric motor should always be active, albeit at a relatively
low rotation speed, to keep the portion of the hydraulic
circuit between the hydraulic pump and the control elec-
tro-valve pressurized. Advantageously, the hydraulic cir-
cuit is always well pressurized and uncontrolled behavior
is not observed when the operator intervenes on the ac-
tuator control lever.

[0028] The dependent claims describe preferred vari-
ants of the invention, forming an integral part of this de-
scription.

Brief description of the figures

[0029] Further objects and advantages of the present
invention will become clear from the following detailed
description of an example of its embodiment (and its var-
iants) and from the attached drawings given purely for
explanatory and non-limiting purposes, in which:

Figure 1 shows an example of an electro-hydraulic
circuit according to the present invention;

Figure 2 shows a work vehicle implementing the
present invention.

[0030] The same reference numbers and letters in the
figures identify the same elements or components or
functions.

[0031] It should also be noted that the terms "first",
"second", "third", "upper", "lower" and the like can be
used as labels to distinguish various elements. These
terms do not imply a spatial, sequential or hierarchical
order for the modified elements unless specifically indi-
cated or inferred from the text.

[0032] Theelements and features illustrated in the var-
ious preferred embodiments, including the drawings, can
be combined with each other without however departing
from the scope of this application as described below.

Detailed description

[0033] Figure 1 shows an example of an electro-hy-
draulic circuit HC according to the present invention.
[0034] This circuit comprises three directional open
center control electro-valves V1, V2, V3 arranged to con-
trol the BOOM, BUCKET and AUX double acting actua-
tors respectively. Obviously, the electro-hydraulic circuit
can comprise any number of control electro-valves with
respective hydraulic actuators.

[0035] Each electro-valve comprises a central drawer
which provides for the closure of the opposite chambers
of the respective actuator, while the fixed displacement
hydraulic pump P is operatively connected to the recov-
ery tank T.

[0036] Eachelectro-valveincludes alateral drawer, left
and right, according to which an actuator chamber is op-
erationally connected to the hydraulic pump while the
opposite chamber is operationally connected to the re-
covery tank T of the hydraulic oil.
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[0037] When a side drawer is active, one actuator
chamber expands due to the pressure of the hydraulic
oil, while the opposite one contracts, discharging the pre-
viously accumulated oil into the recovery tank.

[0038] In a mechanical shovel, this fact results, for ex-
ample, in the lifting or lowering of the arm or in the forward
or backward rotation of the bucket.

[0039] According to the present invention, an over-
pressure valve SV is arranged between the outlet door
of the central drawer and the recovery tank T. This valve
is calibrated to open when a first pressure threshold Th1
is exceeded.

[0040] The outlet ports of the side drawers of the elec-
tro-valve are connected directly to the recovery tank T.
[0041] Each electro-valve is of the proportional type,
in order to perform a partialization of the hydraulic oil
directed to the actuator and that sent directly to the re-
covery tank T according to the inclination of the control
lever. Preferably, this function is proportional.

[0042] A pressure sensor PS is associated with the
portion of the hydraulic circuit comprised between the
hydraulic pump P and the electro-hydraulic valve.
[0043] For convenience, "electro-hydraulic valve" or
"electro-valve" means the "open center electro-hydraulic
directional control valve" mentioned above.

[0044] This sensor is designed to activate the electric
motor M associated with the hydraulic pump P, so as to
keep the hydraulic circuit pressurized between a second
Th2 and a third pressure threshold Th3.

[0045] This band Th2 - Th3 is selected:

- inorder to guarantee predictable behavior of the hy-
draulic circuit,

- in relation to the pressure sufficient to control the
actuation of the electro-valve itself,

- in order to avoid an excessively frequent activation
of the electric motor.

[0046] The relationship between the pressure thresh-
olds is as follows: Th1 < Th3 < Th2.

[0047] This relationship makes it possible to avoid
wasting electricity by draining hydraulic oil into the recov-
ery tank.

[0048] This connection diagram ensures that the por-
tion of the hydraulic circuit between the hydraulic pump
and the electro-valve is well pressurized even if the elec-
tric motor M is generally kept off when the JOYSTICK
control lever is released.

[0049] According to the example in Figure 1, the AC
drive circuit of the electro-valve works at a lower pressure
than the remaining HC hydraulic circuit, so thatareducing
valve RV, operatively connected to the hydraulic pump
P, supplies the AC drive circuit.

[0050] Inthe same diagram, itis noted that the electro-
valves are electrically connected with the CONTROL
UNIT block which represents a processing unit arranged
to control the position of the movable spool of each elec-
tro-valve, but also to supervise the operation of the hy-
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draulic pump P by means of the relative electric motor
M. The processing unit is also operationally connected
to the controllever JOYSTICK and to the pressure sensor
PS.

[0051] Advantageously, the fact of ensuring constant
pressurization of the portion of the hydraulic circuit be-
tween the hydraulic pump P and the electro-valve, allows
to ensure sufficient pressurization of the drive circuit AC
of the same electro-valve, so that a double benéefit is ob-
tained:

- the possibility of deactivating the electric motor with-
out emptying the portion of the hydraulic circuit be-
tween the hydraulic pump and the electro-valve,

- the fact of having an approximately constant pres-
sure source for controlling the actuation of the elec-
tro-valve. Generally, the control lever is defined by
a joystick arranged in the cockpit of the work or ag-
ricultural vehicle.

[0052] Figure 2 shows a work vehicle WL, a mechan-
ical shovel, with an arm B and the relative hydraulic ac-
tuator "BOOM" and a shovel T with the relative BUCKET
actuator.

[0053] The vehicle WL is equipped with a battery pack
BAT and an electric motor M with at least one electro-
hydraulic circuit similar to that of figure 1, fixed to arelative
frame F.

[0054] From an operational point of view, the present
invention also includes a method of operation of an elec-
tro-hydraulic circuit HC as described above, comprising

- deactivation of the electric motor when the electro-
valve is in the closed condition,

- maintaining a pressurization of a portion of the hy-
draulic circuit between the hydraulic pump (P) and
the electro-valve, by means of intermittent activation
of the electric motor.

[0055] The present invention can be advantageously
carried out by means of a computer program which com-
prises coding means for carrying out one or more steps
of the method, when this program is executed on a com-
puter. Therefore, itis intended that the scope of protection
extends to said computer program and further to com-
puter readable means comprising a recorded message,
said computer readable means comprising program cod-
ing means for carrying out one or more steps of the meth-
od, when said program is run on a computer.

[0056] Implementation variants of the described non-
limiting example are possible, without however departing
from the scope of protection of the present invention,
including all the equivalent embodiments for a person
skilled in the art, to the content of 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.
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Claims

1.

Electro-hydraulic circuit (HC) comprising

- a fixed displacement hydraulic pump (P) and
an electric motor arranged to drive the hydraulic
pump in rotation,

- arecovery tank (T) arranged to collect hydrau-
lic ail,

- a hydraulic actuator (BUCKET, BOOM, AUX)
arranged to move a work member (B, T) and/or
an auxiliary device and to be powered by the
hydraulic circuit,

- adirectional open center electro-valve (V1, V2,
V3) operatively interposed between said fixed
displacement hydraulic pump and said actuator
and comprising a released condition in which it
isolates the hydraulic actuator by hydraulically
connecting the hydraulic pump with the recovery
tank,

- wherein the electric motor (M) is configured to
deactivate when the electro-valve is in released
condition,

characterised in that the electro-hydraulic circuit
further comprises an overpressure valve (SV) inter-
posed between the electro-valve and the recovery
tank and configured to open when a first predeter-
mined pressure threshold is exceeded and a pres-
sure sensor (PS) associated with a portion of the
hydraulic circuit comprised between the hydraulic
pump and the electro-valve and wherein the pres-
sure sensor is configured, when the electro-valve is
in the closed condition, to activate the electric motor
when the measured pressure is lower than a second
predetermined pressure threshold (Th2) and subse-
quently deactivate it when the measured pressure
is higher than a third predetermined pressure thresh-
old (Th3) greater than the second predetermined
pressure threshold, less than or equal as the first
predetermined pressure threshold.

Circuitaccordingto claim 1, further comprising a sup-
ply circuit (AC) for the actuation of the electro-valve,
and in which said supply circuit is supplied by said
hydraulic pump by means of a pressure limiting valve
(RV).

Circuit according to claim 2, in which said pressure
limiting valve is operatively connected to said portion
of the hydraulic circuit comprised between the hy-
draulic pump and the electro-valve.

Circuitaccording to claim 3, in which a pressurization
of the supply circuit (AC) is a function of the pressur-
ization of the portion of the hydraulic circuit between
the hydraulic pump and the electro-valve.
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Circuit according to any one of the preceding claims,
in which said hydraulic actuator is enslaved to a hy-
draulicwork member such as an arm and/or a bucket
or an auxiliary device.

Work vehicle comprising a hydraulic circuit accord-
ing to any one of the preceding claims.

Work vehicle according to claim 6, wherein said hy-
draulic work member does not pertain to the move-
ment of the vehicle.

Method of operation of an electro-hydraulic circuit
(HC) according to any one of the preceding claims
comprising

- deactivation of the electric motor when the
electro-valve is in the closed condition,

- maintaining a pressurization of a portion of the
hydraulic circuit between the hydraulic pump (P)
and the electro-valve, through intermittent acti-
vation of the electric motor.

Patentanspriiche

Elektro-hydraulischer Kreislauf (HC) mit

- einer Hydraulikpumpe (P) mit fester Verdran-
gung und einem elektrischen Motor, der dazu
eingerichtet ist, die Hydraulikpumpe in Rotation
zu versetzen,

- einem Rickgewinnungsbehalter (T), der dazu
eingerichtet ist, Hydraulikdl zu sammeln,

- einer hydraulischen Betatigungseinrichtung
(BUCKET, BOOM, AUX), die dazu eingerichtet
ist, ein Arbeitselement (B, T) und/oder ein Hilfs-
gerat zu bewegen und von dem hydraulischen
Kreislauf angetrieben zu werden,

- ein elektronisches Wegeventil mit offenem
Zentrum (V1,V2,V3), das zwischen der Hydrau-
likpumpe mit fester Verdrangung und der Beta-
tigungseinrichtung wirkend angeordnet ist und
einen Freigabezustand aufweist, in welchem es
die hydraulische Betatigungseinrichtung durch
ein hydraulisches Verbinden der Hydraulikpum-
pe mit dem Rickgewinnungsbehalter isoliert,
wobei der elektrische Motor (M) dazu eingerich-
tetist, sich zu deaktivieren, wenn sich das elek-
tronische Ventil in dem Freigabezustand befin-
det,

dadurch gekennzeichnet, dass der elektro-
hydraulische Kreislauf des Weiteren umfasst
ein Uberdruckventil (SV), das zwischen dem
elektronischen Ventil und dem Rickgewin-
nungsbehalter angeordnet ist und dazu einge-
richtet ist, sich zu 6ffnen, wenn ein erster vor-
bestimmter Druckgrenzwert tiberschritten wird,
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und

einen Drucksensor (PS), der mit einem Teil des
hydraulischen Kreislaufs verknUpft ist, der zwi-
schen der Hydraulikpumpe und dem elektroni-
schen Ventil umfasst ist, und wobei, wenn sich
das elektronische Ventil in dem geschlossenen
Zustand befindet, der Drucksensor dazu einge-
richtet ist, den elektrischen Motor zu aktivieren,
wenn der gemessene Druck kleiner ist als ein
zweiter vorbestimmter Druckgrenzwert (Th2)
und ihn anschlieRend zu deaktivieren, wenn der
gemessene Druck héher ist als ein dritter vor-
bestimmter Druckgrenzwert (Th3), der groRer
istals der zweite vorbestimmte Druckgrenzwert,
kleiner oder gleich dem ersten vorbestimmten
Druckgrenzwert.

Kreislauf nach Anspruch 1, des Weiteren einen Ver-
sorgungskreislauf (AC) zum Betatigen des elektro-
nischen Ventils umfassend und wobei der Versor-
gungskreislauf von der Hydraulikpumpe mittels ei-
nes druckbegrenzenden Ventils (RV) versorgt wird.

Kreislauf nach Anspruch 2, wobei das druckbe-
grenzende Ventil mit dem Teil des hydraulischen
Kreislaufs wirkend verbunden ist, der zwischen der
Hydraulikpumpe und dem elektronischen Ventil an-
geordnet ist.

Kreislauf nach Anspruch 3, wobei eine Druckbeauf-
schlagung des Versorgungskreislauf (AC) in Abhan-
gigkeit von der Druckbeaufschlagung des Teils des
hydraulischen Kreislaufs zwischen der Hydraulik-
pumpe und dem elektronischen Ventil erfolgt.

Kreislauf nach einem der vorhergehenden Anspri-
che, wobei die hydraulische Betatigungseinrichtung
mit einem hydraulischen Arbeitselement, wie einem
Arm und/oder einer Schaufel, oder einem Hilfsgerat
gekoppelt ist.

Nutzfahrzeug mit einem hydraulischen Kreislauf
nach einem der vorhergehenden Anspriiche.

Nutzfahrzeug nach Anspruch 6, wobei das hydrau-
lische Arbeitselement nicht die Bewegung des Fahr-
zeugs betrifft.

Verfahren zum Betreiben eines elektro-hydrauli-
schen Kreislaufs (HC) nach einem der vorhergehen-
den Anspriiche umfassend

- das Deaktivieren des elektrischen Motors,
wenn das elektronische Ventil sich in dem ge-
schlossenen Zustand befindet,

- das Beibehalten einer Druckbeaufschlagung
eines Teils des hydraulischen Kreislaufs zwi-
schen der Hydraulikpumpe (P) und dem elek-
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tronischen Ventil durch intermittierendes Akti-
vieren des elektrischen Motors.

Revendications

Circuit électrohydraulique (HC) comprenant

- une pompe hydraulique a cylindrée constante
(P) et un moteur électrique agencé pour entrai-
ner la pompe hydraulique en rotation,

- un réservoir d’expansion (T) agencé pour re-
cueillir 'huile hydraulique,

- un actionneur hydraulique (BUCKET, BOOM,
AUX) agencé pour déplacer un élément de tra-
vail (B, T) et/ou un dispositif auxiliaire et étre
alimenté par le circuit hydraulique,

- une valve a actionnement électrique direction-
nelle et a centre ouvert (V1, V2, V3) interposée
fonctionnellement entre ladite pompe hydrauli-
que a cylindrée constante (P) et ledit actionneur
et comprenant une condition de déverrouillage
dans laquelle elle isole I'actionneur hydraulique
en raccordant hydrauliquement la pompe hy-
draulique au réservoir d’expansion,

- dans lequel le moteur électrique (M) est confi-
guré pour se désactiver lorsque la valve a ac-
tionnement électrique est en condition de déver-
rouillage,

caractérisé en ce que le circuit électrohydrau-
ligue comprend en outre

une vanne de surpression (SV) interposée entre
lavalve a actionnement électrique et le réservoir
d’expansion et configurée pour s’ouvrir lors-
qu’un premier seuil de pression prédéterminé
est dépassé et

un capteur de pression (PS) associé a une partie
du circuit hydraulique compris entre la pompe
hydraulique et la valve a actionnement électri-
que et dans lequel le capteur de pression est
configuré, lorsque la valve a actionnement élec-
trique est a I'état fermé, pour activer le moteur
électrique lorsque la pression mesurée est infé-
rieure a un deuxieme seuil de pression prédé-
terminé (Th2) et la désactiver ensuite lorsque la
pression mesurée est supérieure a un troisieme
seuil de pression prédéterminé (Th3) supérieur
au deuxiéme seuil de pression prédéterminé, in-
férieur ou égal au premier seuil de pression pré-
déterminé.

Circuitselon larevendication 1, comprenanten outre
un circuit d’alimentation (AC) pour I'actionnement de
la valve a actionnement électrique, et dans lequel
ledit circuit d’alimentation est alimenté par ladite
pompe hydraulique au moyen d’une valve de limita-
tion de pression (RV).
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Circuit selon la revendication 2, dans lequel ladite
valve de limitation de pression est fonctionnellement
reliée a ladite partie du circuit hydraulique comprise
entre la pompe hydraulique et la valve a actionne-
ment électrique.

Circuit selon la revendication 3, dans lequel une
pressurisation du circuit d’alimentation (AC) est
fonction de la pressurisation de la partie du circuit
hydraulique comprise entre la pompe hydraulique et
la valve a actionnement électrique.

Circuit selon I'une quelconque des revendications
précédentes, dans lequel ledit actionneur hydrauli-
que est asservi a un élément de travail hydraulique
comme un bras et/ou un godet ou un dispositif auxi-
liaire.

Véhicule agricole comprenant un circuit hydraulique
selon I'une quelconque des revendications précé-
dentes.

Véhicule de travail selon la revendication 6, dans
lequel ledit élément de travail hydraulique ne con-
cerne pas le mouvement du véhicule.

Procédé de fonctionnement d’'un circuit électrohy-
draulique (HC) selon I'une quelconque des revendi-
cations précédentes comprenant

- la désactivation du moteur électrique lorsque
la valve a actionnement électrique est a I'état
fermé,

- le maintien d’'une pressurisation d’une partie
du circuit hydraulique entre la pompe hydrauli-
que (P) et la valve a actionnement électrique,
par activation intermittente du moteur électri-
que.
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