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(57) Apparell (12) et procéde pour soumettre une surface
(10) a une pression variable. L’ appareill comporte un
cadre (34) solidaire d’une structure fixe et proche de
ladite surface (10). Plusieurs applicateurs de pression
(200) sont montés sur le cadre (34). Chacun des
applicateurs de pression (200) comprend un patin (56)
monte¢ mobile par rapport au cadre (34) dans un sens
sensiblement perpendiculaire a la surface (10). Le patin
(56) est relic a un organe de pression (226) tendant a
¢carter le patin (56) de la surface (10). Chacun des
applicateurs de pression (200) comprend €galement une
source de pression variable (202) relice a un dispositif de
commande (230, 232) dans le but de faire varier la
pression delivrée a 1’applicateur de pression (200) qui
vient a son tour au contact de la surface (10).
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(57) An apparatus (12) and method for applying variable
pressure to a surface (10). The apparatus includes a
frame (34) secured to a fixed structure and located
proximate to the surface (10). A plurality of pressure
applicators (200) are mounted on the frame (34). Each
pressure applicator (200) includes a foot (56) in movable
relation relative to the frame (34) mn a direction
substantially perpendicular to the surface (10). The foot
(56) 1s connected to a pressure device (226) that biases
the foot (56) away from the surface (10). Each pressure
applicator (200) also includes a variable pressure source
(202) connected to a control device (230, 232) for
varying the pressure supplied to the pressure applicator
(200) that 1s ultimately applied to the surface (10).
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ABSTRACT OF THE DISCLOSURE

An apparatus (12) and method for applying variable pressure to a surface
(10). The apparatus includes a frame (34) secured to a fixed structure and located
proximate to the surface (10). A plurality of pressure applicators (200) are
mounted on the frame (34). Each pressure applicator (200) includes a foot (56)
In movable relation relative to the frame (34) in a direction substantially
perpendicular to the surface (10). The foot (56) is connected to a pressure device
(226) that biases the foot (56) away from the surface (10). Each pressure
applicator (200) also includes a variable pressure source (202) connected to a
control device (230, 232) for varying the pressure supplied to the pressure

applicator (200) that is ultimately applied to the surface (10).
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APPARATUS AND METHOD FOR APPLYING VARIABLE PRESSURE TO A
SURFACE IN CORRUGATED PAPERBOARD MANUFACTURING

Technical Field

This invention relates to a method and apparatus for providing variable
pressure to a surface. In particular, the present invention is directed to a method

and apparatus for providing a variable pressure to a moving belt in contact with
adhering layers of corrugated board.

Background of the Invention

This invention is directed primarily to the corrugated board industry.
Corrugated board is manufactured by first adhering a first flat liner to a median
having a plurality of evenly spaced ridges (corrugations) thereon. This is
accomplished by running the median through a corrugator which forms the
ridges or corrugations. This first liner/median combination is then adhered to a
second liner at a glue station. The two layers have adhesive applied therebetween.

The adhering layers then pass through a section of the assembly line where
heat and pressure are applied to cause the layers to effectively adhere to one
another. This section of the assembly line is often referred to as the “double facer”
section. The double facer section of the assembly line includes a hot plate section
and a cooling section. The hot plate section includes a means for applying
pressure and heat to the adhering layers to accelerate the adhering process. In the
hot plate section, the adhering layers pass below a pressure applicator and above a
heat source.

The adhering layers then move into the cooling section which includes
belts located both above and below the corrugated board. The belts contact the
adhering layers and move it through the assembly line. The board cools as it
moves through the cooling section. The adhesive between the layers cools as the
board passes through the cooling section which completes the adhesion process.
Once adhesion is effectively complete, the corrugated board is moved on through
the assembly for cutting into various shapes for chests, cases, cartons and the like.
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This invention has particular application to the hot plate section of the
corrugated board manufacturing process. When the corrugated board passes
through the hot plate section, the adhering layers pass over steam chests. The
steam chests have steam supplied thereto by a boiler. The steam is cycled through
the steam chests to heat the chests to an ideal temperature of approximately 355°F.
When the layers pass over the steam chests, the heat dries the board and the
adhesive, which is typically a starch based adhesive.

In addition to heat, adhesion and board uniformity are accelerated by
applying pressure to the adhering layers. In a typical corrugated board assembly
plant, the adhering layers pass between the steam chests and a continuous belt,
known as a corrugator belt. Corrugator belts are located in the hot plate section
and the cooling section of the double facer. In the cooling section, the layers pass
between two corrugator belts, which are compressed by a series of rigid weight

rollers. The corrugator belts must contact the layers in order to move the layers
through the assembly line.

In a typical hot plate section, the belt is compressed onto the board by a
series of rigid roller bars rotatably mounted to a frame located proximate to the
adhering layers of corrugated board. The roller bars contact a continuous belt, a
corrugator belt which contacts the adhering layers. The pressure supplied by the
roller bars serves to dry the corrugated board and the adhesive thus creating a
bond between the layers. The removal of moisture from the corrugated board is
critical to the control of warpage. This moisture is removed in the hot plate
section by heat transfer from the contact with the steam chests. This contact must
be throughout the entire surface of the board in order to control its quality. The
moisture removal from the corrugated belt is also critical, because when the belt
becomes saturated, moisture may then only escape the board at the edges. The
lack of moisture removal creates warped board. The pressure in this section also
serves to apply continuous contact to the belt and the adhering layers which pulls
the corrugated board through the double facer. In the cooling section, which is the
main pulling section for the board, the board is held between the same upper
corrugator belt, and a lower corrugator belt instead of steam chests. These belts are
typically kept in contact with the board by a series of rigid roller bars. The
compression applied by the roller bars serves to increase the friction between the
belts and board, which pulls the board through the double facer.

Turning now to the hot plate section of the corrugated assembly line, as the
steam chests heat, they warp and deform. When the board passes over the hot
plate section, it has been found that heat is only transferred at points of contact
between the steam chests and corrugated board. The deflection of the steam chests
cause gaps between the board and chests. These air gaps do not permit the board to
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di'y, which creates warped corrugated board, which in turn wastes manufacturing
and down time, and wastes materials. Thus, it is critical in the hot plate section
that pressure is applied to the board over as much of the surface area as possible.
In addition, because the rigid roller bars only apply pressure to the layers at a
tangential point along the roller bar, the time and point of contact is minimal. A
more effective method of applying pressure to the layers would be to increase the
surface contact and the time in which the pressure is applied.

Corrugated manufacturers also experience occasional crushing of the
corrugations or ridges or “flutes” of the board as it passes through the hot plate
section. This problem occurs primarily when the adhering layers pass between the
roller bars and warped areas of the steam chests. The problem of flute crush is
particularly increased at the edges of the corrugated board. Where the moisture
from the adhesion process lingers making the edges of the corrugated board the
last to dry. Due to this lingering moisture, the edges of the board become especially
susceptible to crush by the roller bars due to the high force generated by the
tangential point on the roller bar and the weakness of the adhering layers due to
the retained moisture. It would be advantageous to have a device and method
that applied pressure in the double facer section of the corrugated manufacturing
process evenly over a large number of flutes so that the problem of flute crush
would be eliminated. It would also be advantageous to provide a device and
method that effectively absorbs and dissipates the moisture in the adhesive of the
adhering layers of corrugated board as the layers pass through the double facer
section.

Because the roller bars pass over the layers for a short period of time, the
number of steam chests and thus the length of the assembly line, must increase to
insure that the adhesion between the layers is complete before the corrugated
board is passed to the next section of the assembly line. Additional steam chests
increase manufacturing time and cost due to the additional energy needed to
Operate the boilers which supply steam to the steam chests. In addition, the steam
chests take up considerable space along the assembly line and increase the length
of the assembly line. It would be advantageous to increase the contact between the
adhering layers of the corrugated board and the steam box so as to create an
effective adhesion in a shorter period of time. This would allow the corrugated
board manufacturer to either decrease the length of the assembly line or increase
the speed at which the corrugated board passes therethrough.

The present use of roller bars also causes problems when a foreign obiject,
such as a large deposit of adhesive, moves between the layers and the belt. The
roller bars cannot compensate for such a situation. This results in ripping of the
belt or board, or jamming the feed of the board through the hot plate section. It
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would be desirable to have a means for applying pressure to adhering layers of
corrugated board where the pressure applicator is retractable. This would allow
the pressure applicator to retract when a toreign object passes underneath so as not
to rip the belt or board or cause the board feed to jam.

The present use of roller bars also causes problems in the cooling section of
the double facer. The cooling section is primarily responsible for pulling the
corrugated board through the double facer section of the corrugated assembly line.
In this section, the board is compressed between two corrugator belts as previously
mentioned. The pressure is supplied by a series of roller bars rotatably mounted
above and below the board and in contact with the corrugator belts. As discussed
In detail above, this compression at the tangent points of the roller bars causes
flute crush and increases the energy cost due to minimal contact with the
frictional pulling forcés from the belts compressed by the roller bars. It would be
desirable to have a device and method of applying pressure to adhering layers of
corrugated board as they pass through the cooling section of the double facer so
that flute crush is eliminated and contact with the surface area of the adhering
layers is increased so as to increase the rate at which heat and moisture dissipates
from the board. An increase in contact between the pressure applicator and the
surface area of the board would also decrease the energy needed to pull the board
through the double facer. This would enable a plant to shorten the cooling section
of the double facer and gain valuable manufacturing space and flexibility to run at
higher speeds with an increase in energy savings.

Corrugator belts tend to be relatively expensive. Thus, it is important for
the manufacturer to maximize the belt life. With regard to the present
application, the weight of the roller bars against the belt tends to wear the belt and

costs and down time to replace the belt. It would be advantageous to provide a
device and method that applies pressure to the belt and corrugated board where
the friction therebetween is minimized so as to increase belt life and enable the
manufacturer to increase the speed at which corrugated board is produced. The
weight of the weight rollers on the belt also causes significant drag. This causes
substantial belt wear and early replacement of the belt which increases the overall
manufacturing cost.

In addition to the problems described above, the use of the presently
existing rotatably mounted roller bars requires considerable alignment, such as the
use of alignment bearings and pins. These components require continuous
maintenance, repair and replacement. This increases the manufacturer’s
overhead costs as well as time in the maintenance and down time when the roller
bars are removed and replaced on the assembly line. It would be advantageous to
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have a corrugated board assembly wherein the pressure applied to the adhering
layers of the corrugated board in the hot plate section was not dependent upon a
series of alignment bearings and pins.

The prior art has failed to address the problems discussed herein. One
device has replaced the roller bars with a series of flat plates connected to a frame
by means of mechanical springs. This increases the surface area and time of
contact between the adhering layers and the steam chests. However, the constant
pressure of the mechanical springs does not compensate for changes in the shape
of the steam chests as they deform as a result of increased heat. In addition, the
flat plates have smooth bottoms that are in constant contact with the belt
throughout their surface areas. These plates have no way of dissipating the heat
and moisture so that the adhesion process is accelerated.

Another device attembted to solve the heat deformation problem by
substituting the alignment bearings of the roller bars with a pressurized air
bladder. Under pressure the air bladder acts as a shock absorber and provides a
cushion to compensate, in part, for the ‘deformation of the steam chests.
However, because the roller bars are rigid, the increase in surface area contact
between the adhering layers and the steam chest is minimal.

This device also attempted to increase the surface contact between the
pressure applicator and the steam chest by providing for a continuous belt of mail.
The weight of the mail against the steam chests increases the pressure against the
adhering layers of corrugated board. However, the drag coefficient of the mail
against the felt belt is considerably higher than conventional roller bars. As a
result, this device requires a significant increase in energy to move the belt and
adhering layers of corrugated board through the assembly line. In addition, the
friction between the mail and the belt significantly decreases the belt life which
further increases the cost of manufacturing. |

Thus, there is a need for a device that applies variable pressure to adhering
layers of corrugated board as they pass over steam chests in a hot plate section of a
corrugated board assembly line so as to compensate for the heat deformation of
the steam chests. There is a further need for a device that reduces friction on the
pressure applicators and conveyor belt of a corrugated board assembly line so as to
Increase the life of the pressure applicators and conveyor belt. There is a further
need for a method for applying variable pressure to adhering layers of corrugated
board so that heat and moisture are quickly and effectively dissipated, flute crush
is prevented and manufacturing time is decreased.
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Summary of the Invention

The present invention overcomes these and other disadvantages associated
with prior art pressure applicators by providing a device that applies variable
pressure to adhering layers of corrugated board as they pass over steam chests in a
hot plate section of a corrugated board assembly line so.as to compensate for the
heat deformation of the steam chests. The present invention also provides a
device that reduces friction on the pressure applicators and conveyor belt of a
corrugated board assembly line so as to increase the life of the pressure applicators
and conveyor belt. The present invention further provides a method for applying
variable pressure to adhering layers of corrugated board so that heat and moisture
quickly and effectively dissipate to prevent flute crush and decrease
manufacturing time. Other objects, features and advantages of the present
invention will become apparent upon reading the following specification, when
taken in conjunction with the following description, drawings, appended claims.

Stated generally, a device for providing variable pressure to a moving
surface includes a frame positioned proximate to the moving surface, a conveyor
for moving the surface relative to the frame, and a plurality of pressure
applicators mounted on the frame for applying pressure to said moving surface,
the pressure applicators forming a row of pressure applicators positioned
proximate to the moving surface. According to the invention, and each pressure
applicator includes at least one foot, a pressure device for biasing the foot away
from the moving surface, and a variable pressure source operable for variably
biasing the foot against the biasing force of the pressure device to move the foot
away from the frame and toward the moving surface. The invention also
includes a control device for varying the pressure supplied by each variable
pressure source. According to an aspect of the invention, the pressure applicators
torm a plurality of rows of pressure applicators, each row being substantially
transverse to the direction of movement of the moving surface. Further to this
aspect of the invention, the pressure supplied by each variable pressure source
may be regulated independently. Alternatively, each row of pressure applicators
may be grouped into a plurality of commonly regulated zones, and the pressure
supplied by each zone may be regulated independently.

More specifically, each variable pressure source includes at least one
inflatable air bladder, such as an air brake bellow. The control device includes a
programmed logic controller, and the pressure device includes a spring. In
addition, the pressure applicators may be mounted on a single frame that extends
transversely across the surface, and a heated surface may be located proximate to
the moving surface for heating and removing moisture from the moving surface.
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Brief Description of the Drawings

Fig. 1 is an overall schematic of a portion of the corrugated board
manufacturing process incorporating an embodiment of the present invention.
Fig. 2 is an overall perspective view of the embodiment of the Fig. 1.
5 Fig. 3 is a more detailed perspective view of the embodiment of Fig. 1.
Fig. 4 is a side sectional view as seen along line 4-4 of the embodiment of
Fig. 3.
Fig. 4A is a close up view of a portion of Fig. 4.
Fig. 5 is a plan view of the preferred embodiment as shown in Fig. 3.
10 Fig. 6 is a front view of the preferred embodiment as shown in Fig. 3.
. Fig. 7 is a bottom sectional view as seen along line 7-7 of the embodiment of
Fig. 2.
Fig. 8 is a side view of the embodiment of Fig. 7.

Fig. 9 is a perspective view of a first alternative embodiment of the present
15 1invention.

Fig. 10 is a front view of the alternative embodiment of Fig. 9.

Fig. 11 is a perspective view of a second alternative embodiment.

Fig. 12 is a perspective view of a third alternative embodiment.

Fig. 13 is a bottom view of an alternative embodiment of Fig. 7.
20 Fig. 14 is a fourth alternative embodiment.

Fig. 15 is a perspective view of a sixth embodiment.

Fig. 16 is a perspective view of a plurality of the pressure applicators set
- forth in Fig. 15.

Fig. 17 is a schematic of the control system for allocating air to each of the
25  pressure applicators set forth in Fig 16.

Detailed Description of the Invention

Referring now to the drawings, in which like numerals indicate like

elements throughout the several views, Fig. 1 shows a schematic representation of

30 corrugated board as it moves through a portion of a typical manufacturing facility.
The corrugated board 10 comprises a liner 12 and a liner/median combination 14.

The liner 12 and liner/median combination 14 are coated with an adhesive 16 and

are placed so that the coated surfaces are in contact with one another throughout

the surface areas. The liner 12 and liner/median combination 14 with adhesive 16

35  therebetween are referred throughout this description as adhering layers 18. The
adhering layers 18 of corrugated board 10 pass through a hot plate section 20 of a
double facer area 21 of the corrugated board assembly where the board 10 is subject

to increased pressure and heat to quickly and effectively cause the adhering layers

to bond to one another. After the board 10 passes through the hot plate section 20,
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the board passes through the cooling section 23 of the double facer area 21 where
the adhering layers 18 cool and the adhesion process is complete. From the
cooling section 23, the board 10 passes on to the cutting section 25 where the board
1s cut, scored and formed into boxes, cases, cartons and the like.

5 The present invention focuses on the application of a variable pressure in
the double facer area 21 of a corrugated board manufacturing facility.

In a typical corrugated board manufacturing facility, the liner 12 and the
liner/median combination 14 are joined with the adhesive 16 therebetween. The
adhesive 16 is typically a starch based product containing water. When the water

10 evaporates from the product, the adhesive 16 is fully dried and the layers 18
adhere to one another.

T'o accelerate this process, pressure and heat are applied to the adhering
layers 18 in the hot plate section 20. A continuous upper belt 22 feeds the adhering
layers 18 through the double facer area 21. The upper belt 22 is supported at

I5  opposing ends by rotating shafts 24. The shafts 24 are driven by electric motors
(not shown) that supply the power to provide rotary motion to the shafts. As the
adhering layers 18 pass through the hot plate section 20, the upper surface area 26
of the adhering layers 18 contacts the upper belt 22 as shown in Figs 1, 2 and 4. In
the hot plate section 20 of the double facer area 21, the lower surface area 28 of the

20 adhering layers 18 contacts the upper surfaces 30 of a series of steam chests 32 as
shown in Fig. 1. A boiler (not shown) supplies steam to the steam chests. Steam
is cycled through the chests 32 and returned to the boiler to be reheated and cycled
through again. In optimum operating conditions, the steam chests 32 reach a
temperature of approximately 355°F. At this temperature, the upper surface 30 of

25  each steam box 32 tends to deform. Thus, the pressure applied to the adhering
layers 18 must compensate for such deformation.

When the adhering layers 18 pass through the cooling section 23 of the
double facer area 21, the upper surface of the adhering layers 18 contacts the upper
beit 22 and the lower surface of the adhering layers contacts a lower belt 68. Like

30 the upper belt, the lower belt 68 is also continuous and is mounted between a pair

of rotating shafts 24 in a similar arrangement as that described above with regard
to the upper belt 22.

otructure of the Invention

35 Turning now to Fig. 2, a frame 34 is located above the upper belt 22. The
frame 34 is mounted to a fixed structure (not shown) above the upper surface 26 of
the layers 18 and oriented perpendicular to the path of travel of the layers. The
path of travel is indicated by arrow 35. The frame 34 is made up of a pair of
parallel spaced apart members 36, as shown in Figs. 3 and 4. Figure 3 shows the
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frame 34 separated into three longitudinally spaced sections 31 by divider plates 33.
The spaced apart members 36 of the frame 34 within each section 31 are joined
along their length by a cover plate 38, and a bottom plate 42. A series of parallel,
spaced apart loading plates 40 are located between the cover plate 38 and the
bottom plate 42 of each section 31. The cover plate 38 and loading plate 40 are
spaced apart to create a sealed cavity 44 within each section of the frame 34. Each
cavity 44 houses an air bladder 48. The loading plates 40 in each section 31 are in
contact with the air bladder 48. Each loading plate 38 slides relative to the frame 34
in a vertical direction between the opposing surfaces of the spaced apart members
36 of the frame 34 as a result of increased air introduced into the air bladder 48.
The cover plate remains stationary.

A pressure rod 50 is secured to each loading plate 40; as best shown in Figs. 2
through 4. Each pressure rod is oriented substantially vertical and secured to the
loading plate 40 by a loading plate screw 52.

Turning now to Fig. 4, each rod 50 extends through the bottom plate 42 and
1s held in vertical alignment by means of a linear bearing 78. The inner race of the
linear bearing 78 contacts the outer periphery of the rod 50. Each linear bearing 78
1s press fit into the bottom plate 42. The bottom plate 42 is located substantially
parallel to and below the loading plate 40. The bottom plate 42 is spaced
sufficiently apart from the loading plate 40 to allow the loading plate to move
vertically relative to the frame 34.

The free end of the pressure rod 50 is joined to a spherical bearing 54, as
shown in detail in Fig. 4A. The outer diameter of the free end of the rod 50 is
press fit into the inner diameter of the inner race 54A of the spherical bearing 54.
The outer race 54B of the spherical bearing 54 is joined to a pressure foot 56 by
means of set screws 58.

The pressure foot 56, shown in Fig. 4 comprises a foot frame 60 and a flat
section 62 oriented substantially parallel to the path of travel of the adhering
layers 18.

The foot frame 60 includes protruding member 64 extending upwardly and
centrally from the flat section 62. The foot frame 60 has a cylindrical recess 66
along the upper surface of the frame 60. The cylindrical recess is shown in detail
in Fig. 4A. The recess 66 receives the outer race 54B of the spherical bearing 54.
The set screws 58 are passed through the set screw holes to the foot frame 60 into
matingly tapped holes 72 in the outer race 54B to secure the foot frame to the

- spherical bearing 54.

The flat section 62 of the pressure foct 56 is substantially flat and oblong, as
shown in Fig. 5. The bottom of the flat section 62 is coated with an anti-friction
material such as a ceramic, as shown in Figs. 4 and 6. Other anti-friction materials,
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such as Teflon®, may be used if they can effectively adhere to the foot material
which is preferably a cast metal.

The bottom of the flat section 62 of the pressure foot 56 has a series of
angled grooves 80 extending outward from the center of the bottom of the
pressure foot as shown in Figs. 7 and 8. The upper belt 22 tends to become wet
when exposed to the moist adhesive. The grooves 80 allow the belt to dry while
maintaining pressure on the adhering layers 18.

As stated above, there are a plurality of pressure rods 50 extending from the
loading plates 40. Thus, there are a plurality of pressure feet 56 extending from the
loading plates 40 as well. Mechanical links 76, shown in Figs. 5 and 6, are secured
between adjacent feet 56 to prevent the feet from contacting each other and to keep
the sides of the feet substantially parallel to one another.

Referring to Fig. 1 again, the adhering layers 18 of corrugated board 10
contact the upper and lower belts 22 and 68 in the cooling section 23 of the double
face area 2]. Pressure is applied to the upper 26 and lower 28 surface areas of the
adhering layers 18 by the pressure feet 56 as described above. The pressure feet 56
are arranged as described in detail above and contact the upper belt 22 which in
turn contacts the upper surface area 26 of the adhering layers 18. Additional
pressure feet 56 are invertedly mounted so that pressure is also applied to the
lower surface area 28 of the adhering layers 18.

Operation of the Invention

As stated above, the liner 12 and liner/median 14 combination have
adhesive 16 applied therebetween and contact each other throughout their
opposing surface areas. These adhering layers 18 are fed into the hot plate section

20 by means of the continuous upper belt 22. The upper belt 22 is driven by
rotatable shafts 24 at each end. As the adhering layers 18 move through the hot
plate section 20, they contact the upper belt 22 on the upper surface 26 of the layers
and the steam chests 32 on the lower surface 28 of the layers. In the hot plate
section 20, the pressure feet 56 are located above the belt 22. The bottom of the flat
section 62 of each foot 56 contacts the belt 22.

Pressurized air is supplied to the air bladders 48 within each section 31 to a
level commensurate with the degree of pressure needed to be applied to the
adhering layers 18. The pressure within the air bladders 48 within each section 31
is increased by supplying the air bladder 48 with high pressure air from a
compressed air tank (not shown). As the pressure in the air bladder 48 increases,
the surface of the bladder 48 in contact with the loading plates 40 puts pressure on
the loading plates and forces the loading plates downward. The downward
motion of the loading plates 40 moves the pressure rods 50 downward also. This
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downward motion of the rods 50 is transferred to the pressure feet 56. The
pressure feet 56 transfer the downward pressure throughout their flat sections 62
In contact with the upper belt 22. The pressure from the pressure feet 56 is
ultimately transferred to the adhering layers 18.

5 ‘As the adhering layers 18 pass over the upper surfaces 30 of the steam chests
32 in the hot plate section 20, the spherical bearings 54 allow the pressure feet 56 to
move to compensate for any deformation of the steam chests 32. This enables
each pressure foot 56 to evenly apply pressure through the upper belt 22 to the
adhering layers 18 below. Such evenly applied pressure ensures that the adhering

10 layers 18 contact each other which results in successful adhesion.
The pressure in each air bladder 48 may be different. This is designed to
enable the corrugated board manufacturer to vary the pressure from the center of

the board 10 to the edges, where it is typically more difficult to achieve successful
adhesion.

15 After the adhering layers 18 pass through the hot plate section 20, the layers
are pulled through the cooling section 23 by the upper belt 20 and the lower belt
68. Pressure feet 56 in contact with both the upper belt 20 and the lower belt 68
provide the friction needed to pull the adhering layers 18 through the cooling
section 23. The pressure feet 56 invertedly mounted and in contact with the lower

20 belt 68 provide pressure to the lower surface area 28 of the adhering layers 18. The
Invertedly mounted pressure feet 56 allow the lower surface area 28 of the
adhering layers 18, which has been previously in contact with the steam chests, to
cool. The grooved surface of the pressure feet 56 dissipates the moisture due to
the wicking action of convection currents of air in the grooves thus allowing both

25  upper belt 20 and lower belt 68 to dry.

In addition, the air bladder acts as a shock absorber. On occasion, a foreign
object, such as a large deposit of adhesive, moves along the assembly line and gets
caught between the adhering layers and the belt. In the past, if a foreign object got
stuck, the rollers are incapable of compensating for such circumstance and such an

30 object would get stuck below the roller an rip the belt, the layers, or both. When a
foreign object moves between the adhering layers and the belt, each foot is capable
of independent movement upward to allow the object to pass under the foot
without damaging the belt or the layers. If the rod and foot cannot move any
further upward, the movement of the belt and layers stops if the pressure within

35  the air bladder reaches a preselected level.

In the hot plate section 20, because the pressure feet 56 apply pressure to a
significant portion of the upper surface area 26 of the adhering layers 18, a
significant surface area of the adhering layers 18 contacts the upper surface 30 of
the steam chests 32 for a longer period of time. This results in effective adhesion
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of the layers 18 in a shorter time period. The benefits of the present invention
enable corrugated board manufacturers to increase production speed or decrease
the number of chests needed iIn the hot plate section 20. An increase in
production speed results in great quantity of product. A decrease in the number of
steam chests 32 results in a decrease in the floor space needed for production and a
decrease in the energy needed for the steam chests 32. These result in decreasing
the overall manufacturing cost which enable the manufacturer to realize an
increase in profit.

As stated above, the bottom of the flat section 62 of each foot 56 is coated
with an anti-friction material 74, such a ceramic. This coating allows the upper
belt 22 and lower belt 68 to move under the pressure foot 56 with significantly less
drag. A decrease in the drag of the belts prolongs belt life which saves in
manufacturing costs and down time. Moreover, a decrease in belt drag decreases
the energy required to move the belts along and enables the manufacturer to
increase the belt life, and thus production speed. These benefits ultimately result

in a decrease in overall manufacturing cost which enable the manufacturer to
realize a higher profit.

The pressure feet 56 of the present invention requires no alignment
adjustment once the assembly is installed. The pressurized air bladders 48,
spherical and linear bearings keep the assembly self-aligned. This saves the

manufacturer time in initial start-up as well as eliminates any need for alignment
repairs or adjustments.

Second Embodiment

A first alternative embodiment of the present invention is shown in Figs. 9
and 10. The first alternative embodiment focuses on the number of loading plates
40 in each frame section 31. As discussed in detail above, the preferred
embodiment includes a plurality of spaced apart, parallel loading plates 40 located
between the cover plate 38 and the bottom plate 42 in each section 31. The first
alternative embodiment shows a single loading plate 40 for each frame section 31.
Thus, as the air bladder 48 in each section 31 is filled with air, the feet 56 in each

section move substantially simultaneously as a result of the single loading plate 40
per section.

Third Embodiment

A second alternative embodiment 84 is shown in Fig. 11. The second
alternative embodiment 84 is directed to an alternative manner of applying
pressure to the adhering layers 18. In the second alternative embodiment 84, an
air bladder channel 86 is mounted proximate and parallel to the corrugated board
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10. The air bladder 48 as described in the preferred embodiment above, rests
within the air bladder channel 86. The air bladder channel has an open section 88,
the plane of which is perpendicular to the plane of the adhering layers 18. A pad
89 contacts the air bladder 48 in the open section 88. The pad 89 is fixed to a pivot
rod 90. The pivot rod 90 is pivotably mounted on a pivot shaft 91 to a fixed
member 92 proximate to and parallel with the adhering layers 18. The end of the
pivot rod 90 opposite from the pad 89 is rotatably mounted to the pressure foot 56
as described in detail above with regard to the preferred embodiment.

When the air bladder 48 in the second alternative embodiment 84 is
pressurized, the air bladder forces the pad 89 in the direction indicated by arrow 94.
The force applied to the pad 89 causes the pivot rod 90 to pivot about the pivot
shaft 91 as indicated by arrow 95 and pushes the foot 56 downward, shown by
arrow 97 to apply pressure to the adhering layers 18 of the board 10.

Fourth Embodiment

A third alternative embodiment 96 is shown in Fig. 12. The third
alternative embodiment 96 includes an air bladder channel 86 as described above
with regard to the second alternative embodiment 84. The air bladder channel 86
1s oriented so that the open section 88 of the air bladder channel faces away from
the adhering layers 18 of the board 10. The air bladder 48 within the air bladder
channel 86 contacts an L-shaped member 98. The L-shaped member 98 has a long
section 100 and a short section 102. The L-shaped member 98 is pivotably
mounted along its long section 100 by means of a pivot shaft 91, as described
above, to a parallel member 92. The parallel member 92 is mounted with respect
to the third alternative embodiment 96 in a similar fashion as discussed above
with regard to the second alternative embodiment 84. The short section 102 is
connected to the pressure foot 56 by the spherical bearing 54 described above with
regard to the preferred embodiment of the present invention. A stop 104 is fixed
above the long section 100 of the L-shaped member 98.

In operation, the air bladder 48, when pressurized, forces the long section
100 of the L-shaped member in contact with the air bladder 98 upward as indicated
by arrow 105. The L-shaped member pivots as result of the upward force of the air
bladder 48 as indicated by arrow 106. This causes the short section 102 of the L-
shaped member 98 to move downward and apply pressure to the pressure foot 56
and ultimately to the belt 22 and adhering layers 18 of the board 10 as shown by
arrow 107. The stop 104 prevents the L-shaped member 98 from pushing too far
downward on the belt 22 and board 10.

There is also an alternative embodiment for the arrangement of the
grooves 380 on the bottom surface of the pressure feet. In the preferred
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embodiment, the grooves are arranged at an angle to the center of the foot 56 as
described in detail above. In this alternative embodiment, the grooves 80 will be
parallel and spaced apart and each row of pressure feet arranged in a staggered
fashion as shown in Fig. 13. This staggered arrangement allows the entire surface
area of the upper belt 22 and lower belt 68 momentary exposure to the air to allow
the belts to dry and to allow the heat and moisture to dissipate from them.

Fifth Embodiment

A fourth alternative embodiment 110 is shown in Fig. 14. This alternative
embodiment is similar to the preferred embodiment except for the number of air
bladders 48 and divider plates 33 between frame sections 31. In this embodiment,
each loading plate 40 has a separate air bladder associated therewith. Each air
bladder 48 is controlled separately thus allowing fine adjustment of the
application of pressure to the pressure feet 56 across the width of the corrugated
board 10. This, in part, allows for the uniform removal of moisture across the
width of the corrugated board 10 to prevent the board from warping.

Sixth Embodiment

A sixth embodiment of a pressure applicator 200 is set forth in Figs. 15 and
16. The pressure applicator 200 includes an inflatable air bladder in the form of an

air brake bellows 202. The air brake bellows 202 is for example a Airstroke®

actuator two-ply bellows, model number W01-358-7451, made by Firestone. The
lower end of the air brake bellows 202 is attached to a rigid pressure plate 56, and
the upper end 206 of the air brake bellows 202 is fixed to the lower surface of an
upper bracket 204. The bracket 204 is mounted transversely to the double-facer
conveyor belt 22, as is best shown in Fig. 16. The rigid pressure plate 56 is designed
to contact the upper surface of the belt 22 on the double-facer machine.

Stabilizing bars 210 extend from the front edge of the upper bracket 204
diagonally downwardly to braces 211 attached at the middle of the pressure plate
56. The stabilizing bars 210 are rotatably attached to the braces 211 via a series of
bolts 212, 214, and attachment bars 216. In addition, four bolts 218 extend upward
from the pressure plate 56 and are slidably received through holes 220 in the
upper bracket 204. The stabilizing bars 210 and the bolts 218 assure that the
pressure plate 56 moves up and down in a direction that is relatively normal to
the bracket 204. Bars 222 extend transversely across the upper bracket 204 and
receive the upper ends of two of the bolts 218 and are held in place by nuts 224. A
pressure device, such as a pair of springs 226, extends between the bars 222 and the
top of the upper bracket 204. The springs 226 are received in cylinders 228 on the
bars 222 and are held in place at the bottom by a suitable seating means (not



10

15

20

25

30

33

. Y. - e W e e == - > ) - o
- — e — Nl —— - — —

CA 02212301 1997-08-05

WO 97/20685 PCT/US96/19939
15

shown, but known in the art). It is to be understood that any type of pressure
device, including but not limited to hydraulic and pneumatic devices, may be
used in place of the springs 226.

The pressure device, or springs 226, is designed to counteract the weight of
the pressure plate 56 and to bias the pressure plate into a position away from the
belt 22 when no air pressure is applied to the air brake bellows 202. In use, air
pressure 1s applied to the air brake bellows 202, causing the pressure plate 56 to
move downward against the force of the springs 226 and apply pressure to the
conveyor belt 22. A number of the pressure applicators 200 are aligned
transversely across the belt 22, and rows of such devices (see Fig. 16) are used to
distribute pressure across the width and length of the belt in the double-facer
portion of the corrugate machine., The amount of pressure applied by the
individual pressure applicators 200 may be varied, and is supplied by an
controllable air source 230 attached to the air brake bellows 202 (Fig. 17). The
amount of air pressure delivered to each individual pressure applicator 200 is
determined by a programmed logic controller 232 which controls the air source
230.

A major advantage of the sixth embodiment is that the springs 226 cause
the pressure applicator 200 to be negatively loaded thereby biasing the weight of
the plate 56 off of the belt 22. Thus, if a particular pressure applicator 200 is not
needed in an application forming corrugated board, air is simply not supplied to
the air brake bellows 202 for that particular pressure applicator.

Moreover, applicants have found that process control of pressure applied by
the pressure plate 56 to the belt 22 in the range of zero (0) to fifteen (15) pounds is
very difficult in a system not including the pressure devices or springs 226. In
such a system, the slight variations of air pressure dictated by the programmed
logic controller 232 cannot account for and offset the weight of the pressure plate
06. By supplying the pressure devices or springs 226, the pressure plate 56 of the
pressure applicator 200 is biased away from the belt 22, and a certain amount of air
pressure in the air brake bellow 202 is required to bias the pressure plate 56 in the
direction of the belt 22 and apply a positive amount of pressure to the belt 22. By
choosing the proper amount of pressure in the pressure device 226, such as
choosing a proper spring constant, the pressure required to apply zero (0) pounds
of pressure to the belt 22 may be within the process controls of the logic controller
232. In this manner, the programmed logic controller 232 may infinitely adjust
the pressure of the pressure plate 56 on the belt 22.

The programmed logic controller 232 described may be a general purpose
programmable controller of a type well known to those skilled in the art.
Furthermore, such a controller may be programmed by a programmer of ordinary
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skill to accept the inputs, perform the functions, and provide the outputs required
for operation of the present invention, given the description contained herein.

It will be appreciated that the emktodiments discussed above are the
preferred embodiments, and that various alternative embodiments are
contemplated, falling within the scope of the appended claims. For example, the
present invention could apply to any manufacturing situation where it is
desirable to apply variable pressure to a surface.
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AMENDED CLAIMS
[received by the International Bureau on 4 April 1997 (04.04.97):
original claims 1-16 replaced by new claims 1-21 (4 pages)]

1. A device for providing variable pressure to a moving surface comprising;:
5 a frame, a conveyor for moving a surface relative to said frame, said frame
positioned proximate to the moving surface, and a plurality of pressure applicators
mounted on the frame for applying pressure to said moving surface, the pressure

applicators forming a row of pressure applicators substantially transverse to the
direction of movement of the moving surface;

10 each pressure applicator comprising,
at least one foot mounted in movable relation to the frame,
a pressure device for biasing the foot away from the moving surface, and

a variable pressure source for variably biasing the foot against the biasing

force of the pressure device to move the foot away from the frame and toward the
15 moving surface; and

a control device for varying the pressure supplied by each variable pressure
source.

2. The device of Claim 1 wherein each variable pressure source comprises at
20 least one inflatable air bladder.

3. The device of Claim 2 wherein each inflatable air bladder comprises an air
brake bellow.
25 4. The device of Claim 1 wherein the control device comprises a

programmed logic controller.
S. The device of Claim 1 wherein the pressure device comprises a spring.

30 6. The device of Claim 1, wherein the pressure supplied by each variable
pressure source is regulated independently.

7. The device of Claim 1, wherein:

the pressure applicatiors are grouped into a plurality of commonly regulated
35 zones; and

the presure supplied by each zone is regulated independently.

AMENDED SHEET (ARTICLE 19)
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8. A method of supplying variable pressure to a moving surface comprising
the steps of:
providing a frame, providing a means for moving a surface relative to said frame
with said frame positioned proximate to the moving surface, providing a plurality of
O  pressure applicators mounted on the frame to supply a variable pressure to the moving
surface, the pressure applicators forming a row of pressure applicators substantially
transverse to the direction of movement of the moving surface, each pressure applicator
comprising at least one foot mounted in movable relation to the frame;

biasing each foot away from the moving surface with a biasing force; and

10 variably biasing each foot against the biasing force to selectively move the foot
away from the frame and toward the moving surface.

9. The method of Claim 8, further comprising the step of varying the amount
the foot is biased against the force of the pressure source and toward the surface.
15 “
10. A device for removing moisture from a moving surface, comprising:

a hot member, a conveyor for moving a surface relative to said hot member, said
hot member positioned adjacent to the moving surface, and a frame positioned
proximate to the hot member so that the moving surface moves between the frame and

20 the hot member, and a plurality of pressure applicators mounted on the frame for
applying pressure to the moving surface, the pressure applicators forming a row of

pressure applicators substantially transverse to the direction of movement of the
moving surface;

each pressure applicator comprising,
25 at least one foot mounted in movable relation to the frame,
‘a pressure device for biasing the foot away from the moving surface, and
a variable pressure source operable for variably biasing the foot against
the biasing force of the pressure device to move the foot away from the frame and
toward the moving surface; and

30 a control device for varying the pressure supplied by each variable pressure
source.
11 . The device of Claim 10 wherein each variable pressure source comprises
an inflatable air bladder.
35
12 . The device of Claim 11 wherein each inflatable air bladder comprises an

air brake bellow.

AMENDED SHEET (ARTICLE 19)
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13. The device of Claim 10 wherein the control device comprises a
programmed logic controller.

14. The device of Claim 10 wherein the pressure device comprises a spring.
5
15 . A method of removing moisture from a moving surface, comprising the
steps of:

providing a hot member, providing a means for moving a surface relative to said
hot member, with said hot member positioned adjacent to the moving surface, and
10  positioning a frame proximate to the hot member so that the moving surface moves
between the frame and the hot member, providing a plurality of pressure applicators
mounted on the frame to supply a variable pressure to said moving surface, the
pressure applicators forming a row of pressure applicators substantially transverse to
the direction of movement of the moving surface, each pressure applicator comprising
15 at least one foot mounted in movable relation to the frame;
biasing each foot away from the moving surface with a biasing force; and

variably biasing each foot against the biasing force to selectively move the foot
away from the frame and toward the moving surface.

20 16 . A device for providing variable pressure to a moving surface comprising:
a frame, a conveyor for moving a surface relative to said frame, said frame
positioned proximate to the moving surface, and a plurality of pressure applicators
mounted on the frame for applying pressure to said moving surface, the pressure
applicators forming a plurality of rows of pressure applicators, each row being
25  substantially transverse to the direction of movement of the moving surface;
each pressure applicator comprising,
s at least one foot,
a pressure device for biasing the foot away from the moving surface, and
a variable pressure source operable for variably biasing the foot against
30 the biasing force of the pressure device to move the foot away from the frame and
toward the moving surface; and

a control device for varying the pressure supplied by each variable pressure
source.

39 17.  The device of Claim 16, wherein the pressure supplied by each variable
pressure source is regulated independently. ,

AMENDED SHEET (ARTICLE 19)
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18. The device of Claim 16, wherein:

each row of pressure applicators is grouped into a plurality of commonly
regulated zones; and

the pressure supplied by each zone is regulated independently.

19.  The device of Claim 16 wherein:
each variable pressure source comprises an inflatable air bladder; and
each pressure device comprises a spring.

20. The device of Claim 16 wherein the control device comprises a
programmed logic controller.

21. A device for providing variable pressure to a moving surface comprising:
a frame, a conveyor for moving a surface relative to said frame, said frame
positioned proximate to the moving surface, and a plurality of pressure applicators
mounted on the frame for supplying pressure to said moving surface, the pressure

applicators forming a row of pressure applicators substantially transverse to the
direction of movement of the moving surface;

each pressure applicator comprising,
at least one foot mounted in movable relation to the frame,

a first pressure device operable for biasing the foot away from the moving
surface,

a second pressure device operable for biasing the foot toward the moving
surface,

at least one of the first and second pressure devices operable for
supplying a variable pressure; and

a control device for varying the pressure supplied by each pressure applicator.

AMENDED SHEET (ARTICLE 19)
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