AN APPARATUS AND PROCESS FOR CYCLICALLY
ACCELERATING AND DECELERATING A STRIP OF MATERIAL

BACKGROUND OF THE INVENTION
1._Technical Field '

This invéntion relates generally to a method and apparatus for
cyclically accelerating the leadi_ng end of a web material fo match the faster
speed of a downstream machine component. More specifically a method
and apparatus are disclosed for cutting and subsequentiy attaching strlps of

the web materlal onto a continuous faster moving substrate material.

2. Background Art

Modernly, disposable absorbent articles, such as diapers and

catamenial pads, -are manufactured utilizing a series of sequential and

continuous high-speed operations. In one operation, relatively small
fastener strips are c1:|t' from a leading end segment of a. fastener material
and subsequently secured to preselected portions of a continuous web of a
substrate material. Traditionally, the substrate material is fed at a relatively
hiéh feed 'r-ate through a. set of applicator rolis while a continuous length of
the fastener material is fed at a low feed rate through a series of metering
rolls.  Moreover, the leading end of the fastener méterial is typically

retained on, or in close proximity to one of the high speed applicator rolls.

Thus, once the fastener strip "is ciut_ from the leading end of the fastener

material, it is retained on the applicator roll for subsequent application to the

preselected portion of the substrate material as it passes therethrough.
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A problem inherent with such a continuous high speed
manufacturing process involves the inability to precisely control the cut
length and subsequent placement of the fastener strip due to the large
difference in feed rates between the metering rolfs and the applicator rolis.
in one conventional méthod, the high velocity applicator roll is allowed to
slip beneath the leading end of the fastener material. However. when a
knife roll engages and cuts the fastener strip, the leading end of the
fastener material is stretched beyond its normal length due to its momentary
engagement with the faster underlying applicator roll. Unfortunately, there
is a tendency for the remaining leading end of the fastener material to snap
back and fall off of the applicé'tor roll following the cutting operation.

Altematively, it is known to intermittently reduce the velocity of
the applicator roll and the knife roll until thé fastener strip has been cut.

Following the cutting operation. the applicator and knife rolls are rapidly

- accelerated to their normal rotational velocity. However, such rapid speed

changes create undue stress and undesirable cyclical foading on the rolls

and their respective drive systems. Moreover, such speed changes

commonly result in excessive dimensional variations in the length of the

fastener strip as well as inaccurate placement thereof on the substrate

material.
Another system for cutting and applying the slow moving

fastening material onto the faster moving substrate material uses the high

. speed applicator and knife rolis in combination with a set of high speed

metering rolls. The fastener material is fed onto the applicator roli at high

speed and then the metering rolls are rapidly reversed for extracting a

predetermined length of the fastener material until the correct segment
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' Iéngth is obtained and subsequently cut off. Unfortunately, this system also

induces extrem.e stresses ahd cyclical loading within the metering rolls and
their drive systems while still producing excessive dimensional variations in
the final prbduct. " Thus, there is a need for an:- improved method and
apparatus fbr intermittently cutting and applying a siow fnoving strip of
material onto a cbntinuous faster moving substrate rhaterial which is not

burdened with the above-noted shortcomings.

SUMMARY OF THE INVENTION
In -accordance with the present ‘invention, a new and useful
method and apparatus are disclosed for cyclically accelerating the leading

end of a slower moving first material web. More specifically, the épparatus

is comprised of a set of upstream metering rolls which feed the first material

web at a constant slow speed, a set of downstream applicatof rolis having a
constant and relatively faster rotational vélocity, and an acceleration
mechanism which variably and alternately reverses and encourages forward
movement of a leading end segment of the fi.rst material web while allowing
for the constant rotational velocities of the upstream and dov«)nsfream rolis.
The first material web is wrap.ped partially around the set of upStream rolls
and the leading end segment thereof is wrapped partially around one of the
downstream rolls. Furthermore, the acceleration mechanism is
juxtapositioned between the upstream rolls and the downstream rolls in the
feed path of the first material web.

In thé preferred embodiment, the acceleration mechanism is
further defined as an eccentric accelerator having a carrier mounted. for

rotation on a driven shaft and a spindle eccentrically offset therefrom. The
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first material web is longitudinally fed around the upstream metéring rolls
and around a portion of the spindle on the eccentric accelerator such that its
leading end segrﬁent is retained on one of the downstream rolls. The
éccentric accelerator is operable for cyclically accelerating the leading end
segment of the first material web to "match" the faster speed of the
downstream rolls during the cutting operation. A further advantage of the
present invention is that the rotational velocities'of the upstream metering
rolls and the downstream applicator rblls can be different and yet remain
constant. This serves to eliminate the above-noted roll stresses. cyclical
loading and process downtime encountered with traditional methods.
Moreover, the eccentric accelerator can be easily installed into various
process applications having a variety of roll speed differentials. Also, the
maéhine components of the present invention are smaller in size, weight,
and complexity as compared to the conventional systems. As a result, the
products produced by this novel method and apparatus have superior
dimensional accuracy.

Additional advantages and features of the present invention
will beéome apparent from the following description and appended claims,
taken in conjunction with the accompanying drawings. |

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims which
particularly point out and distinctively claim the subject matter which is
regarded as forming the present invention, it is believed that the invenfion
will be better understood from the following description which is taken in

conjunction with the accompanying drawings, in which:
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Figure 1 is a side elevation view showing an eccentric
accelerator in combination with an apparatus for cutting and applying a strip
of fastener material onto a continuous substrate-m'aterial;

Figure 2 is a diagrammatic representation of the eccentric
accelerator and apparatus shown in Figure 1; |

Figure 3 is a side elevation view showing the eccentric

accelerator in a first rotated position of its first cycle with an anvil roll and a -

knife roll in their respective first rotated positions;

Figure 4 is a side elevation view of the eccentric accelerator in

a second rotated position of its first cycle with the anvil and knife rolis in .

their respective second rotated positions;
Figure 5 is a side elevation view of the eccentric accelerator in

a third rotated position of its first cycle with the anvil and knife rolls in their

respective third rotated positions;

Figure 6 is a side elevation view of the eccentric accelerator in
a fourth rotated position of its first cycle with the anvil and knife rolls in their
respective fourth rotated positions,

Figure 7 is a side elevation view of the eccentric accelerator in
a first rotated position of its 'sécond cycle with the anvil and knife rolls in
their respective fifth rotated positions;

Figure 8 is a side elevation viéw of the-eccentric accelerator in
a second rotated position of its second cycle with the anvil and knife rolls in
their respectivé sixth rotated positions;

Figure 9 is a side elevation view of the eccentric accelerator in
a third rotated position of its second cyéle with the anvil ahd knife rolls in

their respective seventh rotated positions;
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Figure 10 is a side elevation view of the eccentric accelerator
in a fourth rotated position of its second cyble with the anyil and knife rolls in
their respective eighth rotated positions;

" Figure 11 is a side elevation view of the eccentric accelerator
in a first rotated position of its third cycle with.the anvil and knife rolls in
their respective_ ninth rotated posiltions; |

| Figure 12 is a side elevation view of the eccentric accelerator
in a second rotated position of its third cycle with the anvil and knife rolls in
their respective tenth rotated positions:

Figure 13 is é side elevation view of the eccentric accelerator
in a third rotated position of its third cycle with the anvil and knife rolls in
their respective eleventh rotated positions; and

Figure 14 is a side elevation view qf the eccentric accelerator
in a fourth rotated position of its third cycle with the anvil and knife rolls in
their respective twelfth rotated positions, the position at which the cut

OCCurs.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The method and apparatus of the present invention are
operable for cyclically abcelerating and decelerating a strip of material and
can be used within any manufacturing process having multiplé speed
rollers. Ina 'breferred application, the method and apparatus of the present
invention are used in éombination with an automated machine 10 of the type
used for applying a strip of a fastener material to a diaper substrate
material. In general', machine 10_is comprised of a frame 12, a metering

system 14 including a plurality of upstream metering rolls 16. an
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acceleration mechanism hereinafter referred to as eccentric accelerator 18,
an applicator roll 20, a knife roll 22 and a pair of bump rolls 24 and 26. A
web of fasténer material 28 is continuously fed at a constant speed through
upstreém metering rolis 16 such that its 'Ieading end segment 30 is partially
wrapped around a porfion of applicator roll 20. In this particular instance,
fastener material 28 is a film-like web with an adhesive coated side 32 and
a.n opposing side 34 having a plurality of small discontinuous fastening
p,rbjections extehding outwardly therefrom. Fastener material 28 preférab!y
has a high modulus of elasticity and a low mass. Simuitaneously, a
substrate diaper material 36 is being continuously fed at a constant speed
between applicator roll 20 and bump roll 24. |
Upstream metering rolis 16 each.ha_ve a central drive shaft 40
surrounded by and connected to a cylindridally’-shaped sleeve 42. Sleeve
42 has. an outer arcuate surface 44 against which a portion of fasteﬁer
material 28 is partial.ly wrapped. Preferably outer arcuate surface 44 of
each upstream metering roll 16. is treated, such as plasma coated, to
prévent the build up of adhesive material from adhesive coated side 32 of
fastener material 28. Furthermore, metering system 14 imparts a constant
~ driving force on each drive shaft 40 such that outer arcuate surface 44 is
driven at a constant rotational velocity denoted as V, (See Figure 2).
Eccentric acc;elerator 18 is further comprised of a drive shaft
. 46, a carrier 48 and a spindle 50. Carriér 48 is disk-shaped and is mounted
for rotation on drive shaft 46. Spindle 50 extends transversely from a face
52 of carrier 48 yand is offset from drive shaft 46. Moreover, spindle 50
includes a central rod 54, a cylindrical sleeve 56 and a plurality of suitable

bearings (not shown) located therebetween. As with upstream mefering
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rolls 16, sleeve 56 has an outside surface 58 which is preferably plasma
coated. In addition, spindie 50 is preferably made from a strong yet light
weight material, such as aluminum, in order to minimize rotational inertia.
As is best shown in Figure 2, carrier 48 has a rotational axis 60 defined by
the centerline of drive shaft 46. Similarly, spindle 50 also has a rotational
axis 62 defined by the centerline of rod 54. The distance between the two

offset rotational axes 60 and 62 is denoted as "r". Thus, updn driven

rotation of carrier 48 about axis 60. spindle 50 is caused to rotate in a

circular path 64 that is "r" distance away from axis 60. Moreover, outside
surface 58 of sléeve 56 has a diameter denoted as "d".

‘ With continued reference to Figure 1, the downstream
applicator roll 20 is shown supported and rotated by a central dri;/e shaft 70.
Applicator roll 20 further has an outer circumferential surface 72 with an
anvit insert 74 radially extending inward from a portion thereof. In addition,

a first portion 75 of outer circumferential surface 72 has_leadihg end

segment 30 of fastener material 28 engageably wrapped therearound. A

semicircular portion of outer circumferential surface 72 also has a plurality
of apertures 76 extending therethrough. A remote vacuum device (not
shown) creates a negative pressure. as denoted by arrows 78. through a
duct (not shown) and a stationary manifold (not shown) Which, in turn, is
connected to a ported rotating manifold (not 'shown). which is contained

within roll 20. The rotating manifold is operably connected with apertures

76. This negative pressure acts to slidably retain leading end segment 30

of fastener material 28 to portion 75 of outer circumferential surface 72.
However, the maghitude of the negative pressure must be sufficiently low

such that eccentric accelerator 18 can variably decelerate. reverse and then
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allow the leading end segment 30 to accelerate and move in the direction of
outer circumferential surface 72 of applicator roll 20. For example, a
negative pressure that creates a frictional force of approximately 10 grams

per linear inch is sufficient to retain fastener material-28 against applicator

. roll 20. Of course, one skilled in the art would know that the magnitudé of

the negative pressure used is dependent on the specific type of fastener
material 28 and the required acceleration and deceleration rates, as well as
the coefficient of friction of the material on the roll outer circumferential
surface 72.

Knife roll 22 has a cutting device 80 or knifé blade mounted on

its cylindrically-shaped peripheral surface 82. Furthermore, knife roll 22 is

rotatably driven by a central driving shaft 84. Moreover, the rotational

velocity of knife roll 22 is matched with applicator roll 20. Therefore, cutting

" device 80 of knife roll 22 has a rotational velocity corresponding with that of

applicator roll 20 such that cutting device 80 is rotationally matched with
anvil insert 74. Therefore, cutting device 80 is adapted to cut off a cut
segment 86 of fastener material 28. . Cut segment 86 is retained against
outer circumferential surface 72 of applicator roll 20 due to the negative
'pressure applied thereto.

| With continued reference to Figures 1 and 2, the continuous
web of substrate 'diapér material 36 is shown. to be simultaneously fed
between a second portion 90. of the applicator roll's outer circumferential
surface 72 and a corresponding raised portion 92 of bump roll 24. Raised
portion-92 of bump roll 24 has a rotational velocity equal to that of applicator
roli 20. -Furthermore. raised portion 92 is rotationally positioned to be

proximate with second portion 90 of applicator roll 20 when cut segment 86
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of fastener material 28 rotationally reaches second portion 90. Adhesive
coated side 32 is then compressed against an upper surface 94 of diaper
material 36. The outer circumférential surface 72 of applicator roll 20 and
the manifolds are configured such that the negative pressure is not
operable at this position proximate with bump roll 24. Referring to l.zigure 2,
. diaper material 36 has a velocity equal to that of applicator roil 20 within +/-
0.5 percent. This provides for accurate positioning of cut segment 86 onto
diaper material 36 and prevents deformation of these components during
bonding.

In the preferred fastener and diaper application, eccentric
~ accelerator 18 and applicator roll 20 have a rotational ratio of 3 to 1 which
provides for eccentric accelerator 18 to be smaller and machine 10 to
becqme more compact, howevér. such a rotational ratio can be any integer
desired. In the example shown. the last upstream metering roll 16 is
rotatably driven in a clockwise orieﬁtation as is applicator roll 20. However,
carrier 48 of eccentric accelerator 18 s rotatabiy drivén in a
counterclockwise direction. Therefore, spindle 50 of eccentric accelerator
18 serves to alternately decelerate, reverse and then allow acceleration of
leading end segment 30 of fastener material 24 as it follows ciréular-path 64
upon rotation of carrier 48. Concurrently, upstream metering rolls 16 and
applicator roll 20 maintain their respective constant direction and velocity.
Substrate material 36 and fastener material 28 are both held under

longitudinal tension to ensure accurate tracking on the rollers and to ensure

a clean cut. In a preferred application, fastener material 28 is given a target

.speed of approximately four percent less than knife and applicator rolls,
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respectively 22 and 20, and substrate material 36 is given about a 0.625
percent strain:

With particular reference now ‘to ‘Figures 3 through 13. a
sequence of time elapsed positions for eccentric accelerator 18. applicator
roll 20 and knife roll 22 is il!ustrated. The foilowing sequence is directed to
providing a cut segment 86 of fastener material 28 having a length 'L'. As
such, exemplary intermittent lengths of leading end segment 30 relative to
the line of contact 98 between- applicator roll 20 and knife roll 22 are set
- forth to illustrate the sliding movement thereof during rotation of spindle 50

about circular path 64. Referring to Figure 3, spindie 50 of eccentric
accelerator 18 is shown in a first rotated position on circular path 64 in its
first cycle with applicator roll 20 and knife roll 22 each shown in their
respective first rotated positions. Accordingly, a bredetermined length of
fastener material 28 has a positive. measurement denoted -as 'A’. This
measurement is taken between the distal edge 102 of leading end segment |
30 of fastener ma’terial 28 and an intersection point 104 af line 98 between
applicator roll 20 and knife roll'22. From Figure 4, eccentric accelerator 18,
_applicatpr roll 20 and knife roller 22 are shown rotated to their respective
time elapsed positions. Spindle 50 of eccentric accelerétor ‘i@ is shown in
its secoﬁd rotated position on circular path 64 in its first cycle which is
diametrically opposed to applicator roll 20. Simultaneously, cutting device
80 and anvil insert 74 rotate with applicator roll 20 and knife roll 22 to their
respective second rotated positions. During the counterclockwise rotation
of carrier 48 between Figures 3 and 4, journalled sleeve 56 of spindle 50 is
rotated counterclockwise 6n rod 54 about axis 62 and serVes to reverse

leading end segment 30. Accordingly. distal edge 102 of fastener material
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28 is a negative distance ‘B' away from point 104. In other words. as carrier’
48 roiates, spindle 50 changes position which varies the péth length of
fastener material 28 between the last upstream metering roll 16 and
applicator roll 20. Therefore. this path length rate of change (i.e.,
. acceleration or deceleration) translatés to the velocity of leading segment
30. Accordingly, the path length rate of changé causes the clockwise or
counterclockwise rotation of sleeve 56.

_ Referring tb Figure 5, eccentric accelerator 18, applicator roli
20 and knife roll 22 are shown rotated to their next respective time elapsed
positions. Spindle 50 of eccentric éccelerator 18 is shown in its third
rotated position of its first cycle. ' Simuitaneously, cutting device 80 and
anvil insert 74 rotate with applicator roll 20 and knife roll 22 to their
respective third rotated positions. During the counterclockwise rotation of
" carrier 48 about axis 60 between Figures 4 and 5, sleeve 56 of spindle -50. is
caused to rotate counterclockwise about axis 62 and serves to continue the
retraction of leading end segment 30. Therefore, distal edge 102 of
fastener material 28 is a negative distance 'C' away from intersection point
104; 'C' is a greater negative distance thaﬁ is 'B'.

| As is depicted in Figure 6, eccentric accelerator 18, applicator
roll 20 and knife roll 22 have now rotated io their next respective time
elapsed positions. Spindie 50 of eccentric accellerator 18 is shown in its
'fourth rotated position along circular path 64 in its first cycle so as to be
diametrically adjaéent to applicator roll 20. Concurrently, cutting device 80
and anvil insert 74 rotate with applicator roll 20 and knife roll 22 to their
resbecﬁve fourth rotated positions. During the continued counterclockwise

movement of carrier 48 betweeh Figures 5 and 6, sleeve 56 of spindle 50 is
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rotated clockwise about axis 62 and allows leading end segment 30 to
accelerate. Thus, distal edge 102 of fastener material 28 extends a positive
distance 'D' beyond point 104 which is less than A Simultaneously,
applicator roll 20 compresses cut segment 86 against substrate material 36
for attachment thereto. This is the "matched speed" position where leading
end segment 30 has the greatest speed whi.ch is substantially equivalent to
the rotational velocities of applicator and knife rolis 20 and 22, respectively.
Referring to Figure 2, at this position a pair of lines 130 and 132 are
substantially parallel to one another and a line 134 is approximately ninety
_degreeé () from line 132
Referring to Figure 7, eccentric accelerator 18, applicator roll
20 and knife fotl 22 have rotated to their next respective time elapsed
‘positions.  Spindle 50 of eccentric accelerator 18 is shown in its first
* position along circular path 64 in its second cycle. Cutting device 80 and
anvil insert 74 are also shown to have rotated with applicator roll 20 and
knife roll 22 to .their resbective fifth .rotated positions. During the
counterclockwise rotation of carrier 48 between Figures 6 and 7, sleeve 56
of spindle 50 is rotated clockwise about axis 62, thereby causing leading
end segment 30 to decelerate while ailowing forward feed. Thus, the distal
edge 102 of fastener material 28 extends a positive distance 'E' beyond
point 104. Distance 'E' is greater than both ‘A’ and 'D'.
| Figure 8 illustrates the next respective time elapsed positions
of eccentric accelerator 18, applicator roll 20 and knife roll 22. Spindie 50
of eccentric accelerator 18 is shown in its second rotated position along
circulér path 64 in its-s_econd cycle so as to be diametrically 6pposed to

applicator roll 20. Simultaneously, cutting device 80 and anvil insert 74
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rotate with applicator roll 20 and knife roll 22 to their respective sixth rotated
positions which are diametrically opposed -to point 104. During the
counterclockwise rotation of carrier 48 between Figures 7 and 8, sleeve 56
of spindle 50 is again rotated counterclockwise about axis 62 and reverses
the feeding direction of leading end segment 30. Accordingly. distal edge
102 of fastener material 28 extends a negative distance 'F' slightly behind
point 104. 'F' is less than '‘B' and 'C".

Eccentric accelerator 18. appllcator roll 20 and knife roll 22
are then rotated to their next respective time elapsed positions. as is shown
in Figure 9. Spindle 50 of eccentric accelerator 18 is shown in its third
rotated 'position along path 64 in its second cycle. 'Concu'rr'éntly, cutting
device 80 and anvil insert 74 rotate with applicator roll 20 and. knife roll 22
to their respective Sever;th rotated positions. Spindle 50 again continues
retraction of leading end segment 30 such that distal edge 102 of fastener
material 28 is a negative qlistance 'G' away from point 104. 'G' is less than

'C' but greater than 'B'and 'F".

Referring now to Figure 10, eccentric accelerator 18,
applicator roll 20 and knife roll 22 have been rotated to their next respective
time elapsed positions. Spindle 50 of eccentric accelerator 18 is shown in
its third rotated position along path 64 which is closest to applicator roll 20.
Cutting device 80 and anvil insert 74 have also been rotated with applicator
roll 20 and knife roll 22 to their respective eighth rotated positions. As with
the first cycle, spindle 50 is in the "matched speed” position and allows
Ieading end segment- 30 to accelerate. whereby the distal edge 102 of
fastener matérial 28 extends a positive distance 'H' beyond point 104 which

is less than 'E' and ‘A’ but greater than 'D'.
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Figure 11 shows eccentfic accelerator 18, .app'licator roll 20
and knife roll 22 in their next respective time elapsed rotational positions.
Spindle 50 of eccentric accelerator 18 is shown in the first position of its
third cycle. Simultaneously, cutting device 80 and anvil insert 74 have
rotated with applicator roll 20 and knife roll 22 to their respecti've ninth
positions. Leading end Segment 30 has again been decelerated while
feeding forward. Thus, distal edge 102 of fastener material 28 extends a
positive distance I beyond point 104. 'I' is greater than 'H', 'E'. ‘D' and ‘A",

As seen in Figuré 12, eccentric accelerator 18, applicator roll
20 and knife roll 22 have again rotated to their respective time elapséd
positions. Spindle 50 of ez:centric accelerator 18 is shown in the second
position of its third cycle which is diametrically opposed to appilicator roll 20.
Also, cutting device 80 and anvil i-nsert.74 have rotated with applicator roll
20 and knife roll 22 to their respective tenth positions. As with the prior two
eccentric accelerator 18 cycles, leading end segment 30 has been reversed
such that distal edge 102 of fastener material 28 extends a positive distance
'J' beyond point 104; 'J' is less than 'I', 'H', 'E’, 'D’ and'A'.

Figure 13 shows the next time elapsed positions of eccentric
accelerator 18, applicator roll 20 and knife roll 22. Spindie 50 of eccentric
accelerator 18 is shown in the third position of its third cycle.
Simulta_néously, cutting device 80 and anvil insert 74 have rotated with
applicator roll 20 and knife roll 22 to their respective eleventh positions.
Accordingly, distal edge 102 of fastener material 28 is alneg'ative distance
‘K' away from point 104 such that 'K' is less than 'G' but greater-than 'F'.

Finally, Figure 14 shows eccentric accelerator 18, applicator .

roll 20 and knife roll 22 in their next respective'rotational time elapsed
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positions. Spindle 50 of eccentric accelerator 18 is s_hbwn inmthe fourth
position of its third cycle which is diametrically adjacent to applicator roll 20
" in the "matched speed"'position. Simultane_pusly’, cutting device 80 and
anvil insert 74 have rotated with applicator roll 20 and knife roll 22 to their
respective twelfth positions which is coincidental with point 104. Therefore,
cutting device 80 and anvil insert 74 act to cut fastener material 28 to the
prédetermined length 100 having a final longitudinal dimension ‘L' beyond
point 104. |

Reference should be made again to Figure 2. Machine 10 can
| bé- set up and operated according to the foilowing equations when spindie
50 is in the "matched speed" position: .

(A) V,=V,+V,+V,
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(B) V,=V,+ ((r - 0.5d)(2rQ)(Cosa)) + ((r + 0.5d)(2nQ)):
| V, V,

where "r" is a radius defined as the distance between axis 62
-of spindle 50 -and axis 60 of eccentric accelerator driving shaft 46 (See
Figure 1j: | _
. where "d" is defined as the diameter of eccentric roller spindie
50; .
where "o" is an angular difference between an in-feed
ségment 110 and an odt-feed_se’gment 112. In-feed segment 110 ‘:.S defined.
by the length of fasten_-er material 28 located between the last upstream
metering roll 16 and spindle 50 while out-feed segment 112 is defined by
the length of fastener material 28 Iocatéd between spindie 50 and applicator
roll 20; |
where "Q" is defined as a rotational ratio between the
eccentric accelerator 18 and the applicator roll 26 (i.e.. how many times
eccentric accelerator 18 rotates per one revolution of applicator roll 20):
- where V, is the total velocity of leading end segment 30 (See
Figure 1) of fastener material 28 when the velocity of fastener material 28 is
allowed. to correspond with tr;e rotational velocity of outer circumferential
surface 72 of applicator roll 20; |
where V, is the constant in-feed rate or initial velocity of
fastener material 28 on upstream metering roll 16 where this in-feed rate

equals the amount of fastener used per diaper which equals length °L';
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where V, is the rate of change of path length of in-feed
‘segment 110 of fastener material 28: and |

where V, ‘is the rate of change of path length of out-feed
segment 112 of fastener material 28.

Theoretically, angle.a between in-feed segment 110 and out'-'
feed segment 112 is ideally close to ninety degreeé because this
arrangement allows the spindle 50 to be at its minimum rotational velocity
énd thus create a rﬁinimum drag on fastener material 28 at the "matched
speéd“ position. Furthermofe. the lengths of segments 110 and 112 shouid
be as short as possible in order to minimize the mass of fastener material
28 being manipﬁlated and accelerated by frictional force exerted by
applicator roll 20. Also, leading end segment 30 must ha\‘/e a sufficient
length of material under the influence of the vacuum negative pressure on
outer circumferential surface 72 of applicator roll’ 20 such that sufficient |
frictional force is generated to both keep the material segments 110 and
112 taut throughout the cycle and to accelerate spindle 50 during a portion
of each cycle. Accordingly. this apparatus and process are capable of
'cyclically accelerating a slow moving web of fastener material 28 to at least

twenty-eight times its feed rate at a rate of seven hundred cuts per minute.
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_ Example

Referring to Figures 1 and 2, machine 10 used to produce
disposable diapers with a fastaning system is preferably set up according
to the parameters described hereinafter.

Examgle

Referring to Figures 1 and 2, machine 10 used to produce
disposable diapers with a fastening sysfem is preferably set uc according to
the parameters described hereinafter. In this example. it is intended that
leading end segment 30 has a velocity _equal to ninefy six percent of the
velocity of roll surface 72 at the time of the cut, with the velocity difference
being provided to ensure that some tension is maintained for control of
fastener haterial 28. Roll surface 72 has a velocity. that substantially -
matches the velocity of substrate material 36. Substrate material 36 has a
nominal length of 20.50 inches per diaper but is stretched 0.625 percent at
the pomt of application 90 of the cut segment 86 of fastener material 28.
Therefore, the requnred total velocity V, is calculated as foliows:

V,= (0.96)(20.50 mchesldlaper)( 1.00625)

V, = 19.803 inches/diaper
Given the practical serpentine-type driving system design criterion used to
construct machine 10. it has been 'found that the following variables
accomplish the desired total velocity V.

r=0.781inch

o = 89°

d'=0.44 inch

Q = 3 revolutions/product
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V, = 0.75 inch/diaper,;

Accordingly, V, = 0.75 + ({(0.781 - 0.22)(2)(3.1416)(3)(0.0175)) +
((0.781 + 0.22)(2)(3.1416)(3))

therefore, V, = 19.803 inches/diaper.

This equation can also be worked backwards to arrive at any of the
variables. It will be understood the above exafriple is merely intended to |
substantiate and set forth the novel working principles of the present
invention. _

While the preferred embodiment of the present invention
apparatus and process for cyclically accelerating and decelerating a strip of
material has been diéclosed, it will be appreciated that various modifications |
may be made without departing frbm this invention. For example, such a
cyclical accelerator and process can be used in forming paper products,
textile products, insulated \)viring products or for any other prbducts which
use multiple speed rollers. Furthermore, the described formula, preferred
velocities and angles .may be changed without departing from the present
invention. While va_rious materials have been disclosed in an exemplary
fashion, other materials may of course also be employed. It is intended by
the following claims to cover these and any other departures from the

disclosed embodiments which fall within the true spirit of this invention.
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What is Claimed is:

1.  An apparatus for use in cyclically accelerating and decelerating a leading end
segment of a continuous web of matenial. said apparatus characterized by

first roll means having an intermediate portion of the web material wrapped
thereon;

first drive means for rotatably driving said first roll means at a first rotational
velocity;

second roll means having the leading end segment of the web material wrapped

thereon;

second drive means for rotatably driving said second roll means at a second
rotational velocity which is greater than said first rotational velocity; and

an acceleration and deceleration mechanism interposed between said first and
second roll means for variably changing the speed of the leading end segment
while permitting said first and second roll means to be driven at their respective
constant rotational velocities. said acceleration and deceleration mechanism
moving in a constant direction; .

said acceleration and deceleration mechanism comprising an eccentric |
accelerator having a carrier mounted for driven rotation about an axis and a
spindle eccentrically offset from said axis. said eccentric accelerator being
juxtapositioned substantially between said first roll means and said second roll
means, and wherein said material is longitudinally fed around said first roll
means and around a portion of said spindle of said eccentric accelerator such
that the leading end segment thereof is retained on a portion of said second roll
means.

2. The apparatus of Claim | wherein said acceleration and deceleration mechanism
is operable for cyclically reversing and allowing acceleration of the leading end
segment relative to said second roll means for intermittently matching the speed

-of the leading end segment to said second rotational velocity of said second roll
means, said apparatus further comprising means for cutting a segment of the
web material from the leading end segment thereof when said speed of the
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leading end segment equals said second rotational speed of said second roll

means.

The apbaratus of Claim | further comprising a vacuum generating mechanism
.acting in combination with said second roll means such that a negative pressure
is applied to an outer circumferential surface thereof for slidably retaining the
leading end segment of the web material thereon, said negative pressure
generating a sufficiently low retention force such that said eccentric accelerator
can variably decelerate and reverse the feeding direction of the leading end
segment of the web material relative to said second rotational velocity and
direction of said second roll means, said retention force simultaneously being
sufficient to maintain tension in the web material and to accelerate said
eccentric accelerator spindle during a portion of its rotation.

The apparatus of Claim 2 wherein said means for cutting comprises:

an anvil insért formed in an outer circumferential surface of said second roll
means; and

a cutting device being operably coordinated with said second rotational velocity
of said second roll means such that the -leading end segment of the web material
located therebetween is cut to a predetermined longitudinal length to define
said cut segment. . .

- The apparatus of Claims 2 or 4 further comprising:

a second web of material being continuously fed adjacent to said outer
circumferential surface of said second roll means; and - '

third roll means located adjacent to said second roll means such that said
second material is longitudinally and continuously fed therebetween;

whereby said second roll means retains and subsequently places said cut
segment of the web material upon a predetermined position along said second
material.

The apparatus of Claims 2. 4, or 5 wherein said cut segment of the first web
material is retained on said outer circumferential surface of said second roll
.means bv a negative pressure acting thereagainst.
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The apparatus of Claim 1 wherein said spindle of said eccentric accelerator
further comprises:

a post extending transversely from said carrier;
a sleeve being rotationally mounted upon said post;

bearing means being positioned between said post and said sleeve for journally
supporting said sleeve for rotation relative to said post; and

said carrier is rotatably driven in a first rotational direction;

 said second roll means is rotatably driven in a second and opposite rotational
direction; '

said sleeve rotates in said first rotational direction when said spindle acts to
decelerate and reverse the leading end segment of the material; and

said sleeve rotates in said second rotational direction when said spindle allows
the leading end segment of the material to accelerate and move in the direction
of rotation of said second roll means.

A method for accelerating and decelerating a leading end segment of a
continuous web of material. said method characterized by the steps of:

wrapping an intermediate segment of the web material partially around at least
one upstream roll, said upstream roll being driven to feed the material in a
longitudinally forward direction with a first velocity;

wrapping a leading segment of the material partially around an adjacent first
portion of a downstream roll, said downstream roll having an outer
* circumferential surface which rotates at a substantially faster rotational velocity.
than does said upstream roll; and '

comprising variably accelerating and decelerating the leading segment of the
material by an acceleration and deceleration mechanism moving in a constant
direction until the leading segment of the material has a desired velocity while
.said upstream and downstream rollers maintain their respective constant
rotational velocities and directions.
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The method of Claim 8 further comprising:

slidably retaining the leading segment of the material partially upon said outer
circumferential surface of said downstream roll by applving a negative pressure
thereto,

pulling the leading segment of the material in a direction opposite to said
rotational direction of said downstream roll thereby decelerating the leading
portion of said first material;

accelerating the leading segment of the material by allowing said negative
pressure along said outer circumferential surface of said downstream roller to
pull said leading segment therewith:

cvclically accelerating and decelerating the leading segment to intermittently
substantially match the speed of travel of the leading end segment to the
rotational velocity of said faster downstream roli.

cutting a segment of predetermined length from the leading segment of the
material thereby creating a cut segment thereof; '

feeding a continuous web of a second material adjacent to a second portion of
said downstream roll; and

placing said cut segment of the first material upon said second material at a
predetermined position.

The method of Claims 8 or 9 when said accelerating and decelerating step
comprises:

providing an eccentric accelerator as said acceleration and deceleration
mechanism, said eccentric accelerator having:

a rotatable carrier mounted upon a driving shaft; and

a spindle eccentricallv offset therefrom, said spindle comprising a post
extending transversely from said carrier, a cylindrical sleeve retained on said
“post, and bearings positioried between said post and said sleeve for
supporting said sleeve for rotation relative to said post:
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said eccentric accelerator being juxtapositioned substantially between said
upsiream roll and said downstream roll such that the first' material is
longitudinally fed around said upstream roll and around a portion of said
spindle of said eccentric accelerator such that the leading segment is retained on
a portion of said downstream rol{. _
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