
METHOD OF FORMING SINGLE FACE CORRUGATED BOARD TECHNIcAL FIELD The present
invention relates to a method and machine for o :Mg single face corrugated board. DIcCif,LOUNO.fisfra
Single faced corrugated paper board LS very well known and is used extensively in industry, especially in
packaging where it is used as protective padding and wrapping. It is also used as a basic component in
the production of many structural ts such as boxes, panels, patiets etc. Sheets of single faced corrugated
paper board can 8 bonded together to form muttilayer corrugated paper boards of various thickness and
strength. One reason for the wide use of such paper board is its relatively light weight, rigidity and
strength. Single faced corrugated paper oard is made by bonding a fluted sheet, typically of corrugating
medium (generally recycled paper) paper, onto a liner sheet. The Finer sheet is typically Kraft paper
although other materials may be used. In a conventional machine for producing single faced fluted paper
board, the fluted sheet is formed by passing a sheet of paper between two corrug.ating rotters. The Iwo
rollers ate arranged such that there is an inter-meshing of the teeth at the periphery of each roller. A sheet
of paper is fed between the teeth of the miters which forces the paper into flutes as the teeth of the itillen;
intermesh. The fluted sheet is held in contact with the teeth on the periphery of one of the corrugating
rollers, typically by a vacuum formed within the corrugating cylinder, at least until the liner is added,  A line
of adhesive is applied to the crests of the flutes to bond the liner to the fluted paper. A sheet of liner paper
is typically pressed onto the crests by a smooth roller so as to bond the liner with the fluted paper to form
s single faced corrugated (or fluted) board. 



A tanning factor in this process is the requirement to maintain contact between the fluted sheet and the
liner for sufficient time for a bond to be formed. This time can be several seconds or longer at normal
room temperatures and pressures. However, the time can be reduced by raising the temperature during
the bonding process and by applying pressure to the join between the crest and the liner. High pressure
steam is commonly used to heat the cylinders aver which the fluted paper and liner paper move, raising
the 'temperature of the paper. Typical operating temperatures for the corrugating rollers can be around
2004 C. Pressure can be applied to the joint between the liner and each crest by a pressure roller
arranged to press the liner against the glued crest As the contact time between the pressure roller and
corrugating roller (which holds the -fluted sheet) is relatively short, high pressures are .generaily required
to significantly speed up the bonding process With ths type of arrangement (heating plus high pressure)
the bonding time can be reduced to a few hundredths of a second, allowing high speed production of
single faceo paper board. However, one problem with this arrangement is that the high pressure exerted
by the pressure roller can distort the paper and leave unsightly marks on the surface of the liner paper,
reducing ds value. In some machines other devices, such as endless baits, are used to press the liner
and fluted sheets together as they move around the corrugating roller, This extends the period of time
pressure is applied, and therefore lower pressures can  be used so as not to deform the surface oftPC A
typical arrangement of a machine to produce single faced paper board generatly as described above is
disclosed in US Patent No. 5"951,817 (Thomas). The machine!), depicted in US Patent No 5,951,817 has
a limited contact time (and hence bond time) between the fluted sheet and the liner - as evidenced by the
fluted sheettliner combination only being in contact with a third of the circumference of the corrugated
wheel Such limited contact time requires the use of a fast drying adhesive such as a starch based glue
used typically in the industiy. UflrefftullaleiY, starch based glues requires the application of heat (say in
the artier of 150C or so) to activate. This leads to disadvantages as discussed below. Although the uset
can Shorten the e required to form a bond between the fluted sheet and the lirw. and therefore allow high
through-put, it does introduce a number of engineering issues which significantly increase the cost of the
machinery and the operating costs for the process. The use of high pressure steam 



the need for bbiters, pipe work, and housing to ensure containment of the steam at all times. There is a
need for additional safety measures to ensure that the steam is produced and managed correctly and that
the heat produced does not provide a safety hazard during operation of the machine, Typically a heating
engineer is required to operate the baiter and maintain the heating system, adding the cost of additions:
skilled labour., as well as potenhaily stopping production 4 suth an engineer is not avaiiatge.. The
additiorfof a high pressure steam system to the basic elements of the machine inevitably leads to an
increase in the size of the machine and therefore the space required for operation of the machine. The
requirement for more space adds to the operating costs for production of the single faced fluted board
Furthermore high pressure steam is highly corrosive to many materials, and those parts of the machine
exposed to the steam, for example the corrugating roiters, need to be made from appropriate materials.
Such materials, for example alloy sleet 48 CM hardened to HAC 58-62 standard, are generally expensive
and heavy. A machine made from such materials can require substantial support structure to maintain the
structural integrity of the machine. A problem with both methods of apptying pressure (roller and l is that
the applied pressure can spread some of the adhesive away from the contact line between the liner and
the fluted sheet across the crest, thus wetting the surrounding paper. As this spread adhesive is not under
pressure (once away from the contact line) and does not necessarily form a bond, further heating can be
required in order to dry out the paper and superfluous (spread) adhesive, This adds to the cost of
production and may limit the speed of the process The spread adhesive can also get transferred to the
surface of the device applying the pressure teg, idler or belt) requiring the surface of the device to be
continually cleaned, Some adhesive can be transferred to the outer surface of the !her, which can cause
problems during storage when rolled, as neighbouring sheets can stick together making the product
unusable., Further, the adhesive can mark the surface, adversely affecting the appearance and reducing
value of the corrugated board. A further disadvantage with conventionat machines is that typically the fee,
rollers used to feed the paper (both to be fluted and used as a liner) onto the corrugating miters, and the
corrugating rollers, are heated in order to dry out the paper prior to addition of the adhesive. This is to
reduce the moisture content of the paper and to produce a rapid bonding time. The production of high
pressure steam to heat the corrugating rollers and to pre-heat the paper can require a significant amount
of  energy All of the above ctors on add significantly to the cost of single face fluted board made by
conventional processes and machines. It is an object Of the present inventon to address the
foregoingproblems or at let to provide the public with a useful choice. 



MI relerencslut:ling any patents or patent applicatrons died in his sp >ltioation are hereby incorporated by
reference. No admission is made that any reference constitutes prior art. The discussion of the references
states what their authors assert, and the appficant reserves the right to challenge the accuracy and
pertinency of the died documents. it will be dearly understood that, although a number of prior art
publications may be referred to herein, this reference does not constitute an admission that any of these
documents form part of the common general knowledge in the art in New Zealand or in any other country.
It is acknowledged that the term comprise tray, under varying jurisdictions, be attributed with either an
exclusive or an inclusive meaning. For the purpose of this specification, and unless otherwise noted, the
term 'comprise' shall have an inclusive meaning - i.e. that it will be taken to mean an inclusion of not only
the listed components it directly references,- but also other non-specified components or elements, This
rationale will also be used when the term 'comprised' or 'comprising' is used in relation to one or more
steps in a method or process. Further aspects and advantages of the present Wivewit become apparent
from the ensuing description which is given by way of example only,  According to one aspect of the
present invention there is provided a method of bonding a substantially planar sheet material to a
corrugated sheet material using an automated process the method characterised by the steps of: applying
adhesive in discrete amounts to contact points of the corrugated sheet material, and b)holding the heel
materials together untd a bond is fanned. preferred embodiment the sheetferia( is Kraft paper. Kraft paper
is commonly used in the formation of single faced corrugated hoard However, it is envisaged that other
materials may be used With the present invention and reference throughout this specification to sheet
material being Kraft paper only should not be seen as limiting. 



For example, the corrugated sheet material may be made from: thin metal such as aluminium; recycled
paper (in a form commonly referred to as a corrugating medium): and some plastics. The liner may also
be made from a variety of sheet materials including but not limited to.: clay coated art paper (which may
be pre-printed), giassen paper, as well as some plastics. Reference to a substanbally planar sheet
material should be understood to refer to a sheet or web having a substantially fiat surface, in which lies
with a single plane a plane (at least when viewed with the naked eye). In contrast a coniugaled sheet
mi3leria3 should be understood to refer to a sheet or web in which the surface is configured into a series
of alternating crests and 6  troughs (i.e. corrugations). The corrugations in a corrugated sheet used to
form a single faced corrugated paper board are camnwry referred to as flutes. Flutes are typically formed
by passing a sheet of Kraft paper through a pair of corrugating rolfs set in relation to one another so that
the teeth of the corrugating rclis intermesh-via on either side of the Kraft paper. The shape of the resulting
flute is dependant on the shape and size of the teeth on the corrugating rolls_ For example, (without
limitation) a flute can be triangular, sinusoidal, trapezoidal, saw-tooth, rhombic, square or any other
suftable pealing undulating shape. Similarly, the size or the flute is determined by the equi - sized of the
teeth and may be varied depending on the end appiication for the single faced corrugated board. In a
preferred embodiment the corrugated thetantially triangular section. 



An advantage of forming flutes having a substantially triangular section is that it is relatively simple to form
using conventionally formed teeth on the corrugating roils, Furthermore triangular shaped flutes may have
added strength in comparison to some of the other shapes, particular against compresSion along the
length of a flute. e adhesive used to bond a liner to the orea fluted sheet, where the liner and the fluted
sheet are formed from Kraft paper" is typically a water-based glue. In the first step of the present invention
water-based glue is .appied in discrete amounts to contact points of the corrugated or fluted sheet
matetial. In other words, the adhesive is applied in individuaily distinct amounts which are spaced apart
across each crest of the fluted sheet.  The discrete or distinct amnuns of glue can vary in rm, In one
embodiment, the distinct amounts mayor an interrupted line or dash By having discrete amounts, less
adhesive is applied to the fluted sheet thar. is the case with =wanks-lei methods Further, separation
between the discrete amounts enables some spread of adhesive to occur on to dry areas once pressure
has been applied to the liner and the fluted sheet in a preferred embodiment the adhesive is appiled
across the crest in spaced apart droplets 



it is envisaged that the droplets will be small round, or pear shaped portions of adhesive that adheres to a
surface, but: this should not be seen as limiting. The preferred size of the droplet may depend on a
number of factors, including the nature of the fluted paper and liner and the type of adhesive used,
However, in all cases the droplet size should be small enough that the droplet substantially retains     rm
and does not collapse under its own weight. This is important as the relatively high volume to surface
area On comparison say to a ship of line of adhesive) reduces the rate of evaporation of moisture from
the droplet, thus extending the time available for the droplet of adhesive to wet and penetrate the crest of
the fluted paper and the finer prior to the adhesive drying out. A preferred dropiein the order of 0.5min,
The preferred gap between droplets is calculated by ascertaining the desired adhesive thickness when
spread and placing the .droplets aped so when the spread droplets react that thickness they justt each
other,  Applying the adhesive as droplets providesone or more of the following exemplary advantages:
Each droplet is applied directly to the crest of the fluted paper, reducing the amount of adhesive that may
inadvertently be applied to the sides of the crest by other methods and thus also lessens the amount of
wetting of the paper and drying time required. Using droplets instead of applying a broad strip or line of
adhesive (as in the prior art) may significantly reduce the amount of adhesive applied to each crest,
saving cost. 



If the same quantity of adhesive a pplied in droplet form were to be  applied as a flat strip across the crest
the adhesive (due to the increased surface area) would dry out in 0 relatively short time and may not be
able to wet the liner in order to form a bond. With some adhesives it may be possible for droplets to
remain exposed on the crests of the fluted paper for several minutes, for example if the machine is
stopped for a short period of time, and still be able to wet the liner and form a bond when the machine is
restarted. This may not be possible if the adhesive is applied in other forms, such as in a strip. Preferably
the droplets are spar>ad apart such that, when the liner is pressed against the crest of the fluted paper,
the droplets spread to form a substantially continuous thread of adhesive between the finer and the crest.
The thread formed by compressing the spaced apart droplets may result in a substantially finer iine of
adhesive than that in conventional methods where the ship is applied by a smooth roller pressing against
the crest, This arrangement results in an effective, continuous bond being formed along the crest with a
significantly reduced amount of adhesive used in comparison with conventional methods.  The time taken
to form a bond between a crest of the fluted sheet and the liner will be referred to as the bonding period.
The tending period for a particular adhesive depends on the temperature at which the bond is formed and
the pressure applied between the :rest and liner. However, the applicant envisages that the present
method may be used to produce single face corrugated board without the application of heat - La,,
substantially at ambient temperature. - say 5C - 30C. At ambient temperature the boricfing period may
vary as a funothri of the amount of gide applied (as droplets) and the pressure applied between the finer
and the ores/ of the flute, with shorter bonding periods for higher applied pressures and less glue. It
should be appreciated that the choice of adhesive of the present invention is important. As noted in the
Background Art, starch based adhesives require a activation temperature in the order of 150t. Thus, such
an adhesive would not be desirable for use with the present invention. Suitable adhesives that can set
rapidly at room temperature, and has the required strength are discussed later on in this specification. It is
of significant advantage of the presit enables the board to produce without the application of heat. As
discussed further in the pecification, this removes the need for expensive machinery and energy
requirements. it should be appreciated that it is the recognition that the application of discrete amounts of
adhesive enables the significant advantage to be achieved through shorter bonding time at ambient
temperatures. 



In the second step of the method according to the present invention the liner is       d against the fluted
sheet for a time sufficient to allow a bond to form. This may be achieved by a variety of means.  In a
preferred embodiment: the panar sheet is pressed agamst the c magated sheet by a tensioned endless
belt The exertion of pressure on a liner to press it against a fluted sheet by use of atensioned endless
belt, is well known in the art and the equipment to do so need not be discussed in further detail. The
pressure may be adjusted to be at, or just below, theximum pressure that can be applied ;without
deforming the paper (liner and flutedExcessive pressure can lead to creasing :andlor tearing of the paper.
The maximum pressure Wiil vary depending on the material used for the liner and fluted paper. in a
preferred embodiment the sheet materials are held tqgether for a period not less than two seconds. The
applicant has found that using an endless belt tensioned to hold the liner firmty against the crests without
damaging the liner, and with suitable commerciaily avariabie adhesive, the liner and fluted sheet need to
be pressed together for a period (pressing time) ionger than about two seconds at room temperature to
ensure the finer and fluted board form a good bond. Typically, for pressing times less than around two
seconds, or if the pressure between the sheets is too little, a single faced corrugated board will not be
formed in such cases, the tension in the corrugated sheet is sufficient to break the bond, so that the liner
comes away from the fluted sheet For itactical purposes at room temperature holding times between two
seconds and four secondsdesirable, with a pressing time of around three seconds being 



preferred. Pressing times greater than four seconds may be used, but are not preferred as such times
may significantly reduce the production rate of single face corrugated board.  A pressing time of around
three seconds is significantly slower than that achieved by some prior art machines through the use of a
combination of high temperature and high pressure, However, an advantage Of the present invention it4
that amay produce quantities of :single face corrugated board at an acceptable rate at morn temperature.
This provides the advantage of a process and apparatus which may produce single face C:orrugated
board at a reduced cost and in a safe and environmental friendly manner. The inventor considers the
combination of the discrete application of adhesive droplets with an increased holding time (as compared
to conventional machines) enable an adhesive to be used that can set at room temperature. In a
preferred embodiment the adhesive is a water-bass:d dispersion containing vinyl acetate copolymer. A
water-based adhesive containing vinyl acetate copolymer in dispersion may be preferred as, under
rionhal use, it is a non-hazardous substance" and therefore can be used safely provided normal
ventilation is provided. Vinyl acetate copolymer dispersions can be retatively quick setting at room
temperature and do not require a high activation temperature - unlike starch based glues. They have a
/ow viscosity, good adhesion and a long open time A relatively low viscosity is required to allow the
adhesive to flow readily, (e.g., when being transferred from an applicator to the fluted sheet) while a goad
adhesion provides the ability to adhere quickly to a surface. The open time is a measure of the time.
under normal temperature.ssure, that the adhesive can have an exposed surface before it loses its ability
to wet the opposing surface and penetrate into the opposing surface fibres. This wetting and penetration
is required to form an effective bond between the fluted paper and the  liner. An adhesive having a
relatively long open time is preferred as the adhesive may be open to the atmosphere for some time prior
to application to the flutes. 



adhesive is Adhettinn' .Z9129W, a vinyl acetate copoymer supplied by Henkel New Zealand Limited. The
applicant has found that Adhesin'm Z9129W has the required viscosity, and long open time required for
use with the present invention. For example, Adhesin14 Z91290/ has a viscosity in the range 2100-2200
rri,Pa.S and an open time of between 0.5 to 1 minute. However, it is envisaged that other adhesives
having similar properties may also be used. Applying an adhesive (such as Adhesion' Z9129W) in droplet
form to the crest of a sheet, and pressing a liner against the crest for around 3 .s to form a bond      en the
fluted sheet and liner, provides a number of significant advantages over the prior art In particular, the
method may be used to produce sincle face corrugated paper board at room temperature. As a result
there is no need for heating of the corrugating rolls or drying out of the single face corrugated board.. This
may translate into a significant reduction in energy use and hence lower the production cost of the paper
board. According to another aspect of the resent invention hicator tar applying adhesive in a discrete,
amount, including a roller characterised uter surface of the relict has a contoured     contoured surface
can come in a number of forms and in one embodiment hey may be dimpled or an irregular surface. In
some embodiments the surface May be in the form of a U-shaped groove,  



ably however, the contoured surface is in the orm ofcorrugations reminiscent of a square wave.
Reference to corrucated surface should he understood to refer to a surface formed into - caries of crests
and troughs. In a preferred embodiment the crests (and troughs)substantially parallel and extend around
the circumference of the roller. In a preferred embodimentcrests tomi a spiral. A series of crests may be
formed across the surlce of the roller by making a spiral cut around the surface of the roller in a similar
manner to forming a (non-tapered) screw thread A spiral out, or screw thread, may be relatively easy to
machine into  smooth surface of a roller. This may reduce the cost of forming an applicator in comparison
with other types or arrangements of crests. In other e, odiments the crests may fora tera-ntric cirdes.
Preferably the crests and troughs may be formed by cutting for otherwise shaping) a 'V or square shaped
groove in the surface of the applicator. The actual shape of the groove is not critical, but a V shaped
groove is preferred as it is relatively easily cut into a smooth cylindrical surface. In use, adhesive may be
supplied to the applicator by a smooth surfacepick-up roller. 



For example, spray o le may be used of an air blade that passes through a trough. in an embodiment that
has a pick up roller, the pickupis mounted adjacent to an adhesive bath such that as the pick-up roller
rotates Its outer surface is coated  with adhesive. The applicator is mountrespect to the pick-up roller such
that the the applicator make firm contact with the surface of the pick-up roller. in this Way adhesive is
transferred from the surface of the pick-up roller into the grooves in the surface of the applicator, with lithe
or no adhesive being applied to the crests of the applicator. The gap between the pick up roller and the
roller that forms part of the applicator deterof glue being applied. The mounting of the applicatsuch
lbcrests of the applicator make NM contact with the Croats of the fluted sheet on the corrugating roll. With
this arrangement as the applicator rotates it picks up adhesive in the grooves on its surface as it contacts
the piris-up roller, and then deposits the adhesive as droplets onto the crests of the fluted sheet. The
amount of adhesive for each droplet may be determined by the size (width and depth) of each groove,
while the separation of the droplets may be determined by the separation of adjacent grooves. 



It should be appreciated that the groove shoffid be sufficiently shallow to avoid to much glue being
deposited onto the paper. In a preferred embodiment, the depth of the groove is only 0.5 mm and width of
the groove is only in the order of 1mm. This may of course vary in according to the requirements of the
invention. In a preferred embodiment the crest may take theof a sharp edge. Preferably, the. 'V-shaped
grooves are arranged such that each groove abuts the adjacent grooves to form a sharp edge so that a
section through a series of grooves forms a continuous zigzag pattern. This arrangement may provide the
minimum separahon between adjacent droplets (for a (Sven width of each groove), In some other
embodiments hcrests may have a flat section, rn which case he separation of the droplets may be
correspondingly larger. According to another aspect of the present invention there is provided a machine
for making single faced corrugated board by bonding a corrugated sheet material having one or more
crests onto a substantially planar sheet, the machine including       lic .Aot configured to apply adhesive to
eac.h crest of e corrugated sheet material, and a pressing mechanisre for pressing the planar sheet
against the crest of the corrugated material charatensed in 0 the applicator is conk:cited to apply adhesive
in discn&te amounts to the crest of the corrugated sheet material arid the pressing mechanism is
configured to press the liner sheet against the crest until a bond is former.1 between them. 



A machine for making single face corrugated board according to the present invention has many features
in common with some prior art machines in particular a fluted sheet is formed by passing a sheet material
between the intermeshed teeth of first and second corrugating rolls. The fluted sheet is held against the
second corrugating roll, which typically has a larger diameter than the first corrugating roll, by a vacuum
created inside the second corrugating roll, As the second corrugating mU rotates the fluted paper passes
an adhesive is applied to the crests of the fluted sheet.  In a preferred embodiment the applicator in
luderoller having a corrugated surface substantially as described above. The .cornigated surface of the
app/icator (as describede) is configured to apply droplets of adhesive across a crest of a fluted sheet.
This is in contrast to conventional riradlinEi$ in which the applicator typically has e knurled surface so as
to spread a relatively broad strip or line of adhesive across the crest of the flute. The applicator is
rotatabty MOUPsuch that the outer surface (crests) of the applicator press against the crehe fluted paper
held on the second corrugating roll. In a preferred embodiment he pressing mechanism is a tensioned
endless belt. 



An endless belt may be configured to move around a plurality of rollers, the rollers arranged such that the
belt is held in contact with the liner as the liner and noted sheet move around the periphery of the second
corrugating roll. This arrangement may be achieved by placing two end guide rollers spaced apart around
the periphery of the second corrugating roller; the spacing defining the distance over which the belt
contacts the liner. The two end guides may be mounted so as to provide pressurehe bet) onto the liner as
it initially contacts the fluted sheet, and again just before the single face fluted sheet is rerno-ved from the
second corrugating roll.    , belt May be tensioned by adjustment clone or more of the tmaining rollers so
that the belt applies pressure to the liner to press it against the fluted sheet. As there is no heating
required, a standard rubber belt may be used, rather than the more exotic materials used with heated
rollers, Use of a standard rubber belt may result in less damage to the surface of the liner, and hence a
superior product,  In other embodiments the endless belt may be made of plastics or synthetic material An
advantage of he present method, when applied at room temperature..is that endless belt may be formed
using heat sensitive materials such as plastics: synthetics and some rubbers that would not be suitable in
conventional, heated processes. In a preferred embodiment the endless belt is configured to press the
sheet materials together for more than 2 seconds. In a preferred embodiment the endless belt is
configured to press the sheet materials together far a time between about 2 seconds and about 4
seconds. Generally with the belt tensioned tightly against the liner, the time taken to form a bond at
normai room temperature is more than 2 seconds. In genera:, a time of around 3 seconds is preferred as
this has been found to provide a reliable bond throughout the normal range of ambient temperatures - say
5C - 301'C. 



The production ate of single face corrugated board usmg such a machine depends on several factors,
including the diameter of the second corrugating roll, the percentage of the periphery of the second
corrugating roll that the belt is pressed against, and the speed of rotation of the second corrugating roll,
These factors may be varied so that pressure is applied between the liner and the fluted sheet for the time
required to form a bond at room temperature. Once a convenient arrangement has been found: the
production rate can be determined by scaling the         For example, if the percentage coverage of the
second corrugating roll by the endless belt is fixed, the production rate can be varied by choosing an
appropriate diameter and speed of rotation of the second corrugating roil,  The main advantage of the
method of the present inventionit provides the ability to form single face corrugated board at 00in
temperature at a rate that may be comparable to conventional methods. In other words, the present
}nntion Slows the efficient production Of single phase corrugated board without requiring additional heat
to be appii,ed to the process. This feature is achieved by theb ration of applying adhesive to the fluted
paper in droplet form, followed by pressing the liner against the fluted sheet until bond is formed
Application of droplets alone (without applying pressure), or applying adhesive as a strip or line (as in
conventional methods) followed by pressing, both may result in the time taken to form a bond (and hence
form single face corrugated board) is too long to be practicable commercially. However by combining the
two aspects, the time required to fort bond may be reduced to around 3 seconds at room temperature.
form single face corrugated board at room temperatures provides one or more the following advantages
over the prior an. Saving in energy cost and a lower carbon, footprint than convenbonal methods through
removing the need to heat the corrugating rolls and to dry the paper. This removes the requirement for
high pressure steam: which is very energy intensive. Saving in the cost of machinery. As heating is not
required, there is a significant saving in not requiring boilers, pipe work and containment for high pressure
steam. Further, as the machine is operated at room temperatures it 



can be constructed from simpler and less expensive materials, such as (without limitation) ceramics,
plastics or wood. As such materials are generally easier to form and lighter than the materials (generally
hardened 19  steel) used in conventional machines that use steam, the machine may be cheaper to make
and be supported by a lighter frame, again saving on material cost. Saving in space. Removal of the
apparatus associated with hez result in a machine that requires less space than conventional, heated
machines.  Improved safety. As the machine operates at room temperature, the hazard associated with
production and use of high pressure steam are no longer present, Saving in operating costs. Apart from
reduction energy usage, the present method may result in significantly less consumption of adhesive.
importantly a machine according to the present invention may bCog that makes it suitable for on-site
production of single lam corrugated board. Conventional heated mathines are typically large, energy
intensive and expensive to construct and operate. As a consequence such machines are commonly
operated in centralised ktcations, with the single faced wet:gated board, or products Made from it,
transported to consumers. The size of the machine according to the esent invention is scalable, mainly
:because no heating apparatus is required. Hence, a machine according to the :present invention may be
of a size suitable for installation and operation on the site of the consumer, for example to make
packaging on site. This may provide 



"savings to the consumer, as supply would be controlled by the consumer, and there would be no
transport and handling costs from off-site production.  BRIEF DE5istiiiffnah OF DRAWNGS Further
aspects of the present invention will becomeapparent from the following description which is given by way
of example only and with reference to the accompanying drawings in which: Figure 1shows .a schematic
side elevation of part of a single facer machine according to one embodiment of the present: invention,
and shows a close up of the applicator portion of the machine in Figure 1 according to one embodiment of
the present invention. Figure 2shows a schematic view of an edge portion of an applicator according to
one embodiment of the present invention, Figure 3Ashows a schematic side elevation of a fluted sheet
'Mth droplets of 



adhesive applied to the crests; ,ire X3ematic perspective view of a ftutsd sheet wh a line of spaced apart
droplets of adhesive along two of the ores and BEST MODES FOR BARRY/Ng, OUT THE A portion of a
machine foring single faced corrugated board is generally shown by arrow (1) in the schematic side
elevation shown in Figure 1. A first corrugating roller (2) has teet (2') arranged around the periphery of the
first corrugating roller (2): the teeth ') extending lateratly across the width of the first corrugating roller (2).
A second corrugating Fidler (3) has teeth (X) around its periphery. The diameter of the second
corrugating roller (3) is substantially larger than the diameter of the first corrugating roller (2).  The
corrugating rollers (2 and 3) are arranged such that teeth (2') of the first corrugating roller (2) intermesh
with the teeth (3') of the second corrugating roller (3) in the region indicated by number (16). The first
corrugating roller (2) is powered to rotate in a dockwise direction and the second corrugating miter (3) is
powered to rotate in an anticlockwise direction, as indicated by the respective dashed arrows. 



A planar sheet inatenat in the form of a sheet of Kraft page ), is fed around the first corrugating roller (2)
and between the intermeshed teeth in the region of arrow (16) The action of the teeth as they intermesh
folds the Kraft paper into a series of crests to form a fluted sheet (S). The Kraft paper may be recycled or
virgin paper and ideally in the order of 90 to 150 gsm. The secondroller (3) includes open passageways
(not shown) so that a partial YaCLIUM can be created inside, the corrugating roller (3) by connecting a
vacuum pump (not shown) to one end of the corrugating roller (3). This partial vacuuminside the second
corrugating roller (3) is used to hold the fluted sheet (8) in place against the teeth (3') of the second
corrugating roller (3). An applicator in the form of a glue roller (4) has an outer surface configured as a
series of crests and troughs which extend around the circumference of the roller. The crests are formed
by a spiral V shaped cut extending around and across the surface of the glue roller (4). Adjacent 'V
shaped troughs (2 , 22) me(2 0) of the roller (4). Each crest (20) has a sharp edge as shown in Figure 2
such that the series of crests form a zigzag patter!, in cross section.  The glue ro/ler (4) is rotatabiy
mounted alongside the second corrugating roller (3), the axis of rotation of the glue roller (4) being
substantially parallel to the axis of rotation of the corrugating roller (3). The axis of the glue roller (4) is
displaced from the axis of the second corrugating roller (3) by a distance such that the crests (20) of the
glue roller (4) hold against the crests of the fluled sheet (8) held in the teeth second corrugating roller (3).
A pick-up roller (5) is rotatably mounted on an axis substantially parallel to the axis of the glue roller (4),
and is arranged such that the surface of the pick-up roller (5) makes firm contact with each crest of the
glue roller (4). 



A bath (8) contains adhesive in the torn of Adhesintl" 29129W. The balh (6) is arranged such that the
outer surface of the pick-up roller (5) is coaled with Adhesiniu 219129V11 as the pick-up rollerrotates. The
first corrugating rollers (2), second corrugating roller (3), the glue roller (4) and pick-up roller (5) all have a
width comparable to the width of the fluted sheet (8). Adhesive is transferred from the surface of the
pick-up roller 5) into the troughs (21, 22) of the glue roller (4). The adhesive is carried by the glue roller (4)
as it rotates at a peripheral speed corresponding to the corrugating roller when the glue roller contacts a
crest of the fluted paper (8) along the contact line (9), at which point the adhesive i5 transferred from the
troughs (21., 22) onto the crest (18) in the form of droplets. A schematic side elevation of a sheet of fluted
paper, in which droplets (1a been deposited onto the crests (18), is generally indicated by arrow 17 in
Figure 3A, Figure 3B shows a Schematic perspective view of a plurality ofdropleis (19) deposited along a
crest (18) of a sheet of fluted paper. 23  Referring back to Figure 1, a second planar sheet of Kraft paper,
in the form of a liner (10) is pressed against the flirted sheet (8) by a tensioned belt assembly generally
indicated by arrow (17). The endless bell (13) is held in place against the periphery of the second
corrugating roller (3) by the action of the first guide end roller (11); second guide end roller (12): two guide
rollers (14) and a tensioning roller (23) as known in the prior art. 



The separation of the first guide end rollerfrom the second guide end roller (12) determines the length
over which the endless belt (13) applies pressure to the liner (10). This separation corresponds
approximately to three quarters of the periphery of the second corrugating roller (3), this being
approximately the mannum length available (so as to leave room for the first corrugating roller (2) and the
glue roller (4). Tension is applied to the$ belt (13) by adjusting radially (with respect to th axis of the
second corrugating roller (3); the position of the tensioning roller (23). In practice tension in the belt (13) is
adjusted to the point wheredamage, typically in the form of creasing or tearing of the liner and/or fluted
paper, occurs. The tension, is then reduced by backing off the tensioning roller (23) to the lowest tension
below this threshold where damage does not occur The amount of tension applied to belt (13) to achieve
the cx3rrect pressure of the bell (13) against the roger (3) depends on many factors including the nature
of the sheet materials used for the liner and fluted sheets. The joining of the liner (10) to fluted paper (8)
forms corrugated board (15). A pick (24) is located in the vicinity immediately after the guide end roller
(12). The pick (24) is used to help release the bonded single face corrugated board (15) from  being held
by the vacuum inside the second corrugating roller (3). The rate of production of single face corrugated
board (15) in this arrangement is determined by the diameter and rotation speed of the second
corrugating roller (3). With the endless belt (13) extending around approximately three quartets of the
periphery of the second corrugating roller (3), this fixes the rotation time at around 20 revolutions per
minute, independent of the diameter of the roller (3). However, the amount produced is dependent on the
diameter, D (measured in metres), of the roller (3) and is given (for the configuration described above) by
2anD metres per minute, le., around 63 times the diameter of roller (3) (measured in metres) metres per
minute. For example, a second corrugating roller (3) having a diameter D1 1.6 en producemin of singled
face paper board. 



Figure 1A is a close-up of the machine shown in Figure 1 and shows more clearly the corrugations on the
glue roller 4A. Aspects of the present invention have been described by way of exampleand it should be
appreciated Mat modifications and additions may be made thereto without departing (Torn the scope
thereof as defined in the appended claims.  STATEMENTS OF INVENTION A method of bonding a subpi
at sheet material to a corrugated sheet material using an automated process the method characterised b
he teps of applying adhesive in discrete amounts to the contact points of the coirugaled sheet material,
and b)holding the sheet materialsr until a bond is formed between them, 



2. A method as claimed in claim 1 wherein the sheet materials are made from 3. A method as daimed in
ciagn 2 wherein at least one of the sheet mat are made from Kraft paper. A method as claimed in any
onewherein the adhesive is a water based glue. A method as claimed in claim- 4 wherein the adhesive
includes a vinyl acetate copotymer dispersion. A method as claimed inadhesiveviscosity in The range of
2100-2200 tniPa.S and an open time of between 0,5 to 1 minute, A method as claImed in any ane of
claims 1 to 6 wherein the dt orete t of adhesive is in the form of a droplet  A method as :Aimed in any one
of claims 1 to 7 wherein the pressure applied to bond the sheet rnatenals together is applied by an
endless tensioned belt. A method as claimed in any one of claims 1 to B wherein the time that the sheet
materials are pressed together is not less than no seconds. 



STATEMENTS OF INVENTION

O. A method as claimed in claim 9 wherein the time is between two and four seconds. An applicator for
applying adhesive in a discrete amount to a corrugated sheet material, the applicator including, a roller,
characterised in that the outer surface of the roller has a contoured surface An applicator for applying
adhesive in a discrete amount to a corrugated sheet material wherein the contoured surface is in the form
of corrugations. 13. An applicator  s claimed in claim 12 wherein the crests of the corrugations on the
roller form a spiral. 14, A machine for making single face corrugated hoard whichincludes applicator as
claimed in any one of claims 11 to 13. 15, A machine as claimed in claim 14 wherein the adhesive is
applied to the applicator by a pick up roller. 16 A machine as claimed in either claim 14 or claim 15
wherein the appik is mounted with respect to the pick up roller such that the crests of the applicator make
firm contact with the surface of the pick up roller.  A machine as claimed in any one of claims 13 to 15
wherein the mounting of the applicator with respect to the machine is such that the crests of the applicator
corrugations make firm contact with the crests of the coreigated sheet material, 



18. A machine for making single face corrugated board by bonding a corrugated sheet material having
one or more crests onto substanhalI planar sheet, the machine including an applicator configured to apply
adhesive to the crest of the corrugated sheet material, and a pressing mechanism for pressing the planar
sheet against the crest of the corrugated sheet materiat, characterised in that the applicator is configured
to apply adhesive in discrete amounts to the crest et the corrugated sheet material and the pressing
mechanism is configured to he'd the planar sheet against the crest until a Wild is  between, them. 19. A
single fate contigated hoard manufactured according to the method claimed in claims': to 10. 20. A single
face corrugated. board manufactured by the machines as claimed in claims 11 to 18.  22 An applicator
substantially as herein described in the Best Modes Section and illustrated with reference to the
accompanying drawings. A machne substaotaHy as herein described in the Beat Modes Section arid
illustrated with reference to the accompanying drawings. 



WHAT WE CLAIM IS: 1. A use of a roller to which adhesive is applied to transfer discrete droplets from
the outer surface of the roller to a corrugated sheet material wherein the roller includes:         a contoured
outer surface having a series of grooves and ridges alternately positioned there along;         wherein the
depth of the groove is substantially 0.5mm and the width of the groove is substantially 1mm and wherein
the axis of the grooves intersects the axis of the corrugations of the sheet material such that discrete
droplets of adhesive can become applied to crests on the corrugated sheet material, via the troughs of the
roller, upon contact being made there between. 2. A use of an adhesive roller as claimed in claim 1
wherein the adhesive roller picks up adhesive as a consequence of the roller rotating. 3. A use of an
adhesive roller as claimed in claim 1 or claim 2 wherein the grooves are parallel to one another and
extend around the circumference of the roller. 4. A use of a roller as claimed in claim 1 wherein the ridges
and grooves are in the form of a spiral. 





WHAT WE CLAIM IS: 

1. A use of a roller to which adhesive is applied to transfer discrete droplets 

from the outer surface of the roller to a corrugated sheet material wherein 
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2. A use of an adhesive roller as claimed in claim 1 wherein the adhesive 

roller picks up adhesive as a consequence of the roller rotating. 

3. A use of an adhesive roller as claimed in claim 1 or claim 2 wherein the 
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