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least two valves (2a, 2b, 2¢) connected to a bus (8), each of said valves (2a,
A 2b, 2¢) comprising a primary memory (9a, 9b, 9c) for storing a set of para-
meters of the valve (2a, 2b, 2¢). The service work of such a hydraulic system
should be facilitated. To this end each valve (2a, 2b, 2¢) comprises a second-
ary memory (10a, 10b, 10c) storing said set of parameters of a different
valve (2b, 2c, 2a) of said group.
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A hydraulic system and a method for operating a hydraulic system

The present invention relates to a hydraulic system comprising a group of at
least two valves connected to a bus, each of said valves comprising a

primary memory for storing a set of parameters of the valve.

Furthermore, the invention relates to a method for operating a hydraulic
system comprising a group of at least two valves connected to a bus,
wherein each valve comprises a primary memory for storing a set of

parameters for the valve.

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.
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The set of parameters may be loaded into the primary memory via the bus.
However, such a procedure is time-consuming and requires special

equipment.

The object underlying the invention is to facilitate service work.

This object is solved in a hydraulic system of a kind mentioned above in that
each valve comprises a secondary memory storing said set of parameters of

a different valve of said group.

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.

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.

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.
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Preferably 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.

Preferably 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.

The object is solved in a method as mentioned above in that said set of

parameters is stored in a secondary memory of another valve of said group.

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.

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 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.

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.



WO 2014/195040 PCT/EP2014/056444

10

15

20

25

30

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.

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.

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

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, 2¢ 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 comprises at least a pressure
supply port P, a tank port T and one or more working ports A, B.

Each valve 2a, 2b, 2¢c comprises a valve element 3a, 3b, 3c in a valve hou-
sing 4a, 4b, 4c. The valve element 3a, 3b, 3¢ can be, for example, a spool or
a slide. Each valve element 3a, 3b, 3¢ can be moved or operated by means
of a drive 5a, 5b, 5¢. 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, 3¢
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, 2c may have further
ports which are not shown.

Each valve 2a, 2b, 2c comprises a microcontroller 6a, 6b, 6¢ which is shown
to be connected with the drive 5a, 5b, 5¢. 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, 6¢.
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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, 2c can
be transmitted via the bus 8.

Each valve 2a, 2b, 2c comprises a primary memory 9a, 9b, 9c 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, 9c and the

secondary memories 10b, 10c of the other valves 2b, 2c.

The primary memory 9a, 9b, 9¢ of each valve 2a, 2b, 2¢ 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, 3¢, and so on. The memories 9a, 9b,
9c; 10a, 10b, 10c are non-volatile memories (EEPROM). The set of
parameters can be used for control and set-up of each specific valve.

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 2¢ and
additionally in the secondary memory 10a of the valve 2a.

Consequently, when new parameters are downloaded to a valve, the para-
meters 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
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stored in the primary memory 9a of this valve 2a and in the secondary

memory 10b of the other valve 2b.

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, 2¢ 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, 2D,
2c will continue the starting procedure. If the check sum values are not equal,
the primary valves 2a, 2b, 2¢ must updated its parameters into the back-up
valves 2Db, 2¢, 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.

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,
Oc.

In some cases it is necessary to replace a valve, for example, if the valve

shows a mechanical defect.

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

By adding a new spare part valve and make a new start, this procedure can

be repeated.

When all required valves have been updated, the valve group will function

correctly after the next start.

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.

The valves 2a, 2b, 2¢ shown are usually joined in groups, which are
connected to a 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.
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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.

Usually, the valves 2a, 2b, 2¢ 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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Claims

1. A hydraulic system (1) comprising a group of at least two valves (2a,
2b, 2¢) connected to a bus (8), each of said valves (2a, 2b, 2c)
comprising a primary memory (9a, 9b, 9c¢) for storing a set of
parameters of the valve (2a, 2b, 2c¢), characterized in that each valve

5 (2a, 2b, 2c) comprises a secondary memory (10a, 10b, 10c) storing
said set of parameters of a different valve (2b, 2c, 2a) of said group.

2. The hydraulic system according to claim 1, characterized in that the
valves (2a, 2b, 2c) are electro-hydraulic valves.
10
3. The hydraulic system according to claim 1 or 2, characterized in
that each valve (2a, 2b, 2¢) comprises a microcontroller (6a, 6b,
6C).
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The hydraulic system according to any of claims 1 to 3,
characterized in that each valve (2a, 2b, 2¢) comprises an address
(7a, 7b, 7¢) unique in said group of valves.

The hydraulic system according to claim 4, characterized in that at
least a spare part valve is provided having an address different from
all addresses (7a, 7b, 7¢) in said group.

A method for operating a hydraulic system comprising a group of at
least two valves (2a, 2b, 2¢) connected to a bus (8), wherein each
valve (2a, 2b, 2¢) comprises a primary memory (9a, 9b, 9c) for
storing a set of parameters for the valve, characterized in that said
set of parameters is stored in a secondary memory (10a, 10b, 10c)

of another valve (2b, 2c, 2a) of said group.

The method according to claim 6, characterized in that during a
check-phase the primary memory (9a, 9b, 9¢) and the secondary
memory (10a, 10b, 10c) of each valve (2a, 2b, 2c) are compared
with each other.

The method according to claim 7, characterized in that a check sum
value of a memory area of said primary memory (9a, 9b, 9¢) and a
check sum value of a memory area of said secondary memory

(10a, 10b, 10c) are calculated and compared with each other.

The method according to any of claims 6 to 8, characterized in that
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 (10a, 10b, 10c) of said other valve into the primary memory

(9a, 9b, 9c) of said defect valve or of said spare part valve.
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10. The method according to claim 8 or 9, characterized in that a first
valve comprising a secondary memory (10a, 10b, 10c) of another
valve examines if the other valve is available on the bus (8) and, if it

5 is not available, however a spare part valve is available, the primary
memory (9a, 9b, 9¢) of said spare part valve is updated by the
secondary memory (10a, 10b, 10c¢) of said first valve.

11.  The method according to any of claims 7 to 10, characterized in that
10 said check-phase is a start phase.



WO 2014/195040 PCT/EP2014/056444
11

7a
\ A
/8 — 11al
ba 9a ———BZa
5a—
T CX 10a
3a— T
ja P | IT
b A
Itl 11b
6b 93 /sz
o ‘
S | o
3b- —
“-4b pl Iy
7c

11c

6c 9c —/B‘ZC
5¢H
I 10c
- \

3c —




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2014/056444

A. CLASSIFICATION OF SUBJECT MATTER

INV. F15B21/08 F15B19/00
ADD.

F15B13/08

GO5B19/042

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F15B GO5B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

13 April 1994 (1994-04-13)
page 4 - page 7; figures 1-2

20 March 2013 (2013-03-20)

figures 1-4

paragraph [0023] - paragraph [0061];

Y GB 2 271 491 A (MANNESMANN AG [DE]) 1-11

Y EP 2 570 744 Al (TROX GMBH GEB [DE]) 1-11

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

16 June 2014

Date of mailing of the international search report

25/06/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bindreiff, Romain

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2014/056444
Patent document Publication Patent family Publication
cited in search report date member(s) date
GB 2271491 A 13-04-1994 DE 4232518 Al 24-03-1994
FR 2695977 Al 25-03-1994
GB 2271491 A 13-04-1994
IT 1272660 B 26-06-1997
EP 2570744 Al 20-03-2013  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - wo-search-report
	Page 17 - wo-search-report

