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(567)  The present invention relates to a method for
adjusting a hydrostatic drive system of a mobile work
machine, wherein said hydrostatic drive system compris-
es a drive motor and a hydraulic pump (12), the rotation
of which is ensured by said drive motor, and at least one
hydraulic motor (3) connected in a closed circuit to said
hydraulic pump (12), wherein said hydraulic pump (12)
has an adjustment unit (16) for adjusting the displace-
ment of said hydraulic pump (12), wherein said displace-
ment is adjustable by adjusting an angle of inclination

METHOD OF ADJUSTING A HYDROSTATIC TRACTION SYSTEM

(opmp) of aninclined element (2), said method being char-
acterized by comprising the following steps:

a. Receive an information regarding a desired speed (v1)
of said mobile work machine;

b. Determine (100) a minimum number of revolutions
(npin) of said drive motor capable of enabling said mobile
work machine to reach said desired speed (v7);

c. Adjust (104) said drive motor taking into consideration
said calculated minimum number of revolutions (nyn)-
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Description
TECHNICAL FIELD.

[0001] The present invention relates to the field of a
method of adjusting a hydraulic pump control system for
a hydrostatic traction system, a computing unit adapted
to perform such a method, an working machine includes
such a computing unit, a computer program that induces
a computing unit to perform such a method, and a read-
able storage medium on which such a program is stored.

BACKGROUND

[0002] Mobile work machines with a hydrostatic drive
system are commonly used in the state of the art. A drive
motor (such as a diesel engine or electric motor) is con-
figured to ensure the rotation of one or more hydraulic
pumps mechanically connected to it. Such one or more
hydraulic pumps enable the transformation of mechani-
cal energy received from said drive motor into hydraulic
energy, in the form of pressure. At least one hydraulic
motor is hydraulically connected to said one or more hy-
draulic pumps so as to enable the transformation of said
pressure supplied by said pump into mechanical energy.
[0003] Such a hydrostatic transmission is commonly
known by the term hydrostatic continuously variable
transmission (commonly called CVT transmission).
[0004] In hydraulic traction transmissions, load-sensi-
tive axial piston swashplate hydraulic pumps (so-called
ET pumps)inaclosedloop are usually used. Such pumps
presented the characteristic that an increase in load
tends to decrease the pump’s tilt angle. Therefore, if, for
example, the working machine starts a climb, the load
that the machine has to support will go up. This will then
cause the angle of inclination of the pump to decrease.
The advantage of these ET pumps is that the power and
pressure controls are very simple.

[0005] In construction machines with CVT transmis-
sion, the speed (the speed) of the drive motor is set di-
rectly by the driver using a hand throttle or foot pedal.
[0006] If the speed is set via the hand throttle, the
speed is typically constant; the CVT transmission is con-
trolled in such a way that a defined vehicle speed can be
set via the accelerator pedal. This solution has the dis-
advantage that too high speeds cause inefficiency of the
system, and that for too low speeds it forces the driver
to make a manual correction so as to ensure the neces-
sary power to drive the working machine on which said
hydrostatic drive system is arranged.

[0007] If the speed is set by the pedal, the variable
speed serves as areference variable for setting the trans-
mission ratio. This solution is particularly disadvanta-
geous in that in order to provide the necessary power
required by the pedal, too high speeds are reached,
which are disadvantageous both from the point of view
of energy efficiency and from the point of view of the
noise caused.
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[0008] These strategies are implemented in different
working modes, which the driver selects.

[0009] In addition, drive motor control strategies are
known that set the optimal speed for consumption based
on a desired driving performance, for example, based on
a required torque. This solution has the disadvantage
that oscillations are realized and control of the CVT trans-
mission, which is completely disconnected from the drive
motor speed, is required.

[0010] Therefore, the goal is to provide a method to
solve these problems without having to resort to addi-
tional components or having particularly complex control
systems.

SUMMARY

[0011] The presentinvention relates to a method con-
taining the features listed in claim 1.

[0012] With the form of embodiment described in claim
1, itis indeed possible to achieve a simple Eco-Strategy
without the need to calculate energy requirements and
power capabilities. There is then a particular ease of pa-
rameterization, and the speed setting is particularly easy
to stabilize when compared with the state of the art.
[0013] Preferable forms of implementation are given
in the dependent claims.

BRIEF DESCRIPTION OF THE FIGURES

[0014] The presentinvention will be described with ref-
erence to the attached figures in which the same numbers
and/or reference marks indicate the same and/or similar
and/or corresponding parts of the system.

Figure 1 shows a hydraulic diagram of a propulsion
of an working machine according to a scheme known
from the state of the art;

Figure 2 shows a function for adjusting a hydrostatic
drive system of a mobile work machine according to
a form of embodiment of the present invention.

DETAILED DESCRIPTION

[0015] In the following, the present invention is de-
scribed by referring to particular forms of embodiment as
illustrated in the attached drawing plates. However, the
present invention is not limited to the particular forms of
embodiment described in the following detailed descrip-
tion and depicted in the figures, but rather the forms of
embodiment described simply exemplify the various as-
pects of the present invention, the scope of which is de-
fined by the claims. Further modifications and variations
of the present invention will appear clear to the person
in the art.

[0016] In this description, the term working machine is
used to refer to any man-driven (or even remotely oper-
ated) mechanical means of transporting people, animals,
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or things, whether circulating on the road or usable off
the road, such as on construction sites, quarries, or min-
ing operations, etc. Thus, an example of a vehicle may
be a construction machine such as a bulldozer. In gen-
eral, a vehicle is defined as any vehicle capable of per-
forming vehicle displacement.

[0017] Figure 1 shows a hydraulic diagram of a traction
system for a working machine with respect to which an
adjustment method may be used according to an em-
bodiment of the present invention. Only the components
essential to the invention are described. The system has
a casing 1 on which two working connections are formed
to which a working line of a closed circuit, for example a
hydraulic motor 3 such as that shown in the figure, is
connected respectively. In this way a drive system for a
mobile working machine (not shown), such as a bulldoz-
er, is formed.

[0018] The axial piston pump 12 is made with an ob-
lique disc 2 (also referred to more generally as an oblique
element) whose angle of oscillation oy, can be set by
means of an adjusting unit 4, so as to go to adjust the
displacement of the pump itself. A double-action regulat-
ing cylinder 6 is used for this purpose, which has a first
chamber 8, of the regulating pressure and a second
chamber 8, of the regulating pressure acting in the op-
posite direction to the first chamber.

[0019] Afirstcontrol pressure pgq acts in the firstcham-
ber of control pressure 8, in the direction of an increase
in swing angle Cpmp and thus in the direction of an in-
crease in pump displacement 12. In the opposite direc-
tion to this, a second control pressure pg, in the second
chamber 8, acts in the direction of a reduction in the
oscillation angle oy, and thus in the direction of a re-
ductionin pump displacement 12. In this way, a difference
in control pressure Ay can be defined given by the dif-
ference of the first and second control pressures pg;4,
Psto, this difference in control pressure Apst by definition
always acts in the direction of an increase in the oscilla-
tion angle o, and thus in the displacement itself.
[0020] Through a drive shaft 10 of the axial piston
pump, its drive unit is driven and in addition also a feed
pump 14. Drive shaft 10 can be driven by a diesel engine
(not shown) or alternatively also by an electric motor and
rotates with a variable number of revolutions. This
number of revolutions acts together with the control pres-
sure difference in the direction of an increase in the os-
cillation angle o,

[0021] In the particular example shown in the figure,
the axial piston pump 12, in the case of forward travel,
feeds a high pressure line HD which allows it to supply
acertain pressure to the hydraulic motor 3. The high pres-
sure HD, which is also referred to as working pressure,
acts in the direction of a reduction in the oscillation angle
Comp: These relationships are called axial piston pump
characteristic and are stored in an electronic control unit
16 in the form of formulas and/or as characteristic dia-
grams and/or characteristic lines ormore in general func-
tions.
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[0022] The two control pressures are controlled by two
pressure reducing valves 184, 18,. These respectively
have an electric magnet a, b, which via a respective elec-
trical line 204, 20, is connected with the electronic control
unit 16. The two pressure reduction valves 18, 18, are
designed so that the respective control pressure pg4, Psio
is proportional to the respective current intensity (204,
20,).

[0023] The two pressure reducing valves 18, 18, are
supplied on the inlet side via a supply pressure line 22
from supply pump 14.

[0024] With reference to Figure 2, a method of adjust-
ing a hydrostatic drive system of a mobile work machine
such as that shown in Figure 1 will now be presented.
Thus, the hydrostatic traction system comprises a drive
motor and hydraulic pump 12, the rotation of which is
ensured by said drive motor, and at least one hydraulic
motor 3 connected in a closed circuit to said hydraulic
pump 12, wherein said hydraulic pump 12 has the ad-
justment unit 16 for adjusting the displacement of said
hydraulic pump 12, wherein said displacement is adjust-
able by adjusting the angle of inclination ayr,, of the in-
clined element 2.

[0025] In afirst step of such a method the reception of
an information regarding a desired speed vt of said mo-
bile working machine takes place. This desired speed
may be, for example, the speed requested by a user via
a foot pedal or even via a joystick.

[0026] Inasecond step 100 the determination of a min-
imum number of revolutions ny,\ of said drive motor ca-
pable of enabling said mobile work machine to reach said
desired speed vy takes place.

[0027] Said determination of said minimum number of
revolutions ny may be performed substantially by two
alternative methods. As will be clear from the description
in both methods the minimum number of revolutions is
calculated. By "calculate" we mean that the desired value
is the result of a mathematical operation such as using
afunction or a direct calculation. Therefore, in light of the
two examples described, it is clear that "calculate" does
not identify merely the mathematical calculation but the
fact that on the basis of an input variable that desired
value is derived.

[0028] According to a first form of implementation, a
flow balance equation and a hydrostatic drive system ef-
ficiency criterion can be used. This is because in order
to achieve a given speed of the working machine, there
are infinite combinations of values of the hydrostatic
transmission ratio and the speed of the traction motor,
which can be determined by means of a flow balancing
equation. Therefore, the "ideal" condition among the pos-
sible ones can be chosen on the basis of an efficiency
criterion. Basically, on the basis of the desired speed v
a simulation takes place, the result of which is the value
of the number of revolutions capable of allowing that final
speed to be reached under an ideal condition.

[0029] According to a second form of implementation,
on the other hand, the determination of the minimum
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number of revolutions nyy takes place by means of a
function describing for each desired speed vy of said mo-
bile work machine at least one value of said minimum
number of revolutions ny of said drive motor capable
of allowing to reach said desired speed v+, ata predefined
condition of said mobile work machine. Said predefined
condition preferably corresponds to the translation of said
mobile work machine along a flat surface.

[0030] A method by which this function can be derived
will be briefly presented below.

[0031] Empirically, an initial test speed is set that must
be maintained by said mobile working machine during
an initial test. It starts with a fairly high number of revo-
lutions value so as to ensure that the first speed is
reached. At the same time the number of revolutions of
said drive motor is progressively decreased thus going
to change the gear ratio accordingly, while keeping, how-
ever, both the speed and the predefined condition (e.g.,
movement on a flat or inclined surface) constant.
[0032] In a basically constant manner, the efficiency
of said hydrostatic drive system is detected, i.e., the ratio
between the output power supplied (which remains con-
stant since the speed is constant) and the input power
supplied by the drive motor.

[0033] When itis detected that the efficiency reaches
an optimal value, a first number of revolutions of said
drive motor is detected at which said efficiency was de-
tected. It is clear that in the same way it is monitored that
certain conditions are met, for example, the pressure
within the hydrostatic drive cannot exceed a predeter-
mined threshold value.

[0034] This method is repeated equally for at least a
second test speed, obtaining a second number of revo-
lutions of said drive motor at which said efficiency was
detected.

[0035] The function is then derived by interpolating the
detected values of said number of revolutions for said at
least two test speeds. It is clear that, in order to improve
the accuracy of said function it will be particularly advan-
tageous to have a number of test speeds greater than
two so as to have a function that better reflects the be-
havior at the desired speed range v+ (e.g., equal to three,
four or five test speeds)

[0036] Parallel to the determination of said minimum
speed ny N, according to a preferred form of realization,
a comparison 101 of said desired speed vy of said mobile
working machine with a current speed va,of said mobile
working machine takes place.

[0037] Based on said comparison, a correction value
Ny of said minimum speed ny of said drive motor is
calculated. Preferably said correction value ny is con-
stantly filtered 102 before being used to adjust said drive
motor.

[0038] Said correction value ny is preferably added
103 to said minimum number of revolutions ny,y obtain-
ing a corrected minimum number of revolutions nT. Said
drive motor is then preferably adjusted by taking into con-
sideration said minimum corrected number of revolutions
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nT.
[0039] According to a preferred embodiment, the drive
motor is further adjusted by taking into consideration a
minimum speed ny,g of said drive motor required by a
work function of said mobile work machine.

[0040] Therefore, in step 104 shown in the figure, the
maximum value between the minimum required speed
nwo, for example due to the speed required for moving
a mechanical arm by means of a hydrostatic cylinder,
and minimum required speed nt will be taken.

[0041] The presentinvention also describes a compu-
tational unit adapted to perform a method according to
any of the forms of embodiments presented above.
[0042] In addition, the present description includes a
computer program that induces a computing unit to per-
form a method as described in the present invention.
[0043] A readable storage medium comprising the
computer program stored thereon described above is al-
so described.

[0044] Although the present invention has been de-
scribed with reference to the forms of embodiment de-
scribed above, it is clear to the person skilled in the art
that various modifications, variations, and improvements
of the present invention in light of the teaching described
above and within the scope of the appended claims are
possible without departing from the subject matter and
scope of protection of the invention.

[0045] Finally, those areas that are believed to be
known by experts in the field have not been described to
avoid overshadowing the described invention unneces-
sarily.

[0046] Accordingly, the invention is not limited to the
forms of embodiment described above, but is only limited
by the scope of protection of the appended claims.

Claims

1. A method for adjusting a hydrostatic drive system of
a mobile work machine, wherein said hydrostatic
drive system comprises a drive motor and a hydraulic
pump (12), the rotation of which is ensured by said
drive motor, and at least one hydraulic motor (3) con-
nected in a closed circuit to said hydraulic pump (12),
wherein said hydraulic pump (12) has an adjustment
unit (16) for adjusting the displacement of said hy-
draulic pump (12), wherein said displacement is ad-
justable by adjusting an angle of inclination (O‘pmp)
of an inclined element (2), said method being char-
acterized by comprising the following steps:

a. Receive an information regarding a desired
speed (v1) of said mobile work machine;

b. calculate (100) a minimum number of revolu-
tions (nyN) of said drive motor capable of ena-
bling said mobile work machine to reach said
desired speed (v7);

c. Adjust (104) said drive motor taking into con-



7 EP 4 303 438 A1 8

sideration said calculated minimum number of
revolutions (npn)-

Method according to claim 1, wherein the calculation
of said number of revolutions in said step b. is carried
out by using a flow balancing equation and an effi-
ciency criterion of said hydrostatic drive system.

Method according to claim 1, wherein the calculation
of said number of revolutions in said step b. is carried
out by using a function describing for each desired
speed (vr) of said mobile work machine at least a
value of said minimum number of revolutions (nyn)
of said drive motor capable of allowing said desired
speed (v7) to be reached, corresponding to a prede-
fined condition of said mobile work machine.

Method according to claim 3, wherein said prede-
fined condition corresponds to a translation of said
mobile work machine along a flat surface.

Method according to claim 2 or 3, wherein said func-
tion is derived by repeating for at least two different
test speeds the following steps:

- Maintain aconstant speed equal to a testspeed
the speed of said mobile work machine and at
the same time gradually decrease the speed of
said drive motor;

- Substantially constant detect the efficiency of
said hydrostatic drive system;

- Detect the number of revolutions of said drive
motor at which said efficiency reaches a prede-
termined value;

wherein said function is derived by interpolating the
detected values of said number of revolutions for
said at least two test speeds.

A method according to any one of claims 1 to 5,
wherein said method further comprises the following
steps:

d. Compare (101) said desired speed (v1) of said
mobile work machine with a current speed (v,)
of said mobile work machine,

e. Calculate a correction value (n) of said min-
imum speed (ny,,y) of said drive motor calculat-
ed in said step b based on said comparison of
step d.;

wherein in said step c. said drive motor is further
adjusted on the basis of said correction value (n)
calculated in said step e..

Method according to claim 6, wherein said correction
value (n) is continuously filtered (102) before being
used to adjust said drive motor in said step c.
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8.

10.

1.

12.

13.

Method according to any one of claims 6 or 7, where-
in said correction value (n.) is added (103) to said
minimum number of revolutions (ny,y) calculated in
said step b. resulting in a corrected minimum number
of revolutions (ny) and wherein in said step c. said
drive motor is adjusted taking said corrected mini-
mum number of revolutions (n) into consideration.

A method according to any one of claims 1 to 8,
wherein said drive motor is adjusted by further con-
sidering a minimum speed (nyyq) of said drive motor
required by a work function of said mobile work ma-
chine.

A method according to any one of claims 1 to 8,
wherein said regulating unit has a regulating cylinder
(6) with a first regulating pressure chamber (8) in
which, by means of afirst valve (18,), a first regulat-
ing pressure (pg1) can be set which depends on a
first current intensity (14) of the first valve (18,) and
which is configured to affect the inclination (oppyp) Of
said inclined element (2), in which said control unit
(4) is configured so that an increase in the delivery
pressure of the hydraulic pump (2) tends to cause a
reduction in the displacement of the hydraulic pump
(12).

A calculation unit containing means for performing
a method according to any of the preceding claims.

An working machine comprising a hydrostatic drive
system, wherein said hydrostatic drive system com-
prises said hydraulic pump (12), the rotation of which
is provided by a drive motor, and at least one hy-
draulic motor connected in a closed circuit to said
hydraulic pump (12), wherein said hydraulic pump
(12) has an adjusting unit (4) for adjusting the dis-
placement of said hydraulic pump, wherein said dis-
placement is adjustable by adjusting an angle of in-
clination (a,m,) of an inclined element (2), wherein
said adjusting unit (4) has an adjusting cylinder (6)
with a first adjusting pressure chamber (8,) in which,
by means of a first valve (18,) a first regulating pres-
sure can be set which depends on a first current in-
tensity (I4) of the first valve (184) and which is con-
figured to affect the inclination (o.py,p) of said inclined
element (2), wherein said regulating unit (4) is con-
figured such that anincrease in the delivery pressure
of the hydraulic pump (2) tends to cause a reduction
in the displacement of the hydraulic pump (12),
wherein said working machine comprises a calcula-
tion unit according to claim 11.

A computer program comprising instructions which,
when the program is executed by a computer, cause
the computer to perform the steps of the method of
any one of claims 1 to 10.
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14. A computer-readable storage medium comprising
instructions which, when executed by a computer,
cause the computer to execute the method steps of
any one of claims 1 to 10.
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