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@ Articles of filamentary material and methods and apparatus for making the same.

@ In the course of continuous transport of filamentary mat-
erial, mutually spaced portions thereof are selectively
stretched, yielding articles having a longitudinal profile vary-
ing in filamentary material volume and of essentially constant
filament density per unit volume. In producing cigarette fil-
ters, additive materia! is applied to the stretched material
portions.
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ARTICLES OF FILAMENTARY MATERIAL AND METHODS
APPARATUS FOR MAKING THE SAME

F&eld of the Invention

This invention relates to methods and apparatus for
processing continuous filamentary material and articles comprised
thereof and, more particularly, to the processing of cigarette
filter tow for the making of cigarette filters of type including

additive material.

Background of the Invention

Prior art techniques for the manufacture of cigarette
filters containing additive material by processing of continuous
té@ have involved the compression of rod-shaped tow to form a
depressi&n therein suited for the receipt of additive material.
Typically, the tow is processed by long-known apparatus into rod
configuration and tow-compressing apparatus operates upon longi-
tuvdinally spaced portions of the continuously advanced tow rod.
Upon application of the additive material to the rod depfessions,
the rod is suitably closed about the material and further
operated upon by wrapping, sealing and cutting units to form
finished cigarette filters. Such prior art practices are set
forth in U.S. Patents NKo. 3,837,264, WNo. 3,844,200, No.
3,884,741, No. 3,910,166 'and No. 3,847,064,

The above-discussed technique has advantage in various
respects over other known practices in which individual filter
plugs are separated from one another by spaces for receipt of
additive material, such practice being generally refer;ed to as
plug-space-plug filter making. Thus, the.first—discus;ed prac-
tice avoids the need for pre-forming individual filter plugs and
maintaining precise spacing therebetween in the course of con-
veyance to additive material dispensing units. A disadvantage
exists, however, in the first-discussed practice based@ on its

characteristic tow compression. By reason thereof, the filament
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densitf per unit volume of the tow longitudinally of the finished
filter element changes from nominal densiéy in filter element
portions not containing additive material, i.e., uncompressed
regions, to undesirably ipcreased density in those filter element
portions correspondiné to tow compression regions. Possible
results are an undesirable increase of dra; resistance in the
vicinity of the additive maéerial and undesired increase in plug
firmness or in rod diameter in such filter portions. '

It is an object of the present invention to provide
improved . cigarette filters containing additive material and
improved methods and apparatus for processing of continuous
filter tow to produce such filters.

It is a mo;e.general object of the invention to provide
elongate articles, comprised of a plurality of continuous’
filaments and charaqtetized by longitudinal variation in fila-
mentary material volume aécompanied by substantially constant
filamen§ density per unit volume throughout their longitudinal
extent, and methods and ‘apparatus for making the same.

In attaining the forégoing and other objects, the
invention provides a practice whereby elongate filamentary mate-
rial is advanced continuously longitudinally between mutually
sﬁaced issue and take-up locations and wherein longitudinally
spaced extents of such material in transit between the locations
are subjected to stretching vhile other extents of such material
in transit are maintained in unstretched condition throughout
such transit. The respective extents of. the stretched and
unstretched filamentary material ‘extents are preselectable,
whereby any desireé longitudinal extent of lessened filamentary
material volume may be provided in such continuously advancing
tow while filament density per unit cross-section is maintained

substantially constant.
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In cigarette filter manufacture in accordance with the
invention, low filament volume portions of the tow are selécted
in longitudinal extent corresponding to the extent of filter
elements in which additive material is to be included.
Accordingly, resistance to draw is generally uniform throughout
the finished filter element and the additive material does not
give rise to increased rod firmness or diameter.

The foregoing and other objects and features of the
invention will be evident from the following detailed description
of preferred practices and embodiments and from the drawings
whereinilike reference numerals identify like parts throughout.

Description of the Drawings

Fig. 1 is a schematic illustration of tow processing
apparatus according with the invention shown in conjunction with
cigarette filter-making apparatus. '

Fig. 2 is a showing of the Fig. 1 tow processing
apparatus with explanatory geometric references indicated
thereon.

. Fig. 3 is a geometric illustration of progressive
distance change between adfacent cam tips l4a and 16a of the Fig.
1 tow processing apparatus in the course of cam rotation.

Figs. 4(a)-4(m) illustrate the respective oiientations
of cams 14 and 16 in the course of 120° rotation thereof,.

Fig. 5 is a front elevational view of a preferred
2pparatus embodiment of the invention. ' ’ ) -

Fig. 6 is a plan view of the Fig. 5 apparatus.

Fig. 7 is a partial rear elevational view of the Fig. §
apparatus. .

Fig. 8 is a partial side elevational view of the Fig. 5

apparatus, sectioned and broken away to show detail.
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Detailed Description of Preferred Embodiments and Practices

Referring to PFig. 1, tow T is formed into elongated
continuous rod configuration by forming horn 10 of well-known
commercial usage and is led in such configuration into stretching
apparatus 12, comprised in the Fig. 1 embodiment of opposed cams
14 and 16, each of triangular shape and rotated in mutually
opposite senses as indicated by the arrows. For discussion

purposes, tensioning rod or roller 18 shall be considered to be a

tow issue location and tensioning rod or roller 20 shall be con-

sidered to be a tow take-up location.
Tow advancing longitudinally leftwardly of rod 20
passes beneath portion 22 of dispensing unit 24, Unit 24

includes ports 26 and 28, respectively for inserting additive

material and fluidizing medium to hopper 30. Collector wheel 32

is keyed to drive.shaft 34 for rotation as indicated within unit
24. Negatively-pressurized conduit 36 is fixedly disposed with
respect to wheel 32 as is positivel.y—pressurized conduit 38,
suitable structure for this purpose being set forth in u.S.
Patent No. 4,005,668, commonly assigned herewith. As shown in
more detail in such '668 patent, collector wheel 32 includes
slots 40 extending radially outwardly from a radieal lopation in
registry with ducts 36 and 38 to the collector wheel periphery,
air permeablg discs 42 being firedly disposed in the slots. _As
the slots communicate with duct 36, additive material is drawn
from hopper 30 into the slot portion radialiy outward of'discs 42
and the thus-filled slots are transported to dispenéing station
44, in the course of which movement the slots commﬁnicate with
duct 38 for pressurized dispensing of their contents onto tow T.
Dispensed material resident on tow T is indicated at 46.- As is to

be appreciated, the specific structure of unit 24 does not form a
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par£ of the present invention and alternate material dispenFing-
apparatus may of course be employed. The subject invention con-
cerns 1t§;1f, rather, with processing of tow T to control tow
filament volume and density over tow portions 48, to' which
additive material 46 is applied, and adjacent tow portions 50, to
which additive material is not applied.

Turning to Fig. 2, various geometrical aspects of the
preferred structure for unit 12 are indicated. Cam 14 is rotated
about its center ¢ and has turning radius Iy and its three sides
are of equal length 11. The cam.tips are identified as 14a, 14b
and 1l4c. For positioning reference purposes, the cam side
extending between cam tips 14b and l4c forms an angle o with the
horizontal.

Cam 16 has center Cyr turning radius r, and cam tips
16a, 16b and l6c. Each side of caﬁ 16 is of length 12, which
exceeds length 1, of cam 14 . to effect the stretching of tow. By
structure shown and discuséed hereinafter in connection with
Figs. 5 and 6, cams 14 and 16 are rotated in respective opposite
senses at the same rotational speed with centers ¢y andé c, on a
common vertical axis and mutually spaced by distance SI,. .For
reference purposes, a line extending between cam tip 16a and

center c, of cam 16 is identified as forming angle el with the

_horizontal.

As is known in the prior art, tractable mate£ia1 may be
éttetched over its length by use of différently—sized: succes-—
sively disposed transport rollers. In Fig. 2, consider, for
purposes of explanation, cam tips l4c and 16c to be points on the
periphery of such prior art.rollers and to be displaced through
distances 4, and 4, on roller rotation through a 90° angle.

Distance dl defines the longitudinal measure of tow issued by rod
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18 and distance d, the longitudinal measure of tow collected by
rod 20. Since r, exceeds rl; d, exceeds &, and the tow is
accordingly stretched. Such stretching occurs uniformly over the
entire length of material transported between the issue and
collecting locations where such prior art rollers are employed.
In contrast, the Fig. 2 apparatus enables stretching over
selective portions of such transported material, !as will ' be
understood from Figs. 3 and 4(3)‘ through 4(m), now Jjointly
discussed. |

In Fig. 4(a), cams 14 and 16 are in their Fig. 2
orientation and two inter-cam tip distances are noted, dcl and
d

pl° Distance dcl is defined as the distance between the leading

cam tip of cam 14 engaging tow T, namely, cam tip l14a, and the tip

of cam 16 closest théreto, namely, cam tip l6a. Distance 4 is.

Pl
defined as the distance between such leading operative cam tip of

‘cam 14 and the lagging operative cam tip of cam 16, namely, _cam

tip 16b. Commencement of tow stretching will 6ccur as distance
dp less distance dc becomes egual to Qistance'll, i.e., the
common length of the sides of cam 14.

In Figs. 4(b) through 4(m), each of cams 14 and 16 is
rotated stepwise through 10° angular movements. Thus, in Fig.
4(b), cam 14 has been rotated counterclockwise by 10° f£rom its
Fig. 4(a) orientatidén and cam 16 has been rotated 10° clockwise
from its Fig. 4(a) orientation. "The above-noted inteﬁrcam tip
distance condition for stretching is observed not to exist in
Fig. 4(b) and is still =absent in the course of further cam
rotation. shown in Figq. 4(&). Stretching. commences at a
rotational juncture between the showings of Figs. 4(c) and 4(d)

2t which juncture the stretching condition is met. Stretching of

the portion of tow T between cam tips l4a and l6a continues, once

.
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commenced, through the succeeding orientations, with maximum

‘stretching occuring at approximately the orientational disposi-

tion of the cams shown in Fig. 4(k). As rotation of the cams
progresses further into.the Fig. 4(1) orientation, it will be
observed that the retention of portion Pa and Pb [Fig.“4(g)] of
tow T, respectively by cam tips l4a and l4c of cam 14 and’cam tips
16a and 16b of cam 16, diminishes and goes to nil as tow T
releases from the side of cam between cam tips l4a and l4c as
fully occurs in the orientation shown in Fig. 4(m). Such reten-
tion or eapture of tow portions P, and P, is enabled by the rela-
tively sharp angular relation between the cam sides Qhereby the
cam tips effectively restrain from relative longitudinal movement
opposed ends of each of portions P, and Pb' Such capture aspect
is operative as the éistance stretching condition is met.

In Fig. 3, the respective orientations and extents of
doq through 4,4 are shown. Comparigon thereof with correspond-
ing d_ measurements wili indicate further that stretching

p
commences between dc3 and dc4 and is discontinued between dc

12
and dc13. Thus, Fig. 3 depicts the zone of tow stretching under
the influence of cam tips l4a and 1l6a. Like stretching zones
apply successively for stretching between cam tips.l4c and 16c,
as will commence on further cam orientation from the Fig. 4(m)
éhowing, and thereafter for stretching between cam tips 14b and
16b. Since 211 stretching operations are identical, lengths of
stretched portions are uniform as are lengths of unstretched
portions. . .

Refe?ring to Fig. 4{(g), the leading portion of tow T,
i.e., closest to cam tip 16a, is stretched, whereas the succes-

sive portion of tow T leading rearwardly to cam tip l4c is

unstretched. The respective extents of such stretched and



10

20

25

30

0036025

unstretched portions may be varied by variation of the geometric

<, .
parameters :Pogn in Fig. 2, i.e., oy B&, rye 1, and a ratio s,
defined as ;—3, sr, being the distance between cam centers ¢, and

2 - )
cy- Preselection of the extents of stretched and unstretched
portions of tow is accommodated by the following analytical

definitions of dc and d_, wherein the angle B is of measure egual

P
to the difference between angles a and O: :
h .
dc = 2 [(f sin a - sin 8)2 +
"3 1 2.1/2
(S - £ cos a - cos B)“) / (1) and
-4 .2
d. = — [f sin a - sin (8-120)])" +
P £ 2,1/2
[S - £ cos & - cos (B-120)]1°} (2)

where £ equals rl/rz.

In an illustrative practic2 using the rig. 2 ;tretchiné‘
apparatus, with initial cam orientation a = 90°, © = 48° énd with
S = 1.6405, £ = 0.92, 1, = 25 mm, and 1, = 23 mm., the following

tabulation of values applies.

o g Ag-120) dc % 9%
90° 42° - 78° 13.449mm. 34.325mm.  20.876mm.
80 32 - 88 10.649 34,524~ 23.900
70 22 - 98 9.117 34.115 24.998
69 21 - 99 9.046 34.042 24.996
68 20 -100 8.990 33.964 24.973
65 17 103 8.502 33.696 24.794
60 12  -108 8.987 33.146 24.159
50 2 -118 9.695 31.712 . 22.016
40 -8 -128 10.574 29.964 19.390
30 -18 -138 11.207 28.111 16.904
20 -28 -148 11.423 26.421 14.999
10 © 38 -158 11.219 25.194 13.975
0 -48 -168 10.752 24.701 13.949
-10 -58 -178 10.364 25.091 14.727

-20 -68 -188 10.570 26.322 15.752
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Retention of tow on cam sides with dp—dc equal to 1,, i.e., com-
mencement of stretching, is noted to occur between a = 80° and a =
70°. Maximum stretching is noted between a = 20° and a = 10° and
conclusion of stretching (release) is noted at about a« = -10°.

With the foregoing parameters, the respective lengths of stretch
and sdccessive unstretched tow portions are 11.4 mm. and 13.6 mm.
This data is included in the table below as Example 1. In
Examples 2 and 3, © is increased successively with other para-
meters as in Example 1. These practices give successively
increased measures of stretched lengths and corresponding de-
creased measures of unstretched lengths. In Example 4, the
Example 2 parameter values apply, except that 1l and £ are de-
creased. As compared with Example 2 results, the Example 4 prac-
tice decreases stretched length and increases unstretched length.:
In Example 5, all Example 2 parameter values apply except S is
decreased, with consequent increase in stretched length and de-

crease in unstretched length from that of Example 2.

1 1 : Stretched Unstretched
1l 2 e Length Length
Example mm mm d&eg. S £ (final) mm (final) mm
1l 23 25 48 1.6405 0.92 11.4 13.6
2 23 25 60 1.6405 - 0.92 13.9 11.1
3 23 25 75 1.6405 0.92 17.0 8.0
4 21 25 60 1.6405 0.84 13.5 11.5
L3 23 25 60 1.5000 0.92 14.1 10.9

Referring to Figs. 5-8, drive shaft 52 has gear 54
fixed thereto in engagement with idler gear 56 (Figs. 7, 8).
Shaft 56a of gear 56 has gear support brackets 58 and 60 secured
thereto as indicated, with bracket 60 supporting gear 62. Shaft
62a of gear 62 drives shaft 64 through coupler 66, shaft 64 haviﬁg

upper triangular cam 68 releasably secured thereto by fitting 70

for purposes discussed below.
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At its eﬁd opposite gear 54, drive shaft 52 has gear 72
fixed ther~+0 in engagement with gzar 74. Gear 74 is secured to
shaft 76 which supports lower triangular cam 78, As drive shaft
52 is driven counterclockwise (Fig. 5), gear 72 imparts clockwise
rotation to gear 74 and hence lcwer cam 78. Conversely, gears 54,
56 and 62 impart counterclockwise rotation %o upper cam 68.

For purposes of varying the spacing between cams 78 ané
68, the fittings on id@ler gear shaft 56a are released and bracket
60 is rotated with respect to bracket 58. This action displaces
gear 62 and cam 68, coupler 66 being likewise displaced in hous-
ing tracks 80a and 80b into newrposition. ©n desired spacing of
the cams, the shaft 56a fittings are agaimn secured. At this
junc£ure, fitting 70 is released and cam 68 rotated on shéft 64 to
reassume its desired orientation angle.

Gear 82 is in engagement with gear 72 and is keyed to

‘shaft 84 which supports output prismatic shaft 86. Input pris-

matic shaft 88 is rotated by gear 72 throvgh intermediate gears
74, 90, 92, gear 94 being keyed to shaft 96 supporting prismatic
shaft 88. In this embodiment, the prismatic shafts have square
cross-section and are rotated, by gear ratio selection at a
rotational speed of three-quarters the rotational speed of the
triangular cams. Thé gxtent of each flat face of prismatic shaft
86 in its direction of rotation is equal to the length of the flat
faces of triangular cam 78 in its direction of rotation. The
extent of each flat face of prismatic shaft 88 in its direction of
rotation is.equal to the iength or the flat faces of triangular
cam 68 in its direction of rotation. The addition of the pris-
matic shafts to the stretching apparatus serves to maintain
tension in tow T without further appreciably stretching it.
While the invention has been disclosed by way of

particularly described practices and apparatus resulting in the
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provision of specifically structured articles of manufacture with
or without additive material, the invention contemplates varia-
tion in such practices, apparatus and manufacture., Thus, modi-
fication of the particularly shown triangular cam version of the
appargtus and accompanying practice can be undertaken providing
stretched and non-stretched portions of filamentary material.
Further, while the invention contemplates principally the
addition of granular additive material in its cigarette filter
aspects, any additive material may be used as desired. In
respect of the general article of manufacture without additive
material, the same lends itself to such practices as variable dye
take-up in the production of novelty yarns and the 1like.
Accordingly, it is to be appreciated that the particularly
disclosed practices, apparatus and products are intended in a
descriptive and not in a limiting sense. The true spirit and

scope of the invention is set forth in the following claims.
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Claims

1. A method for providing an article of manufacture
comprised of elongate filamentary material, including
the steps of: '

(a) continuously longitudinally advancing sald

material through an issue location;

(b) continuously longitudinally advancing said
material through a take-up location spaced from
said issue location; and

(c) while continuously transporting said material
from said issue location to said take-up location,
longitudinally stretching selected mutually
spaced first portions of said materials simul-
taneously retaining second portions -of said
material longitudinally successive to such first
portions to prevent stretching of said second
portions thereof.

2. The method claimed in claim 1 wherein said step
(c) is practiced in manner providing uniformity in the
longitudinal extent of each said first portion of said
material.

3. The method claimed in claim 2 wherein said step
(c) is practiced in further manner by providing uni-
formity in the longitudinal extents of said second
portions of said material. ‘

4. The method claimed in claim 1 wherein the re-
taining of said second portions in said step (c) is
practiced in part by restraining from relative longi-
tudinal movement opposed ends of said second portions
of said material.by imparting a relatively sharp ahgular
bend at each of said ends in the course of such con-
tinuous transport thereof.

- —
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5. The method claimed in claim 4 wherein said
step (c) is practiced in manner providing uniformity
in the longitudinal extent of each said first portion
of said material.

6. The method claimed in claim 5 wherein said step
(c) is practiced in further manner by providing uni-
formity in the longitudinal extents of said second
portions of said material.

7. The method claimed in claim 1 including the
further step of applying additive matter to such
material first portions following such stretching
thereof.

8. A method in accordance with claims 1, 2, 3, 4,
S5, 6 or 7, wherein sald article is a filter element
and wherein said method further includes the steps of:
continuously forming said material into a elongate rod
configuration said steps (a) through (c) being carried
out with said material in such form, and applying
additive material to said material first portions
following the stretching thereof in step (c).

9. Apparatus for use in providing an article of
manufacture of elongate filamentary material comprising
first and second means for éuccessively receiving and
for continuously transporting said material, each said
first and second means having facility for selectively
restraining opposed ends of longitudinally spaced por-
tions for such received material from relative longi-
tudinal movement in the course of such continuous
transport thereof, and third means for moving saiad
first and second means in respective opposite senses,
thereby effecting such transport and longitudinal
stretching of the extent of said material between said
spaced portions thereof.

10. The apparatus claimed in claim 9 including means
supporting said first and second means for rotation,
said third means imparting respective opposite sense
rotational movement to said first and second means.
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11. The apparatus claimed in claim 10 wherein each
of said first and second means defines a common
sucecession of flat surfaces in the direction of
rotation thereof, said flat surfaces of said first
means being of extent in such direction of rotation of
sald first means less than corresponding extents of =i
sald flat surfaces of said second ‘means. :

12. The apparatus claimed in claim 11 wherein said
third means imparts like rotational speed to sald first
and second means. '

13. The apparatus claimed in claim 11 wherein said
first and second means each defines a succession of
three such flat surfaces equally angularly orientated
relative to one another.

14. The apparatus claimed in claim 9 further in-
cluding fourth means for supplying said material to
said first means and fifth means for receiving said
material from said second means, said fourth and fifth
means being coactive to maintain tension in said
material.

15. The apparatus claimed in claim 14 wherein each
of said first and second means defines a common
succession of flat surfaces in £he direction of rota-
tion thereof, said flat surfaces of said first means
being of extent in such direction of rotation of said
first means less than corresponding extents of said
flat surfaces of said second means, and wherein each
of said fourth and fifth means defines a further
succession of flat surfaces in directions of rotation
thereof, said further succession being greater in
number than said common succession.

16. The apparatus claimed in claim 10 wherein said
third means includes further means for varying the
distance between the centers of rotation of said first

and second means.
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17. An article of manufacture comprised of
elongate filamentary material characterized by
successive longitudinal extents having different
volumes of said material with filament density
essentially constant per longitudinal unit volume
of said article.

18. An article of manufacture in accordance with
claim 17 wherein said article is a rod shaped filter
element and wherein said article further comprises an
additive material, said additive material being in said
element in registry with the one said successive longi-
tudinal extents having the lesser volume of said
filamentary material.
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