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A METHOD OF AND APPARATUS
FOR HIGH-SPEED SHEET CALENDERING

Field of the Invention

The present invention relates to a method and apparatus for treating

 the surface of a sheet by pressing it between two revolving cylinders. In

particular, the present disclosure relates to a sheet calendering apparatus including
a conveyor for carrying a coated sheet through a mechanism which applies heat
and pressure followed by cooling and delivery of the finished sheet.

Background of the Invention
In the art of printing, a variety of substrates must be coated with

glossy finishes. These substrates are typically sheets of paper or cardboard;
however, the term "sheet" also includes any other flat surface or substrate such as
fabric, boxes, magazines, newspaper inserts, and bonding thermoplastic
substrates.

There are basically two broad classes of coatings which are used in

many conventional printing processes. The first class of coatings may be referred

- to as acrylic polymers. Acrylic polymer coatings are typically soluble in water,

or in a solvent, and are suspended or dissolved in a solution before being applied
to a substrate. Once applied to the substrate, acrylic polymer coatings may be
cured by applying heat to evaporate the water or solvent base. The second class
of coatings used in many conventional printing operations may be referred to as
ultra-violet polymers. These coatings are cured using ultra-violet light to bond,
or polymerize, monomer molecules in the coating.

Ultra-violet polymer coatings are generally preferred in many
conventional coating processes for their superior aesthetic properties. Ultra-violet

coatings tend to produce glossier finishes than acrylic coatings due to their flow
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characteristics and the larger amount of solid material that remains on the
substrate after curing. In order to achieve comparably glossy finishes with
acrylic coatings, more coating material must be applied to the substrate which
then decreases the smoothness of the acrylic finish.

Although ultra-violet polymer finishes may be preferred in
conventional coating processes for aesthetic reasons, ultra-violet coating processes
have significant drawbacks. For example, the ozone which is produced as a by-
product of curing with ultra-violet radiation has been found to threaten air quality.
In addition, paper products which are coated with ultra-violet polymers are often
difficult to recycle. Water-based acrylic coatings, on the other hand, are much

easier to recycle and do not require ultra-violet radiation for curing.

. Consequently, there is a long felt and continuing need to improve the aesthetic

qualities of sheets that are coated with acrylic polymers, and other coatings, in
order to avoid the environmental problems associated with ultra-violet polymer
coating materials. |
Many recyclable surface finishes, including acrylic polymers, are
activated by heat and pressure. Such coating materials are typically applied to
sheets in liquid form and then allowed to air dry. The coated and dried sheets
are then pressed against a heated, flat surface for a certain period of time and
then allowed to gradually cool before being stripped from the surface. In order
to create an acceptable finish on the sheet, the texture, temperature, and pressure
of the compression surface along with the heating time and pressure must be
tightly controlled during the finishing process. There is also a need to automate

and increase the speed of the process in order to maximize the number of sheets

- which may be finished during any give time period while still producing a high

quality surface finish.
A known sheet calendering device has used one continuous, mirror-
finished belt arranged between two cylinders. Sheets are fed onto the belt at one

end of the process and then heated, with steam, and compressed between the belt
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and a third cylinder. The steam-heated sheets are then cooled with a liquid

coolant prior to their delivery at the other end of the process. One disadvantage

of using such continuous belt arrangements for sheet calendering is that the entire

* belt must be replaced when even just a small portion of the belt is damaged. It is

also difficult to maintain sufficient tension in the belt, particularly in long belts,
to ensure proper belt tracking and minimize vibrations at high speeds.
Furthermore, steam heating systems are complicated to build and difficult to
operate and maintain. And finally, it is difficult to position sheets on the belt at
the feed end of the apparatus and to remove the cooled sheet from the belt at the
delivery end of the apparatus. Although the effects of many of these problems on
surface finish quality can be minimized by using ultra-violet polymer coatings,
acrylic coatings are often preferred for environmental reasons. Consequently, it
is the object of the present invention to provide a high speed sheet calendering
apparatus which overcomes these and other disadvantages of conventional sheet

calendering technology.

Summary of the Preferred Embodiments

The present disclosure relates to a method of and apparatus for
sheet calendering. One embodiment of the apparatus includes a calendering
cylinder, an impression cylinder, a delivering cylinder, and a conveyor for
transporting sheets from the calendering cylinder to the delivering cylinder. The
conveyor may include a pair of flexible elongated members, such as drive chains,
arranged in endless loops around each side of the calendering and delivering
cylinders. A plurality of flexible calendering plates may then be arranged end to
end between the drive chains. The calendering plates are connected to the drive
chains by support members arranged between the drive chains. Each of the
calendering plates may be removeably attached to corresponding support members

by pins. A tensioning mechanism may be provided on each support member for

- individually tensioning the calendering plates between the support members to
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which it is attached. The tensioning mechanism may include a shaft, which can
be rotationally biased by a torsional spring, about which an end of the tensioned
calendering plate is wrapped.

The calendering cylinder may include at least one stop member

adapted to protrude radially through a hole in at least one of the calendering

* plates for aligning a sheet on the calendering plate. Similarly, the delivering

cylinder may include at least one finger which radially protrudes through a hole
in at least one of the calendering plates for pushing an edge of a sheet aligned on
the calendering plate away from the surface of the plate. The apparatus may also
include an air rake located proximate to the delivering cylinder for assisting the
removal of the sheet from the calendering plate.

The apparatus may further include means for spraying. at least one
of the calendering plates with a coolant mist, means for blowing air over one of

the calendering plates, and means for heating the calendering cylinder. The

spraying means may include an ultrasonic sprayer. The blowing means may

include one or more blower hoods. A dwell cylinder may be arranged at one end
of the conveyor in order to urge sheets into contact with the heated calendering
cylinder before the sheets are transported between the calendering cylinder and
the delivering cylinder. A pair of bearers may be arranged on each side of the
calendering cylinder to engage a pair of bearers arranged on each side of the

impression cylinder in order to support the cylinders.
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One embodiment of a method for calendering a sheet aligned on a
flexible plate, wherein a series of such plates forms a surface of an endless belt
extending between a heated calendering cylinder and a delivering cylinder,
includes the steps of rotating the cylinders to drive the belt, aligning the entire
sheet on a surface of the flexible plate, passing the plate and aligned sheet
through a nip formed by the heated calendering cylinder and an impression
cylinder, cooling the plate as it travels between the heated calendering cylinder

and the delivering cylinder, and removing the sheet from the plate as the plate

 Totates around the delivering cylinder. The aligning step may be effected by

disposing an edge of the sheet against at least one stop which protrudes through
the plate as the plate rotates around the calendering cylinder. The removing step
may be assisted by a finger which protrudes through the hole in the plate as the
plate rotates around the cylinder. The plate may be cooled by applying a mist to
the plate on a side of the plate opposite to the surface in contact with the sheet,
and each of the plates may be individually tensioned in a direction parallel to the
direction of travel of the plate on the endless belt. The tensioning may be
effected by wrapping the calendering plates around a shaft which moves with the
endless belt.

An apparatus for treating individual sheets includes an endless belt
of flexible plates arranged end to end, means for aligning tﬁe entirety of each
sheet on a surface of a single one of the flexible plates, heated means for pressing

a surface of the sheet against a surface of the flexible plate, means for cooling
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each plate after it passes from the heated pressing means, and means for
removing each sheet from its respective plate. Each plate may include at least
one hole through which at least one first member protrudes to provide a stop for
aligning an edge of the sheet on the plate and through which at least one second
member intermittently protrudes to lift an edge of each sheet from its plate to
facilitate removal of the sheet from the plate. Each plate may be held to adjacent
plates by a support member transversely extending across the belt such that each
plate is individually removable and replaceable. The support member may

include a mechanism for tensioning at least one of the plates.

Brief Description of the Drawings

The invention will now be further described with reference to the
following figures wherein like elements are provided with the same reference
numerals.

Figure 1 is a side view of one embodiment of a high speed
calendering apparatus according to the present invention.

Figure 2 is an enlarged view of the sheet feeding end of a presently
preferred embodiment of the present invention.

Figure 3 is an enlarged side view of one portion of the apparatus of
Figure 1 showing a sheet being received between the calendering cylinder and the

impression cylinder at one end of the apparatus.
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Figure 4 is a bottom plan view of the portion of the apparatus
illustrated in Figure 3.
Figure 5 is an enlarged side view of one portion of the apparatus of
Figure 1 showing a sheet being ejected under the delivering cylinder.
5 Figure 6 is a bottom plan view of the portion of the apparatus
illustrated in Figure 5.
Figure 7 is a partial section view taken along section line 7-7’ in
Figure 1.
Figure 8 is an isometric view of one technique for removeably

10 attaching a calendering plate to a calendering plate support shaft.

Description of the Preferred Embodiments

As illustrated in Figure 1, calendering cylinder 2 and delivering
cylinder 4 are arranged on frame 6 to form a conveyor for transporting sheets
15 - between the calendering cylinder 2 and the delivering cylinder 4. The conveyor
includes two flexible elongated members which form parallel, endless loops
around the calendering cylinde: 2 and the delivering cylinder 4. In a preferred
embodiment, these two flexible elongated members positively engage each
cylinder to allow the conveyor to move at high speeds. For example, drive
20 chains 8 mesh with sprockets on each side of the calendering cylinder 2 and the

delivering cylinder 4 in order to allow the conveyor to rotate at high speeds. Of
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course, other types of flexible, essentially inextensible elongated members and
positive engagement arrangements may also be used.

A plurality of support members 10 are attached between the drive
chains 8. A calendering plate 12 is then arranged between each support member
10 to form an endless belt. The calendering cylinder 2 and delivering cylinder 4
both include recessed portions 14 and 16 which extend along the length of each

cylinder for receiving support members 10 as the conveyor rotates around the

_ cylinders. As will be described in more detail below, each recessed portion 14

on calendering cylinder 2 may include a plurality of stops 18 for aligning sheets
on calendering plates 12. Similarly, each recessed portion 16 on delivering
cylinder 4 may include a plurality of fingers 20 for removing sheets from the
calendering plates 12 at the other end of the conveyor.

During normal operation, sheet feeder 22 holds a stack of prepared
sheets which are consecutively fed onto calendering plates 12 between calendering
cylinder 2 and impression cylinder 24. The term "sheet," as used here, refers to
any thin flat surface including paper, cardboard, fabric, folded boxes, or other

substrates such as bonding thermoplastic substrates. The sheets are preferably

- prepared by coating them with a water based acrylic polymer and then thoroughly

drying the coating in a conventional drying process before loading the sheets into
sheet feeder 22. However, other coating materials may also be used. As will be
described in more detail below, each of the sheets is aligned on the conveyor by

disposing the leading edge of the sheet against at least one stop 18 which
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protrudes through calendering plate 12 in the pinch between calendering cylinder

* 2 and impression cylinder 24. Each of the sheets is then compressed between the

impression cylinder 24 and the calendering plates 12 as the conveyor rotates
clockwise around calendering cylinder 2 as shown in Figure 1.

The calendering cylinder 2 is preferably heated to a temperature at
which sufficient heat is transferred through the calendering plates 12 to the sheets
so as to melt the coating on the sheets and cause the sheets to stick to the
calendering plates 12. The amount of heat transferred to the sheets will depend
on the amount of time that each sheet spends pressed against the heated |

calendering 2 and the temperature of the heated calendering cylinder. In order to

allow faster conveyor speeds, the calendering cylinder 2 may be heated to a

higher temperature in order to transfer the same amount of heat to the sheets as
would be transferred at lower conveyor speeds. However, it is preferable to
operate the heated calendering cylinder 2 at the lowest possible temperature in
order to minimize heat losses to the environment and to prevent damage to the
sheets. Consequently, in order to operate the heated calendering cylinder at high
speeds and low temperatures, it is preferable to maximize the amount of time that
each sheets spends pressed against the heated calendering cylinder 2.
Accordingly, a preferred embodiment of the present invention

includes a dwell cylinder 26 arranged at the feeder end of the conveyor. As

- illustrated in Figure 2, dwell cylinder 26 urges sheet A against the heated

calendering cylinder 2 upstream of the nip between the calendering cylinder and
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the impression cylinder 24. The sheet A therefore spends more time (i.e.,
dwells) against the heated calendering cylinder 2. Consequently, the conveyor
may be run at higher speeds for any given temperature of the heated calendering
cylinder 2. Of course, the impression cylinder 24 and/or the dwell cylinder 26
5 " may als§ be heated. However, applying heat to the uncoated side of the sheet can
cause the sheet to become yellow and brittle. In a preferred embodiment, the
speed of the conveyor is maintained between 500 and 600 feet per minute while
the temperature of the calendering cylinder is maintained in the range of 180° F
to 220° F, but preferably 200° F for conventional types of materials. Higher
10 temperatures may cause the coating to yellow and become brittle while lower
temperatures may not provide enough heat to melt the coating on the sheets.

The calendering cylinder 2 may be heated by any conventional
means such as electrical resistance or steam heating. However, the calendering
cylinder 2 is preferably heated using flux induction because of its environmental

15 safety. It has been found to be important to maintain an even temperature
distribution across the surface of heated calendering cylinder 2. Accordingly,
heated calendering cylinder 2 may include several holes 28 arranged near the
outer circumference of calendering cylinder 2. The holes 28 preferably extend
from one end of calendering cylinder 2 to the other end are partiﬁlly filled with a

20 heat transfer medium. In practice, heated calendering cylinder 2 may include
several holes which are equally spaced around the outer circumference of

calendering cylinder 2. The holes 28 are preferably capped at each end once they
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are partially or completely filled with the heat transfer medium. The heat transfer
medium is preferably chosen so that its boiling temperature is at or near the
temperature of heated calendering cylinder 2. Suitable induction cylinders and
heat transfer medium may be obtained from the Tokuden Company of Japan.

Each of the sheets is compressed between the impression cylinder
24 and a calendering plate 12 as the calendering plates move around the lower

portion of calendering cylinder 2. Advantageously, the calendering plates 12

 should therefore be flexible and heat conductive. The plates should also have a

surface finish which dc;es not degrade during use. It has been found by the
present inventors that although thinner calendering plates conduct heat more
quickly from the heated calendering cylinder 2, thin calendering plates are also
more easily damaged during use. Thin calendering plates also require higher
tension in order to provide a smooth compression surface for the sheets while
increased tension has been found to promote stress fatigue and failure of the
calendering plates 12. The calendering plates 12 are therefore preferably made
from .024 inch thick stainless steel and provided with a tension of between 150
and 350 pounds. Less tension may allow the calendering plates 12 to flutter
while greater tension may damage the stainless steel. The calendering plates 12
may also be provided with a mirror surface finish, such as 2 RMS or better, for
making smooth surface finishes or a textured surface finish for making designs or
patterns in the coating on the heated sheets. However, a wide variety of

materials, thicknesses, finishes, and tensions may also be used.
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Once the surface of a sheet has been heated to a temperature
sufficient to melt the coating, the sheet will stick to the outside surface of
calendering plate 12. Of course, means for gripping the sheets against
calendering plates 12 may also be used if the coating does not become sufficiently
tacky to support the sheets against calendering plates 12. The sheet is then
moved further downstream on the conveyor to spray system 30. The spray
system 30 is preferably ultrasonic in order to emit a fine mist of coolant against
the bare side of calendering plate 12 on the opposite side from the sheet. The
coolant is preferably a water mist, however, any other type of evaporative coolant

may also be used. The mist is evaporated by the heat from the backside of

-~ calendering plate 12 and the resulting steam may be removed through a series of

blower hoods 32. A stream of liquid coolant, such as water, may also be used
instead of a mist. However, it has been found that mist evaporation provides
greater heat transfer capability than simple liquid convection. Using mist also
prevents liquid coolant from seeping onto the sheets on the other side of the
calendering plates 12. The mist may be continuously applied to one side of the
calendering plates 12, or alternatively, the mist may be controlled so as to
intermittently spray each calendering plate as it is moved into position under the
mist nozzle.

As the sheets are moved further downstream on the conveyor, the
blower hoods 32 may draw air over the calendering plates 12 in order to further

cool the plates and draw away any remaining evaporated mist. In a preferred
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embodiment, the final blower hood is arranged on the same side of calendering

plate 12 as the sheet so that air can be circulated directly over the sheet instead of

on the backside of calendering plate 12. The speed of air drawn through each of

the hoods 32 may be controlled so as to provide an appropriate cooling rate for

the sheets on calendering plates 12. In fact, the speed of the conveyor, the
temperature of the calendering cylinder, the rate of coolant applied, and the air
speed of the blowers may all be controlled so as to provide an appropriate rate of
cooling for the sheets. The sheets are then removed from the conveyor at
delivering cylinder 4 with the aid of fingers 20 and air rake 34 before being
placed in another stack in sheet receiver 36.

Figures 3 and 4 illustrate the conveyor, travelling from right to
left, carrying a downstream sheet B and receiving an upstream sheet A.

Upstream sheet A is fed against the tip of stop 18 which protrudes through

- calendering plate 12 when the calendering plate is rotated to the bottom of

calendering cylinder 2. Several stops 18 may be attached with any conventional
means such as bolts 38 inside each of the recessed portions 14 which extend along
the length of calendering cylinder 2. Stops 18 provide a positive head stop for
sheet A as it is fed from feeder 22. Of course stop 18 could also be arranged to
rotate or fall into position, for example, by gravity. Each stop 18 may include a
notched portion for receiving the leading edge of upstream sheets A. As
illustrated in Figure 4, stop 18 aligns the downstream edge of sheet 2 to cover

about half the length of hole 40 in calendering plate 12.



WO 94/04347 PCT/US93/07510

10

15

20

-14-
Figures 3 and 4 also illustrate how each end of the calendering
plates 12 are supported between drive chains 8 by spaced support members which
extend transversely between the drive chains. Upstream plate support shaft 42
and downstream plate support shaft 44 may be connected to drive chain 8 via
calendering plate support connector 46. Although only one connector 46 is

shown in Figure 4, the apparatus may also include connectors 46 on both sides of

the support members 10. The calendering plate support connectors 46 are

preferably attached to drive chain 8 through one of its links by studs 48.

| The calendering plate support connector 46 maintains an
appropriate distance between the upstream shaft 42 and the downstream shaft 44.
The calendering plate support connector 46 may be sized to fit inside recessed
portion 14 and 16 so that the surface of calendering plate 12 fits snugly against
the outer peripheral surface of calendering cylinder 2. However, as illustrated in

the Figures, the width of the calendering cylinder 2 may be chosen so that only

the plate support shaft 42, 44 and a mid-plate support bracket (not shown)

actually fit inside the recessed portions 14, 16. Impression cylinder 24 may also

- include recessed portions for receiving the support members and allowing the

stops 18 and fingers 20 to protrude through the calendering plates 12. The pitch
diameter of the drive chain sprockets 50 is preferably the same as the diameter of
the cylinders 2, 4 plus the thickness of calendering plate 12 so that the speed of
the sheet contact surface remains constant as the calendering plates are wrapped

around the cylinders 2, 4.
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The downstream end of each calendering plate 12 may be fixed to
downstream plate support shaft 44. In addition, the downstream end of each
calendering plate 12 will also include one or more holes 40 through which stops

18 and fingers 20 will protrude as the calendering plates 12 rotate around the

cylinders 2 and 4. In a preferred embodiment, each calendering plate 12 includes

several slot-shaped holes 40 spaced across the calendering plates across the width
of the calendering plate at its downstream end for receiving one stop 18 or finger
20 through each hole. The upstream end of each calendering plate 12 may then

be attached to an upstream plate support shaft 42 by any conventional means such

as bolting or clipping.

Figure 8 illustrates a preferred technique for removeably attaching
the calendering plates 12 to the plate support shafts 42, 44. Although only one
support shaft is illustrated in Figure 8, in practice a series of pins 51 may extend
radially from the circumference each of the support shafts 42, 44. The
calendering plate 12 includes corresponding holes for receiving the pins 51. Once
the pins 51 are received in the holes the calendering plate 12 may be wrapped
approximately 270 degrees around each plate support shaft 42, 44 in order to take
up slack in the calendering plate 12 before tensioning the plate. This arrangement

allows the calendering plates 12 to be quickly and easily changed without special

- tooling or skills.

Referrring once more to Figures 3 and 4, upstream plate support

shaft 42 may rotate in order to to help remove slack and maintain a constant
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tension in the calendering plate 12. For example, the rotation can be used to
compensate for thermal expansion and contraction during a complete revolution of
the conveyor. The rotation of upstream plate support shaft 42 also allows for the
length of the pitch line of the chain to change as the chain goes from a straight
horizontal between the cylinders 2, 4 to an arc on drive chain sprockets 50.

A torsion spring 52 or similar tensioning device may be arranged
on each upstréam plate support shaft 42 to apply a torque to shaft 42 in order to
help maintain the tension in calendering plate 12. To this end, calendering plate
support connector 46 and upstream plate support shaft 42 may be provided with
spring locks 54. Torsion spring 52 urges upstream plate support shaft 42 to
rotate counterclockwise inv Figure 3 in order to wrap the upstream end of -

calendering plate 12 around upstream plate support shaft 42. Of course,

downstream plate support shaft 44 may also be arranged to provide an appropriate

tension in each calendering plate 12. The preferred tension for each calendering
plate is between 150 and 350 pounds.

Figures 5 and 6 illustrate enlarged views of the delivery end of the
apparatus where downstream sheet B, travelling from right to left, is being
removed from calendering plates 12. As noted above, delivering cylinder 4
includes several recessed portions 16 arranged along the circumference of the

cylinder. Recessed portions 16 house fingers 20 which may be arranged to rotate

 inside recessed portion 16. Each finger 20 may include a rounded tip for abutting

against one side of the leading edge of sheet B in order to push the leading edge
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of downstream sheet B away from the surface of calendering plate 12 as
illustrated in Figure 5. As delivering cylinder 4 continues to rotate, sheet 2 is
separated from calendering plate 12 and fed to sheet receiver 36. Air rake 34
may further assist the separation of sheet B from calendering plate 12 by
providing a jet of air between the sheet and the calendering plate. Air rake 34
may include pinch rollers 56 for guiding and urging sheet B to sheet receiver 36.
After fingers 20 initiate separation, a blast of air from air rake 34 continues the
separation so that the sheet is physically prevented from remaining on calendering
plate 12.

Figure 7 illustrates a bearer support structure for calendering
cylinder 2 and impression cylinder 24. As noted above, heat and pressure are
applied to the sheets as they are forced into the nip or pinch between calendering
cylinder 2 and impression cylinder 24. This pressure is generally between 80 and
120 pounds per linear inch. A greater pressure may damage the sheets 2 while
less pressure may not provide enough force to create the desired finish. The
actual pressure required depends upon the temperature, conveyor speed, coating
material, and substrate being used.

In order to help control the pinch pressure, bearers 58 may be
provided on one or both sides of calendering cylinder 2 and impression cylinder
24. The bearers 58 are typically formed from hardened steel in the shape of
wheels that are about 2 inches wide at their outer surface. A face loading may be

applied between calendeting cylinder 2 and impression cylinder 24 by a
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pneumatic air cylinder (not shown). When the adjacent faces of two cylinders 2,
24 are loaded, the two bearers 58 will engage at contact surface 60 in order to
support a portion of the weight of calendering cylinder 2 and impression cylinder
24. The face loading of the calendering and impression cylinders 2, 24 is
preferably removed when each recessed portion 14, 16 rotates around to the nip
in order to recieve another sheet. However, the bearers may remain in contact
when the face loading is removed in order to continue to support some of the load
between the cylinders 2, 24 and thus help reduce vibratory shock loads as the
conveyor rotates.

The pinch pressure between calendering cylinder 2 and impression
cylinder 24 can be accurately adjusted by changing the thickness of some .
circumferential padding on either cylinder. In a preferred embodiment,
impression cylinder 24 is coated with a temperature resistant, synthetic rubber or
plastic, printing blanket for controlling the pressure between impression cylinder
24 and calendering cylinder 2 and also for absorbing some of the impact as sheets
are fed between the cylinders. The nip pressure between calendering cylinder 2
and impression cylinder 24 may be adjusted by packing a material, such as .003

to .007 inch thick mylar, between the printing blanket and the surface of

- impression cylinder 24.

~In normal operation of the apparatus illustrated in Figure 1, either
the calendering cylinder 2 or the delivering cylinder 4 (or both) are rotated by an

external source of power such as an electric motor (not shown). A sheet which
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has been received between dwell cylinder 26 and calendering cylinder 2 from
sheet feeder 22 is aligned on the surface of calendering plates 12 against stops 18
by sheet feeder 22. The sheet on calendering plate 12 is then passed through the

pinch between heated calendering cylinder 2 and impression cylinder 24 where

- the coating on the sheet is heated and becomes tacky enough to stick the sheet to

the surface of calendering plate 12. The sheet may also be held onto calendering
plate 12 using conventional gripper bars. The calendering plate is then cooled by
mist from spray system 30 and air from blower hoods 32 as it travels further
down the conveyor between heating calendering cylinder 2 and delivering cyiinder
4,

Finally, the sheet is removed from calendering plate 12 as the plate
fotates around the delivering cylinder 4. Removal of the treated sheet may be
assisted by fingers 20 which protrude through holes 40 in calendering plate 12 as
the calendering plate rotates around delivering cylinder 4. Alternatively, the
removal of the treated sheets could also be carried’ out utilizing conventional
gﬁpper bars. The removal may also be assisted by air rake 34 arranged near
delivering cylinder 4.

The principles, preferred embodiments, and modes of operation of
the present invention have been described in the foregoing specification.
However, the invention should not be construed as limited to the particular
embodiments which have been described abové. Instead, the embodiments

described here should be regarded as illustrative rather than restrictive.
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Variations and changes may be made by others without departing from the scope

of the present invention as defined by the following claims.
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WHAT IS CLAIMED 1IS:

1. A sheet calendering apparatus, comprising:
a calendering cylinder;
a delivering cylinder; and
a conveyor for transporting sheets between the calendering cylinder
and the delivering cylinder, the conveyor including
two flexible elongated members forming parallel, endless loops
around the calendering and delivering cylinders;
a plurality of support members attached between the parallel loops;
and

a plurality of calendering plates each linked to an adjacent

- calendering plate by the support members to form an endless belt.

2. An apparatus as claimed in claim 1, wherein the flexible elongated

members are drive chains.

3. An apparatus as claimed in claim 1, wherein said calendering plates

are flexible metal plates with a mirror finish.

4. An apparatus as claimed in claim 1, wherein the support members

include means for individually tensioning each of the calendering plates.
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5. An apparatus as claimed in claim 4, wherein each said tensioning
means includes a shaft about which an end of the tensioned calendering plate is

wrapped.

6. An apparatus as claimed in claim 5, wherein each said shaft is

rotationally biased by a torsional spring.

7. An apparatus as claimed in claim 1, wherein said calendering cylinder
includes at least one stop member adapted to protrude radially through a hole in
at least one of said calendering plates for aligning a sheet on the at least one

calendering plate.

8. An apparatus as claimed in claim 1, wherein said delivering cylinder

. includes at least one finger which radially protrudes through a hole in at least one

of said calendering plates for pushing an edge of a sheet aligned on the at least

one calendering plate away from a surface of the one calendering plate.

9. An apparatus as claimed in claim 8, further comprising an air rake
located proximate to the delivering cylinder for assisting with the removal of the

sheet from said one calendering plate.
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10. An apparatus as claimed in claim 1, wherein each of said calendering

plates is removeably attached to corresponding support members by pins.

11. An apparatus as claimed in claim 1, further comprising means for

spraying at least one of said calendering plates with a coolant mist.

12. An apparatus as claimed in claim 11, wherein said spraying means

includes an ultrasonic sprayer. , -

13. An apparatus as claimed in claim 11, further comprising means fdr

blowing air over said one of said calendering plates.

14. An apparatus as claimed in claim 1, further comprising means for

heating said calendering cylinder.

15. An apparatus as claimed in claim 14, further comprising a dwell

. cylinder, arranged at one end of the conveyor, for urging sheets into contact with

said heated calendering cylinder before the sheets are transported between said

calendering cylinder and said delivering cylinder.

16. An apparatus as claimed in claim 1, further comprising a pair of

bearers arranged on edch side of said calendering cylinder which engage a pair of
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bearers arranged on each side of said delivering cylinder in order to support the

cylinders.

17. A method of calendering a sheet aligned on a flexible plate, wherein a
series of such plates forms a working surface of an endless belt extending
between a heated calendering cylinder and a delivering cylinder, comprising the
steps of:

rotating the cylinders to drive the belt;

aligning the entire sheet on a surface of the flexible plate;

passing the plate and aligned sheet through a nip formed by the heated
calendering cylinder and an impression cylinder;

cooling the plate as it travels between the heated calendering cylinder
and the delivering cylinder; and

removing the sheet from the plate as the plate rotates around the

delivering cylinder.

18. The method as claimed in claim 17, wherein the aligning of the sheet
is effected by disposing an edge of the sheet against at least one stop which

protrudes through the plate as the plate rotates around the calendering cylinder.
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19. The method as claimed in claim 17, wherein the removing of the
sheet from the plate is assisted by a finger which protrudes through the hole in

the plate as the plate rotates around the delivering cylinder.

5 20. The method as claimed in claim 17, wherein the plate is cooled by
applying a mist to the plate on a side of the plate opposite to the surface in

contact with the sheet.

21. The method as claimed in claim 17, further comprising the step of
10 individually tensioning each of the plates in a direction parallel to the direction of

travel of the plate on the endless belt.

22. The method as claimed in claim 21, wherein said tensioning is
effected by wrapping the calendering plates around a shaft which moves with said

15 endless belt.

23.  An apparatus for treating individual sheets comprising:
an endless belt of flexible plates arranged end to end;
means for aligning the entirety of each sheet on a surface of a single
| 20 one of the flexible plates;
heated means for pressing a surféce of the sheet against a surface of a

flexible plate;
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means for cooling each plate after it passes from the heated pressing
means; and

means for removing each sheet from its respective plate.

24, The apparatus of claim 23, wherein each plate has at least one hole
through which at least one first member protrudes to provide a stop for aligning
an edge of the sheet on the plate and through which at least one second member
intermittently protrudes to lift an edge of each sheet from its plate to facilitate

removal of the sheet from the plate.

25. The apparatus of claim 23, wherein each plate is held to adjacent
plates by a support member transversely extending across the belt, each plate

being individually removable and replaceable.

26. The apparatus of claim 25 wherein the support member includes a

mechanism for tensioning at least one of the plates.
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' AMENDED CLAIMS
[received by the International Bureau on 17 November 1993 (17.11.93);
: original claims 1,5,7,8 and 16 amended;
new claims 27-42 added;
other claims unchanged (8 pages)]
1. A sheet calendering apparatus, comprising:
a calendering cylinder;
a delivering cylinder; and v
a conveyor for transporting sheets between the
5 calendering cylinder and the delivering cylinder, the conveyor
including
two flexible elongated members forming parallel,
endless loops around the calendering and delivering cylinders;
a plurality of support members attached between the
10  parallel loops; and
a plurality of calendering plates each linked at each end

to respective support members to form an endless belt.

2. An apparatus as claimed in claim 1, wherein the flexible

elongated members are drive chains.

15 3. An apparatus as claimed in claim 1, wherein said

calendering plates are flexible metal plates with a mirror finish.

4, An apparatus as claimed in claim 1, wherein the
support members include means for individually tensioning each of

the calendering plates.
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5. An apparatus as claimed in claim 4, wherein each said
tensioning means includes a shaft about which a portion of the

tensioned calendering plate is wrapped.

6. An apparatus as claimed in claim 5, wherein each said

5  shaft is rotationally biased by a torsional spring.

7. An apparatus as claimed in claim 1, wherein at least one
of said calendering plates includes a hole and said calendering
cylinder includes at least one stop member adapted to protrude
radially through said hole in at least one of said calendering plates

10  for aligning a sheet on the at least one calendering plate.

8. An apparatus as claimed in claim 7, wherein said
delivering cylinder includes at least one finger which radially
protrudes through said hole in at least one of said calendering plates
for pushing an edge of a sheet aligned on the at least one

15  calendering plate away from [a surface of] the one calendering plate.

9. An apparatus as claimed in claim 8, further comprising
an air rake located proximate to the delivering cylinder for assisting

with the removal of the sheet from said one calendering plate.
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10. An apparatus as claimed in claim 1, wherein each of
said calendering plates is removeably attached to corresponding

support members by pins.

11.  An apparatus as claimed in claim 1, further comprising
5 means for spraying at least one of said calendering plates with a

coolant mist.

12. An apparatus as claimed in claim 11, wherein said

spraying means includes an ultrasonic sprayer.

13. An apparatus as claimed in claim 11, further comprising

10 means for blowing air over said one of said calendering plates.

14. An apparatus as claimed in claim 1, further comprising

means for heating said calendering cylinder.

15. An apparatus as claimed in claim 14, further comprising
a dwell cylinder, arranged at one end of the conveyor, for urging
15  sheets into contact with said heated calendering cylinder before the
sheets are transported between said calendering cylinder and said

delivering cylinder.

16. An apparatus as claimed in claim 1, further comprising:
an impression cylinder arranged tangential to said
20 calendering cylinder; and
a pair of bearers arranged on each side of said
calendering cylinder which engage a pair of bearers arranged on
each side of said impression cylinder in order to support the

cylinders.
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17. A method of calendering a sheet aligned on a flexible
plate, wherein a series of such plates forms a working surface of an
endless belt extending between a heated calendering cylinder and a
delivering cylinder, comprising the steps of:

rotating the cylinders to drive the belt;

aligning the entire sheet on a surface of the flexible
plate;

passing the plate and aligned sheet through a nip
formed by the heated calendering cylinder and an impression
cylinder;

cooling the plate as it travels between the heated
calendering cylinder and the delivering cylinder; and

removing the sheet from the plate as the plate rotates

around the delivering cylinder.

18. The method as claimed in claim 17, wherein the
aligning of the sheet is effected by disposing an edge of the sheet
against at least one stop which protrudes through the plate as the

plate rotates around the calendering cylinder.
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means for cooling each plate after it passes from the
heated pressing means; and
means for removing each sheet from its respective

plate.

5 24, The apparatus of claim 23, wherein each plate has at
least one hole through which at least one first member protrudes to
provide a stop for aligning an edge of the sheet on the plate and
through which at least one second member intermittently protrudes
to lift an edge of each sheet from its plate to facilitate removal of

10  the sheet from the plate.

25. The apparatus of claim 23, wherein each plate is held |
to adjacent plates by a support member transversely extending
across the belt, each plate being individually removable and

replaceable.

15 26. The apparatus of claim 25 wherein the support member

includes a mechanism for tensioning at least one of the plates.

27. The apparatus of claim 25, wherein said endless belt of
flexible calendering plates is wrapped around a calendering cylinder

and a delivering cylinder.

20 28. The apparatus of claim 27, wherein said calendering

cylinder is heated.

29. The apparatus of claim 28, further comprising means for

spraying at least one of said calendering plates with a coolant mist.
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30. The apparatus of claim 28, further comprising means for

blowing air over at least one of said flexible calendering plates.

31. A sheet calendering apparatus, comprising:
a plurality of plates forming a working surface of an
5 endless belt extending between a heated calendering cylinder and a
delivering cylinder;
means for rotating the cylinders to drive the belt;
means for aligning the entire sheet on a surface of the
flexible plate;

10 means for passing the plate and aligned sheet through a
nip formed by the heated calendering cylinder and an impression
cylinder;

means for cooling the plate as it travels between the
heated calendering cylinder and the delivering cylinder; and

15 means for removing the sheet from the plate as the

plate rotates around the delivering cylinder.

32. The apparatus as claimed in claim 31, wherein the
aligning means includes means for disposing an edge of the sheet
against at least one stop which protrudes through the plate as the

20  plate rotates around the calendering cylinder.

33. The apparatué as claimed in claim 31, wherein the
removing means includes a finger which protrudes through the hole
in the plate as the plate rotates around the delivering cylinder.

34. The apparatus as claimed in claim 31, wherein the
25  cooling means includes means for applying a mist to the plate on a
side of the plate opposite to the surface in contact with the sheet.
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35. The apparatus as claimed in claim 31, further comprising
means for individually tensioning each of the plates in a direction
parallel to the direction of travel of the plate on the endless belt.

36. The apparatus as claimed in claim 35, wherein said
5 tensioning means includes means for wrapping the calendering

plates around a shaft which moves with said endless belt.

37. A method of treating individual sheets on an endless
belt of heated flexible plates arranged end to end, said method
comprising the steps of:

10 aligning the entirety of each sheet on a surface of a
single one of the flexible plates;
pressing a surface of the sheet against a surface of a
flexible plate;
cooling each plate after said pressing step; and

15 removing each sheet from its respective plate.

38. The apparatus of claim 37, wherein each plate is held
to adjacent plates by a support member transversely extending
across the belt, each plate being individually removable and

replaceable.

20 39. The method of claim 38, further comprising the step of

individually tensioning at least one of the plates.

40. The method as claimed in claim 37, wherein the
aligning of the sheet is effected by disposing an edge of the sheet
against at least one stop which protrudes through the plate as the

25  plate rotates around the calendering cylinder.
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41. The method as claimed in claim 37, wherein the
removing of the sheet from the plate is assisted by a finger which
protrudes through the hold in the plate as the plate rotates around

the delivering cylinder.

5 42. The method as claimed in claim 37, wherein the plate is
cooled by applying a mist to the plate on a side of the plate opposite

to the surface in contact with the sheet.
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STATEMENT UNDER ARTICLE 19(1)

The amendment of claims 1, 5, 7, 8, and 16 is made to
clarify the wording of these claims consistent with the disclosure.

New claims 27-42 are being added to recite further
embodiments of the invention. Subject matter of new claims 27-42
does not go beyond the disclosure of the international application, as
filed, since full support for these claims can be found in the original
description and/or the original claims. In particular, support for new
apparatus claims 27-36 can be generally found on page 7, line 12
through page 18, line 19, corresponding apparatus claims 11-13, -
and corresponding method claims 17-22. Support for the method
claims 37-42 can be generally found on page 18, line 20 through
page 19, line 17, and corresponding apparatus claims 23-26.
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