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Double-ply corrugated paperboard

Technical Field

The present invention relates in_ general to

paperboards used for packaging goods and, more

particularly, to a high strength double-ply corrugated

paperboard including upper'and lower liners and multiple-
ply corrugated mediums disposed between the liners,
thereby capable of exhibiting a high compressive strength
while having a small thickness to minimize the packaging
size, and effectively absorbing outside shock applied to

the package to keep the packaged goods more safe.

Background Art

As well known to those skilled in the art, various

fragile goods neéding to be handled with care; for example

expensive bottled cosmetics, electronic and electric
products such as te1e§ision sets, are conventionally
packaged using rigid boxes with shock-absorbing materials.
The above shock-absorbing materials are used for absorbing
thé outside shdck applied to the packaged goods and
thereby protect the goods from the shock.

'In the prior art, both expanded polystyrene formed

according to the contours of the goods to be packaged and
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cardboard mounts folded into given shapes or partially 'cut-
out sufficient enough to hold the goods in the package
boxes are generally used as shock-absorbing materials.
When the goods to be packaged are heavy goods such as
refrigerators, the packaging materials for such goods need
to be provided with both excellen't sfxock absorption and
rigidity sufficient enough to absorb the outside shock and
to bear the weight of the heavy .goods. In order to
achieve the above object, the package boxes for such heavy
goods are preferably bottomed with wooden pallets.

The expanded polystyrene used as a shock-absorbing
material has an advantage in that it is easily formed and
suitable for mass production. - However, the expanded
polysfyrene is breaks éasily"- and induces static
electricity. Therefore, the expanded polystyrene not only
causes environmental contamination due to its broken
pieces, but also is scarcely used for packaging precision
goods due to the static electricity. Otherwise stated,
use of the expanded polystyrene as the shoc_k—absorbing
material is limited as it remarkably reduces the expec1:.ed
life of the packaged goods.

The cardboard mounts foided into given shapes or
partially cut out sufficient _e_nough to hold the gjoods in
the package boxes are problematic in that they are not
suitable for thass production. Furthermore, the above
cardboard mounts have inferior durability and generate

paper dust while packaging the goods. Due to the inferior
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durability as well as the paper dﬁst, the above cardboard
mounts may exert a bad influence upon the expected life
of the packaged goods.

In order to rectify the above problems, package cases
formed using pulp molds ha&e been recently proposed. and
used. However, the above package cases need to be formed

using individual molds even when the cases are produced

on a small scale. As the molds should be produced by

highly skilled workers one by one, the package cases are
problematic in that it is very difficult to produce the
cases. Another problem of the above package cases is
resided in that they are expensive.

As people are recently 'becoming environmentally
conscious, used packaging materials need appropriate
treating to prevent them f;om causing. environmental
contamination. However, it has been noted that treatment

of various plastic packaging materials such as expanded

| polystyrene is very difficult as the above plastic

packaging materials can not be recycled. The above
plastic packaging materials will cause environmental
contamination and exert a bad influence upon the ecosyste;
when they are simply discarded. Therefore,
environmentally conscious people tend to avoid using such

plastic packaging materials. Thus, demand for the above

plastic packaging materials is reduced.
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Disclosure of the Invention

It is, therefore, an object of the present invention
to provide a high strength corrugated paperboard in which
the above problems can be overcome and which has an

improved structure suitable for not only reliably

. protecting the packaged goods, "but also improving

durability of the packaging paper sheet.

It is another object of the present invent;on to
provide a double-ply corrugated paperboard having a value-
added structure includingnnﬂiiple-ply corrugated mediums
with different corrugation pitchés and heights disposed
between upper and lower liners, thereby capable of

exhibiting a high compfessive strength while having a

small thickness to minimize the packaging size.

It is a further object of the present inVentibn td
prdvide a cheap and regenerable corrugated paperboérd'
which is not made 6f. materials causing environmental
contamination, but.made of regenefable paper, and which
can be produced through an automatié process. .

In order to accomplish the above objects, the present
invention provides_ a double-ply corrugated paperboard
comprising: a liner having opposite smooth surfaces; a
first corrugated medium having continuous corrugations
with a predetermined corrugation pitch and a predetermined

corrugation height, the first corrugated medium being

laminated on one surface of the liner, thereby forming a
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single—faced corrugated papernoard; and a second
corrugated medium having continuous corrugations with a
predetermined corrugation pitch and a predetermined
corrugation height, the second corrugated medium being

laminated on the first corrugated medium of the single-

faced corrugated paperboard, whereby the double-ply

corrugated paperboard: has an improvement in shock
absorptivity and an .enhancement in the compressive
strength against a vertical load.

In accordance with an .embodiment of the present
invention, the first and second corrugated mediums have
the same corrugation pitch, but have different corrugation
heights to define continuous shock absbrbing spaces
therebetween. ‘

In accordance witn-another embodiment of the present
invention, the first and second'corrugated mediums have
the sane-earrugation pitch and height, but have different

curvatures to define a pair of shock absorbing spaces

therebetween for every corrugation. Alternatively, the

first and second corrugated mediums have different

: corrugation pitches such that the corrugation pitch of the

second corrugated medium corresponds to two times the
eorrugation pitch of the first corrugated medium. The
first and second corrugated mediums may also have the same
corrugation pitch and_height such that they are completely
in contact with each other to construct a double-ply

corrugated structure having enhancements in compressive
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strength and stiffness. The double~ply corrugated
paperboard may further comprise a pair of corrugated
mediums respectively having the same constructions as the.
first and second corrugated mediums and iaminated on the
other surface of the liner. The double-ply corrugeted
paperboard may furrher comprises at least one corrugated
nedium laminated on the second corrugated mediuh.

The present invention also provides a method for
producing a double-ply corrugated paperboard comprising
the steps of: bonding, to a smooth liner, a first
corrugated medium having continuous corrugations with a
predetermined corrugétion pitch and a predetermined |
corrugation height,.and then pressing the first'eorrugated
medium together with rhe liner by.a press Bglt, thereby

forming a single-faced corrugated paperboard; feeding the

single-faced _corrugafed paperboard to a single-faced

corrugated paperboard forming _station,' and then
laminating, on the Single—faced.corrugated paperboard, a
second corrugated medium having continuous corrugations
with a predetermined corrugatien pitch and a predetermined
corrugation height such that corresponding corrugations
of the first and second corrugated medium are overlapped
with each other, thereby forming double-ply corrugated
paperboard; guiding the double-ply corrugated paperboard
to a paper guide, thereby controlling a feeding speed of
the double-ply corrugated paperboard; pre-heating the

double-ply corrugated paperboard being continuously fed
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while maintaining the double-ply corrugéted paperboard in
a'uniformly tensed state; supplying a cover liner in
parallel to the double-ply corrugated paperboard passing
through the paper guide, along a path defined beneath the
double~ply corrugated paperboard; continuously coating an
adhesive on facing surfaces of the double-ply corrugated
paperboard and cover liner; guide the adhesive-applied
double-ply corrugated paperboard and cover liner along a
heating p;ate; and pressing the double-ply corrugated
paperboard and cover liner at a predetermined pressure
during_the double-ply éorrugated paperboard. and cover’
liner are'fed along the heating plate, thereinyonding the
double-ply corrugated paperboard and cover liner together.

The step of laminating the second corrugated médium
on the single-faced corrugated paperboard  further
comprises the steps of: sensing a position of each
corrugation on the single-faced corrugated paperboard;
comparing the sensed.corrugation position with a position
of each corresponding corrugation of the second corrugated
medium; and controlling a feeding speed of the single-
faced corrugated paperboard on the basis of the result of
the comparison.

The present invehtion also provides an apparatus for
producing a double-ply corrugated paperboard comprising:
a medium supply roll and a liner supply roll respectively
supplying a continuous, first medium and a continuous

liner; first single-faced corrugated paperboard forming
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means adapted to receive the first medium and the liner
respectively from the medium supply roll and the liner
supply roll, to corrugate the medium and to bond the
first, corrugated medium to the liner, thereby forming a
siﬁgle-faced corrugated paperboard; second single-faced
corrugated paperboard forming means adapted to receive the
single-faced corrugated paperboard from the first single-
faced corrugated pap:erboard forming station and a
continuous, second medium from another medium supply roll,
to corruéate the second. medium, to bond the corrugated,
second medium to the single-faced corrugated paperboard,
thereby forming a double-ply corrugated paperboard; a
paper gui&e arranged downstream the secor;d single-face
corrugated paperboard forming means and adapted to control
a feeding speed of the'double—ply corrugated paperboard;
a tension roll .and pre-heating means both arranged
downstream the paper guide and adapted to apply a constant
tension to the double-ply corrugalted paperboard being
continuously fed; a cover liner supply roll arranged
upstream the pre-heating means and adapted to supply a
continuous cover 1liner along a path parallel to t"he
double-ply corrugated paperboard passing through the paper
guide; adhesive coating means adapted to continuously coat
an adhesive on fﬁcing surfaces of the cover liner and
second corrugated medium of the double-ply corrugated
péperboard; and a heating _plate and pressing belt means

both adapted to press the adhesive-applied double-ply
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pressure while heating them, thereby bohding them
together.

Each of the first and second single-faced corrugated
paperboard forming means comprises: a pair of vertically
arranged corrugator rollers adapted to guide the
corresponding medium therebetween and to corrugate the
guided medium to have a desired wave; an adhesive éoating
roller arranged on one side of the upper one of the
corrugatof rollers and adaptéd to uniformly coat an
adhesive on one surface of the co;rugated medium; and a
laminating unit constituted by a press belt and a pair of
belt driving rolls all diéposed above the upper corrugator
roller and adapted to bring the liner in tﬁe case of the
first forming means or the single-facéd corrugated
paperboard in the case of the second forming means into
contact with the corrugated medium passing over the upper

corrugator roller.
Brief Description of Drawings

The above and other objects, features and other
advantages of the present invention will be more ciearly
understood from the following detailed description taken
in conjunction with the accompanfing drawings, in which:

FIG. 1 is a schematic view iIlustrating an apparatus

for producing a double-ply corrugated paperboard in
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.accordance with the present invention;

FIG. 2 is a schematic view illustrating a single-
faced corrugated paperboard forming station included in
the apparatus of the present invention;

FIG. 3 is a schematic view illustrating a single-
faced double-ply paperboard forming station included in
the apparatus of the present invention; and

FIGS. 4A to 4@1 are sectional views respectively
illustrating paperboards produced in accordance with a
paperboard producing method of the present invention
wherein

FIG. 42 shows a single-faced corrugated
papefboard structure including a single corrugated
medium,

FIG. 4B _shows a double-ply corrugated
paperboard structure including a pair oflcorrugated
mediums with the same ;orrugation piich, but
different corrugétion heights,

FIG. 4C shows a double-ply corrugated
paperboard structure including a pair of c&rrugated
mediums with the same corrugation pitch and heiéht,
but different curvatufés,

FIG. 4D shows a double-ply corrugated
paperboard structure including a pair of corrugated
mediums with different corrugation pitches, and

FIG. 4E shows a double-ply corrugated

paperboard structure including a pair of corrugated
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mediums with the same corrugation pitch and height

11

to be completely in contact with each other.

Best Mode for Carrying out the Invention

A
FIGS. 1 to 3 illustrate an apparatus for producing

a continuous double-ply corrugated paperboard in -

accordance with the present inventioq, respectively.
As shown in FIGS. 1, the apparatus for producing a
continuous double-ply corrugated papefboard includes 2

first single-faced corrugated paperboard forming station

10 which receives a medium 101 and a liner 102 from a

medium supply roll 11 and a liner supply roll 12,:
respectively,' and forms a single-faced cérrugafed
paperboard 103. Although the construction.of the first
single-faced corrugated paperboard forming station 10 is
not shown in FIG. 1 :in detail, it can be clearly
understood by referring to FIG. 2 which shows a sécond
single-faced corrugated. paperboard forming station 40
having the same construction as the first single-faced
corrugated paperboard forming station 10. The first
single-faced corrugated paperboard forming station 10
includes a pair of corrugator rollers 13 and 14 adapted
to guide the medium 101 therebetween and to corrugate the
medium 101 to have a desired wave, an adhesive coating
roller 15 arranged on one side of the upper corrugator

roller 13 and adapted to uniformly coat an adhesive on one

THIS SHEET HAS BEEN
REPLACED
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surface of the medium 101, and a laminating unit

12

constituted by a press belt 10 and a pair of belt driving
rolls 20 all disposed above the upper corrugator roller
13 and adapted to bring the liner 102 fed from the liner
supply roll 12 into contact with the corrugated medium 101
passing over the corrupator roller 13. Between the liner
supply roll 12 and the corrugator roller 13, a speed-
adjustable acceleratng roll 21 is arranged to adjust the
speed of the liner 10? fed toward the corrugator roller
13. Guide tension rolls 22 are also disposed between the
medium supply roll 11 and the corrugator roller 13 or 14
to apply a desired tepsion to the medium 101 fedltoward
the corrugator roller.

The corrugator rollers 13 and 14 are vertlcally
arranged to engage Wlth each other such that a regular.
wave of the medium 101 is continuously formed. The upper
corrugator roller 13 is provided et.its outer corrugated
surfaCe with a plurality of suction holes (not shown)
arranged along each groove of the roller 13. When the
medium 101 to be bond ;o the liner 102 passes betweeo the
corrugator_rollers 13:end 14, it is in close contact wlth
the. corrugated surface of the corrugator roller 13 by a
strong suction applied thereto through the suction holes
so that it can maintain its desired wave shape. In other
words, the suction holes serve to maintain the corrugated

shape of the medium 101, which is corrugated to have the

desired wave while passing between the corrugator rollers

REPLACED
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13 and 14, without any damage until the corrugated medium
101 is bonded to the liner 102.  The suction is
continuously applied to the medium 101 until the medium
101 reaches a éosition;where it comes into contact with
the liner 102.

It is preferred that the corrugator rollers 13 and
14, which corrugate the medium 101 fed from the medium
supply roll 11 to have éorrugatioﬁs having a desired pitch
and a desired height, are of a cartridge type enabling a
replacement thereof. .In this case, it is possible td
continuously produce a corrugated . papérboard having
various waves with different corrugation heights and
pitches as shown in FIGS. 4A to 4E by simply réplacing the
corrugator rollers 13;and 14 by new ones without any

replacement .of. the entire single-faced corrugated

-paperboard forming station.

As shown in FIG. 2, the adhesive coating roller 15,

which applies an adhesive to one surface of the corrugated

medium 101 on one side of the upper corrugator roller 13,

is preferred to be in contact with an adhesive transfer
roller 17 which is dipped in an adhesive storage tank 16
filled with the adhesive. As the adhesive coating roller
15 rotates, the adhesive on the adhesive transfer roller
17 is transferred to the adhesive coating roller 15. With
such a construction, the adhesive can be rapidly
transferred to the corrugated medium 101.

Alternatively, another adhesive coating means may be

REPLACED
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used. For example, a nozzle-attached plate construction
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maf be used which includes a plurality of nozzles_aligned
in a line with one another. In this case, selected one
of the nozzies are opened depending on the shape of the
corrugated medium so that the width and space of adhesive
coatings on the corrugated medium can be optionally
adjusted. In addition to the adhesive transfer roller 17,
a separate dipping roller may be provided which is dipped
in the adhesive storage tank 16. In this case, the
adhesive transfer rpller 17 is arranged between the
dipping roller and the édhesive coating roller 15 so that
it can transfer the édhesive from the dipping roller 18
to the ;dhesive coating roller 15. In'this:case, it is
possible to more uniformly apply the adhesive to the
corrugated medium 101.

Upstream thefirs£single-facedcoprugated.paperboard;
forming station 10, a pre-heating unit 23 is arranged, as
shown in FIG. 1. The'pre;heating unit 23 serves to pre-
heat the 1liner 102 fo a temperature required fof the
bonding befoie the liner 102 is fed to the first single?
faced_ corrugated p;perboard forming station 16.'
Downstream the first single-faced corrugate& paperboard
forming station 10, ﬁhe second single-faced corrugated
paperboard forming station is arranged which is denoted
by the reference numeral 40 and has the same construction
as the first single-faced corrugated paperboard forming

station 10.

REPLACED

THIS SHEET HAS BEEN _




«f

10

15

20

25

Sheet Has Been Replaced

i

The second single~faced corrugated paperboard forming

is5

station 40 is supplied with the single-faced corrugated
paperboard 103 emerging from the first single-faced
corrugated paperboard forming station 10 in place of the
liner. Thé'second single-faced corrugated paperboard
forming station 40 bonds another cortugated.medium 104 fed
from a medium supply roll 41 to the single~faced
corrugated paperboard'iOB. In this regard, the second
single—faged-é&rrugated paperboard forming station 40 has
the same construction as the first single-faced corrugated
paperboard forming station 10 except that it receives the
single~faced cogrugate& paperboard 103 in place of the
liner. In other ﬁords, the second single-~-faced corrugated
paperboard forming station 40 does not <require'_any
separéte.linef supply'foll. |

.‘ Similarly to. the liner 102 Quided to the first
single-faced cqrrugated-paperbéard,formingfstation 10, the
single-faced corrugateﬁ. paperboard 103 guided to the
second single-faced corrugated paperboard forming station
40 passes over. a bre-heating unit 44 so that it can be
pre-heated to a temperature reguired for the bonding
thereof.

Upstream the speed-adjustable.accelerating roll 21
of the second single-faced corrugafed paperboard forming
station 40, a suctidn brake 42 is arranged io control the
speed of the single-faced corrugated paperboard 103 fed

to the upper corrugator roller 13 of the second single-
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faced corrugated paperboard forming station 40.

16

The suction brake 42 is controlled by a corrugation

position sensor 43 disposed between the speed-adjustable

accelerating roll 21 and the press belt 19 in the second

single-faced cbrrugated paperboard forming station 40.

In other words, the corrugation position sensor 43
senses positions of corrugations of the single-faced
corrugated paperboard 103 between the speed-adjustable
accelerating roll 21 and the press belt 19 so that the
corrugation position of thé single-faced corrugated_
paperboard 103 can coincide with the corrugation position
of the corrugated medium 104 at the upper corrugator
roller 13 of the second single-faced corrugated paperboard
forming station 40. |

A paper guide 25 is arranged at the exit of the
second single-faced corrugated paperboérd forming §tation‘
40 in order to control the feeding speed of a single-faced
double-ply corrugated paperboard 105 witﬁ two corrugated
mediums 101 and 104 bonded thereto, as shown in FIGS. 1
and 3. |

By the provision. of the paper guide 25, the sinéié—

faced double-ply corrugated paperboard 105 can be freely

.fed along a bridge 24 under a uniformly tensed condition.

Downstream the paper guide 25, a tension roll 26 and pre-
heating units 27 are installed.
The tension roll 26 and one pre~heating unit 27 serve

to apply a sufficient tension to the single-faced double-

THIS SHRET HAS BEEN
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heating unit 27 serves to apply a sufficient tension to

a liner 106 which will be bonded to the single-faced

" double-ply corrugated paperboard 105. Adhesive coating

units 29 are disposed downstream the pre-heating units 27
to apply an adhesive to the outer corrugated xm_adium of the
single-faced double-ply corrugated paperboard 105 and the
liner 105, respectively. A heating plate 30 and a pair
of press belté 31 are arranged downstream the pre-heating
units 27. The single-faced double-ply corrugated
paperboard 105 and liner 106 both applied with the
adhesive are fed through a gap defined between the:press
belts 31 and pressed against each other by a uniform
pressure provided by the press belts 31 while being heated
by the heating plate 30. Thus, a double—ply corrugated
péperboard having a good quality can be produced.

" Now, operation of the apparatus having the above-
mentioned arrangement in accordance with the present
invention will be described.

As the first single-faced corrugated paperboard
forming station 10 receives the first medium 101 and the
first liner 102 respectively from the medium supply roll
11 and the liner supply roll 12, it corrugates the medium

101 to have a desired corrugation pitch and a desired

_corrugation height and then bonds the corrugated medium

101 to the smooth liner 102 while pressing them by means

of the'press belt 19, thereby forming the single—faced
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corrugated paperboard 103.

Since the press belt 19 is constructed to surroﬁnd
a pair of belt driving rolls 20 and to press the upper
portion of the upper corrugator roller 13 at its lower
portion, it is possible to effectively prevent any press
roll mark from being formed on the single-faced corrugated
paperbﬁard 103 being produced.

The single-faced corrugafed paperboard 103 emerging
from the firsf single~-faced corrugated paperboard forming
station 10 is fed to the second single-faced corrugated
paperboard forming stationl40 which, in turn, bonds the
second medium 104, which has been corrugated, to the
single-faced cgrrugated paperboard 103, thereby fofm{gg'
tﬁe single-faced double-ply corrugated paperboard 105 with
the paperboard 103 anh second corrugated .medium 104
laminated together.

In the formation of this single-faced double-ply
cofrugated paperboard 165, it is desirable ta accurately
control the speed of the corrugator rollers and the speed-
adjustable accelerating roll, thereby more accurately
adjusfing the corrugation pitch. This can be achieved by
correcting a deviation generated between an AC servo motor
{not shown) for driving the speed-adjustable accelerating
roXl and an.AC servo motor (not Shown) for driving the
corrugator rollers. This deviation correction can be
achieved by counting pitches of the servo motors by

sensors, operating data generated by the sensors every
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counting time, deriving speed data from a.phase difference
based on the result of the operation, and then
transmitting the speed data to a servo amplifier for
controlling one or two servo motors. Alternatively, the
relative feediné speeds of the single-faced corrugated
paperboard and the second mt_edium may be controlled by
continuously checking the cross-section of the single-
faced corrugated paperboard at intervals of 1/1,000 to
1/10,000 second by a éuper—high sbeed camera (image),
transferring an instant corrugation pitch error in the
form of image data to a central processing unit, deriving
speed data from a phasé difference baéed on tl;e instant
corrugation pitch error, and then transmitting-_ to a servo
aﬁplifier for controlling AC servo motors for the speed-
adjustable acceleratingi roll and corfugator rollers.
| This single-féc'ed double-ply corrugated paperboard'
105 from the second single-faced corrugated paperboard
forming station 40. is guided to the paper guide 25 which
controls the feeding sp;eed of the paperboard 105. After
passing through thé paper éuide 25, the single-faced
double-ply corrugated paperboard 105 passes over the
tension roll 26 and the pre-heating unit 27 associated
therewith. | As a result,. the paperboard 105 is maintained
at a tensed state while being pre-heated at its surface
to a desired temperature.
During the single-~faced <double-ply corrugated

paperboard 105 is fed through the paper guide 25, the
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second liner 106 is fed in parallel to the paperboard 105
beneath the feeding path of the paperboard 105. Both the
paperboard 105 and the second liner 106 are then fed to
the nip between the press belts 31. Before the paperboard
105 and the second liner 106 reach the press belts 31,
they are coated with an adhesive. As the paperboard 105
and the second liner 106 pass through the nip between the
press belts 31, they ﬁre pressed against each other by the
press belfs 31 while being heated by the heating plate 30
disposed beneath the press belts 31. Accordingly, the
paperboard 105 and the second liner 106 are firmly bonded
together. Thus, a desired double-ply corrugated
paperboard is prbduced.

For accurately laminating the second corrugated
medium 104 on the.sinéle-faced corrugated paperboard 103
bonded with the co;rugated medium_lOl, it is required to
accurately sense the position of each corrugation on the
paperboard 103, compare the sensed corrugation position
with the position of each corresponding corrugation of the
second corrugated médium 104 and thereby controlling the
feeding speed of the single-faced corrugated paperboard
103. | |

The double-ply corrugated paperboard produced through
the above procedures in accordance with the present
invention can have various shapes and constructions as
shown in FIGS. 4B to 4E. This can be accomplished by

appropriately varying the dimensions of the corrugator

REPLACED

" THIS SHEET HAS BEEN




This Sheet Has Been Replaced

AR

10

15

20

25

21

rollers 13 and 14 provided at the first and second single-
faced corrugated paperboard forming stations 10 and 40.

0f factors determining the dimensions of the
corrugator rollers 13 and 14 requifed for producing a
desired double-ply corrugated 'paperboard, the most
important one is the ratio between the corrugation pitch
of the lower corrugatibns and the corrugation pitch of the
upper corrugations. This corrugation pitch ratio
determines the shock absorptivity and durability of the
final product, namely, the double-ply corrugated
paperboard.

Where only the first single-faced corrugated
paperboérd forming station 10 is driven while stopping the
second single-faced corrugated paperboard forming station
40, a single-ply —corrugated paperboard having a
conventional shape is produced which includes the single-
faced corrugated paperboard 103 with the corrugated medium
101 and the liner 102, and the liner 106 laminated on the
paperboard 103, as shown in FIG. 4A. On the other hand,
where both the first and second single-faced corrugated
paperboard forming stations 10 and 40 are driven while
varying the diﬁensions of the corrugator rollers 13 and
14 thereof, various double-ply corrugated paperboards
having different constructions can be produced, as shown
in FIGS. 4B to 4E.

Where a double-ply'corrugatéd paperboard having upper

and lower corrugations with the same corrugation pitch,
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but with different corrugation heights is to be produced,

22

as shown in FIG. 4B, it is required to use, for the first
and second forming stations 10 and 40, two different sets
of corrugator rollers 13 and 14 having a corrugation pitch
ratio of 1 : 1, namely, the same corrugation pitch, but
having differenf corrugation heights.

In this case, the double-ply corrugated paperboard
has a space defined between facing upper and lower
corrugations by virtue of different corrugation heights,
as shown in PFIG. 4B. When this double-ply corrugated
paperboard is subjected to a shock from the outside, the
shock is primarily absorbed by thg space. For a higher

shock, it is secondarily absorbed by the lower corrugated

"medium 101 of the double-ply corrugated paperboard. Thus,

the shock absorption is effectively achieved.

Where a double-ply corrugated papérbbard héving'upper
and lower corrugations with the-same.corrugation'pitch and
the same corrugation height is to be produced, as shown
in FIG. 4C, two.identical sets of corrugator rollers 13
and 14 having tﬁe same corrugation pitch and the same
corrugation height are used for the first and second
forming stations 10 and 40, respectively. 1In this case,
however, it is required to form corrugations constituted
by alternating érests and valleys both having different
curvatures at their peaks from each other so that the
upper and lower corrugations have spaces defined between-

each valley and each crest overlapping with the valley.
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Here, the vaileys are corrugatioh portions bonded to the
corresponding liner at their peaks. In.this case, a
variety of shock absorption effects can be expected by
varying the corrugation shape and the corrugation height.

Where a double-ply corrugated paperboard in which its
upper corrugations have a corrugation pitch corresponding
to 2 times that of its lower corrugations is to be
produced, as shown in FIG. 4D, it is required to use, for
the first and second forming stations 10 and 40, two
different sets of corrugator rollers 13 and 14 having a
corrugation pitch ratié of 2 : ;;'

In this case, each valley of the lower corrugated
medium 104 having a larger corrugation pitch overlaps with
two successive crests of the upper corrugated ﬁedium 101
having a smaller corrugation pitch. When'fhis double-ply
corrugated paperboard is subjected to a load from the
outside, each valley of the lower corrugations is pushed
toward the valley defined between the corresponding'drests
of tﬁe upper corrugatiogs.. Simultaneously, the drests of
the upper corrugations are pushed into the corresponding
valley of the lower corrugations. When the load is i
released before the elastic limit of the upper and lower
corrugated mediums 101 and 104, the strain is completely
removed so that the corrugated mediums 101 and 104 can
return to their original states, respectively. 1In this
caée, accordingly, the double-ply corrugated paperboard

can have a durable shock absorptivity.
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On the other hand, in a case of a double-ply
corrugated paperboard in which its upper and lower
corrugated mediums 101 and 104 are completely in contact
with each other, as shown in FIG. 4E, it achieves an

improvement in the compressive strength against an axial

‘load and an increase in bending stiffness as well as a

shock absorption effect.

It is also possible to laminate -a plurality of
single-faced double-ply corrugated paperboards having
various constructions as above-mentioned-in a manner that
the corrugations of all the corrugated paperboards face
in the same direction or in a manner that the corrugations
of adjacent péperboards face in opposite directions. iIn
either case, a variety of shock absorption effects can be
expected by virtue of the differenées in corrugation shape
and corruéation- height between adjacent laminated
paperboards.

As apparent frbm the above description, the double-
ply corrugated. paperboard according to the present
invention includes a plurality of corrugated mediums
laminated together. such that adjacent. ones of the
corrugated médiums are completely in coqtact with each
other or partially in contact with each other at
intervals. In such a laminated structure, even when one
of two facing corrugated mediums is damaged due to a shock
from the outside, the elasticity and shock absorptivity

of the paperboard 1is still maintained by the other

. THIS SHEET HAS BEE:
REPLACED



10

15

20

25

This Sheet Has Been Replaced

T

corrugated medium. Moteover, the double-ply corrugated

25

paperboard of the present invention have an internal shock

absorptivity provided by its paper material as well as a

. durability and a stiffness both provided by the wave of

its corrugated medium. Ih terms of the weight, the

- paperboard of the presenf invention is considerably light,

‘'as compared to conventional wood or synthetic resin

pallets. In this regard, the present paperboard has a

convenience in use. There is also an advéntage that no

accident occurs due to a carelessness in handling.
Although the.preferred embodiments of the invention

have been disclosed for illustrative purposes, these

-skilled in the art will appreciate that various

modifications, additions and substitutions are possible,

without departing from the scope and spirit of the

invention as disclosed in the accompanying claims.

Industrial Applicability

As apparent from the above description, the present
invention provides a- double-ply corrugated paperboaéd
produced by bonding, to a smooth liner, a firstlcorrugated
medium having continuous corrugations with a desired
corrugation pitch and a desired corrugation height,
thereby forming a single-faced corrugated paperboard, and

then laminating, on the single-faced corrugated

paperboard, a second corrugated medium having continuous
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corrugations with a desired corrugation pitch and a
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desired corrugation height. With such a structure, the
double-ply corrugated paperboard of the present invention
exhibité an improvement in shock absorptivity and an
enhancement in the compressiﬁe strength against a vertical
load. In accordance with the present invention, the
paperboard is entirely made of regenerable paper other
than materials causing an environmental contamination.
In accordance with the present invention, a plurality of
corrugated mediums may be laminated together between upper
and lower liners of the paperboard such that adjacent ones
of the corrugated mediums are completely in contact with
each other or partially in contact with each other at
intervals. Accordingly, it is possible to increase the
compressive strength of the paperboa;d and yet maintain
a small thickness of the paperboard. By'virtue_of this.
advantage, it is possible to provid; high value-added
papefboards'capable of effectively achieving a minimized
packaging size. Once the paperboard of the present
invention is used for its pagkaging ﬁurpose, it may be
reused as shock absorbing méterials for packaging afler
it is collected. In this regard, the present paperboard
is a high value-~added product. Therefore, the present
invention can greatly reduces the expense of the packaging
material and contributes to the protection of environment
and the feuse of the resource. Since the present

paperboard can effectively absorb a shock applied from the
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outside to a packaged. content,

content more safe.

it can keep the packaged
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Claims:

1. A double-ply corrugated paperboard comprising:
a liner having opposite smooth surfaces;
a first corrugated medium ‘having continuous
5 corrugations with a predetermined corrugation pitch and
a predetermined eorrugation height, the first corrugated
medium being laminated on one surface of the liner,
thereby forming a single-faced corrugated paperboard; and
a second corrugated medium having continuous
10 corrugations with a predetermined corrugation pitch and
a predetermined corrugation height, the second corrugated
medium being laminated on.the first corrugated medium of
the siﬁgle—faced corrugated paperboard, whereby the
double~-ply corrugated paperboard has an improvement in
15  shock absorptivify and‘an enhancement in the compressive

strength against a vertical load.

2. The double-ply corrugated paperboard in accordance
with claim 1, wherein the first and second corrugated
mediums have the same corrugation pitch, but ha;e

20 different corrugation heights to define continuous shock

absorbing spaces therebetween.

3. The double-ply'corrugated paperboard in accordance
with claim 1, wherein the first and second corrugated

mediums have the same corrugation pitch and height, but
-
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absorbing spaces therebetween for every corrugation.

4. The double-ply corrugated paperboard in accordance
with claim 1, wherein the first and second corrugated
mediums have different corrugation pitches such that the
corrugation pitch of the second corrugated medium
corresponds to two times the corrugétion pitch of the

first corrugated medium.

5. The double-ply corrugated paperboard in accordance
with claim 1, wherein the first a_nd.second co_rrugated
mediums have the same corrugation pitch and height sug'ch
that they are completely in contact with each other to
constru_ct a double-ply corrugated structure having

enhancements in compressive_-strength.and stiffness.

6. The double-ply corrugated paperboard in accordance
with any one of claims 1 to 5, further comprising a pair
of corrugated mediums respectively having the same

constructions as the first and second corrugated mediums

and laminated on the other surface of the liner.

7. The double-ply corrugated paperboard in accordance
with claim 6, further comprising at least one corrugated

medium laminated on the second corrugated medium.
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8. A method for producing a double-ply corrugated
paperboard comprising the steps of:
bonding, to a smooth liner, a first corrugated medium

having continuous corrugations with a predetermined

.corrugation pitch and a predetermined corrugation height,

and then pressing the first corrugated medium together

with the 1iner by a prees belt, thereby forming a single-

faced . corrugated paperooard;

feeding the singlleaced corrugated paperboard to a
single-faced corrugated paperboard forming station, and
then laminating, on the eingle-faced oorrugated

paperboard, a second corrugated medium having continuous

'corrugations with a predetermined corrugation pitch and

a predetermined corrugation height such that corresponding
corrugations of the firgt and second corrugated medium are
overlapped with_each other, thereby forming'double;ply
corrugated paperboard; | ‘

guidlng the double -ply corrugated paperboard to a
paper guide, thereby controlling a feeding speed of the
double-ply corrugated gagerboard; |

| pre-heating the aouble-ply corrugated paperboard

being continuously fed while maintaining the double-ply
corrugated paperboard in a uniformly tensed state;

supplying a cover liner in parallel to the double-ply
corrugated paperboard passing through the paper guide,

along a path defined beneath the double-ply corrugated

" paperboard;

TR O AR VL SR B
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continuously coating an adhesive on facing.surfaces
of the double-ply corrugated paperboard and cover liner;

guide the adhesive-applied double-ply cofruQated
paperboard and cover 1i£er along a heating plate; and

pressing the doub;e—ply corrugated paperboard and
cover liner at a predete}mined pressure during the double-
ply corrugated paperboard and cover liner are fed along
the heating plate, ﬁhereby bonding the double-ply

corrugated paperboard ahd cover liner together.

9. The method in accordance with claim 8, wherein the
step of laminating thelsecond corrugated medium on the
single~faced corfugatedipaperboard further comprises the
steps of: -

sensing a positioniof each corrugation on the single-
faced corrugated paperbbard;

comparing the sensed.corfugation position with =a
position of each corres;onding corrugation of the second.
corrugated medium; and | |

controlling a fegding speed of. the ' single-faced
corrugated paperboard dp thg basis of the result of tge

comparison.

10. The method in accordance with claim 8, wherein
the step of laminating the second corrugated medium on the
single-faced corrugated paperboard further comprises the

step of correcting a deviation generated between an AC

=
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servo motor for driving a speed-adjustable accelerating
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roll used to adjust a feeding speed of the single-faced
corrugated paperboard and an AC servo motor for driviﬁg_
corrugator rollers used to corrugate and feed the second
medium, the deviation correction being achieved by
counting pitches of the servo motors by sensors, operating
data generated by the sensors evefy counting time,
deriving speed data frbﬁ a phase difference based on the
result of the operatioﬁ, and then transmitting the speed
data to a servo amplifier for controlling one or two servo

motors.

11. The method iﬂ accordance with claim- 8, wherein
the step of laminating the second corrugated medium on the
single-faced corrugated paperboard further comprises the .
steps of: | : |

continuously che;king the cross-section of the
siﬁgle-faced corrugated paperboard at intervals of 1/1,000
to 1/10,000 second by a super-high speed camera;

_transferring an instant corrugation pitch error in
the form of image data to a central processing unit;

deriving speed data from a phase difference based on
the instant corrugation pitch error; and

transmitting the Speed data to a sefvo amplifier for
controlling an AC servb motor for driving a speed-
adjustable.accelérating roll used to adjust a feeding

spéed of the single-faced corrugated paperboard or an AC

LT



10

15

20

25

Thls Sheet Has Been Replaced

R

33

:servo motor for driving corrugator rollers used to

corrugate and feed the second medium.

12. An apparatus for producing a double-ply
corrugated paperboard comprising:

a medium supply roll and a 1liner supply roll
respectively supplying a continuous, first medium and a
continuous liner;

first single-faced corrugated paperboard forming
means adapted to receive the first medium and the liner
respectively from the medium supply roll and the liner
supply roll, to corrdgate the medium and to bond the
first, corrugated medrum to the liner, thereby forming a
single-faced corrugated paperboard;

second single—faoed corrhgated paperboard forming
means adapted to reoeive the single-faced corrugated
paperboard from the: first single-faced corrugated
paperboard forming statlon and a continuous, second medium

from another medium supply roll, to corrugate the second

"medium, to bond the corrugated, second medium to the

single-faced corrugated paperboard, thereby forming a
double~ply corrugated paperboard;

a paper guide arranged downstream the second single-
face corrugated paperboard forming means and adapted to
control a feeding speed of the double-ply corrugated
paperboard;

a tension roll and pre-heating means both arranged
I —
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downstream the paper guide and adapted to apply a constant
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tension to the double-ply corrugated paperboard being
continuously fed;

a cover liner supply roll arranged upstream the pre-
heating means and adapted to supply a continuous cover
liner along a path parallel to the double-ply corrugated
paperboard passing through the paper guide;

adhesive coating'means adapted to continuously coat
an adhesive on facin§ surfaces of the cover 1liner and
second corrugated medium of the doqblé-ply corrugated
paperboard; and

a heating plate and pressing belt means both adapted

"to press the adhesive-applied double-ply: corrugated

paperboard and cover liner at a predetermined pressure

while heating them, thereby bonding them together.

13. The apparatus in accordance wiih claim - 12,
wherein each bf thé first and second sihgle-faCed
corrugated paperboard forming means comprises:

a pair of vertically arranged corrﬁgator rollgrs
adapted to guide the corresponding medium therebetwéen and
to corrugate the guided medium to have a desired wave;

an adhesive coating roller arranged on one side of
the upper one of the cbrrugator'rollers and adapted to
uniformly coat an adhesive on one surface of the
corrugated medium; and

a laminating unit constituted by a press belt and a

i THIS SHEET HAS BEEM
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pair of belt driving rolls all disposed above the upper
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corrugator roller and adapted to bring the liner in the
case of the first forming means or the single-faced
corrugated paperboard in the case of the second fofming
means into contact with the corrugated medium passing over

the upper corrugator'roller.

14. The apparatus in accordance with claim 13,
wherein the corfugatof rollers are vertically arranged to
engage with each other such that a regular wave of the
corresponding medium is continuously formed, and the upper
corrugator roller 1s provided a't an outer corrugated
surface thereof with a'plurality of suction holes arranged
along each groove thereof, the Suctioﬁ'holes-serving to
maintain the corrugated shape of the éorrugated medium
until the corrugated medium is bonded to the liner in the
tase of the first forming means or to the singlé—faced

corrugated paperboard in the case of the second forming

means.
15. The apparatus in accordance with claim 14,
wherein the corrugator rollers are of a cartridge type

enabling a replacement thereof.

16. The appafatus in accordance with any one of
claims 12 to 14, further comprising:

a pair of speed-adjustable accelerating rolls

' THIS SHEET HAS BEEN
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respectively arranged upstream the first and second

single-faced corrugated paperboard forming means, the

speed-adjustable accelerating rolls serving to adjust a

feeding speed of the liner and a feeding speed of the

single-faced corrugated ?aperboard, respectively; and

a pair of guide tension rolls respectively arranged

upstream the first and, second single~faced corrugated

paperboard forming means; the guide tension rblls serving

to apply a desired tension to the first and second

mediums, respectively.

i
1

17. The apparatus in accordance with

claim 16,

further comprising a pair of suction brakes respectively

-arranged upstream the speéd—adjustableaccelerating rolls,

-the'suction brakes serving to control the feeding speed

of the liner and the feeding speed of the siﬁgle-faced

corrugated paperboard, respectively.

!

18. The apparatus in accordance with claim 17,

wherein the suction brake for controlling the feeding

speed of the single—f?ced corrugzted paperboard is

controlled by a corrugatioh position sensor disposed

beneath the Speed-adjusfable accelerating roll arranged

upstream the second single-faced ccrrugated paperboard

forming means, the corrugation position sensor adapted to

count positions of corrugations.
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19. The apparatus in accordance with claim 12 or 13,
further comprising é pair of pre-heating means
respectively arranged upstream the first and second
single-faced corrugated paperboard forming means, the pre-
héating means serving ;to pre-heat the 1liner and the
single-faced corrugateé paperboard to a temperature

required for their bonding, respectively.
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