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(57) Abrege(suite)/Abstract(continued):

move the movable device from a ready position. A movable retaining device Is coupled to the movable device, so that the retaining
device Is adapted to hold the movable device In the ready position against the acceleration force. A release of the movable retaining
device triggers immediate movement of the movable device via the acceleration force. The process Iincludes positioning the
movable device In an idle position, holding the movable device In the idle positi

force on the movable device while It Is being held In the idle position, and re
moving the retaining device. In this manner, the acceleration force moves the
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ABSTRACT OF THE DISCLOSURE

Linear drive apparatus and process of using the same. The apparatus includes a
movable device and a first high-speed thrust device coupled to the movable device. The
first high-speed thrust device exerts an acceleration force on the movable device to move
the movable device from a ready position. A movable retaining device 1s coupled to the
movable device, so that the retaining device 1s adapted to hold the movable device 1n the
ready position against the acceleration force. A release of the movable retaining device
triggers immediate movement of the movable device via the acceleration force. The
process includes positioning the movable device 1n an 1dle position, holding the movable
device 1n the 1dle position with the retaining device, exerting an acceleration force on the
movable device while 1t 1s being held in the idle position, and releasing the movable
device from the 1dle position by moving the retaining device. In this manner, the

acceleration force moves the moving device.
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LINEAR DRIVE ASSEMBLY AND PROCESS OF USING SAMEL
BACKGROUND OF THE INVENTION

]. Field of the Invention

The present invention relates to a linear drive assembly used for moving a
component, e.g., a cutter, and a process of using the same. Such a cutter is used, e.g., in
a machine for producing or refining a fibrous material web, e.g., a paper or cardboard
web, preferably at the end of such a machine in the region of a winder. The moving
fibrous material web is cut crosswise to the web travel direction using the cutter, in
particular when, during continuous operation, a wound roll produced on a first reel spool
has become full and the forming of a new wound roll is beginning on a second reel spool,
1.e., during a "reel spool change".

2. Discussion of Background Information

A linear drive assembly known from, e.g., published Patent No. DE 27 21 883,
is used for moving two cutters in opposite directions, each cutter having a circular shtting
knife. The linear movement is effected by an endless cable which is driven by a friction
wheel. _

A device known from, e.g., U.S. Patent No. 5 360 179, includes one or two liquid
jet cutters which are moved linearly at high speed (10 m/sec) crosswise to a moving
fibrous material web. Details concerning the linear drive are not described.

International Publication No. WO 97/48632 discloses a similar device, in which
the linear drive has a pneumatic piston.

According to "Waterjet Turn-up System," Prospectus of the Beloit Corp., a rodless

cylinder serves the same purpose. The stroke speed 1s approximately 15.3 m/s.
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Modern machines for producing or refining (or otherwise processing) fibrous
material webs, e.g., paper webs, are operated at increasingly higher working speeds. In
many cases, working speeds of 2000 m/min are attempted or even exceeded.
Accordingly, a cutter of the type described in the introduction must also be moved
crosswise to the web at an extremely high speed because, with each cutting process, at
least one diagonally running cut line 1s made, 1n the region of which the paper becomes

unmarketable scrap. It has always been attempted to keep the amount of scrap as small

as possible.

SUMMARY OF THE INVENTION

In this regard, an even better result can be obtained with the present invention. In
other words, the present invention improves the known linear drive assembly to the effect
that with 1ts use for moving a cutter of a paper machine, there 1s less scrap than
previously.

The present invention 1s directed to a linear drive assembly, as generally discussed
above, that also includes a device to be moved, e.g., a cutter, which 1s positioned 1n a
ready (1dle) position, coupled to a first high-speed thrust device that exerts an acceleration
force on the device. The device 1s also coupled to a retaining device, which holds the
device 1n the ready position against the acceleration force. Upon release of the retaining
device, an immediate movement of the device is triggered under the action of the
acceleration force mentioned. The present invention 1s based on the knowledge that, in
many applications for a linear drive assembly, e.g., with the movement of a cutter as
described 1n the introduction, not only 1s there extremely high speed, but also care must
be taken that this high speed 1s reached 1n the shortest possible time at the start of the
movement. That 1s, provision must be made for extremely high acceleration, which can
be primarily accomplished with the present invention 1n that a ready position 1s provided
in which the first high speed thrust device already exerts a high acceleration force on the

device to be moved while 1n 1ts 1dle position.
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However, 1n this state according to the invention, a retaining device holds the
device to be moved 1n 1ts 1dle position. When the retaining device is released at a selected
time, the high acceleration force acts on the device to be moved from the first instant. In
this case, the highest speed of the device to be moved is reached in a much shorter time
than with the known devices. Preferably, the retaining device can be formed as a second
high-speed thrust device such that the two high-speed thrust devices work together in a
practical manner as described in detail hereinbelow.

The first high-speed thrust device can preferably be a rodless pneumatic cylinder,
which i1s of known construction. Its advantage lies primarily in that its length must only
be slightly greater than the length of the path of the device to be moved. Moreover,
because the mass to be accelerated 1s very small, an extremely high acceleration is
yielded. In the case of a cutter of a paper machine, the length of the path of movement
depends on the width of the web to be cut (e.g., on the order of 10 m).

[t two cutters are provided moving in opposite directions, the length of the path 1s
only approximately half the web width. As an alternative to a rodless pneumatic cylinder,
a drive device operating on the principle of rocket propulsion could possibly be provided.

The second high-speed thrust device can preferably be formed as a so-called
"mechanical linear unit," available, e.g., from the company NEFF Antriebstechnik
Automation GmbH. An advantage of this device lies in that a very high speed of
movement 1s possible with higher acceleration and 1n that acceleration and deceleration
phases are readily controllable. A less advantageous alternative to be considered is a
hydraulic cylinder.

The present invention 1s related to a linear drive apparatus that includes a movable
device and a first high-speed thrust device coupled to the movable device. The first high-
speed thrust device exerts an acceleration force on the movable device to move the

movable device from a ready position. A movable retaining device is coupled to the

movable device, so that the retaining device 1s adapted to hold the movable device in the
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ready position against the acceleration force. A release of the movable retaining device
triggers immediate movement of the movable device via the acceleration force.

According to a feature of the invention, the movable device may include a cutter
adapted to cut a continuous fibrous material web. The cutter can be arranged 1n a region
of a winding machine for the continuous fibrous material web, and the first high-speed
thrust device can extend cross-wise to a web travel direction.

[n accordance with another feature of the instant invention, the continuous fibrous
material web can include one of a paper and a cardboard web.

The first high-speed thrust device can include a rodless pneumatic cylinder having
a piston which 1s acted upon by pressure while in the ready position. The piston may be
coupled to the movable device. The piston can also be permanently coupled to an interior
of a pneumatic pressure tank.

Further, a second high-speed thrust device which can include the retaining device.
The second high-speed thrust device can further include at least one deflecting device and
a flexible line coupled to the at least one deflecting device. One end of the tlexible line
can be coupled to the movable device and the other end of the flexible line can be held
stationary. In this way, the flexible line may be under tension in the ready position. The
movable device can include a fluid jet cutter having at least one fluid jet nozzle, and the
flexible line can include a high-pressure hose line coupled to supply cutting fluid to the
fluid jet cutter. The second high-speed thrust device can include a mechanical linear unit
having a linearly movable element coupled via a toothed belt to a drive motor.

According to still another feature of the invention, the movable device can include
a part of a laser beam cutter.

In accordance with a further feature of the invention, one of a stroke speed and a
stroke acceleration of the first high-speed thrust device may be at least twice a
corresponding one of a stroke speed and a stroke acceleration of the second high-speed
thrust device. Further, the one of the stroke speed and stroke acceleration of the first

high-speed thrust device can be assisted by a deflecting roll.
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The invention 1s directed to a reel spool changing apparatus for a continuously
operating one of a web producing and refining machine. The apparatus includes two
cutters which are movable 1n opposite directions to cut the web, and two first high-speed
thrust devices, arranged 1n cross-wise directions to the web, coupled to the two cutters.
The first high-speed thrust devices exert an acceleration force on the two cutters to move
the two cutters from a ready position. Two movable retaining devices are coupled to the
two cutters, and the retaining devices are adapted to hold the two cutters 1n their ready
positions against the acceleration forces. A release of the movable retaining devices
triggers immediate movement of the two cutters via the acceleration force.

According to a feature of the present invention, the two cutters may include high-
pressure fluid jet nozzles. Further, the high-pressure fluid jet nozzles may exert a tfluid
pressure at least in a range between approximately 1000 - 2000 bar. Still further, the first
high-speed thrust devices may include rodless cylinders having pistons coupled to the two
cutters. Moreover, second high-speed thrust devices can include the movable retaining
devices. The second high-speed thrust devices can further include cylinder/piston devices
having piston rods, and the piston rods may be coupled to the movable retaining devices.
Alternatively, the second high-speed thrust devices can further include movable elements
coupled to driven belts, and the movable elements may be coupled to the movable
retaining devices.

The instant invention 1s directed to a linear drive apparatus for driving cutting
assembly 1n a region of a web winding device. The apparatus includes at least one
movable device comprising a cutting device, and first high-speed thrust devices
respectively coupled to each the movable device. The first high-speed thrust devices
exert an acceleration force cross-wise to a web run direction on the movable devices to
move the movable device from a ready position. Movable retaining devices are
respectively coupled to each the movable device, and the retaining devices are adapted

to hold the movable devices 1n the ready position against the acceleration force. The first

high-speed thrust devices include a rodless pneumatic cylinders having pistons which are
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acted upon by pressure while in the ready position, and the pistons are respectively
coupled to each the movable devices. Second high-speed thrust devices include the
retaining devices. A release of the movable retaining devices triggers immediate
movement of the movable devices via the acceleration force.

The present invention 1s directed to a process of cutting a material web 1n a region
of a winding machine with a cutting device driven by a linear drive that includes a
movable device coupled to a cutter, a first high-speed thrust device coupled to the
movable device, and a movable retaining device coupled to the movable device. The
process Includes positioning the movable device 1n an 1dle position, holding the movable
device 1n the 1dle position with the retaining device, exerting an acceleration force on the
movable device while 1t 1s being held 1n the 1dle position, actuating the cutter to cut the
web while the movable device 1s held 1n the 1dle position, and releasing the movable
device from the idle position by moving the retaining device. In this manner, the

acceleration force moves the moving device.

In accordance with a feature of the present invention, the process can further
include actuating the cutter to cut the web while the movable device 1s held 1n the 1dle
position.

According to yet another feature of the invention, the acceleration force can be
directed cross-wise to a web run direction.

Other exemplary embodiments and advantages of the present invention may be

ascertained by reviewing the present disclosure and the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention 1s further described in the detailed description which
follows, 1n reference to the noted plurality of drawings by way of non-limiting examples
of exemplary embodiments of the present invention, in which like reference numerals
represent similar parts throughout the several views of the drawings, and wherein:

Figure 1 schematically illustrates a linear drive assembly for two cutters to be

moved 1n opposite directions, each with a first and a second high-speed thrust device;

_6-
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Figure 2 illustrates an alternative detail from that depicted in Figure 1; and

Figure 3 schematically illustrates a winding machine in a side view with a linear

drive assembly according to the invention.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

The particulars shown herein are by way of example and for purposes of
lustrative discussion of the embodiments of the present invention only and are presented
in the cause of providing what i1s believed to be the most useful and readily understood
description of the principles and conceptual aspects of the present invention. In this
regard, no attempt is made to show structural details of the present invention in more
detail than 1s necessary for the fundamental understanding of the present invention, the
description taken with the drawings making apparent to those skilled in the art how the
several forms of the present invention may be embodied in practice.

Figure 1 1llustrates a section of a continuous fibrous material web 9 traveling 1n
the direction of the arrbw P. Two movable devices, e.g., cutters 5, in the form of fluid jet
nozzles, are provided. Cutters 5 are depicted in their ready or idle position in a region of
the center of the web and are positioned at a short distance from web 9. The fluid jet
directions run approximately perpendicular to the plane of the drawing, i.c., essentially
perpendicular to continuous web 9 or at an angle to the perpendicular. The feeding of
cutting fluid 1s carried out by a high-pressure pump 10, which can generate a fluid
pressure on the order of as much as approximately 2000 bar or more. Pump 10 1s
connected via a pipe system 11 with a control valve 12 and via high-pressure hose lines
3 with cutters 5. Figure 1 1s depicted 1n a state shortly after the opening of control valve
12, 1.e., when the cutting process has just begun and cutters 5 are still in their idle
positions. Because the cutters are stationary at this point, two cutting lines 18 and 19 are
initially generated, which extend parallel to web travel direction p. A short time later,
when cutters 5 are moved 1n the direction of arrow 5a toward the edges of web 9, a
diagonal cutting line course is produced (see, e.g., Figure 10 of published German Patent No.

2721 883 or Figure 8 of International Publication No. WO 97/48632). In an alternative

7.
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arrangement from the exemplary embodiment depicted in Figure 1, cutters 5 can also be
arranged so that the diagonal cutting lines intersect (see, e.g., Figure 6 of International
Publication No. WO 97/48632) or so that the cutters are positioned one immediately
behind the other (see, e.g., Figure 7 of International Publication No. WO 97/48632).

Each cutter 5 1s mechanically coupled to a piston 6 of a rodless pneumatic cylinder
1, which forms a first high-speed thrust device. Each pneumatic cylinder 1 1s linked at
one of its two ends through a pressure line 7 (with a large flow cross-section) to a
pressure tank 8, which 1s, 1n turn, coupled to a compressed air generator &a.

One end of high-pressure hose line 3 1s coupled to cutter 5, and the other end 1s
coupled to a stationary structural element 13, which couples hose line 3 to pipe system 11.
In the exemplary embodiment, high-pressure hose line 3 can be detlected by
approximately 180 degrees by a deflection device 4. Deflection device 4 can be formed,
e.g., as a deflecting roll, and can be attached to a movable element 2a of a second high-
speed thrust device 2. As shown in Figure 1, deflecting roll 4 can be rotatably mounted
in a bearing 4a, which 1s coupled to the end of a piston rod 2a of a hydraulic cylinder 2.

An alternative embodiment 1s depicted in Fig. 2. in which detlecting roll 4 1s
rotatably mounted on a linearly movable element 21, which 1s a component of a
mechanical linear unit 2'. Linearly movable element 21 is coupled to a drive motor 24
through an endless toothed belt 22 (guided by pulleys 23).

With both embodiments of second high-speed thrust device 2 or 2', provision 1s
made by the guidance of hose 3 over deflecting roll 4 that, with the movement of cutters
5 over path a, movable element 2a or 21 need only to cover approximately one-half of
path a, 1.€., path b. Moreover, 1f hose 3 1s guided, not by a single detlecting roll 4, but by
a plurality of deflecting rolls, e.g., in the manner of a block and tackle, the ratio of paths
a/b can be greater than approximately 2.

As noted above, Figure 1 depicts the ready position of the linear drive assembly.

Even 1n the ready position, piston 6 1s already under pressure on the side of pressure tank
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8. Cutter 5, which 1s coupled to piston 6, is retained or held in the ready position by
second high-speed thrust device 2 via hose 3.

As soon as a second thrust device 2 or 2' 1s activated, e.g., by introducing hydraulic
pressure via pipe system 14 with control valve 135, or by activation of drive motor 24 (see,

Figure 2), cutter 5 1s set 1n motion with high acceleration.

In an alternative to the embodiment depicted 1in Figure 1, the ready position can be
positioned so that each of the pistons 1s located immediately at the end of the pneumatic
cylinder 1 (1.e., at the connection to pressure line 7). In this manner, cutters 5 can
generate intersecting cutting lines (see, e.g., Figure 6 of International Publication No. WO
97/48632). Moreover, 1t 1s also possible not to have the high-pressure cutting fluid act
on nozzles 5 until after they have traveled part of their path, e.g., when they have reached
approximately the central region of paper web 9.

In Figures 1 and 2, the rotational axes of deflecting rolls 4 can be substantially
perpendicular to paper web 9. However, 1t may be particularly advantageous to set up an
arrangement so that the axes of rotation of deflecting rolls 4 are parallel to paper web 9
such that second thrust devices 2 or 2' (according to the arrangement depicted 1n Figure
1) 1s located above cutter 5. Thus, cutters 5 can be moved closer to each other (1.e.,
distance ¢ can be reduced).

Essential components of a winding machine depicted in Figure 3 include a drivable
and horizontally movable pressure roll 30 and a drivable reel spool 31. During a normal
winding process, paper web 9 runs over a guide roll 32 and over pressure roll 30 onto a
wound roll 33 (which has a constantly increasing diameter). This 1s created by winding
the reel spool 31, during which 1t 1s 1n contact with a pressure roll 30 (as shown by the
dot-dash line).

Depending on the increase in diameter, reel spool 31 1s constantly displaced along
with wound roll 33, to the right in the view according to Figure 3 via, e.g., a driving
spindle 34. In preparing for a reel spool change (1.e., when wound roll 33 has almost

reached its desired diameter), reel spool 31 with wound roll 33 can be moved away from
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pressure roll 30 into the position depicted by solid lines. An auxiliary roll 35 can press
approaching web 9 against wound roll 33. Now, a new, still empty reel spool 36 can be
placed in the winding machine.

Preferably, new reel spool 36 can be brought into contact with pressure roll 30 in
such a position that paper web 9, which still runs to wound roll 33, surrounds a section
of new reel spool 36, e.g., by a surrounding angle 8. Preferably, in a region 40, 1.e.,
between guide roll 32 and pressure roll 30, or above pressure roll 30, or between pressure
roll 30 and auxiliary roll 35, a cutter with the above described linear drive assembly can
be provided. It is possible to provide a single cutter which cuts the entire paper web trom
one web edge to the other web edge, or two cutters can be provided as depicted 1in Figure
1. In any case, provision is made for the new web front end formed at the cutting line to
be guided over new reel spool 36 so that the forming of a new wound roll can begin.

It is noted that the foregoing examples have been provided merely for the purpose
of explanation and are in no way to be construed as limiting of the present invention.
While the present invention has been described with reference to an exemplary
embodiment, it is understood that the words which have been used herein are words of
description and illustration, rather than words of limitation. Changes may be made,
within the purview of the appended claims, as presently stated and as amended, without
departing from the scope and spirit of the present invention 1n its aspects. Although the
present invention has been described herein with reference to particular means, materials
and embodiments, the present invention 1s not intended to be limited to the particulars
disclosed herein; rather, the present invention extends to all functionally equivalent

structures, methods and uses, such as are within the scope of the appended claims.
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The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:
1. Linear drive assembly having the following features:

(a) the linear drive assembly is used to move a cutting device for the purpose
of severing a moving fibrous web, in particular paper or board web;

(b)  the cutting device 1s coupled to a first high-speed reciprocating device
which extends over the fibrous web transversely with respect to the web running
direction;

(¢) in a standby position of the cutting device, from which the cutting
operation is to begin, the first high-speed reciprocating device exerts an acceleration
force on the cutting device;

(d) the cutting device is additionally coupled to a holding device which, in
the standby position, holds the cutting device firmly counter to the acceleration force;

(€) the holding device 1s a second high-speed reciprocating device; and

(f) the arrangement is made such that releasing the holding device triggers
the immediate movement of the cutting device under the action of the aforementioned
acceleration force;
wherein:

(g) the first high-speed reciprocating device 1s arranged 1n such a way that
the cutting device coupled to it, during 1ts movement for the purpose of severing the
moving fibrous web, is moved transversely with respect to the running direction of the
fibrous web; and

(h)  fixed to the moving element of the second high-speed reciprocating

device is at least one deflection device for a flexible strand; whose one end 1s coupled to
the cutting device to be moved and whose other end 1s held 1n a fixed location, so that it

is under tensile stress in the standby position.

2. Linear drive assembly according to claim 1, wherein the linear drive assembly is
used to move a cutting device for the purpose of severing the moving fibrous web 1in the

region of a winder.

3. Linear drive assembly according to claim 1 or 2, wherein the first high-speed
reciprocating device is a pneumatic cylinder whose piston 1s pressurized in the standby

position.
11
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4. Linear drive assembly according to claim 3, wherein the pneumatic cylinder is

one without a rod.

5. Linear drive assembly according to any one of claims 1 to 4, wherein:

(a) the cutting device to be moved is a liquid jet cutting device having at
least one liquid jet nozzle; and

(b)  the aforementioned flexible strand 1s formed as a high-pressure hose line

which 1s used to feed the cutting liquid to the liquid jet cutting device.

6. Linear drive assembly according to any one of claims 1 to 4, wherein the cutting

device to be moved is part of a laser beam cutting device.

7. Linear drive assembly according to any one of claims 3 to 6, wherein the piston
of the first high-speed reciprocating device is permanently connected to the interior of a

pneumatic pressure reservoir.

8. Linear drive assembly according to any one of claims 1 to 7, wherein the second
high-speed reciprocating device is formed as a mechanical linear unit, whose linear

movable element is coupled to a drive motor by means of a toothed belt.

9. Linear drive assembly according to any one of claims 1 to 8, wherein with the aid
of the aforementioned deflection roller, the reciprocating speed or the reciprocating
acceleration of the first high-speed reciprocating device 1s at least 2 times the
reciprocating speed or the reciprocating acceleration of the second high-speed

reciprocating device.

10.  Reel-change system for a continuously operating paper or board production or
conversion machine, having two cutting devices, moving in opposite directions,
wherein there are two linear drive assemblies according to any one of claims 1 to 9

acting in opposite directions.

11.  Reel-change system according to claim 10, wherein the cutting devices are

constructed as high-pressure liquid jet nozzles for liquid pressures in the range from

1000 to 2000 bar or more.
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