
EP 0 295 957 B1 Description The invention pertains to a method of and
apparatus for autogeniously (ie, without adhesives) laminating plural
layers or laminae of sheet material together  at least one layer of which
is thermoplastic film or web 5 or non-woven or the like, according to the
preambles of the independent claims. It is, however, not intended to
thereby limit the invention to precluding adhesive augmentation of such
autogenous laminating. Laminated Sheet Material And Methods of Making Such
Material are disclosed in US-A-3 530 023, upon which the preambles of the
independent claims are based. As disclosed, such material comprises at
least two adjacent layers of cellulosic fiber sheet material, and a layer
of thermoplastic material which layers are 10 secured together at a
plurality of bonding areas by heat and pressure without the addition of any
adhesive material. This patent states that such bonding may be achieved by
forwarding the layers through a nip between two rolls which rolls are
arranged to maintain a fixed spacial relationship relative to each other.
As further disclosed, one of the rolls may be smooth surfaced with the
other having spaced projections extending outwardly from its cylindrical
surface; or both rolls may have such projections. Bonding areas of a 15
size of from about 0.0005 to about 0.002 square inches (from about 0.003 to
about 0.013 square centimeters) are said to be preferred. A non-woven
structure, method and apparatus for producing non-wovens is disclosed in
US-A-4 035 219. In this apparatus as disclosed, a thermoplastic non-woven
is first formed as by extruding the thermoplastic from a spinneret; and
then passing the filamentary mass through bonding means. In the 20 bonding
means, a bonding member such as a roll is provided which has projections on
it; the bonding member is heated to a temperature below the softening point
of the thermoplastic to be bonded, and the 20  bonding member is pressure
biased towards a backing member such as a roll; and the material to be
bonded is passed therebetween. For example, through the nip between a pair
of pressure biased nip rollers: a heated pattern roller having projections;
and a backing roller. Bonding is said to be effected by virtue of 25 the
work done by the pressure biased, heated projections to compress the
material. Projections having areas of from about 0.00001 to about 0.0005
square inches (from about 0.00006 to about 0.003 square centimeters) are
stated to be preferred albeit projections having areas of up to about 0.001
square inches (about 0.006 square centimeters) are claimed. While prior art
laminating apparatuses and methods for laminating web materials together
have 30 addressed some of the problems of achieving such lamination in the
absence of adhesives, they have not addressed the problems to the extent of
or in the manner of the present invention. For example, and without
intending to thereby limit the scope of the present invention, providing an
apparatus wherein laminating is achieved through the use of pressure biased
laminating rolls which are operated with a predetermined surface velocity
differential between them as provided by one aspect of the present
invention; and providing 35 an apparatus having heated, velocity matched
laminating members having pattern elements having areas of greater than
0.002 square inches (about 0.013 square centimetres) which apparatus is
particularly useful at intermediate and high level velocities as is
provided by another aspect of the present invention. The invention
provides, in one aspect, a method of dynamically bonding plural laminae
together, at least one of which laminae comprises thermoplastic material,
comprising the steps of forwarding said 40 laminae with portions thereof in
face to face relation, through a pressure biased nip between a relief
patterned nip defining member having pattern element segments, and a nip
defining anvil member, said nip defining members being biased towards each
other with a predetermined pattern-element loading; wherein the method
comprises driving said nip defining members to provide a predetermined
surface velocity differential therebetween, in the range of from 2 to 40
percent of the surface velocity of said nip defining 45 member having the
lower surface velocity. Preferably, the nip defining anvil member is smooth
surfaced; and is operated at a surface velocity that is greater than the
surface velocity of the patterned nip defining member. More preferably, the
surface velocity differential is in the range of from about 2 to about 20
percent. In another aspect of the invention, an apparatus is provided for
carrying out the above method of so dynamically bonding plural laminae
together said apparatus comprising a relief patterned nip defining member
and a nip defining anvil member, means for mounting said nip defining
members to define a nip therebetween through which nip said laminae may be
forwarded with portions thereof in face to face relation, means for
controllably biasing said nip defining members towards each other, and
means for driving said nip defining members 



55 characterised in that said driving means is adapted to provide
differential surface velocities within a range of from 2 to 40 percent of
the surface velocity of said nip defining member having the lower surface
velocity. 2    EP 0 295 957 B1 The method may further comprise the step of
heating each of the nip defining members to a surface temperature that is a
predetermined number of degrees below the melt temperature of the
thermoplastic lamina disposed closest to it as the laminae are forwarded
through the nip between the nip defining members. 5     Preferably, the
apparatus further comprises means for independently heating the nip
defining members so that the surface temperature of each is within a
predetermined range below the melt temperature of whichever lamina of the
laminae that comprises thermoplastic material is disposed closest to each
respective nip defining member as the laminae are forwarded through the nip
defined by the nip defining members. 10     A method of operating the above
apparatus for dynamically bonding plural laminae together is also provided
which assures bonds of high structural integrity in the absence of tearing
and the like while assuring longevity of the pattern elements of its
patterned nip defining member. Essentially this method entails operating
one of the nip defining members at a predetermined velocity, e.g. a
predetermined line speed in a converting apparatus. The velocity of the
other nip defining member and the level of pressure 15  biasing of the nip
defining members towards each other is then adjusted to determine an
operating point (i.e. a desired line velocity at a given velocity
differential between the nip defining members and at a given level of nip
pressure biassing) at which satisfactory autogenous bonding can be achieved
at a level of nip pressuring biasing substantially lower than would be
required in the absence of a velocity differential between the nip defining
members. Preferably, the operating point for each line speed will be at a
20  sufficiently high differential velocity to enable operating at a
non-deleterious level of nip biasing pressure to achieve satisfactory
bonding, i.e. strong bonding in the absence of a deleterious tearing or
perforating of the laminae. However, at intermediate and high line
velocities, operating points may be realized at zero velocity differential,
i.e. with the nip defining members having equal surface velocities.
Generally speaking, non- deleterious levels of nip biasing pressures are
pressures below the yield strength of the pattern elements of 25  patterned
nip defining members and the like. Such biasing levels assure substantial
useful life of the patterns elements disposed on the patterned nip defining
member. While the specification concludes with claims which particularly
point out and distinctly claim the subject matter regarded as forming the
present invention, it is believed that the invention will be better
understood from the following description taken in conjunction with the
accompanying drawings in which: 30    Figure 1 is a fragmentary, somewhat
schematic side elevational view of an exemplary apparatus embodiment of the
present invention. Figure 2 is a perspective view of the patterned cylinder
of the bonding apparatus shown in Figure 1. Figure 3 is an enlarged scale,
fragmentary view looking radially inwardly toward a pattern element - a
bonding lug - which is disposed on the cylindrical surface of the patterned
cylinder shown in Figure 2. 35    Figure 4 is a fragmentary sectional view
taken along section line 4-4 of Figure 3. Figure 5 is an enlarged scale,
fragmentary plan view of two laminae having overlapping edge portions
bonded together through the use of the present invention. Figure 6 is a
somewhat schematic, fragmentary sectional view taken along section line 6-6
of Figure 5. Figure 7 is an enlarged scale, fragmentary plan view that is
similar to Figure 5 but wherein a different 40    pattern of bonds is shown
for lap bonding edge portions of two laminae together through the use of
the present invention. A somewhat schematic, fragmentary side elevational
view of a dynamic mechanical bonding apparatus 20 which is an embodiment of
the present invention is shown in Figure 1. Apparatus 20 comprises:
patterned cylinder 22; anvil cylinder 24; means 26 for adjustably biasing
cylinders 22 and 24 towards each 45 other with a predetermined pressure
within a predetermined range of pressures; means 28 and 29 for rotating
cylinders 22 and 24, respectively, at independently controlled velocities
to provide a predetermined surface velocity differential therebetween;
temperature control means 30a and 30b for independently 



heating cylinders 22 and 24, respectively, to provide predetermined surface
temperatures thereon; and rolls 31 through 38. Laminae 41 and 42, and
laminate 45 are also shown in Figure 1. Additionally, apparatus 20 50
comprises a frame, not shown; and means, not shown, for driving roll 31
through 38 for controllably forwarding laminae 41 and 42 through the nip 43
defined between cylinder 22 and cylinder 24, and for enabling forwarding
the resulting laminate --laminate 45--to downstream apparatus such as a
roll winder or web converting apparatus: for example, a disposable diaper
converter. For clarity of the present invention, neither the upstream ends
or sources of laminae 41 and 42, nor the ss downstream destination or user
of laminate 45 are shown. However, for example, it is well known to provide
laminae of thermoplastic films, and paper and other webs in roll form; and
to provide upstream unwinding 3    EP 0 295 957 B1 and splicing means to
enable forwarding continuous lengths of such laminae through laminating
means and or converters to make products comprising laminated and/or other
web elements at controlled velocities and under controlled tension.
Parenthetically, for simplicity and clarity of the invention, apparatus 20
is described herein as 5  comprising cylinders 22 and 24. However,
cylinders are but exemplary nip defining members as stated hereinbefore.
Accordingly, it is not intended to thereby limit the invention to apparatus
comprising cylinders per se. In the same vein, use of the term pattern
element is not intended to limit the invention to bonding patterns
consisting of only discrete, spaced pattern elements to the exclusion of
other patterns: eg, reticulated patterns or patterns comprising continuous
or elongate lines of bonding. 10     Briefly, referring to apparatus 20,
Figure 1 the present invention enables thermolaminating certain laminae
together --providing at least one of the laminae comprises sufficient
thermoplastic material that is susceptible to being thermobonded to the
other laminae -- by forwarding the laminae together through a pressure
biased nip between a patterned cylinder and an anvil cylinder which
cylinders have a predeter- mined surface velocity difference between them.
Such laminating can be effected at substantially lower nip is biasing
pressure (ie, substantially lower psi loadings on the pattern elements of
the patterned cylinder) than if the cylinders are operated at equal surface
velocities. Directionally, the greater the surface velocity differential,
the lower the required nip biasing pressure. However, too great a surface
velocity differential may precipitate tearing of the laminae, or the
formation of unwanted holes or perforations therein so should preferably be
avoided. Additionally, such laminating may be effected with even lower nip
biasing pressure if 20 one or both of the cylinders is heated: preferably
to temperatures which are sufficiently lower than the melting points of the
laminae that the laminae will not melt or stick to the laminating cylinders
in the event, for example, the apparatus is temporarily stopped. Referring
now to Figure 2, patterned cylinder 22 is configured to have a circular
cylindrical surface 52, and a plurality of protuberances or or pattern
elements 51 which extend outwardly from surface 52. The 25 protuberances
are disposed in a predetermined pattern: each pattern element being
configured and disposed to precipitate a bond site in the laminate being
produced to effect a predetermined pattern of bond sites in the laminate.
As shown in Figure 2, cylinder 22 has a saw-tooth shape pattern of
protuberances 51 which extend circumferentially about each end of the
cylinder. Such a cylinder is configured, for example, to laminate or
lap-seam together a relatively narrow perforated web to each 30  machine
direction side edge of an imperforate web or thermoplastic film to form a
backsheet for a disposable diaper having breathable side edges. Fragmentary
side edge portions of exemplary such lap- seamed laminates comprising
laminae having overlapping side edges are illustrated in Figures 5, 6 and 7
albeit neither lamina is shown to be perforated In those figures. In an
exemplary embodiment of the invention, cylinder 22 is steel, and has a
diameter of about 11.4 inches (about 29 cm.). 35     Anvil cylinder 24,
Figure 1, is preferably a smooth surfaced, right circular cylinder of
steel. In an exemplary embodiment of the invention, anvil cylinder 24 has a
4.5 inch (about 11.4 cm.) diameter, and is independently power rotated by a
speed controlled direct current motor. Means 26, Figure 1, for biasing
patterned cylinder 22 towards anvil cylinder 24 comprises pressure
regulating means 55, and pneumatic actuator means 56. Pressure regulating
means 55 is adapted to have 40 its inlet connected to a supply source P of
pressurized air, and to have its outlet connected to pneumatic 



actuator means 56 in order to adjust and control the pneumatic actuator
means loading of cylinders 22 and 24 towards each other. Whereas only one
pneumatic actuator or means 56 is visible in Figure 1, identical actuators
are in fact connected to each end journal of the cylinder; and, of course,
each end journal is supported by frame members and ancillary hardware (not
shown) to be vertically moveable so that, in fact, 45 the pressure biasing
means can be effective. Drive means 28, and drive means 29, Figure 1, are
provided to independently drive cylinders 22 and 24, respectively. Thus,
they constitute means for power rotating the cylinders so that there is a
predeter- mined but adjustable relationship between their surface
velocities. This can be synchronous, or assynch- ronous: equal surface
velocities; or with a predetermined surface velocity differential with
either cylinder so being driven faster than the other. In an exemplary
embodiment that is integrated into a disposable diaper converter, patterned
cylinder 22 is driven by the converter line drive through a gear train so
that its surface velocity is essentially matched to the line velocity of
the converter; and, as stated above, anvil cylinder 24 is powered by an
independently speed controlled DC (direct current) drive. This enables
adjusting the surface velocity of the anvil cylinder to be equal to, or
less than, or greater than the surface velocity of the 55 patterned
cylinder by predetermined amounts of percentages. Temperature control means
30a and 30b, Figure 1, are provided to adjustably control the surface
temperatures of cylinders 22 and 24, respectively. As stated above, these
means enable independently heating each of the cylinders 22 and 24 to
establish surface temperatures thereon that are predetermined 4    EP 0 295
957 B1 degrees below the melt temperature of the thermoplastic lamina
disposed most adjacent to each. As also stated above, such heating enables
effecting thermobonding of the laminae at lower nip biasing pressure than
would otherwise be required for any given line speed and surface velocity
differential between cylinders 22 and 24; and obviates having the laminae
melting and sticking to the cylinders during, for 5  example, converter
and/or laminator stops. Rolls 31 through 38, inclusive, are provided for
guiding and advancing webs or laminae 41 and 42, and laminate 45 through
and away from nip 43. Preferably these rolls are driven at surface
velocities which maintain predetermined levels of tension or stretch so
that neither slack web conditions nor excessively tensioned/stretched webs
and or laminate precipitate undesirable deleterious consequences. For
example, 10  in an exemplary disposable diaper converter comprising the
present invention, rolls 31 through 38, and cylinder 22 are driven through
gear trains and the like from the main converter drive to provide a nominal
draw of about one percent in the lengths of webs 41 and 42 being forwarded
to nip 43 from the S-wrap roll pairs 31/32 and 33/34 for web forwarding
control purposes; and about an equal amount of additional draw In the
length of laminate 45 being forwarded from nip 43 by the S-wrap drive rolls
37 and 38. is    Turning now to Figure 3, a fragmentary portion of cylinder
22 is shown which comprises one pattern element 51 disposed on cylindrical
surface 52. Figure 4, a fragmentary sectional view taken along section line
4-4 of Figure 3, shows that the pattern element 51 is an integral portion
of cylinder 22, has substantially vertical side surfaces, and projects
radially outwardly a distance H: ie, the radial height of the pattern
element. While such an integral relationship is preferred, it is not
intended to thereby limit the present 20 invention to such integral
constructions. In an exemplary apparatus 20, pattern element 51 has an oval
planform having a width of about 0.055 inch (about 0.14 cm.), length of
about 0.086 inch (about 0.22 cm.), end radii of about 0.0275 inch (about
0.07 cm.), end areas of about 0.004 square inches (about 0.026 square
centimeters) and are oriented on the surface of cylinder 22 with their
width dimensions extending circumferentially. Starting with a right
circular cylinder, pattern elements 51 were machined by removing 25
surrounding metal by electric discharge machining to a depth of from about
0.015 to about 0.020 inch (about 0.4 mm to about 0.5 mm). Additionally,
they were spaced -- center to center - about 0.0/0 inch circumferentially
(ie, in the machine direction), and about 0.072 inch laterally (ie, in the
cross machine direction). A variation of such an element has a slightly
chamfered edge: ie, about 0.010 inch wide edge portion beveled at about
forty-five degrees. 30     Figure 5 is a plan view of a fragmentary portion
of laminate 45, Figure 1, comprising overlapping edge portions of laminae
41 and 42 which have been thermobonded together by a pattern of bond sites
51b: the 



pattern being the pattern of pattern elements which extends
circumferentially about one end of pattern cylinder 22, Figure 2. For
clarity, the machine direction oriented edges of laminae 41 and 42 are
designated 41e and 42e, respectively, in Figure 5. 35     Figure 6, is a
somewhat schematic, fragmentary sectional view taken along section line 6-6
of Figure 5, which illustratively shows a bond site 51b which thermobonds
laminae 41 and 42 together to form laminate 45. As shown, the bond site 51b
has a bottom surface 51bb; substantially vertical side walls 53 and 54; and
shows the top surface of the bond site to be recessed substantially further
below the top surface of web 41 than the bottom surface 51bb is recessed
from the bottom surface of web 42. While not wishing to be 40 bound by a
theory of operation, it is believed that such recessing on the
pattem-element side of laminate 45 may be precipitated by the pattern
elements 51 displacing portions of the laminae per se; and the recessing on
the anvil facing side of the laminate may be precipitated by cooling and
removal of compressive forces upon laminate 45 upon its issuing from nip
43, Figure 1. Indeed, in some lamina, portions of bond sites may even
protrude rather than being recessed. 45     Figure 7, a plan view of a
fragmentary portion of an alternate laminate 145 made in accordance with
the present invention. Laminate 145 is different from laminate 45 inasmuch
as the zig zag pattern of bond sites of laminate 145 comprises only 3 bond
sites per leg whereas the pattern of laminate 45, Figure 5, comprises 5
bond sites per leg; and the bond sites of laminate 145 were precipitated by
pattern elements similar to pattern elements 51, Figure 4, but for having
sloped sides rather than vertical sides. Thus, each 50  bond site 151b of
laminate 145 has tapered or filleted side walls 151f. An exemplary
embodiment of apparatus 20, Figure 1, comprising the exemplary elements
described above was operated as follows to make sample laminates comprising
overlapping side edge portions of two thermoplastic laminae. 55 5    EP 0
295 957 B1 SAMPLE SET 1 A first set of samples -- samples 1a, 1b, 1c, 1d,
and 1e --comprising identical polyethylene laminae having nominal
thicknesses of about one-and-two-tenths mil (about 0.03 mm), and melt
temperatures of 5  about 225 degrees Fahrenheit (about 107 degrees Celcius)
were run at a constant line velocity of about four-hundred-fifty feet per
minute (about 137 meters per minute); and with both nip defining cylinders
heated to provide surface temperatures of about one-hundred-sixty degrees
Fahrenheit (about 73 degrees Celcius). Four different anvil cylinder
surface velocities were set: minus five, zero, five, ten, and twenty
percent faster than the patterned cylinder/line velocity. At each
differential velocity condition, the nip biasing 10    pressure was
adjusted to precipitate bonds having about equal nominal peel strengths.
The results are tabulated in TABLE 1. Note that nip biasing air pressure
(ie, the pressure adjusted by regulator 55, Figure 1) values are included
as well as calculated nominal pattern element loadings in pounds per square
inch (psi). Without intending to thereby limit the present invention, it is
believed that the relative values of pressure (ie, their differences)
manifest a principal benefit of the invention: that substantially lower
pressures 15 can be used in combination with greater velocity differentials
to achieve bonds having approximately the same nominal peel strengths. This
benefit translates, of course, into substantially longer pattern element
lives. TABLE 1 20 Sample Differential Velocity, Anvil Cylinder Nip Biasing
Actuating  Calculated Pattern  Relative Peel No.      Faster Than Patterned
Cyl.    Cylinders, kPa    Element Loading, kPa   Strength la
-5 %                     275.8              6.2x10[err]          475 25
1b                 0 %                     344.7              7.8x10[err]
500 1 c               5 %                     275.8
6.2x10[err]       , 475 I d              10 %                     206.8
4.7x10[err]          475 1e               20 %                     137.9
3.1x10[err]          450 30  Generally speaking, Table 1 illustrates that
nip biasing pressure and differential velocity are inversely 



related. That is, all other things being equal; nip biasing pressure may be
reduced as differential velocity is increased. Thus, nip biasing pressure
may be set at values below the yield point of the pattern elements to
assure relatively long operating lives for the pattern elements. SAMPLE SET
2 A second set of samples -- samples 2a, 2b, 2c, and 2d --were run using
the same laminae as for sample Set No. 1 at constant nip biasing cylinder
pressure of 275.8 kPa (40 psi)(ie, a calculated pattern 40  element value
of 6.2x10[err] kPa (90,000 psi)); and with the cylinders still heated to 71
C (one-hundred-sixty 40 degrees Fahrenheit). At four selected line
velocities, the velocity differential was adjusted to precipitate bonds
having about equal nominal peel strengths. The resulting data are tabulated
in TABLE 2. TABLE 2 45 Sample No.  Line Velocity, meters  Differential
Velocity, Anvil Cylinder   Relative Peel Strength Per Minute       Faster
Than Patterned Cylinder 2a              137                     20 %
620 2b              182                      10
600 2c              206                       5 %
580 2d              274                       0
630 Generally speaking, TABLE 2 illustrates that line velocity and
differential velocity are inversely related. That 55  is, all other things
being equal, as line speed increases, lower or no differential velocity is
required to achieve a given nominal level of bond peel strength.
Additionally, while peel strength data were taken in grams per inch units,
only relative values are listed in the tables inasmuch-as different test
methodologies may precipitate different values. 6    EP 0 295 957 B1 SAMPLE
SET 3 A third cat of samples -- Samples 3a, 3b, 3c, 3d, and 3e --were
laminated from the same laminae as Sample Sets 1 and 2 above, using zero
differential velocity, and heating both nip defining cylinders to about 5
one-hundred-eighty degrees Fahrenheit (about 82 degrees Celcius). Five
values of line velocity were set; then, the nip biasing pressure was
adjusted to precipitate bonds having about equal nominal peel strengths.
The resulting data are tabulated in TABLE 3. TABLE 3 10 Sample  Line
Velocity, metres  Biasing Actuating    Calculated Pattern    Relative Peel
No.        Per Minute       Cylinders, kPa    Element Loading, kPa
Strength 3a          30.5              70 482.7           10.9x10[err]
420 15         3b           51.8            344.7
7.8x10[err]            460 3c          91.5             344.7
7.8x10[err]            470 34         450 137           275.8
6.2x10[err]            450 3e         600 182            30 206.8
4.7x10[err]            450 20 Generally speaking, these data illustrate
that - in the absence of differential velocity between the nip defining
cylinders - the amount of nip biasing pressure required decreases as line
velocity increases: particularly above three-hundred feet per minute (about
91.4 meters per minute); and, more particularly, at and above about
four-hundred-fifty feet per minute (about 137 meters per minute). 25
Reflecting back to TABLES 1, 2 and 3, they essentially resulted from
exploring three parameters two at a time: nip biasing pressure, velocity
differential between the defining cylinders, and line velocity. Another
important variable with respect to this invention is the temperature(s) to
which the surfaces of the nip defining members (is, their surfaces) are
heated. Generally speaking all other things being equal, as cylinder
temperature is increased from ambient towards the melting temperature of
the thermoplastic lamina 30 disposed closest to or in contact with the
cylinder, bonds of increasing strength will be realized up to a point; and
further increases in cylinder temperatures will produce bonds of lesser
strength. In general, cylinder surface temperatures in the range of from 22
-55  Centigrade (about forty to about one-hundred 



degrees Fahrenheit) below the melt temperature of the lamina disposed
closest to or in contact with each respective nip defining cylinder produce
high strength bonds, and without precipitating holes in the laminae. 35
Directionally, optimum cylinder surface temperatures are inversely related
to line velocity: higher cylinder temperatures being preferred at
relatively slow line velocities, and lower cylinder temperatures being
preferred at relatively high line velocities. Thus, for example, with the
identical laminae (both polyethylene having a melting temperature of 107.5
[err] C (about two-hundred-twenty-five degrees Fahrenheit)) as utilized for
Sample Sets 1, 2, and 3, satisfactory bond strengths-all other things being
equal--were achieved at cylinder 40  temperatures of about one
hundred-forty degrees Fahrenheit (about 60 degrees Celcius) at a line
velocity of about six-hundred feet per minute (about 183 meters per
minute). When one lamina was replaced with a higher melting point
polyethylene-a film having a melting point of about two-hundred-fifty-seven
degrees Fahrenheit (about 125 degrees Celcius)--comparable strength bonds
were achieved by heating the cylinder in contact with that lamina to a
temperature of about one-hundred-seventy degrees Fahrenheit (about 77 45
degrees Celcius). While not wishing to be bound by a theory of operation,
it is believed that differential velocity--when used-contributes shear
energy to enable dynamic, mechanically induced, thermobonding. This is in
addition to heat generated from molecular flow/fluid friction as bond-site
thermoplastic is quickly displaced by the intrusion of pattern elements
into the thermoplastic laminae. Additionally, inasmuch as effective bonding
of webs or laminae occurs when they are at room ambient temperature going
into the nip, it is believed that 50 heating the nip defining members (eg,
cylinders 22 and 24) acts more to retard heat flow from the bond sites
rather than being a source of heat flow into the bond sites. Moreover,
inasmuch as maximum bond strengths are normally achieved at cylinder
temperatures well below the melt temperatures of the laminae, it is
believed that bonds made at higher temperatures do not wholly set as the
laminate is forwarded from the bonding nip. Indeed, at high line speeds,
good bonding may be achieved without heating the cylinders; ie, having the
cylinders at room ambient temperature. While specific examples have been
described above, generally speaking, velocity-differentials in the range of
from about 2 to about 40 percent are preferred; from about 2 to about 20
percent are more preferred; and the surface velocity of the anvil cylinder
is preferably greater than the pattern cylinder albeit 7    EP 0 295 957 B1
it is not intended to thereby limit the present invention. Additionally,
while it is preferred that the anvil cylinder have a smooth cylindrical
surface, it is also not intended to thereby limit the invention to a
laminating apparatus comprising a smooth surfaced anvil cylinder. Moreover,
while the invention has been discussed above through the use of two laminae
in continuous length web forms, it is not intended to s  thereby limit the
invention to either continuous laminae or to two laminae. That is,
discontinuous discrete lengths of lamina can also be laminated through
application of this invention; and, of course, greater than two laminae may
be laminated through application of this invention. Referring back to
Figure 4, pattern element 51 is shown to have a height H. Generally
speaking, bond sites of minimum thickness are obtained when H is greater
than the sum of the thicknesses of the laminae to being laminated: eg, the
sum of the thicknesses of laminae 41 and 42 for the examples described
above. Such dimensioned pattern elements generally precipitate bond sites
having nominal thicknesses of about one-half mil (about 0.0127 mm) when the
laminae have nominal thicknesses of about one mil each. In the event
thicker bond sites are desired, the pattern elements must have heights
which are about equal to or sufficiently less than the sum of the
thicknesses of the laminae to precipitate bond sites having the desired 15
thicknesses. Claims 1. A method of dynamically bonding plural laminae (41,
42) together, at least one of which laminae 20     comprises thermoplastic
material, said method comprising the steps of: forwarding said laminae (41,
42) with portions thereof in face to face relation, through a pressure
biased nip (43) between a relief patterned nip defining member (22) having
pattern element segments (51), and a nip defining anvil member (24), said
nip defining members (22, 24) being biased towards each other with a
predetermined pattem- 



25     element loading; characterised in that the method comprises driving
said nip defining members (22, 24) to provide a predetermined surface
velocity differential therebetween, in the range of from 2 to 40 percent of
the surface velocity of said nip defining member having the lower surface
velocity. 30 2. A method according to Claim 1 wherein said laminae are
forwarded at a velocity of at least 91.4 metres per minute. said pattern
element segments comprise discrete projections having tip surface areas
greater than 0.013-square centimetres said predetermined pattern-element
loading is no more than 62 x [err] kPa and each said nip defining 35
member is heated sufficiently to permit said laminae to be dynamically
thermobonded together. 3. A method according to either one of claims 1 & 2
wherein said nip defining anvil member (24) is rotatably mounted, and
comprises smooth surface portions for opposing said pattern elements (51),
said surface portions being circular cylindrical sectors. 4. A method
according to any of the preceding claims wherein said patterned nip
defining member (22) is rotatably mounted and is driven at a surface
velocity essentially matched to the forwarding velocity of said laminae
(41, 42) through said nip (43). 45  5. A method according to any of the
preceding claims wherein said nip defining anvil member (24) is driven with
a greater surface velocity than said patterned nip defining member (22). 6.
An apparatus for carrying out a method of dynamically bonding plural
laminae together according to any one of claims 1-5, said apparatus
comprising a relief patterned nip defining member (22) and a nip so
defining anvil member (24), means for mounting said nip defining members to
define a nip (43) therebetween through which nip said laminae (41, 42) may
be forwarded with portions thereof in face to face relation, means (55, 56)
for controllably biasing said nip defining members towards each other, and
means (28, 29) for driving said nip defining members (22, 24) characterised
in that said driving means is adapted to provide differential surface
velocities within a 65     range of from 2 to 40 percent of the surface
velocity of said nip defining member having the lower surface velocity. 8
EP 0 295 957 B1                   *  C   L  M   S          * it is not
intended to thereby limit the present invention. Additionally, while it is
preferred that the anvil cylinder have a smooth cylindrical surface, it is
also not intended to thereby limit the invention to a laminating apparatus
comprising a smooth surfaced anvil cylinder. Moreover, while the invention
has been discussed above through the use of two laminae in continuous
length web forms. it is not intended to 5 thereby limit the invention to
either continuous laminae or to two laminae. That is, discontinuous
discrete lengths of lamina can also be laminated through application of
this invention; and, of course, greater than two laminae may be laminated
through application of this invention. Referring back to Figure 4. pattern
element 51 is shown to have a height H. Generally speaking, bond sites of
minimum thickness are obtained when H is greater than the sum of the
thicknesses of the laminae 10 being laminated: eg, the sum of the
thicknesses of laminae 41 and 42 for the examples described above. Such
dimensioned pattern elements generally precipitate bond sites having
nominal thicknesses of about one-half mil (about 0.0127 mm) when the
laminae have nominal thicknesses of about one mil each. In the event
thicker bond sites are desired, the pattern elements must have heights
which are about equal to or sufficiently less than the sum of the
thicknesses of the laminae to precipitate bond sites having the desired 15
thicknesses. Claims 1. A method of dynamically bonding plural laminae (41,
42) together, at least one of which laminae 20     comprises thermoplastic
material, said method comprising the steps of: forwarding said laminae (41,
42) with portions thereof in face to face relation, through a pressure
biased nip (43) between a relief patterned nip defining member (22) having
pattern element segments (51), and a nip defining anvil member (24), 



said nip defining members (22, 24) being biased towards each other with a
predetermined pattern- 25     element loading; characterised in that the
method comprises driving said nip defining members' (22, 24) to provide a
predetermined surface velocity differential therebetween, in the range of
from 2 to 40 percent of the surface velocity of said nip defining member
having the lower surface velocity. 30 2. A method according to Claim 1
wherein said laminae are forwarded at a velocity of at least 91.4 metres
per minute, said pattern element segments comprise discrete projections
having tip surface areas greater than 0.013-square centimetres said
predetermined pattern-element loading is no more than 62 x 104 kPa and each
said nip defining 35     member is heated sufficiently to permit said
laminae to be dynamically thermobonded together. 3. A method according to
either one of claims 1 & 2 wherein said nip defining anvil member (24  is
rotatably mounted, and comprises smooth surface portions for opposing said
pattern elements (51), said surface portions being circular cylindrical
sectors. 4. A method according to any of the preceding claims wherein said
patterned nip defining member (22) is rotatably mounted and is driven at a
surface velocity essentially matched to the forwarding velocity of said
laminae (41, 42) through said nip (43). 45 5. A method according to any of
the preceding claims wherein said nip defining anvil member (24) is driven
with a greater surface velocity than said patterned nip defining member
(22). 6. An apparatus for carrying out a method of dynamically bonding
plural laminae together according to any one of claims 1-5, said apparatus
comprising a relief patterned nip defining member (22) and a nip 50
defining anvil member (24)  means for mounting said nip defining members to
define a nip (43) therebetween through which nip said laminae (41, 42) may
be forwarded with portions thereof in face to face relation, means (55, 56)
for controllably biasing said nip defining members towards each other, and
means (28, 29) for driving said nip defining members (22, 24) characterised
in that said driving means is adapted to provide differential surface
velocities within a 55     range of from 2 to 40 percent of the surface
velocity of said nip defining member having the lower surface velocity. 8
EP 0 295 957 B1                       1 1111111111111111111111 7. An
apparatus according to claim 6 further comprising means (30a, 30b) for
independently controlling the surface temperatures of said nip defining
members (22, 24) whereby each said nip defining member may be operated so
that its surface temperature is within a predetermined range below the melt
temperature of whichever lamina of said laminae (41, 42) that comprises
thermoplastic material is 5      disposed closest to each respective said
nip defining member as said laminae are forwarded through said nip. 8. An
apparatus according to either one of claims 6 or 7 wherein said patterned
nip defining member (22) comprises pattern element segments (51), and said
nip defining anvil member (24) is rotatably mounted 10     and comprises
smooth surface portions for opposing said pattern element segments, said
surface portions being circular cylindrical sectors. 9. An apparatus
according to any one of claims 6 to 8 wherein said patterned nip defining
member (22) is a rotatably mounted component comprising a circular
cylindrical sector (52) having pattern element 15     segments (51)
disposed thereon. 10. An apparatus according to any one of claims 6 to 9
wherein said patterned nip defining member (22) comprises pattern element
segments (51) having heights that are greater than the sum of the
thicknesses of said laminae. 20 11. An apparatus according to any one of
claims 6 to 9 wherein said patterned nip defining member (22) comprises
pattern element segments (51) having heights that are about equal to or
less than the sum of the thicknesses of said laminae, thereby to
precipitate bond sites having predetermined thicknesses. 



25 Revendications 1. Un proced6 d'assemblage dynamique de stratifies
multiples (41, 42), dont au moins un des stratifi6 est constitue d'un
materiau thermo-plastique, ledit proced6 comprenant les etapes sulvantes:
on avance lesdits stratifi~s (41, 42), des parties de ceux-ci etant
disposees face a face, h travers 30     un pincement realise par pression
(43) entre un,0lement A motifs en relief d6finissant un pincement (22)
ayant des segments d'6lments a motifs (51), et un pincement definissant un
6lement d'enclume (24), lesdits 6l6ments d6finissant le pincement (22, 24)
6tant pouss6s l'un vers l'autre avec une charge pred~termin6e d'6l6ments a
motifs; 35         caracterise en ce qu'il consiste a entrabner lesdits
6l6ments ddftnissant le pincement (22, 24) pour assurer une vitesse
dlfferentielle superficlelle predeterminee entre eux, de l'ordre de 2 a 40
pourcent de vitesse superficielle dudit element d6finissant le pincement
ayant la vitesse superficielle infdrieure. 40  2. Un proc~d4 selon la
revendication 1 dans lequel lesdits stratifies sont avanc6s A une vitesse
d'au moins 91,4 metres par minute, lesdits segments d'6lements a motifs
comportant des saillies discrbtres ayant des zones superficielles a pointes
superieure a 0,013 centimbtre carre, ladite charge d'eldments a motifs
prdddterminds etant supdrieure & 62 x104 kPa et chacun desdits 6lments
definissant le pincement etant chauffe suffisament pour 45     permettre
auxdits stratifi6s d'8tre thermoscelles dynamiquement. 3. Un proc6de selon
l'une quelconque des revendications 1 et 2, dans lequel ledit 6ldment
d'enclume definissant le pincement (24) est mont6 & rotation et comporte
des parties superficielles lisses oppos6es auxdits elements a motifs (51)
lesdites parties superficielles etant des secteurs circulaires 50
cylindriques. 4. Un proc6de suivant l'une quelconque des revendications
precedentes, dans lequel ledit 6l6ment definissant le pincement a motifs
(22) est mont6'  rotation et est entraIni a une vitesse superficielle
correspondant essentiellement a la vitesse d'avance desdits stratifies (41,
42) a travers ledit pincement 55     (43). 9    EP 0 295 957 B1
I ill         N I   II  III 5. Un proc6de selon l'une quelconque des
revendications pr6cedentes dans loquel ledit pincement definissant ledit
el6ment d'enclume (24) est entraihe a une vitesse superficielle sup6rieure
a celle dudit element d6finissant le pincement a motifs (22). 5  6. Un
dispositif pour la mise en oeuvre d'un proc~d4 d'assemblage dynamique de
plusieurs stratifies conforme a l'une quelconque des revendications 1-5,
ledit dispositif. comportant un el6ment definissant un pincement & motifs a
relief (22) et un 6l6ment d'enclume definissant un pincement (24), un moyen
pour monter lesdits e6lments definissant un pincement pour d6finir un
pincement (43) entre eux A travers lequel lesdits stratifids (41, 42)
peuvent Otre avanc6s, des parties de ceux-ci etant disposees to     face a
face, des moyens (51, 56) pour regler la poussee l'un vers l'autre desdits
e6lments d6finissant le pincement. et des moyens (28, 29) pour entratner
lesdits elements d6finissant le pincement (22, 24) caracterise en ce que
ledit moyen d'entraIhement est destine A fournir des vitesses
differentielles superficielles de l'ordre de 2 A 40 pourcent de la vitesse
superficielle dudit el6ment d6finissant le pincement ayant la vitesse
superficielle inferieure. 15 7. Un dispositif selon la revendication 6
comportant en outre des moyens (30a, 30b) pour regler ind6pendamment les
temperatures superficielles desdits 6l6ments definissant le pincement (22,
24) grfce a quoi chacun desdits el6ments d6finissant le pincement peut etre
actionn6 de telle sorte que sa temperature superficielle est dans une gamme
pred6terrin6e en dessous de la temperature de fusion 20     de l'un ou
I'autre stratifIl desdits stratifies (41, 42) qui comporte le mat6riau
thermo-plastique dispose le plus pres respectivement de chacun desdits
elements definissant le pincement lorsque lesdits stratifies sont avances a
travers lesdits pincements. 8  Un dispositif selon l'une quelconque des
revendications 6 ou 7, dans lequel ledit 6l6ment d6finissant le 



25     pincement a motifs (22) cornporte des segments d'6lements a motifs
(51) et ledit 6lement d'enclume ddfinissant le pincement (24) est monte A
rotation et comporte des parties superficielles lisses opposdes auxdits
segments d'6l6ments a motifs, lesdites parties superficielles etant des
secteurs circulaires cylindriques. 30 9. Un dispositif selon l'une
quelconque des revendications 6 a 8, dans lequel ledit 6lment d6finissant
le pincement h motifs (22) est un 6l6ment monte A rotation comportant un
secteur circulaire cylindrique (52) ayant des segments d'6l6ments a motifs
(51) disposes sur celul-ci. 10. Un dispositif selon l'une quelconque des
revendications 6 a 9, dans lequel ledit 4lement d6finissant le 35
pincement a motifs (22) comporte des segments d'dl1ments a motifs (51)
ayant des hauteurs qui sont plus grandes qua la somme des epaisseurs
desdits stratifi6s. 11. Un dispositif selon l'une quelconque des
revendications 6 a 9, dans lequel ledit 616ment d6finissant le pincement &
motifs (22) comporte des segments d'6lments a motifs (51) ayant des
hauteurs qui sont 6gales ou inftrieures environ A la somme des 6paisseurs
desdits stratifies de manibre a prdcipiter des sites d'assemblage ayant des
epaisseurs pr6determin~es. PatentansprUche 45  1. Ein Verfahren zum
dynamischen Aneinander-Binden mehrerer dOnner Plattchen (41, 42), wobei
mindestens ein dUnnes PlIttchen davon thermoplastisches Material aufweist,
wobei das genannte Verfahren die Schritte enthalt: Vorwartsbewegen der
genannten dUnnen PIttchen (41, 42), mit Abschnitten von ihnen in Gegen~ber-
stellung, durch einen durch Druck vorgespannten Einlaufspalt (43) zwischen
einem im Relief gemuster- 50     ten einlaufspaltbegrenzenden Bauteil (22)
mit Musterelementsegmenten (51) und einem einlaufspaltbe- grenzenden
Anschlagbauteil (24), wobei die genannten einlaufspaltbegrenzenden Bauteile
(22, 24) gegeneinander mit einer vorausbe- stimmten Musterelementbelastung
vorgespannt sind;,. dadurch gekennzeichnet, daB das Verfahren umfalt 55
Antreiben der genannten einlaufspaltbegrenzenden Bauteile (22, 24), um eine
vorausbestimmte Oberfld- changeschwindigkeitsdifferenz dazwischen, im
Bereich von 2% bis 40% der Oberflachengeschwindig- keit des genannten
einlaufspaltbegrenzenden Bauteiles mit der geringeren
Oberflachengeschwindigkeit, zu ergeben. 10    EP 0 295 957 B1
1 c   L   I 1        !1I 2. Ein Verfahren nach Anspruch 1, bei welchem die
genannten dUnnen PlAftchen bei einer Geschwindig- keit von mindestens 91,4
m/min. vorwartsbewegt werden, wobei die genannten Musterelementsegmen- te
getrennte VorsprOnge umfassen, welche Spitzen-Oberflachenzonen mit einer
Grofie von mehr als 0,013 cm2 aufweisen, 5      die genannte
vorausbestimmte Musterelementbelastung nicht gr6lier als 62 x 104 kPa ist
und jeder genannte einlaufspaltbegrenzende Bauteil hinreichend erhitzt
wird, um den genannten dunnen Platt- chen zu gestatten, aneinander
dynamisch thermogebunden zu werden. 3. Ein Verfahren nach elnem der
AnsprUche 1 und 2. bei welchem der genannte einlaufspaltbegrenzende lo
Anschlagbauteil (24) rotierbar gelagert ist und glatte
Oberflachenabschnitte umfalt, um den genannten Musterelementen (51)
entgegenzuwirken, wobei die genannten Oberflachenabschnitte kreisf6rmige
zylindrische Sektoren sind. 4. Ein Verfahren nach einem der vorhergehenden
AnsprOche, bei welchem der genannte gemusterte 15
einlaufspaltbegrenzende Bautell (22) rotierbar gelagert ist und be! einer
OberfMchengeschwindigkeit angetrieben wird, welche im wesentlichen an die
Vorwartsbewegungsgeschwindigkeit der genannten dUnnen PlIttchen (41, 42)
durch den genannten Einlaufspalt (43) angepalt ist. 5. Ein Verfahren nach
einem der vorhergehenden AnsprUche, bei welchem der genannte
einlaufspaltbe- 20     grenzende Anschlagbauteil (24) mit einer groieren
Oberfilchengeschwindigkeit als der genannte gemusterte
einlaufspaltbegrenzende Bauteil (22) angetrieben wird. 6. Elne Vorrichtung
zum AusfUhren eines Verfahrens zum dynamischen Aneinanderbinden mehrerer
dlnner Plattchen entsprechend einem der AnsprOche 1 bis 5, wobei die
genannte Vorrichtung elnen im 



25     Relief gemusterten einlaufspaltbegrenzenden Bauteil (22) und einen
einlaufspaltbegrenzenden An- schlagbauteil (24) Mittel zum  Lagem der
genannten einlaufspaltbegrenzenden Bauteile, um elnen Einlaufspalt (43)
dazwlschen zu begrenzen, durch welchen Elnlaufspalt die genannten dlnnen
Plittchen (41. 42) mit Abschnitten von ihnen in GegenUberstellung
vorwartsbewegt werden konnen, Mittel (55, 56) zum kontrollierbaren
Vorspannen der genannten einlaufspaltbegrenzenden Bauteile gegeneinander,
30     und Mittel (28, 29) zum Antreiben der genannten
einlaufspaltbegrenzenden Bauteile (22, 24) aufweisen, dadurch
gekennzeichnet, daB das genannte Antriebsmiftel adaptiert ist, um
differentielle Oberflachenge- schwindigkeiten innerhalb eines Bereichs von
2%  bis 40%  der Oberfl~chengeschwindigkeit des genannten
einlaufspaltbegrenzenden Bauteiles mit der geringeren
Oberflachengeschwindigkeit zu erzie- len. 35 7. Eine Vorrichtung nach
Anspruch 6, welche weiters Mittel (30a, 30b) zum unabhangigen Steuem der
Oberflachentemperaturen der genannten einlaufspaltbegrenzenden Bauteile
(22, 24) umfaft, wobel jeder genannte einlaufspaltbegrenzende Bautell so
betatigt werden kann, daO seine Oberflachentempe- ratur innerhalb eines
vorausbestimmten Bereiches unterhalb der Schmelztemperatur von irgendeinem
> 40       diinnen Plittchen der genannten dUnnen Plttchen (41, 42) ist,
welches thermoplastisches Material enthilt und am nachsten zu jedem
jeweiligen genannten einlaufspaltbegrenzenden Bauteil angeordnet ist, wenn
die genannten dOnnen Plattchen durch den genannten Einlaufspalt
vorwartsbewegt werden. 8  Eine Vorrichtung nach einem der AnsprUche 6 oder
7. bei welcher der genannte gemusterte einlaufs- 45     paltbegrenzende
Bauteil (22) Musterelementsegmente (51) umfalt und der genannte
einlaufspaltbe- grenzende Anschlagbauteil (24) rotierbar gelagert ist und
glatte Oberflachenabschnitte umfa/it, um den genannten
Musterelementsegmenten entgegenzuwirken, wobei die genannten
Oberflchenabschnitte kreisformige zylindrische Sektoren sind. so  9. Eine
Vorrichtung nach einem der Ansprtche 6 bis 8, bei welcher der genannte
gemuste~rte einlaufspalt- begrenzende Bauteil (22) ein rotierbar gelagerter
Bestandteil ist, welcher einen kreisformigen zylindri- schen Sektor (52)
mit darauf angeordneten Musterelementsegmenten (51) umfalt. 10. Eine
Vorrichtung nach einem der AnsprUche 6 bis 9, bei welcher der genannte
gemusterte einlaufspalt- 55     begrenzende Bauteil (22)
Musterelementsegmente (51) umfal3t, welche HWhen aufweisen, welche grofler
sind als die Summe der Dicken der genannten dUnnen Plattchen.    EP 0 295
957 B1 11. Eine Vorrichtung nach einem der Ansprtlche 6 bis 9, bei welcher
der genannte gemusterte einlaufspalt- begrenzende Bauteil (22)
Musterelementsegmente (51) umfalt, welche H6hen aufweisen, welche ungefghr
gleich wie oder geringer sind als die Summe der Dicken der genantnten
dannen PlAttchen, um dadurch Bindungsstellen mit vorausbestimmten Dicken
auszubilden. 5 '10 15 20 25 30 35 45 50 55 12    


