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(67)  The invention relates to a safety component for
controlling movements of machines, which movements
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are provided by a fluid system. The safety component
(10) is arranged by means of at least one digital valve
group (DV).
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Description

[0001] Theinventionrelates to a safety component ac-
cording to the preamble part of claim 1.

[0002] Recently more and more focus has been given
to product and production safety due to new and modified
legislation and standards relating to products and pro-
duction of them due to the need to protect consumers
and working personnel. Focus has also been given to
safety of fluid systems for example systems based on
hydraulics or pneumatics.

[0003] A safety component is a device or a part that
forms one unitand thatis exchangeable and that provides
for a safety function and that when malfunctioning en-
dangers persons within its working area and that is not
needed for functioning of the machine or machinery that
it is combined with and that could be replaced by a ordi-
nary component for the machine or machinery to func-
tion. The functional components of machines or machin-
ery are not considered as safety components but instead
they are especially designed for providing a safety func-
tion. Safety components are defined in Machinery Direc-
tive 2006/42/EC. The presentinvention relates especially
to safety components as defined in Appendix 5 item 5
Valves meant for controlling dangerous movements of
machines that have a special function of detecting failure.
[0004] Hydraulic and pneumatic systems and actua-
tors used in them are generally used for the generation
of motions and forces. Actuators get their driving force
from a hydraulic or pneumatic aggregate in the form of
a pressure medium i.e. fluid that can be in form of gas,
liquid, a mixture of gas and liquid and sometimes even
comprising medium in solid form.

[0005] Safety design of machines and machinery is
usually based on stopping movement of a moving ma-
chine part before someone is entering the area of danger
due to this movement, for example gates with electric
locks are provided. In prior art also different types of de-
vices base on detecting a human are used as safety com-
ponents but in practise many on them have deficiencies
that make their use as safety components restricted to
certain, limited uses as they seldom have properties that
provide for fault tolerance.

[0006] Sometimes there exist needs for limiting move-
ment speed of machine parts due to needs of process
technique or maintenance even when someone is in the
area of danger. In these cases in the prior art complicated
and several instruments requiring systems are used in
order to restrict the movement regulated by the fluid sys-
tem safely enough. Typical objects are, for example, mo-
tions of different cars, levers, such as locking jaws or
levers, rotating motions, such as rotating a primary wind-
up device onto rails, etc. For example in maintenance
stage of reel-ups or slitter-winders of fiber web machines
the need for limiting the hydraulic movement speeds of
machine parts is to limit the speed to level 5 % - 10 % of
maximum speed. In prior art systems this is done by lim-
iting a proportional valve control programmable.
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[0007] Safety needsdescribed above existin many dif-
ferent fields of technology, for example energy produc-
tion, mining, automation, production of products for ex-
ample fiber web production lines, automation and refinery
etc. Especially fiber web for example paper, tissue, pulp
or carton web production lines have many process parts
that need to be secured from anyone entering within the
area of production when machinery is working at produc-
tion speed but need to be accessed for maintenance or
process technical steps when the machinery is working
at low speed. This is due also of the fact that the produc-
tion process start up after a break comprises step involv-
ing danger for example during tail threading of the web.
[0008] In prior art safety components have been de-
signed as a separate devices or systems in addition to
the components that provide the functional properties
needed by the machine or machinery.

[0009] An object of the invention is to further develop
the technology of safety components so that controlla-
bility and adjustability, and operational reliability would
be improved, and the need for service of the functions or
actuators would decrease.

[0010] Itis also an object of the invention to achieve a
device which would be robust and durable, among oth-
ers, in surprising overload situations.

[0011] A non-limiting further object of the invention is
to provide a safety component that reliably provides a
slow movement that is safe when process or mainte-
nance requires someone to be in an area of danger but
does not allow anyone presenti.e. provides safety when
machine or machinery is working in fast speed.

[0012] It is also a non-limiting object of the invention
to provide a safety component for a process or system
that prevents danger by stopping the process or system
but also provides the possibility of maintaining the proc-
ess or system in low, safe speed when needed.

[0013] Itis further a special object of the invention to
considerably speed up response times for the fluid con-
trol system so that the adjustments of the said devices,
such as reel-ups and slitter winders can be made espe-
cially fast and precisely, when desired.

[0014] Itis characteristic of the apparatus of the inven-
tion that the safety component is arranged by means of
at least one digital valve group. According to an advan-
tageous embodiment of the invention the safety compo-
nent is arranged bymeans of at least two digital valve
groups.

[0015] According to the invention a valve for a fluid
system is provided that utilises the digital technique and
by which speed of a movement can be restricted with
very high reliability. By the invention a safety component
that combines safety to a component with a functional
property is created.

[0016] According to an advantageous feature of the
invention the digital valve functioning as safety compo-
nent is two ways safe as substantially simultaneously
both the work side flow and the return side flow back to
the tank are limited.
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[0017] Accordingto one advantageous embodiment of
the invention a digital valve group comprising at least two
digital valves a safety component combines limiting of
speed of a movement (flow) as required with chosen
valve groups and coils and an electrically controllable
group is created. Double control can be provided accord-
ing to an advantageous feature by a safety relay. Thus
by the invention the safety function is provided reliably
as hardware.

[0018] According to an advantageous feature of the
invention speed (flow of fluid) is defined by affecting the
electrical connection of a valve. Thus more than one
speed can be defined for the valve.

[0019] The presentinvention provides for many advan-
tages. The fluid system is simplified which brings cost
savings both in relation to the functional property and
especially in relation to the safety properties in product
and production safety and no more two separate com-
ponent systems are needed. The invention provides for
possibilities of creating safety function in combination
with force, energy etc functions that are controllable by
digital valve technique. As the system is simplified also
testing, repairing and using is easier which all factors
lower the production cost of machine as well as advance
safety of the machine.

[0020] The digital valve technique is also known as be-
ing safe even when malfunctions occur. Also the possible
malfunction is better controllable than in connection with
prior art control valves since a problem in direction of
working of shank does not stop functioning of the other
valves. As a property of this digital valve technique is
high level of fault tolerance and detecting of problems,
one single failure does not in practice lead to non-func-
tioning of safety properties.

[0021] Usability of digital valve technique is high and
a fluid system based on it is easily designed as required
by safety legislation as digital valve does not fail in a
harmful way.

[0022] In the manner disclosed by the invention, this
can be carried out using digital valve in the manner de-
scribed later in connection with different embodiments,
thus achieving several of the said pursued benefits.
[0023] Especially advantageous embodiments of the
invention are such hydraulic systems for a slitter winder
or reeler, in which big force and big position accuracy are
needed simultaneously. Such embodiments typically
comprise functions affecting the fibrous web of a wound
fibrous web roll or starts, motions and stops of heavy
machine parts. A feature common to all of these is that
the processing efficiency of the fibrous web improves,
the faster the function in question can be performed. Most
often the function is related to a transaction outside the
actual wind-up step, such as the beginning or end of the
winding up, when the production speed has had to be
reduced lower than normal in order to perform the func-
tion in question. The invention is advantageously used
in connection with fiber web machine applications, for
example in connection with secondary carriage of a reel-
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up, with rotating device of a tambour and in connection
with maintenance stages of different machine parts of
fiber web machines.

[0024] In connection with the description and claims
the following terms are used for facilitating the explana-
tion: the term liquid is mainly used of the pressure medi-
um, but actually this is a fluid, the characteristics of which
especially include flow-ability. This fluid can be liquid,
gas or, for example, a mixture of liquid and gas or a mix-
ture of some other, for example, solid component part.
Digital hydraulics refers to a system, in which at least
part ofthe components is based on digital valves. A digital
valve group refers to a valve unit, in which there is at
least one digital valve group, which again contains a
number of digital valves connected in parallel in relation
to the fluid flow passing through the digital valve group.
Adigital valve again refers to a valve intended for adjust-
ing the fluid’s volume flow, the valve having 2 — N dif-
ferent stepped discrete adjustment modes, especially 2
different discrete adjustment modes (open/closed), and
for which the control signal to be brought from the control
system has advantageously been digitalised, such as bi-
nary form. The digital valve has advantageously two
modes; it is either fully open or fully closed. When the
digital valve is open, the entire volume flow of liquid al-
lowed by the digital valve passes through it, and when
the digital valve is closed, no liquid at all passes through
it. In this application, such a digitally controllable digital
valve having two modes is also called an on/off valve and
an on/off digital valve. The digital valve can also have
more than two modes, in which case the valve is driven
in a stepped manner from one mode to another. The dig-
ital valve can have three positions; it lets the liquid flow
pass to a first or second direction, or then the valve does
not allow any fluid to pass through it. The adjusting di-
rective (control signal) is of a digital nature, such as bi-
nary. According to the adjusting directive, the volume flow
from the digital valve group and the pressure caused by
the flow are adjusted by opening a certain valve combi-
nation of the digital valve group so that a desired opening
of the digital valve group and a desired volume flow of
the fluid are achieved. Deviating from an analogue valve,
each digital valve connected in parallel can only have a
limited number of adjusting modes, i.e. the digital valve
only has certain discrete flowing modes. In one digital
valve form, it has three modes: open / closed / quick
opening. However, each digital valve preferably has sim-
ply the on/off mode; when open, the valve lets a certain
volume flow through it; when closed, it completely pre-
vents the fluid from passing through. The digital valve
group consists of digital valves with two modes (on/off).
In this case, two successive digital valves with nominal
volume flow amounts, the volume flow passing through
the valve with bigger nominal volume flow in the open
position is always two times bigger than the volume flow
of the valve with smaller nominal volume flow. A binary
control signal can then be brought to such a digital value
group, in which the control signal’s magnitude has been
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converted into a binary number. As an exemplary com-
parison of differences in the adjustment method between
an analogue valve and a hydraulic valve group, the fol-
lowing can be presented: if an analogue valve is adjusted
with a control signal (adjusting directive), the magnitude
of which is 12 units, the analogue valve stem moves a
quantity comparable with 12 control units, in which case
the valve lets through a volume flow that has increased
respectively. Again, when a digital valve group consisting
of five on/off digital valves connected in parallel to the
input flow are controlled by a similarly dimensioned con-
trol signal (adjusting directive) of 12 units, in which the
sizes of the volume flows the digital valves 1, 2, 3, 4, 5
let through are respectively 1, 2, 4, 8 and 16 units, the
control signal is binary and sent into a control signal
01100 (0x 24+ 1x23+1x22+0x 21 +0x20=12)
(corresponding to the valves 5, 4, 3, 2, 1), and the valves
3 and 4 are opened.

[0025] The invention will next be explained in more de-
tail, referring to the enclosed drawings, in which:

Figure 1illustrates schematically one example of one
advantageous embodiment of the invention.

Figure 2illustrates schematically one example of dig-
ital valve to be used in connection with one advan-
tageous embodiment of the invention.

Figure 3illustrates schematically one example of dig-
ital valve to be used in connection with one advan-
tageous embodiment of the invention.

Figure 4 illustrates schematically one example of dig-
ital valve to be used in connection with one advan-
tageous embodiment of the invention.

[0026] In figure a schematically presented example of
an advantageous embodiment of the invention is illus-
trated. This example is based on that movements of a
machine part are adjusted by a hydraulic or pneumatic
actuator 5 giving the movement stroke. In the system the
pressure line 11 is for to inlet fluid flow for providing the
movement strokes and the return line 12 is for the fluid
medium low to the tank. This example comprises a con-
trol valve 10 creating at the same time the safety com-
ponent. In this example the safety component i.e. the
control valve comprises four digital valve groups DV
which simultaneously create functions for the safety com-
ponent 10 (see examples in figure 2 -4). Digital valve
group DV1 provides for the control of work movement of
actuator 5 and digital valve group DV4 provides for con-
trol of return movement of actuator 5 and digital valve
groups DV2 and DV3 provide for control return flow back
to tank. The control messages used by the digital valve
groups and transmitted by the adjusting system are both
in digital form, which achieves the considerable benefit
in relation to analogue valves that the adjusting informa-
tion does not need to be converted from digital to ana-
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logue so that no information can disappear when con-
verting the digital control message from the adjusting sys-
tem into an analogue control message.

[0027] By using a digital valve groups DV in the control
valve and safety component combination 10, itis possible
to control the volume flow of the hydraulic or pneumatic
actuator 5 in a very exact manner. In addition, the oper-
ation of the digital valve groups DV is considerably fast
sothatitis possible to control the same hydraulic or pneu-
matic actuator 5 with the same digital valve group both
when changing from fast i.e. production speed required
by a big change in volume flow and when changing to
low speed for example for maintenance that requires a
relatively small change in volume flow.

[0028] Forsafety componentfunction the control valve
10 is provided by the control of both one digital valve
group DV1; DV4 for work stroke and one return flow con-
trolling digital valve group DV2; DV3 simultaneously and
thus providing for strong double safety guard as needed.
[0029] In figure 1 also an enlargement of one digital
valve group DV is shown as det A.

[0030] In figures 2-4 are illustrated examples for pro-
viding the control system for one digital valve group DV.
In these figures only few examples of electrical control
for one digital group are illustrated but it is clear to one
skilled in the art that the possibilities have a large variety.
The machine control system comprises single binary
valves Q and in the example of figures 2-4 single binary
valves Q5 — Q8 are provided with control devices K1,
K2 that can be for example safety relays, safety logic
units (safety PLCs), relay connections, safety controls
built on relays etc. By the control devices K1, K2 safety
function is created such that at least partly opening of
binary valves connected, i.e. in this example binary
valves Q5 — Q8 is prevented. And for the doubling con-
trol this is provided at least in two digital valve groups
DV1, DV4 i.e. one controlling the work stroke of the ac-
tuator 5 and one controlling the return flow back to the
tank. In this arrangement also the controllability remains
in the desired control area. As shown in figures 2 — 4
the electrical control of one digital valve group can be
created by breaking the electric inlet card of the output
of logic, by breaking each output separately, by breaking
one set of outputs.

[0031] The digital valve group DV can also consist of
several on/off valves with different diameters or valves
that otherwise let through different volume flows. These
valves are controlled to open and close by a different
control unit so that it is possible to achieve the desired
pressure/flow on the side of the cylinder piston and arm.
The valve response times are fast, typically 1 — 5 ms.
Compared to the servo valve, at least the following ad-
vantages are achieved with the digital valve:

1. For power and/or pressure control, it is possible
to achieve with the valve a pressure amplification
curve of linear or desired form on a wide area,
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2. An opening / flow relation of fully linear or desired
form can be achieved by a suitably selected digital
valve group for location control,

3. Itis possible to generate fast and undisturbed con-
trols (no exceeding as with servo valves),

4. No fine-mechanical stem, i.e. the valve character-
istics stay the same upon changing the valve,

5. The digital valve is not sensitive to impurities,

6. Failure of one on/off valve or even several on/off
valves does not make the whole digital valve group
inoperative.

[0032] Figure 1 illustrates a general graph of a safety
component 10 created by a control valve that is applica-
ble in a variety of different kind of objects, in which there
are two directions of movement and the component 10
comprises four individual digital valve groups DV. If only
one direction of movement is applicable only two individ-
ual digital valve groups are needed. These arrangements
are especially advantageously suited for basic level so-
lutions, in which quite extreme resolution is not neces-
sarily needed but by the same principles more compli-
cated systems can be created if needed.

[0033] The invention is advantageously used in con-
nection with fiber web machine applications, for example
in connection with secondary carriage of a reel-up, with
rotating device of a tambour and in connection with main-
tenance stages of different machine parts of fiber web.
In connection with the example of the secondary carriage
of a reel-up the movement is in two directions and four
digital valves DV are needed and in connection with the
example of the rotating device of atambourwhen rotating
in one direction two digital valves DV are needed. The
maintenance application of the present invention could
be for example pressure roll control and its maintenance
stage.

Claims

1. A safety component for controlling movements of
machines, which movements are provided by a fluid
system, characterised in that the safety component
(10) isarranged by means of at least one digital valve
group (DV).

2. Apparatus according to claim 1, characterised in
that the safety component(10)is arranged by means
of at least two digital valve groups (DV).

3. Apparatus according to claim 1, characterised in
that the safety component (10) comprises a control
valve that comprises two digital valve groups (DV)
for each movement direction.
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4.

10.

1.

12.

Apparatus according to claim 1, characterised in
that the digital valve group consists of several on/off
valves with different diameters.

Apparatus according to claim 1, characterised in
that the digital valve group consists of several on/off
valves with identical diameters.

Apparatus according to claim 1, characterised in
that the digital valve group consists of several on/off
valves with different volume flows.

Apparatus according to claim 1, characterised in
that the control signal for the digital valve group is
digital, such as binary.

Apparatus according to claim 1, characterised in
that the control signal of each digital valve in the
digital valve group is binary so that the signal means
0or1.

Apparatus according to claim 1, characterised in
that the safety component is provided in a fiber web
machine.

Apparatus according to claim 1, characterised in
that the digital valve is arranged to self observe its
failure, to compensate the failure with other digital
valves in the digital valve system, and to report the
failure to the control system.

Apparatus according to claim 1, characterised in
that the safety component is controlled substantially
simultaneously by one digital valve group (DV1;
DV4) for work side flow and one digital valve group
(DV2; DV3) for the return side flow back to the tank.

Apparatus according to claim 1, characterised in
that the safety component (10) comprises a control
valve that comprises at least two digital valve groups
and that he safety component control valve (10) has
means for providing safety function and means for
providing functional property, such as work function.
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