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DESCRIPTION

[0001] The invention relates to a hydraulic system of a vehicle, said system comprising: a first
hydraulic circuit having a first pressure source and at least a first hydraulic consumer, a second
hydraulic circuit having a second pressure source and at least a second hydraulic consumer,
connecting means allowing a flow of hydraulic fluid at least from said first hydraulic circuit to
sald second hydraulic circuit, and control means for controlling operation of said hydraulic
consumers.

[0002] Such a hydraulic system Is described, for example, in DE 10 2008 038 793 A1 or US
2014/0129035 A1. The vehicle for which the known system Is intended is an excavator having
two crawlers, each crawler being driven by one of the two hydraulic circuits. Furthermore, each
hydraulic circuit can be used to operate a further hydraulic consumer, like a turning drive for
the upper part of the excavator, for the bucket, etc.

[0003] Under normal circumstances the two hydraulic circuits are connected to each other.
The connecting means can interrupt this connection when the demand of hydraulic flow in one
circuit 1s smaller than the maximum capacity of the respective pressure source and larger than
a switching demand i1s. Such a switching demand can be, for example, 80 % of the maximum
capacity of the respective pressure source.

[0004] An excavator usually has rather constant operational conditions. As a rule It repeats a
sequence of movements for a number of times.

[0005] Other vehicles show other behaviors. A tractor, for example, has to be driven on a road
and In a field. Driving on the road requires a higher velocity than driving in a field. Furthermore,
the steering behavior of a tractor on the road is different from the behavior in the field. During
operation In a field, hydraulic consumers have to be actuated, for example a hitch or a front
loader.

[0006] The use of different hydraulic circuits each being provided with an own pressure source
has advantages in view of energy consumption and efficiency. However, in order to fulfill safety
requirement control of the flow between the circuits can be complicated and cumbersome.

[0007] The object underlying the invention i1s to allow safe operation of a vehicle with low
energy consumption of the hydraulic system.

[0008] This object is solved in a hydraulic system as as defined in independent claim 1.

[0009] The decision whether a flow of hydraulic fluid from one hydraulic circuit to another
hydraulic circuit 1s allowed or not now Is not only be made on the demand of the different
hydraulic circuit but also on an operation mode of the vehicle. Consequently the control can be
simplified depending on the operation mode of the vehicle a borrow of hydraulic fluid is not
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allowed In all cases. Furthermore, the pumps can be downsized compared to the prior art for
energy cost reduction.

[0010] Preferably said summation demand means or said control means calculate a demand
of said hydraulic consumers on basis of an actuation of said control means and allow a flow of
hydraulic fluid from one hydraulic circuit to another hydraulic circuit provided that said
operation mode signal indicates an operation mode or an actual working state of said vehicle In
which said flow i1s admissible. The control means can, for example, be a joystick, a steering
wheel or the like. Preferably said control means generate an electrical signal and all or at least
most of the control means are connected to each other and to the summation demand means
by a bus, for example, CAN-bus. These electrical signals are used to operate electrohydraulic
valves. At the same time, the signals can be used to determine the actual demand so that this
demand i1s known before or at least at the same time as the actuators have to be actuated.
Therefore, it 1Is not necessary to wait, for example, for the buildup of pressures on which the
pressure sources have to react. This makes the system fast and reliable. On the other hand,
only If the operation mode of the vehicle allows sharing of hydraulic fluid between two hydraulic
circuits, the calculated demand is used to control the summation demand means accordingly.

[0011] According to the Invention said operation mode signal means comprise selector means
which can be operated by an operator of said vehicle. The selector means can, for example,
be In the form of switches or in the form of a turning knob so that, for example, at least five
different operation modes can be selected.

[0012] One of the operation modes can be driving on a road. Another operation mode can be
working In the field. A third operation mode can be unloading a trailer, etc. The operator or the
driver of the vehicle knows which operation mode Is to be performed and can select the
respective operation mode by means of the selector means.

[0013] According to the invention said operation mode signal means are connected to at least
one sensor means, said sensor means detecting at least one operational parameter of said
vehicle. In this way the selection of the operation mode can be automated. When, for example,
the velocity of the vehicle exceeds a predetermined value it is clear that the vehicle does not
move In the field but on a road. In another example the vehicle 1s stopped and a fixing brake Is
actuated. In this case it i1s clear that there is no demand for a flow of hydraulic fluid in the
steering of the vehicle.

[0014] According to the invention said operational parameter of said vehicle 1s selected from a
group of parameters comprising speed of said vehicle, motor temperature of said vehicle,
steering angle of said steering wheel, traction force at a trailer coupling or hitch arm, engine
load, fan speed, motor rotations per minute. All these parameters can be used to detect the
operation mode of the vehicle or to predict a future operation mode. In some cases, the
operation mode of the vehicle can be determined only by a combination of different
parameters.
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[0015] Preferably only said first hydraulic circuit has a pressure source satisfying the demand
of hydraulic flow of said hydraulic circuit, wherein the at least second hydraulic circuit has an
under dimensioned pressure source. In this case the first hydraulic circuit i1s the hydraulic
circuit with the highest priority or the greatest importance. This hydraulic circuit must be able to
work under all circumstances. The second hydraulic circuit would be able to work even with its
under dimensioned pressure source alone, however, with a lower speed.

[0016] Only when the first hydraulic circuit does not need the full capacity of the first hydraulic
pressure source, the second hydraulic circuit can "borrow" hydraulic flow from the first

pressure source.

[0017] In a preferred embodiment said vehicle comprises a steering being part of said first
hydraulic circuit. The steering must be able to work under all circumstances. Therefore, the
hydraulic circuit of the steering has a pressure source which iIs able to satisfy the demand of
the steering.

[0018] In a further preferred embodiment said vehicle comprises working hydraulic means
being part of said second hydraulic circuit. The working hydraulic means can be, for example,
actuators for a hitch, for a front loader, for the unload function of a trailer, etc. VWhen the
capacity of the pressure source does not satisfy the demand commanded by the respective
control means, these working hydraulic means still work, however, with a lower speed.

[0019] Preferably said vehicle comprises a hydraulic fan drive being part of a third hydraulic
circuit. The hydraulic fan drive drives a fan which is used to produce a flow of air for cooling the
Internal combustion engine of the vehicle. Such a fan drive can, for a short time, work with

reduced capacity.

[0020] Preferably said third hydraulic circuit has a priority lower than a priority of said first
hydraulic circuit and higher than the priority of said second hydraulic circuit.

[0021] Preferred examples of the invention will now be described in more detall with reference
to the drawing, wherein:

Fig. 1

IS a schematic lllustration of a first embodiment and
Fig. 2

IS a schematic lllustration of a second embodiment.

[0022] The Iinvention is illustrated in the following using a tractor as example for the vehicle
with the hydraulic system. The tractor itself is not shown In the drawing.

[0023] The tractor has a first hydraulic circuit 1 comprising a first pump 2 as a first pressure
source and a hydraulic steering 3 as a first hydraulic consumer. The first steering circuit 1
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comprises furthermore a trailer brake 4. However, the hydraulic steering 3 has the first priority
and the trailer brake 4 has a second priority.

[0024] The tractor has furthermore a second hydraulic circuit 5. The second hydraulic circuit 5
comprises a second pump 6 as a second pressure source. Furthermore, the second hydraulic
circuit 5 comprises a second hydraulic consumer 7/, for example, an actuator for a hitch of the
tractor.

[0025] The two pumps 2, 6 are pumps with a variable displacement, for example, having a
swash plate the tilting of which can be adjusted. The first pump 2 has a LS-port 8 and the
second pump 6 has an LS-port 9. The pressure arriving at the LS-ports 8, 9 are used to adjust
the displacement of the pumps 2, 6.

[0026] The first hydraulic circuit 1 and the second hydraulic circuit 5 are connected to each
other via a check valve 10 opening from the first hydraulic circuit 1 to the second hydraulic
circuit 5. Therefore, a flow of hydraulic fluid from the first hydraulic circuit 1 to the second
hydraulic circuit 5 Is possible. In the present embodiment a flow In the opposite direction Is not
possible.

[0027] A connection line 11 In which the check valve 10 is positioned i1s connected to the first
hydraulic circuit 1 downstream the hydraulic steering 3 so that in any case the hydraulic
steering 3 can be supplied with the needed flow to obtain steering function with the full capacity
of the first pump 2.

[0028] Summation demand means 12 are connected to the LS-port 9 of the second pump and
to a shuttle valve 13, wherein the output of the shuttle valve 13 is connected to the LS-port 8 of
the first pump 2. The other input of the shuttle valve 13 Is connected to the LS-line 14 coming
from the steering 3. Furthermore, the line 11 Is connected to said summation demand device
12 which iIs connected to said second hydraulic circuit.

[0029] The summation demand means 12 is connected to a unit 15 In which a number of
functions are combined. Each function can be performed by separate means. However, It Is
also possible to realize two or more functions by the same means, for example a
microprocessor or microcontroller.

[0030] First of all, the unit 15 is connected to control means (not shown) wherein each control
means Is provided for controlling the hydraulic consumers 3, 4, 7. The control means for the
steering 3 can, for example, be a steering wheel or a steering joystick. The control means for
the trailer brake 4 can be a braking pedal. The control means for the hydraulic consumers 7
can, for example, be a joystick or the like. The hydraulic consumers 7 can be, for example a
hydraulic cylinder for the hitch of the tractor, a double acting hydraulic cylinder for a front
loader, or the like.

[0031] These control means are shown together in a box 16 being part of the unit 15.
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Furthermore, the unit 15 comprises operation mode signal means 17. The operation mode
signal means 1/ are connected to selector means 18 and/or to sensor means 19. The selector
means 18 can be In the form of one or more switches or in the form of a turning wheel with
which, for example, five or six or more different modes of operation of the tractor can be
selected. One mode of operation can be driving on a road. A second mode of operation can be
working In the field. A third mode of operation can be unloading of a trailer. A forth mode of
operation can be working with the front loader etc. These modes of operation can be selected
by the driver or operator of the tractor.

[0032] Furthermore, the sensor means 19 can be used as well to select the mode of operation
automatically. Vwhen, for example, the velocity of the tractor i1s higher than a predetermined
velocity, then it is quite sure that the tractor is not working in the field but is driving on the road.
When a fixing brake Is actuated, it is quite clear that the tractor is not driving on the road. The
sensor means 19 can have a plurality of sensors to detect a number of parameters, among
others the velocity or speed of the tractor, the motor temperature of the tractor, the steering
angle of a steering wheel, a steering command of a steering joystick, a load of the tractor, the
traction force at a trailer coupling or hitch arm, the engine load or the speed of a cooling fan for
the motor of the tractor. Further parameters can be the fuel consumption, the noise of the
motor, up and down acceleration of the tractor, ambient temperature and so on. The unit 15
can determine on the basis of these parameters or on the basis of a combination of some of
these parameters the operation mode of the tractor. WWhen, for example, the up and down
acceleration of the tractor exceeds a predetermined value it is quite clear that, for example, the
tractor 1s working In the field and not running on a road.

[0033] The summation demand device 12 receives the pressure at LS-port 9 of the second
pump 6 and therefore the load pressure of the second hydraulic circuit 5. The summation

demand device can therefore switch so that the two hydraulic circuits 1, 5 are connected or
not.

[0034] In the present embodiment, only the first pump 2 is able to fully satisfy the flow demand
of its first hydraulic circuit 1. The second pump 6 Is not able to fully satisfy the flow demand of
its second hydraulic circuit 5. When the controller 16 detects that the second hydraulic circuit 5
has a flow demand higher than that the second pump 6 can satisfy, it increases the pressure at
the LS-port 8 of the first pump 2. However, this pressure increase Is performed only when the
operation mode of the tractor allows that the second hydraulic circuit 5 borrows hydraulic fluid
from the first hydraulic circuit 1. This is, for example, the case when the tractor is working in the
fleld, more precisely during a head land turn during field operation. In this case the hitch or
another consumer should be actuated with the highest speed possible. On the other hand, the
steering 3 needs as much flow as possible to steer the steered wheels with the highest
possible speed as well. When, for example, the steering needs less time than the lifting of the
hitch, then the lifting of the hitch can be performed by supplying hydraulic fluid from the first
hydraulic circuit 1 to the second hydraulic circuit 5 as long as the steered wheels do not need a
steering movement or as long as it i1s satisfied with flow because of a low RPM (rotation per
minute).
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[0035] VWhen the pressure at the LS-port 8 of the first pump 2 Is increased, the output pressure
of the first pump 2 Is increased as well so that the check valve 10 opens and allows flow of the
hydraulic fluid from the first circuit 1 to the second circuit 5.

[0036] In the present example both pumps 2, 6 are shown as variable pumps. It Is, however,
possible, to replace one or both pumps 2, 6 with fixed pumps. In this case the fixed pumps
should have other possiblilities for control of pressure and flow.

[0037] Fig. 2 shows a second embodiment of a hydraulic system of a tractor. The tractor itself
IS again not shown. The same elements as in Fig. 1 are referred to with the same numerals.

[0038] The embodiment of Fig. 2 shows a third hydraulic circuit 20 having a third pump 21 as
third pressure source. The third pump 21 is a variable pump as well receiving a load sensing
signal via a LS-port 22. Furthermore, the third hydraulic circuit 20 has a hydraulic fan drive 23
for the engine or vehicle cooling system. The fan drive 23 Is a third hydraulic consumer.

[0039] The summation demand means 12 receives load sensing signal from the hydraulic
consumer /7 of the second hydraulic circuit 5 via a LS-line 24 and from the fan drive 22 via a
LS-line 25. Furthermore, the summation demand means 12 supplies a LS-signal to the LS-port
22 of the third pump 21, to the LS-port 9 of the second pump 6 and to the LS-port 8 of the first
pump 2 provided that the LS-pressure of the summation demand device 12 is higher than the
LS-pressure of the steering 3.

[0040] Fig. 2 shows furthermore a controller 26 as separate part. However, this controller 26
can also be part of the unit 15. The controller 26 calculates a flow demand of each of the
hydraulic circuits 1, 5, 20 on basis of the output signals of the control means 16. In this way the
hydraulic consumers of the hydraulic circuits 1, 5, 20 can react faster as in a case in which the
pumps 2, 6, 21 have to react on a pressure or flow demand of the hydraulic consumers.

[0041] In the embodiment shown In Fig. 2 the summation demand device not only combine the
LS-signals, If needed, but it also combines or shares the hydraulic flow from the first hydraulic
circuit 1 to the second hydraulic circuit 5 and/or to the third hydraulic circuit 20.

[0042] The steering 3 In the first hydraulic circuit 1 has the highest priority. The fan drive 23 In
the third hydraulic circuit 20 has the second priority and the working hydraulic of the hydraulic
consumers 7 In the second hydraulic circuit 5 has the last priority. The pump 2 In the first
hydraulic circuit 1 1Is nominal sized, 1.e. it can fully satisfy the demand of hydraulic flow In the
first hydraulic circuit to 100 %. The pumps 6, 21 In the second hydraulic circuit 5 and In the
third hydraulic circuit 20 are undersized. If the hydraulic circuits 5, 20 have to operate at full
load or full speed, these hydraulic circuits 5, 20 have to receive flow of hydraulic fluid from the
first hydraulic circuit 1 or of the respective other hydraulic circuit 20, 5.

[0043] The input signals for the first hydraulic circuit 1 can be a steering signal for the hydraulic
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steering 3 and a signal according to the vehicle speed. Input for the second hydraulic circuit 5
can be a control signal for the hydraulic actuators of the hydraulic consumers 7 and a vehicle
speed as well. An input for the third hydraulic circuit 20 can be the coolant temperature and the
fan speed. Furthermore, the engine load and the hydraulic load (i.e. pressure and flow) can be
an input parameter as well.

[0044] When, for example, the tractor is driving on the road, a high cooling capacity i1s needed
so that the fan drive 23 has to be operated with the highest possible speed. Since the steering
3 needs not the full capacity of the first pump 2 and the hydraulic consumers 7, for example, a
hitch active damping need less flow, the fan drive 23 can get a supplementary flow from the
first hydraulic circuit 1 and from the second hydraulic circuit 2. However, the unit 15 has to
detect that the operation mode Is "driving on road".

[0045] When In another example front loader work has to be performed, medium cooling
capacity is needed. However, the high flow to the loader actuator the hydraulic consumer 7 Is
necessary and a high flow to fast steer mode as well.

[0046] In this case the fan drive 23 Is operated with a medium speed so that the pump 21 can
be operated to produce a higher flow than needed by the fan drive 23. This excess flow can be
delivered to the second hydraulic circuit 5 so that the front loader actuators can be operated
with a higher speed.

[0047] Although during front loader work there 1s usually a high demand of hydraulic flow for
the steering 3, the high flow I1s demanded only during rather short time periods when the
steered wheels are actually moved to another angle position. In the pauses between these
movements of the steered wheels there Is an excess flow produced by the first pump 2 which
can be delivered to the second hydraulic circuit as well.

[0048] However, the supply of hydraulic fluid from the third hydraulic circuit 20 to the second
hydraulic circuit 5 and from the first hydraulic circuit 1 to the second hydraulic circuit 5 requires
that the unit 15 detects that the tractor is in the front loader work operation mode.

[0049] Another possible mode Is the head land turn during field operation, for example, the
operation of an air seeder. In this case, a high cooling capacity i1s needed and a high flow to
hydraulic consumer 7, for example, said air seeder. Furthermore, the hydraulic steering 3
needs a high flow for fast steer mode as well.

[0050] Since the head land turn requires usually a time of less than one minute, it is possible to
reduce the cooling capacity and to decrease the flow delivered to the fan drive 23 so that it Is
possible to deliver excess hydraulic flow from the third hydraulic circuit 20 to the hitch actuator.
Furthermore, the air seeder motor can carry on rotating but could be reduced slightly in speed.
Nevertheless, a high flow is needed. As In the front loader work, the steering 3 I1s operated In
fast steer mode thus needing a high flow. However, In the periods between the steering
movement of the steered wheels it is possible to deliver the excess flow of hydraulic fluid from
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the first hydraulic circuit to the second hydraulic circuit.

[0051] The head land turn operation can be detected by the unit 15 when, for example, the
hitch Is operated and at the same time the steering 3 I1s operated with fast steer mode.

[0052] Another possibility would be that a trailer is unloaded. In this case a fixing brake Is
actuated which can be detected by a sensor. VWWhen the fixing brake Is actuated, it i1s clear that

the steering 3 needs less flow or no flow. Therefore, the flow produced by the first pump 2 can
be used to lift the trailer platform very fast.
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Patentkrav

1. Hydraulisk system til et kgretg], hvilket system omfatter:

et forste hydraulisk kredslgb (1) med en farste trykgenerator (2) og mindst en
fearste hydraulisk forbruger (3, 4), et andet hydraulisk kredslgb (5) med en anden
frykgenerator (6) og mindst en anden hydraulisk forbruger (7), forbindelsesorganer
(10, 11), der tillader en strem af hydraulisk vaske | det mindste fra det farste
hydrauliske kredslgb (1) til det andet hydrauliske kredslgb (5), og betjeningsorg-
aner (16) til betjening af de hydrauliske forbrugers drift ( 3, 4, 7), hvor naevnte
betjeningsorganer (16) er forbundet med summeringseftersporgselsorganer (12),
hvor summeringsefterspargselsorganet (12) styrer stremmen af hydraulisk veaeske
fra mindst det fgrste hydrauliske kredslgb (1) til det andet hydrauliske kredslgb (5},
hvor summeringsefterspargselsorganet (12) er forbundet til driftstilstandssignals-
organer (17), der udsender et driftstilstandssignal, der indikerer en driftstilstand
for keretgjet, hvori summeringsefterspargselsorganet (12) tillader eller blokerer
strommen af hydraulisk vaeske fra et hydraulisk kredslgb (1) til et andet hydraulisk
kredslgb (5) | afhaengighed af naevnte driftstilstandssignal, driftstilstandssignalsor-
ganet (17) omfatter vaelgerorganer (18), som kan betjenes af en operator af kore-
tojet til valg af den respektive driftstilstand, hvori driftstilstandssignalsorganet (17)
er forbundet til mindst et sensororgan (19), hvor sensororganet (19) detekterer
mindst et driftsparameter for kgretojet, kendetegnet ved, at driftsparameteret
for keretgjet er valgt fra en gruppe af parametre, der omfatter kegretgjets hastighed,
Koretgjets motortemperatur, styrevinkel af et rat, treekkraft ved en trailerkobling

eller treekarm, motorbelastning, bleeserhastighed, motorrotationer pr. minut.

2. System ifglge krav 1, kendetegnet ved, at summeringsefterspgrgselsorganet
(12) eller betjeningsorganet (16) beregner en eftersporgsel fra de hydrauliske for-
brugere (3, 4, 7) pa basis af en aktivering af betjeningsorganet (16) og tillader en
strom af hydraulisk vaeske fra et hydraulisk kredslgb (1) til et andet hydraulisk
Kredslgb (5) forudsat, at driftstilstandssignalet angiver en driftstilstand eller en fak-

tisk arbejdstilstand for kgretgjet, hvor en sadan streamning er tilstedelig.

3. System ifplge et hvilket som helst af kravene 1 til 2, kendetegnet ved, at kun
det forste hydrauliske kredslgb (1) har en trykgenerator (2), der opfylder efter-
spargslen efter hydraulisk stremning af det hydrauliske kredslgb, hvor det mindst

andet hydrauliske kredslgb (5) har en underdimensioneret trykgenerator (6).
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4. System ifplge krav 3, kendetegnet ved, at koretgjet omfatter et styretg] (3),

der er en del af det fgrste hydrauliske kredslgb (1}).

5. System ifplge krav 3 eller 4, kendetegnet ved, at koretgjet omfatter aktive

hydrauliske organer (7), der er en del af det andet hydrauliske kredslgb (5).

6. System ifolge et hvilket som helst af kravene 2. 3 til 5, kendetegnet ved, at
koretpjet omfatter et hydraulisk bleeserdrev (23), der er en del af et tredje hydrau-
lisk kredslgb (20).

/. System ifglge krav 6, kendetegnet ved, at det tredje hydrauliske kredslgb (20)
har en prioritet, der er lavere end en prioritet | det fgrste hydrauliske kredslgb (1)

0g hgjere end en prioritet | det andet hydrauliske kredslgb (5).
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