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(57) Abrege(suite)/Abstract(continued):
moment of inertia J,; - a roller (10, 20) having a roller moment of inertia J,,; and - at least one gear unit for kinematically coupling

the roller (10, 20) and the at least one drive motor at a transmission ratio 1,.,, between the at least one drive motor and the roller
(10, 20), wherein the roller (20) in the second roller unit (2) can be rotated in the opposite direction to that of the roller (10) in the
first roller unit (1), and wherein a first roller gap (40), through which the flat material is guided, is formed between the roller (10) of
the first roller unit (1) and the roller (20) of the second roller unit (2). According to the invention, the roller device Is characterised In
that, for at least one of the first and the second roller units (1, 2), the moment of inertia-speed ratio between the at least one drive
motor and the roller (10, 20) is M, ., < 6 and the transmission ratio 1 <1,,.,, = 40 Is selected, wherein the following applies: (formula
) where n,, = speed of the drive motor, and n,,, = speed of the roller (10, 20). The invention further relates to a smoothing device for

smoothing folls or plates, as well as a method for producing flat material, in particular foils or plates.
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Abstract

The present invention relates to a roller device for treating sheet-form material, in particular for

smoothing films (F*) or sheets, comprising a first roller unit 1 and a second roller unit 2, wherein

each roller unit (1, 2) comprises:

- at least one drive motor with a motor moment of inertia J,,,

- aroller (10, 20) with a roller moment of nertia Jy, and

- at least one gear for the kinematic coupling of the roller (10, 20) to the at least one drive motor
with a transmission ratio i, between the at least one drive motor and the roller (10, 20),

wherein the roller (20) of the second roller unit (2) is rotatable in the opposite direction to the roller

(10) of the first roller unit (1), and wherein there is formed between the roller (10) of the first roller

unit (1) and the roller (20) of the second roller unit (2) a first roller gap (40) through which the

sheet-form matenial (F) is guided. According to the invention, the roller device is characterised in

that 1n at least one of the first and second roller units (1, 2), the moment of inertia/speed ratio
between the at least one drive motor and the roller (10, 20) M, is < 6 and the transmission ratio

I <iyw <40 1s chosen,

Ju .

¥ y nH
My =iy LMy = - i
wherein W where Yty

where ny. speed of the drive motor and ny: speed of the roller (10, 20). The invention relates

further to a smoothing device for smoothing films or sheets, and to a process for the production of

sheet-form material, in particular of films or sheets.

FIG. 1
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ROLLER DEVICE FOR TREATING FLAT MATERIAL, IN PARTICULAR FOR
SMOOQOTHING FOILS OR PLATES, SMOOTHING DEVICE, AND METHOD FOR
PRODUCING FLAT MATERIAL, IN PARTICULAR FOILS OR PLATES

The present invention relates to a roller device for treating sheet-form material, in particular for
smoothing films or sheets, comprising a first roller umt and a second roller unit, wherein each
roller unit comprises at least one drive motor with a motor moment of inertia J,, a roller with a
roller moment of inertia Jy, and at least one gear for the kinematic coupling of the roller to the at
least one drive motor with a transmission ratio iy between the at least one drive motor and the
roller, wherein the roller of the second roller unit 1s rotatable in the opposite direction to the roller
of the first roller unit and wherein there is formed between the roller of the first roller unit and the
roller of the second roller unit a first roller gap through which the sheet-form material is guided.

The present invention relates further to a process for the production of sheet-form material, in

particular of films or sheets.

The production of high-quality plastics films, for example of polycarbonate, by extrusion and
subsequent smoothing of the extruded melt film in a smoothing apparatus using tempered
smoothing rollers has been the industrial standard for many years. In the case in particular of high-

quality films with a glossy surface, periodic faults in the film surface — so-called chatter marks -,
which occur in particular in thicker films having a thickness of, for example, from 300 to 3000 pm,
become apparent in a negative manner and impair the visual quality impression of the films. Such
faults are more or less pronounced depending on the configuration of the system and the mode ot
operation. These faults are caused by irregularities in the detachment and calendering behaviour
during the process in the smoothing apparatus, which is attributable to inadequate synchronism of

the roller units used in the smoothing apparatus.

WO 2006/098939 A1 describes a roller-to-roller microreplication apparatus, n which a sheet-form
material is coated on both sides with a liquid material, which cures on the sheet-form material. The
microreplication apparatus comprises a first profiled roller having a first diameter, a second
profiled roller having a second diameter, and a drive arrangement which is so configured for
rotating the first profiled roller and the second profiled roller that the first and second rollers

maintain a continuous registration within 100 micrometres, the second diameter being from 0.01 to

] percent larger than the first diameter.

US 6,250,904 B1 describes an extrusion apparatus for producing film sheets, in which defects

which occur on the surface of the film sheets that are produced, such as ripples or chatter marks,
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are to be reduced. This is to be achieved by a control system for the peripheral speed of the

dragging roller, with which fluctuations in speed can be reduced.

EP O 828 599 Al relates to a process for the production of an amorphous dyed sheet, for example
of polymethyl methacrylate, polycarbonate or polyvinyl chloride. According to the process, a
crystallisable thermoplastic is first melted in an extruder together with the die, and the melt is then
shaped through a die and further calibrated in the smoothing apparatus with at least two rollers,

smoothed and cooled, before the sheet is brought to size, the first roller of the smoothing apparatus
having a temperature in the range of from 50°C to 80°C. In order to avoid defects and fluctuations
in thickness on the surface of the sheets, it is emphasised that the take-off speed must be matched

precisely to the speed of the calendering rollers used.

DE 4343 864 Al describes a method for avoiding chatter marks in the smoothing of sheet-form
extrudates of thermoplastic plastic. In detail, the method provides the use of a smoothing apparatus
having at least one pair of smoothing apparatus rollers, wherein the smoothing apparatus is
equipped with a smoothing apparatus drive having a gear mechanism and with an electromagnetic
drive control system, and the output side of the gear mechanism works on at least one of the
smoothing rollers of the pair of smoothing rollers. According to the method, the tooth frequency of
the gear mechanism, which is superimposed on the rotation of the output side, is measured, a
switching frequency which is as close as possible to the tooth frequency is generated by means of a

frequency generator, and finally the switching frequency is switched to the drive control system.

In EP 1 340 608 Al it is proposed, in a smoothing device, to provide the drive motor of a
smoothing roller with a rotor and stator arranged coaxially with one another and to connect them to

the drive shaft of the smoothing roller without an intervening gear, that is to say with a

transmission ratio 1w = 1. In practice, however, it has been found that such a system configuration
1s not sufficient for reliably avoiding chatter marks on high-quality film surfaces. Furthermore,

motors that operate in such a speed and torque range are not available.

Accordingly, it was an object of the invention to provide a roller device for treating sheet-form
material, in particular for smoothing films or sheets, of the type mentioned at the beginning, which
avolds the disadvantages mentioned above and ensures optimal surface properties, in particular

optimal smoothness and gloss of plastics films, in the treatment of sheet-form material.

The object is achieved according to the invention with a roller device according to the

precharacterising clause of claim 1, in that, in at least one of the first and second roller units, the
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moment of inertia/speed ratio between the drive motor and the roller M is < 6 and the

transmission ratio 1 < iy < 40 is chosen,

ey Tl 18
. My =5 imw Law = (—n )
wherein W where W

where ny,: speed of the drive motor and ny: speed of the roller.

As investigations by the applicant have shown, the combination of the ranges chosen according to

the invention for the moment of inertia/speed ratio between the drive motor and the roller and the

transmission ratio of the gear permits a particularly high degree of roller synchronism of each roller

unit, which is a requirement for optimal surface quality also in the case of demanding film surfaces

1n particular in terms of reducing or avoiding chatter marks.

In Technical guide No. 7 "Dimensioning of a drive system", ABB Automation Products GmbH,
Mannheim, which 1s available on the internet (www.abb-drives.de), a moment of inertia/speed ratio
between the drive motor and the driven component of 1 is proposed. However, the relationship

with the transmission ratio of the gear used has not been recognised here.

In the present invention, there is chosen for the transmission ratio i preferably a range of 5 < iy

< 40, especially 10 < iy < 40 and particularly preferably 20 < i, < 40.

Within the context of the present invention, "sheet-form" refers to a material whose extent in the
thickness direction is markedly smaller, in particular by orders of magnitude, than its extent in the

length and width directions.

It 1s particularly preferred in terms of a further improved surface quality if, in the first and second

roller units, the speed ratio between the at least one drive motor and the roller M, is < 6 and the

transmission ratio 1 <i, < 40 is chosen.

According to a further advantageous embodiment of the invention, the at least one drive motor of at
least one of the first and second roller units is speed-controlled. Speed control of the drive motor is

possible technically without a large outlay and contributes to a further improvement in the

synchronism behaviour of the roller unit.

The at least one drive motor of at least one of the first and second roller units is preferably an
electric motor. It can be in the form of a direct-current motor or also of an alternating-current

motor. According to an advantageous embodiment of the invention, the drive motor is preferably in
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the form of a three-phase electric motor with frequency conversion. Precise adjustment and control
of the motor speed is thereby possible. The drive motor is preferably in the form of a synchronous
motor which, owing to the system, ensures a particularly high degree of synchronism. In order

further to increase the synchronism of such a synchronous motor, it can further be provided that the

motor 1s in multipolar, in particular 10-polar, form.

At lower speeds in particular, so-called cogging torques impair the synchronism behaviour of
electric motors. In order to compensate for such cogging torques, it is provided according to a
further embodiment of the invention that the at least one drive motor of at least one of the first and
second roller units comprises a compensation unit for compensating for the cogging torques. Such
a compensation unit can be of different forms. Preferably, it is in the form of a software module in

the control system of the drive motor.

Further improvements are obtained when the at least one drive motor of at least one of the first and
second roller units is coupled by way of a rigid coupling to the at least one gear, and/or the roller of
at least one of the first and second roller units is coupled by way of a rigid, that is to say slip-free,
coupling to the at least one gear. The rigid coupling of the drive and the load is found to be

necessary for the control of roller torques or peripheral speeds.

According to a further advantageous embodiment of the invention, the gear of at least one of the
first and second roller units is in the form of a planetary gear, in particular in the form of a
planetary gear that is not free from play. As investigations by the applicant have surprisingly
shown, particularly good synchronism properties cannot be achieved in the case of a rigid coupling
between the drive motor, the gear and the roller by a freedom from play in the gear. A gear that is
free from play is associated with the disadvantage of generating innate instability in the system by

the rolling of the interlocked gear wheels.

According to a further advantageous embodiment of the invention, the roller device comprises a
control unit for controlling the at least one drive motor of the first roller unit and the at least one
drive motor of the second roller unit, wherein the control unit is so configured that the torque

and/or the peripheral speed of the roller of the first roller unit and of the roller of the second roller
unit are each so controlled that one roller is coupled to the other roller by means of the sheet-form
material guided through the roller gap. By means of this type of control, in which the peripheral
speed always represents the control variable, it is thus possible to establish in a defined manner
dragging and dragged states, based on one of the rollers, as coupling beneath the rollers, which in

investigations by the applicant has been found to be particularly effective in terms of the desired
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avoidance of chatter marks, in particular in the smoothing of plastics films or sheets. It is supposed
that the dragging or dragged states cause shear forces to act in the material of the films or sheets, so
that the surface acquires a particularly uniform visual appearance and, in particular, no more chatter
marks are visible. The dragging or dragged states between the rollers can be established by defined
ratios of the roller torques or the peripheral speeds that differ from 1 slightly — for example in the

thousandth part range — and can be obtained by way of the peripheral speed as the control variable.

According to an embodiment that develops the invention further, the roller device comprises a third
roller unit, wherein there is formed between the roller of the first roller unit and the roller of the
third roller unit a second roller gap through which the sheet-form material is further guided after
leaving the first roller gap. The axes of the roller of the first roller unit, of the roller of the second
roller unit and of the roller of the third roller unit can especially be arranged substantially in a plane
which has any desired orientation but is preferably horizontal, wherein the sheet-form material,
after leaving the first roller gap, is guided to the second roller gap on the peripheral surface of the
roller of the first roller unit. It is likewise possible to pivot in particular the axes of the third roller
unit out of the plane in order to vary the manner in which the material winds round the roller of the
first roller unit. In the case of the smoothing of plastics films, such smoothing can be achieved

particularly effectively by two roller gaps which follow one another directly.

A turther aspect of the present invention relates to a smoothing device for smoothing films or
sheets having a roller device according to any one of claims 1 to 13. With regard to the advantages

of such a smoothing device, reference is made to the above.

A further aspect of the present invention relates to a process for the production of sheet-form

material, in particular of films or sheets, having the following steps:

- production of a melt film of the sheet-form material, in particular by extrusion,

- smoothing of the melt film in a first roller gap between a roller of a first roller unit with a
roller moment of inertia Jy; and a roller of a second roller unit with a roller moment of inertia
Jw2,
wherein the roller of the first roller unit and the roller of the second roller unit are each

coupled by way of at least one gear to at least one drive motor with a motor moment of inertia

Juim, Wherein the process is characterised in that, in the case of the roller of at least one
roller unit, the moment of inertia/speed ratio between the drive motor and the roller M, is <

6 and the transmission ratio is 1 < iy < 40,

. My =T iyw W =
wherein Iw where Ny
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where n,,: speed of the drive motor and »y: speed of the roller.

With regard to the advantages of the process according to the invention, reference is again made to

the above.

The invention 1s explained in greater detail below by means of a drawing showing an exemplary

embodiment. In the drawing:

Fig. 1 shows a smoothing device for smoothing films or sheets, in particular melt films extruded

immediately beforehand.

The smoothing device of Fig. 1, which is shown in a highly diagrammatic sectional drawing,
comprises a total of three roller units 1, 2, 3, each of which comprises a drive motor with a motor
moment of nertia Jy; 03, @ tempered roller 10, 20, 30 with a roller moment of inertia Ji; w w3
and a gear for the kinematic coupling of the roller 10, 20, 30 to the associated drive motor with a
transmission ratio iy, a2 w3 between the drive motor and the roller 10, 20, 30. The roller 20 of
the second roller unit 2 is rotatable in the opposite direction to the roller 10 of the first roller unit 1.
Likewise, the roller 30 of the third roller unit 3 is rotatable in the opposite direction to the roller 10
of the first roller unit. Between the roller 10 of the first roller unit 1 and the roller 20 of the second
roller unit 2 there is formed a first roller gap 40. Furthermore, between the roller 10 of the first
roller unit 1 and the roller 30 of the third roller unit 3 there is formed a second roller gap 50, the
melt film to be smoothed passing first through the first roller gap and then through the second roller

gap, as 1s explained in detail below.

In the present case, in the case of the three roller units, the moment of inertia/speed ratio between

the at least one drive motor and the roller M, ;; is chosen to be < 6 and the transmission ratio is

M Ja z ; _ [Bwm
. . MMWw T 7 " iMmw MW — \o——]
chosen to be 1 <i,u; < 40, wherein W where W

where n,. speed of the drive motor and ny: speed of the roller and roller index i = 1, 2, 3.

For the transmission ratio iy, a range of preferably 5 <i, <40, especially 10 < iy < 40 and

particularly preferably 20 < i, < 40 is chosen.

By the choice of these parameters, a particularly high degree of synchronism of the rollers is

achieved, as a result of which the surface quality of the smoothed film is improved significantly. In
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particular, the visibility of chatter marks can be reduced very considerably or even eliminated

altogether.

The indicated drawing of the smoothing device shows the three rollers 10, 20, 30 of the three roller
units 1, 2, 3 in a sectional view. Accordingly, the gear, which in the present case is coupled in a
known manner directly to a shaft journal, and the drive motor, which in turn is coupled to the gear
input shaft, are not shown. It is possible to couple a gear and a drive motor to the two shaft journals
of each roller. In the present case, each drive motor is coupled to its associated gear by way of a
rigid coupling. Likewise, each gear is coupled to the shaft of its associated roller 10, 20, 30 by way

of a rigid coupling. The gears are in each case in the form of planetary gears which are not free

from play.

In the present case, the electric motors driving the rollers 10, 20, 30 are in the form of three-phase
electric motors with frequency conversion, especially in the form of synchronous motors. Precise
adjustment and control of the motor speed with optimal synchronism properties is thereby possible.
In order further to increase the synchronism of such a synchronous motor, it is further provided that
the motors are in multipolar, in particular 10-polar, form. A common control unit (not shown)
allows the drive motors to be controlled and adjusted jointly. Furthermore, each of the drive motors
of the roller units 1, 2, 3 comprises a compensation unit for compensating for the cogging torques,

which compensation units in the present case are each in the form of a software module in the

control unit of the drive motors.

The mode of operation of the smoothing device is as follows:

In an extrusion unit (not shown), a melt of polycarbonate, for example, is produced in a distributor
tool 60 (die) with a thickness of typically from 500 to 1200 um and is passed in the form of a melt
film F in the direction towards the rollers 10, 20, 30, which are arranged beneath the distributor
tool in a horizontal plane, where it is smoothed. The melt film F there enters the roller gap 40
formed between the roller 10 of the first roller unit 1 and the roller 20 of the second roller unit 2.
As 1s shown, the rollers 1, 2 rotate in opposite directions and thereby draw the melt film F into the

roller gap 40. After leaving the roller gap 40, the film sheet F* is guided on the underside of the

arrangement of the rollers 1, 2, 3 around the roller 1 through an angle of about 180° and enters
from below the second roller gap 50, which is formed between the roller 1 and the roller 3 rotating

in the opposite direction to the roller 1, where it is smoothed further. After leaving the second roller

gap 50, the smoothed film sheet F* is guided around the roller 3 through an angle of about 90°, for

example, and is then taken off in the form of a finished, smoothed film sheet F**.
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In order to optimise the smoothing of the film sheet and eliminate the formation of chatter marks as
completely as possible, the control unit the drive motors of the rollers 1, 2, 3 is so configured in the

present case that the torque and/or the peripheral speed of the rollers 1, 2, 3 are each controlled in
such a manner that one roller drags the other roller by means of the sheet-form material guided
through the roller gap. In the present case, the roller 1 serves as the guide roller in respect of the

torque and the peripheral speed.

Example:

In a smoothing device of the type operated above for smoothing polycarbonate films, three roller

units were operated with the following parameters:

Motor power: 4.49 kW
Motor torque: | 23.6 Nm
Motor speed: 2000 min™’
 Motor moment of inertia Jus: 65 kgcmQ
Transmission ratio iy 35.34
Roller torque: 834.02 Nm
Roller speed: [ 56.59 min™
Moment of inertia/speed ratio M, 4.91

» -

With these settings, no more chatter marks were visible on the finished, smoothed polycarbonate

film.

Comparison example:

In a smoothing device of the type operated above for smoothing polycarbonate films, three roller

units were operated with the following parameters:

Motor power: 1.48 kW
Motor torque: 2.35 Nm
Motor speed: 6000 min™’
Motor moment of inertia J,,: 1.5 kgem®
Transmission ratio iy ' 125.6
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Roller torque: 443.37 Nm
Roller speed: 47.77 min™
Moment of inertia/speed ratio M- 16.83

Here, clear chatter marks were visible on the surface of the finished, smoothed polycarbonate

surface.
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Patent claims
1. Roller device for treating sheet-form material (F), in particular for smoothing films (F*) or

sheets, comprising a first roller unit 1 and a second roller unit 2, wherein each roller unit
5 (1, 2) comprises:
- at least one drive motor with a motor moment of inertia J,,,
- aroller (10, 20) with a roller moment of inertia Jy, and
- at least one gear for the kinematic coupling of the roller (10, 20) to the at least one
drive motor with a transmission ratio i, between the at least one drive motor and the
10 roller (10, 20),
wherein the roller (20) of the second roller unit (2) is rotatable in the opposite direction to
the roller (10) of the first roller unit (1), and wherein there is formed between the roller
(10) of the first roller unit (1) and the roller (20) of the second roller unit (2) a first roller
gap (40) through which the sheet-form material (F) is guided,
15 characterised 1n that

In at least one of the first and second roller units (1, 2), the moment of inertia/speed ratio

between the at least one drive motor and the roller (10, 20) M, 1s < 6 and the transmission

ratio 1 <iyw <40 is chosen,

M ,:‘]‘_w.i ;2 lm?:(n_ﬂ)
wherein w " where Ny
20 where ny: speed of the drive motor and ny: speed of the roller (10, 20).
2. Roller device according to claim 1,

characterised in that

there 1s chosen as the transmission ratio 5 <i <40, especially 10 < i < 40 and in

25 particular 20 < i, < 40.

3. Roller device according to claim 1 or 2,

characterised in that

in the first and second roller units (1, 2), the speed ratio between the at least one drive

30 motor and the roller (10, 20) M, 4 1s < 6 and the transmission ratio | < i, < 40 is chosen.

4, Roller device according to any one of claims 1 to 3,

characterised in that

the at least one drive motor of at least one of the first and second roller units (1, 2) is

35 speed-controlled.
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3. Roller device according to any one of claims 1 to 4,

- 10.

11.

characterised in that

the at least one drive motor of at least one of the first and second roller units (1, 2) is a

three-phase electric motor with frequency conversion.

Roller device according to claim 5,

characterised in that

the at least one drive motor of at least one of the first and second roller units (1, 2) is a

synchronous motor.

Roller device according to claim 6,

characterised in that

the synchronous motor is in multipolar, in particular 10-polar, form.

Roller device according to any one of claims 5 to 7,

characterised in that

the at least one drive motor of at least one of the first and second roller units (1, 2)

comprises a compensation unit for compensating for the cogging torques.

Roller device according to any one of claims 1 to 8,

characterised in that

the at least one drive motor of at least one of the first and second roller units (1, 2) and/or
the roller of at least one of the first and second roller units (1, 2) is coupled by way of a

rigid coupling to the at least one gear.

Roller device according to any one of claims 1 to 9,
characterised in that

the at least one gear of at least one of the first and second roller units (1, 2) is in the form of

a planetary gear, 1n particular in the form of a planetary gear that is not free from play.

Roller device according to any one of claims 1 to 10,

characterised in that

the roller device comprises a control unit for controlling the at least one drive motor of the
first roller unit (1) and the at least one drive motor of the second roller unit (2), wherein the

control unit 1s so configured that the torque and/or the peripheral speed of the roller (10) of
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the first roller unit (1) and of the roller (20) of the second roller unit (2) are each so
controlled that one roller (10, 20) is coupled to the other roller (20, 10) by means of the
sheet-form material (F) guided through the roller gap (40).

Roller device according to any one of claims 1 to 11,
characterised 1n that

the roller device comprises a third roller unit (3), wherein there is formed between the
roller (10) of the first roller unit (1) and the roller (30) of the third roller unit (3) a second
roller gap (50) through which the sheet-form material (F) is further guided after leaving the
first roller gap (40).

Roller device according to claim 12,

characterised in that

the axes of the roller (10) of the first roller unit (1), of the roller (20) of the second roller
unit (2) and of the roller (30) of the third roller unit (3) are arranged substantially in a
plane, wherein the sheet-form material (F), after leaving the first roller gap (40), 1s guided
to the second roller gap (50) on the peripheral surface of the roller (10) of the first roller

unit (1).

Smoothing device for smoothing films or sheets having a roller device according to any

one of claims 1 to 13.

Process for the production of sheet-form material, in particular of films or sheets, having

the following steps:
- production of a melt film of the sheet-form material (F), in particular by extrusion,
- smoothing of the melt film 1n a first roller gap (40) between a roller (10) of a first

roller unit (1) with a roller moment of inertia Jy; and a roller (20) of a second roller

unit (2) with a roller moment of inertia Jy,,

wherein the roller (10) of the first roller unit (1) and the roller (20) of the second roller unit
(2) are each coupled by way of at least one gear to at least one drive motor with a motor
moment of inertia Jy a0,

characterised in that

in the case of the roller (10, 20) of at least one roller unit (1, 2), the moment of

inertia/speed ratio between the drive motor and the roller M, is < 6 and the transmission

ratio 1s 1 < iy < 40,
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wherein Jw where iy /

where ny,: speed of the drive motor and »y: speed of the roller (10, 20).
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