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DESCRIPTION

[0001] The present invention relates to a hydraulic system according to claim 1. Furthermore,
the invention relates to a method according to claim 4. Prior art examples for such a system
and method are known from GB 2 271 491 A. The set of parameters comprises at least one
parameter, for example, a maximum flow at the output of the valve, a maximum allowable
pressure, a maximum allowable operating speed and so on. In many cases the set of
parameters is determined by the consumer connected to the hydraulic valve. The set of
parameters may be loaded into the primary memory via the bus.

[0002] However, such a procedure is time-consuming and requires special equipment.
[0003] The object underlying the invention is to facilitate service work.
[0004] This object is solved in a hydraulic system as defined in claim 1.

[0005] In this way the group of valves forms a backup system for the parameters for the
valves. The set of parameters of each valve is stored in the primary memory of this particular
valve. However, when the memory is damaged or the valve has to be replaced, the set of
parameter is not lost, but stored in the secondary memory of another valve. Since the other
valve is contained in the same group of valves, it is relative simple to download the set of
parameters from the secondary memory of the other valve to the primary memory of the
specific valve. Each valve comprises an address unique in said group of valves. This address
can be used to identify the valve and consequently to identify the primary memory and at least
a spare part valve is provided having an address different from all addresses in said group.
The spare part valve can therefore be used to replace any similar valve in said group without
being fixed to a specific position.

[0006] Preferably the valves are electro-hydraulic valves. An electro-hydraulic valve can be
controlled by means of electric energy, in other words by means of electrical signals. The set of
parameters can easily be transformed into electrical signals thereby performing an operation of
the valve which makes it sure that the parameters are taken into account.

[0007] Preferably each valve comprises a microcontroller. The microcontroller uses the set of
parameters stored in the primary memory during operation of the valve. The microcontroller
can get operating demands via the bus. The bus can be a field bus, e.g. a CAN-bus.

[0008] The object is solved in a method as defined in claim 4. In this way a set of parameters
is stored at least in two different places in the group of valves. Therefore, even if the set of
parameters is lost in one location, it can easily be backed up from the other location.

[0009] Preferably during a check-phase the primary memory and the secondary memory of
each valve are compared with each other. In this way it is possible to check whether the
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contents of the primary memory of a specific valve still coincides with the contents of the
secondary memory which is physically away from the primary memory since it is positioned in
another valve of the group. When there are differences between the primary memory and the
secondary memory, appropriate corrections can be made.

[0010] In this case it is preferred that a check sum value of a memory area of said primary
memory and a check sum value of a memory area of said secondary memory are calculated
and compared with each other. The use of a check sum value is a simple means for comparing
the primary memory and the secondary memory. Only one value per memory has to be
calculated so that the examination can be done without heavy work load.

[0011] In a preferred embodiment in case of a defect valve or a replacement of a valve by a
spare part valve, said set of parameters is downloaded from said secondary memory of said
other valve into the primary memory of said defect valve or of said spare part valve. The term
"defect valve" means that the primary memory and the secondary memory have differences. It
does not necessarily mean that the valve is defect in a mechanical sense. However, it means
that it cannot be guaranteed that the operational behavior is as it should be. In such a case or
in a case of a replacement the secondary memory of a valve apart from the defect or of the
spare part valve can be used to download the set of parameters so that after the download the
specific valve can be used without further service work.

[0012] In a preferred embodiment a first valve comprising a secondary memory of another
valve examines if the other valve is available on the bus and, if it is not available, however a
spare part is available, the primary memory of said spare part valve is updated by the
secondary memory of said first valve. The examination can be performed by use of the
microcontroller which basically has to use only the address of the valve the set of parameters
of which is stored in the secondary memory. If this address is available in the group of valves,
for example, via the bus, it can be checked whether the two memories have the same content.
If this address is not available, however, a valve with a spare part address is available, the
valve group will determine, if one or more valve(s) is/are missing. The missing valve, for
example with the lowest address, will be recreated by updating its back-up into the spare part.
After updating, the check sum is calculated and controlled by the back-up valve.

[0013] Preferably, said check-phase is a start phase. In other words, the check is made during
each start of the hydraulic system.

[0014] An embodiment of the invention will now be described in more detail with reference to
the drawing, wherein:
The only Fig.: is a schematic illustration of a hydraulic system.

[0015] A hydraulic system 1 comprises a group of at least two valves, in the present
embodiment three valves 2a, 2b, 2c. The valves 2a, 2b, 2c can be connected mechanically, i.e.
they can form a valve bloc, however, this is not necessary. They can be of different mechanical
construction or they can be of the same mechanical construction. Each valve 2a, 2b, 2c
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comprises at least a pressure supply port P, a tank port T and one or more working ports A, B.

[0016] Each valve 2a, 2b, 2c comprises a valve element 3a, 3b, 3c in a valve housing 4a, 4b,
4c. The valve element 3a, 3b, 3c can be, for example, a spool or a slide. Each valve element
3a, 3b, 3c can be moved or operated by means of a drive 5a, 5b, 5c. The drive 5a, 5b, 5c is
preferably an electro-hydraulic drive, i.e. the energy for moving the valve element 3a, 3b, 3c is
provided by a hydraulic fluid under pressure and this pressure is controlled electrically, for
example by means of a solenoid. The position of the valve element 3a, 3b, 3c in its valve
housing 4a, 4b, 4c determines a flow of hydraulic fluid from the pressure supply port P to one
of the working ports A, B and from the other working port B, A to the tank port T. The valves
2a, 2b, 2¢ may have further ports which are not shown.

[0017] Each valve 2a, 2b, 2c comprises a microcontroller 6a, 6b, 6c which is shown to be
connected with the drive 5a, 5b, 5c. Furthermore, each valve 2a, 2b, 2c is provided with an
address 7a, 7b, 7c. The address 7a, 7b, 7c is shown to be a separate "part". However, it can
be part of or stored in a memory of the microcontroller 6a, 6b, 6c¢.

[0018] All valves 2a, 2b, 2c are connected to a bus 8, for example a field bus, such as a CAN
bus. Operating commands for actuating the valve 2a, 2b, 2¢ can be transmitted via the bus 8.

[0019] Each valve 2a, 2b, 2c comprises a primary memory 9a, 9b, 9¢c and a secondary
memory 10a, 10b, 10c. The primary memory 9a and the secondary memory 10a of the valve
2a are shown to be physically separated from each other. However, they can be physically
combined in a common memory element. The same is true for the primary memories 9b, 9¢
and the secondary memories 10b, 10c of the other valves 2b, 2c.

[0020] The primary memory 9a, 9b, 9c of each valve 2a, 2b, 2c stores a set of parameters for
this valve. The set of parameters comprises at least a parameter, however, in most cases the
set of parameters comprises more than one parameter. Such a parameter can be the
allowable maximum flow, the allowable maximum pressure, the allowable maximum speed of
movement of the valve element 3a, 3b, 3c, and so on. The memories 9a, 9b, 9¢; 10a, 10b, 10c
are non-volatile memories (EEPROM). The set of parameters can be used for control and set-
up of each specific valve.

[0021] The set of parameters for the valve 2a is not only available in the primary memory 9a
in this valve 2a. However, it is available as well in a secondary memory 10b of another valve
2b. In the same way, the set of parameters of the valve 2b is not only available in the primary
memory 9b of this valve, but also in the secondary memory 10c of another valve 2c. The set-
up parameter of the valve 2c is available in the primary memory 9c of this valve 2c and
additionally in the secondary memory 10a of the valve 2a.

[0022] Consequently, when new parameters are downloaded to a valve, the parameters must
be stored in both the memory of the valve and in the memory of a different valve. When
parameters are downloaded for the valve 2a, they are stored in the primary memory 9a of this
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valve 2a and in the secondary memory 10b of the other valve 2b.

[0023] During each start of the hydraulic system or of the groups of valves 2a, 2b, 2c, the so
called "back-up valve" will examine, if the valve, for which it comprises a secondary memory, is
available on the field bus 8. In other words, the back-up valve is the valve comprising the
secondary memory 10b, 10c, 10a for another valve 2a, 2b, 2c. If this other valve 2a, 2b, 2c is
available on the bus 8, both the valves 2a, 2b, 2c and the back-up valves 2b, 2c, 2a calculate a
check sum value of the memory area of the primary memory 9a, 9b, 9¢ and of the secondary
memory 10b, 10c, 10a. The back-up valve 2b, 2c, 2a send the check sum of the secondary
memory 10b, 10c, 10a to the primary valve 2a, 2b, 2c. If the check sum values of equal, the
valves 2a, 2b, 2c will continue the starting procedure. If the check sum values are not equal,
the primary valves 2a, 2b, 2c must updated its parameters into the back-up valves 2b, 2c, 2a,
so that all values are equal. Another possibility would be that the primary memory 9a, 9b, 9c is
updated by the contents of the secondary memory 10b, 10c, 10a.

[0024] If the check sum values of the primary memory and the secondary memory are
different, the valve is deemed to be a "defect valve". However, in many cases, this "defect" can
be removed by updating the primary memory 9a, 9b, 9c.

[0025] In some cases it is necessary to replace a valve, for example, if the valve shows a
mechanical defect.

[0026] It is assumed that the valve 2c has been replaced by a spare part valve. Therefore, the
address 7c¢ of the valve 2¢ has changed.

[0027] During each start of the valve group of the valves 2a, 2b and the replaced valve 2c, the
back-up valve (in this case valve 2a) will examine if the valve 2c, for which it comprises a
secondary memory 10a is available on the bus 8. If it is not available, however, a valve with a
spare part address is available, the valve group will determine, if one or more valve(s) is/are
missing. The missing valve 2c¢ with the lowest address will be recreated by updating its back-up
into the spare part 2c. After updating, the check sum is calculated and controlled by the back-
up valve 2a.

[0028] By adding a new spare part valve and make a new start, this procedure can be
repeated.

[0029] When all required valves have been updated, the valve group will function correctly
after the next start.

[0030] A hydraulic consumer 11a, 11b, 11c is connected to each of the valves 2a, 2b, 2¢
shown. The consumer 11a, 11b, 11¢ could be a hydraulic cylinder, for example for controlling

the scoop of a backhoe.

[0031] The valves 2a, 2b, 2c shown are usually joined in groups, which are connected to a
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supply, for example from a pump, and to a tank. The input for the valve group often consists of
a so called end module, to which also the supply is connected. The end module can also have
a built-in microcontroller with memory etc. In this end module it could be imagined to store all
parameters for the whole group, so that they were all gathered in one place. In this situation it
could be imagined that the module coming right after the end module could contain a backup
of the parameters for all valves in the group and that this backup could be used, if, for some
reason the end module had to be replaced.

[0032] Usually, the CAN bus will have a connection to a central controller, and it can thus be
imagined that, if the vehicle has several valve groups, the central controller can collect all
parameters for all groups, so that whole groups can be replaced without problems.

[0033] Usually, the valves 2a, 2b, 2c shown will also have some sort of built-in transducer that
measures the deflection of the valve slide (for example an LVDT transducer), and this/these
parameter(s) can also be stored in the memory.
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PATENTKRAV

1. Et hydraulisk system (1) omfattende en gruppe af mindst to ventiler (2a, 2b, 2c)
forbundet til en samleskinne (8), hver af naevnte ventiler (2a, 2b, 2¢) omfatter et ven-
tilhus (4a, 4b, 4c), et ventilelement (3a, 3b, 3c) og en primar hukommelse (9a, 9b, 9c)
til lagring af et sat af parametre af ventilen (2a, 2b, 2c), hvor hver ventil (2a, 2b, 2¢)
omfatter mindst en trykforsyningsport (P), en tankport (T), en eller flere arbejdsporte
(A, B) og en sekundar hukommelse (10a, 10b, 10c) til lagring af navnte s®t af pa-
rametre af en forskellig ventil (2a, 2b, 2¢) af navnte gruppe, hvor positionen af ventil-
elementet (3a, 3b, 3c) 1 dets ventilhus (4a, 4b, 4c) bestemmer en strgm af hydraulik-
vaske fra trykforsyningsporten (P) til en af arbejdsportene (A, B) og fra den anden
arbejdsport (B, A) til tankporten, hvor hver ventil (2a, 2b, 2¢) omfatter en unik adresse
(7a, 7c, 7c) 1 nzevnte gruppe af ventiler og der findes mindst en reservedelsventil med

en adresse forskellig fra alle adresserne (7a, 7b, 7c) 1 n&vnte gruppe.

2. Hydraulisk system ifglge krav 1, kendetegnet ved, at ventilerne (2a, 2b, 2c) er

elektrohydrauliske ventiler.

3. Hydraulisk system ifglge krav 1 eller 2, kendetegnet ved, at hver ventil (2a, 2b, 2¢)

omfatter en mikrocontroller (6a, 6b, 6¢).

4. En fremgangsmade til drift af et hydraulisk system omfattende en gruppe af mindst
to ventiler (2a, 2b, 2¢) forbundet til en samleskinne (8), hvor hver ventil (2a, 2b, 2¢)
omfatter et ventilhus (4a, 4b, 4c), et ventilelement (3a, 3b, 3c) og en primar hukom-
melse (9a, 9b, 9c) til lagring af et s@t af parametre for ventilen, hvor hver ventil (2a,
2b, 2c¢) omfatter mindst en trykforsyningsport (P), en tankport (T), en eller flere ar-
bejdsporte (A, B) og nevnte sat af parametre er lagret 1 en sekunder hukommelse
(10a, 10b, 10c) af en anden ventil (2a, 2b, 2¢) af navnte gruppe, hvor positionen af
ventilelementet (3a, 3b, 3c) 1 dets ventilhus (4a, 4b, 4c¢) bestemmer en strgm af hy-
draulikvaeske fra trykforsyningsporten (P) til en af arbejdsportene (A, B) og fra den
anden arbejdsport (B, A) til tankporten, hvor hver ventil (2a, 2b, 2¢) omfatter en unik
adresse (7a, 7b, 7c) 1 nevnte gruppe af ventiler og der findes mindst en reservedels-

ventil med en adresse forskellig fra alle adressere (7a, 7b, 7¢) 1 n&evnte gruppe.
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5. Fremgangsmaden ifglge krav 4, kendetegnet ved, at den primare hukommelse (9a,
9b, 9c) og den sekund@re hukommelse (10a, 10b, 10c) under en kontrolfase sammen-

lignes med hinanden.

6. Fremgangsmaden ifglge krav 5, kendetegnet ved, at en kontrolsumveardi af et hu-
kommelsesomrade af nevnte primare hukommelse (9a, 9b, 9¢) og en kontrolsumveer-
di af et hukommelsesomrade af den sekundare hukommelse (10a, 10b, 10c) er bereg-

net og sammenlignet med hinanden.

7. Fremgangsmaden ifglge ethvert af kravene 4-6, kendetegnet ved, at i tilfelde af en
defekt ventil eller en udskiftning af en ventil med en reservedelsventil, nevnte s@t af
parametre hentes fra n@vnte sekundare hukommelse (10a, 10b, 10c) af navnte anden
ventil ind 1 den primare hukommelse (9a, 9b, 9c) af n@vnte defekte ventil eller af

navnte reservedelsventil.

8. Fremgangsmaden ifglge kravene 6 til 7, kendetegnet ved, at en fgrste ventil omfat-
tende en sekunde@r hukommelse (10a, 10b, 10c) af en anden ventil undersgger om en
anden ventil er til radighed pa samleskinnen (8) og, hvis den ikke er tilgengelig, men
en reservedelsventil er til rddighed opdateres den primere hukommelse (9a, 9b, 9¢) af
nevnte reservedelsventil af den sekund@®re hukommelse (10a, 10b, 10c) af n®vnte

forste ventil.

9. Fremgangsmaden ifglge ethvert af kravene 5-8, kendetegnet ved, at nzvnte kon-

trolfase er en startfase.
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