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(57) L invention concerne un procede permettant de
fabriquer un fil de taille flexible pour mini-tondeuse
rotative, du type a deux ou plus de deux fils
monofilament enroul€s sur une bobine commune. Le fil
consideére definit deux brins monofilament réunis 1'un
contre 1" autre par un lien s€cable. Chaque brin définit une
pluralité de bords de taille espaces sur la circonférence et
protuberants, deux des bords sur 1'un des brins €tant en
contact parallcle avec deux des bords sur 1"autre brin, de
maniere a definir une paire de liens paralleles facilement
secables reliant les brins entre eux, 1 'un contre 1’ autre. Le
procede de fabrication consiste a extruder les brins de
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(57) A process for forming flexible cutting line for use 1n
rotary vegetation trimmers of the type having two or
more monofilament lines mounted on a common spool.
The line produced by the process of the present invention
defines two monofilament strands jomned together in a
side-by-side relationship by a severable bond. Each
strand defines a plurality of circumferentially spaced and
outwardly projecting vegetation cutting edges thereon,
two of the edges on one of the strands being 1n parallel
contact with two of the edges on the other strand so as to
define a pair of parallel readily severable welds bonding
the strands together in a side-by-side disposition. The
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sorte que deux des bords d un brin soient rapproches et
alignes parallelement en opposition par rapport a deux
des bords de l'autre brin, puis a orienter les brins
resultants de manicre a les réunir cote-a-cote en contact
parallele le long des bords oppos€s pour definir un
espace clos entre les brins qui permet a la chaleur induite
dans les brins de créer une pression positive dans ledit
espace clos, empéchant ainsi la non-s€éparation des brins
par fusion. Ensuite, on plonge les brins en contact bord-
a-bord dans un bain de trempe pour le refroidissement,
en les tirant a travers ce bain pour entrainer une
cristallisation et une lhaison des brins en position
adjacente, le long de deux liens paralleles facilement
secables definis par les bords disposés cote-a-cote.
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line forming process includes the steps of extruding the
strands such that two of the edges on one strand are 1n
proximate dispositon and opposed parallel alignment
with two of the edges on the other strand, directing the
extruding strands together 1n edge-to-edge parallel
contact along the opposed edges such that an enclosed
space 1s defined between the strands so thatthe heat in the
strands can create a positive pressure 1n the enclosed area
to prevent inseparable fusion of the strands. The strands
are then directed 1n edge-to-edge contact into a cooling
quench bath, and pulled through the bath to effect
crystallization and bonding together of the strands 1n an
adjacent disposition along two readily severable parallel
welds defined by the contacting edges.
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mounted on a common spool. The line produced by the process of the present invention defines two monofilament strands joined together
in a side-by-side relationship by a severable bond. Each strand defines a plurality of circumferentially spaced and outwardly projecting
vegetation cutting edges thereon, two of the edges on one of the strands being in parallel contact with two of the edges on the other strand
so as to define a pair of parallel readily severable welds bonding the strands together in a side-by-side disposition. The line forming
process includes the steps of extruding the strands such that two of the edges on one strand are in proximate dispositon and opposed parallel
alignment with two of the edges on the other strand, directing the extruding strands together in edge—to—edge parallel contact along the

opposed edges such that an enclosed space is defined between the strands so thatthe heat in the strands can create a positive pressure in
the enclosed area to prevent inseparable fusion of the strands. The strands are then directed in edge—to—edge contact into a cooling quench
bath, and pulled through the bath to effect crystallization and bonding together of the strands in an adjacent disposition along two readily

severable parallel welds defined by the contacting edges.
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Flexible cutting line and process for forming
such a flexible cutting line

The present invention is directed to a process for forming a
flexible cutting line as described in the precharacterizing part
of claim 1 and to such a flexible cutting line as described in
the precharacterizing part of claim 10.

Flexible line rotary trimmers are used for cutting vegetation such as grass and weeds,

15 through guides in the side of the housing. As the head rotates at high speed, the end portions

20 head housing.

The spool which carries the line is mounted within the housing such that it rotates with
the housing during use but can be selectively rotated relative the housing to pay out
additional line when the projecting end portions of the line become wormn Or severed.
Because these heads typically employ two separate cutting lines, and occasionally three or

25 four such lines, care must be taken in winding the lines about the common spool to prevent
the lines from crossing over one another or otherwise tangling wuhm the housing. If the

lines become tangled within the housing, additional line cannot be payed out during .i.;se or

30  can interfere with the proper indexing and 'paying out of the line. In addition to interfering
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comprises two strands secured together along their adjacent lengths by a readily severable
weld Thc resultlng double strand hne 1S then sunply wound about the 'spool and the end
portions separated along their weld so that the end portions of the separated strands can be
fed out through the opposed guides. Bonding the two strands together in this manner along

their entire lengths prevents tangling of the strands within the housing and, if the strands are
properly joined, allows the strands to be readily separated for the feeding of new line through

ravte e |
3 .
e W) ons;—senel—ro-
d February 6, 1996, and serial no. '981‘?8%-333 tled January 13, 1997.

In an effort to improve the cutting ability of monofilament line, the line has been

the opposed guides. Such a double or dual-strand line and methods imd apparatures for
l.r S
acrun/nf such line are disclosed in applicant's

extruded so as to define a plurality of raised cutting edges extending longitudinally along
the line. Different cross-sectional configurations such as squares, diamonds and star
shapes, have been developed to provide these multiple cutting edges. In certain designs,
two sets of altematmg elongated edges are provided. The first set protrudes beyond the
second set and the recessed edges in the second set are disposed between the edges in the
first set. Accordingly, when the more outwardly protruding edges in the first set become
worn down and rounded with use, the second set of sharp edges will come into contact
with the vegetation and thus effectively provide a set of fresh, sharp cutting edges with
which to trim the vegetation.

Edged cutting line is becoming increasingly popular. However, such line is subject
to the entanglement problems discussed above and a method for economically forming a
suitable dual line with edged strands has not heretofore been develc)ped The first dual-
strand lines were formed by securing two strands together along thclr adjacent lengths by a
surtable adhesive. Such line, however, was found to be excessively expensive to
man;lfacture and the strength of the adhesive bond between the two strands was
Inconsistent'and caused premature separation of the strands. As a result, such a process 1s

equally ill-suited for use in forming a dual-strand edged line.

In the forming process previously developed by applicant, which is the subject of the
above identified patent applications, the problems with adhesively formed dual-strand
lines were overcome through the use of a novel extrusion process. One or more pairs of

nylon strands are extruded with the strands in each pair being in proximate disposition.

The strands are directed from the extrusion die Into a cooling quench bath where the two

strands in each pair are brought together on a collecting guide in a side-by-side abutting
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monofilament strands having a circular cross-section, it is not particularly well-suited for

bonding together pairs of nylon polymer edged strands having a plurality of raised cutting
edges extending therealong.

the pairs of closely spaced molten strands extend downwardly from the extrusion die to the
collecting guide where the strands in each pair are brought into contact below the surface
of the cooling water, the individual strands tend to twist. While this is of little
consequence when dealing with strands which are circular in cross-section, if the strands
define elongated projecting ribs and one or both of the strands becomes slightly twisted,
the ribs on the two strands will not align when brought together but cross over one

another. The result will be an inconsistent weld and an unsatisfactory product. While it

that proper alignment of the strands is not the only problem in attempting to extrude such a
product.

As noted above, edged cutting line can be formed in numerous cross-sectional
configurations. Depending on their shape, a pair of edged strands could be joined together
in a dual-line configuration along a pair of abutting flat surfaces, along abutting edges or a
pair of curved surfaces, or possibly along combinations of such surfaces. If the strands
could be joined along a rounded surface, like a conventional dual-strand line, applicant's
previously discussed extrusion process could be employed to produce the line, provided
the line twisting problem could be solved. However, when Joining the strands together
along a curved surface, the available remaining space for the projecting edges is quite
limited and thus the number of projecting edges which could be formed on each strand
would be very limited. In addition, it is generally preferred to provide a uniform

distribution of the cutting edges about the strands. As a result, the more popular edged
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lines are square 1n cross-section or of a diamond or of a star-like shape so as to define

multiple raised edges evenly spaced about the outer surface of the line. Attempting to
bond a pair of edged strands together along abutting flat surfaces, however, would result in
inseparable fusion, even though the contact between the strands occurred in the quench
bath, due to the large area of surface contact between the two molten strands. Attempts to
bond edged strands along edge-to-edge contact using the aforesaid extrusion process
would also prove unsuccessful. The contact area between the two strands was found to be
too small to provide a suitable weld unless the edges were relatively rounded. There is a
perception, however, that sharp edges provide superior vegetation cutting. If the two
edged strands were pressed together along their abutting edges in an effort to strengthen
the weld, there was a substantial risk that inseparable fusion would result.

Efforts were then made using applicant's previously developed extrusion process to
form pairs of star-type edged strands in a dual line configuration along a pair of abutting
edges or star points, as opposed to joining the strands in single edge-to-edge contact. The
resulting configuration would comprise two isolated welds extending along the points of
contact, separated by the recessed wall surfaces of the strands. The total surface area of
contact between the strands would be twice that of single edge-to-edge contact which was
believed to be a sufficient area of surface contact to produce a severable bond between the
strands of adequate strength to prevent premature separation, yet not such a large single
contact area, as in side to side contact, that would cause inseparable fusion. However,
initial testing of the proposed new process did not produce the desired results, even when
strand twisting was carefully avoided. It was found that when the two strands are Joined
along their projecting edges in the quench bath, the water becomes tr“apped between the
strands 1n the area enclosed by the abutting edges and the Opposité]y facing recessed sides
of the two strands. The trapped water is caused to boil by the heat of the molten strands,
creating an increase in pressure between the two strands which prevents the strands from
properly bonding together.

Thus, even though a very consistent, durable yet readily severable weld can be
created between two conventional nylons strands to form a highly successful, tangle-
resistant dual-strand monofilament cutting liné, the same result have not heretofore been

obtained with strands defining multiple raised cutting edges. the-process-diselosed-herem
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From the US 4,282,653 a plurality of associated cutting
filaments having round cross-sections are known. Said filaments
are held together by a thin membrane which ' sheaths the
associated filaments or by an adhesive material.

It 1s an object of the 1invention to enhance the method for
forming a flexible cutting 1line as described in the
precharacterizing part of claim 1 and to enhance the properties
of the flexible cutting line as described in the
precharacterizing part of claim 10.

According to the invention this is achieved by the features in
the characterizing part of claims 1 and 10, respectively.
Advantageous further embodiments are described 1n the dependent

claims.
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Briefly, the present mventwn comprises an assembly and process for formmg one or

more lengths of double-strand monoﬁlament edged cuttmg line for use in rotary tnmmers
The line is of single piece construction and comprises two nylon polymer strands joined
together in a side-by-side disposition by a readily severable bond. Each of the joined
strands defines a plurality of outwardly projecting and longitudinally extending edges
thereon. .

The process for forming this dual-strand edged line comprises the initial step of
extruding one or more pairs of molten monofilament nylon strands wherein the strands in
each pair are in proximate disposition and each strand defines at least one recessed area
disposed between a pair of projecting edges. The extruded molten strands in each of the _
extruded pairs are directed into an abutting side-by-side disposition such that the pair of
the pfoj ecting edges adjacent the recessed area on one strand is aligned with and abuts the
corresponding pair of edges on the other .strand. The recessed areas therebetween are in
opposed disposition, thus defining an enclosed area between the strands. Upon being
brought into parallel edge-to-edge contact, the abutting strands are immediately directed

into and pulled along a cooling quench bath to initiate the crystallization and bonding

together of the two strands along the continuous welds being formed between the adjacent

edges.

The pairs of joined strands are then pulled from the bath and concurrently heated and

- stretched as they are pulled through a heated oven to obtain the desired cross-sectional

- dimension and parallel molecular orientation. The strands are then reheated in'a relaxed

disposition as they are more slowly pulled through a second oven. The formed double-
strand edged lines are next quenched by being pulled through a second bath to enhance
their flexibility, toughness and impact resistance and then separately spooled.

By ;:onﬁguring the individual extruding molten polymer strands so as to define
recessed areas between projecting tdges, a wide variety of cross-sections for edged st;ands
can be created, including substantially square and diamond shapes, in addition to a variety
of star shapes. Upon bringing such strands into contact along those proj ecting edges, an
enclosed area is provided between the strands and the two forming parallel welds. By
providing an enclosed area between the strands, the heat in the moiten strands will cause
the air in that area to expand, generating enough outward pressure on the strands to prevent

the inseparable fusion of the strands which would otherwise occur when tyv%m;gtcn nylon

I&'ﬂﬂ-—m"’"’
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strands are brought into contact in the open air prior to any cooling and crystallization of
the nylon polymer material in a quench bath. This pressure, however, 1s not so great as to
prevent formation of the desired welds along the abutting edges of the two;rands as
occurred when the same configuration of edged strands were brought together in the
cooling quench bath. In addition, proper alignment of the edged strands is readily
achieved by bringing the strands together above the quench bath and directly below the
extrusion die so as to prevent any twisting of the individual strands. The result is a
flexible cutting line of single piece construction comprised of two monofilament nylon
strands which define a plurality of cutting edges thereon and are bonded together by 2 pair
of readily severable welds.

' Itis the principal object of the present invention to provide a process and apparatus
for economically manufacturing a flexible nylon cutting line comprised of two edged
strands joined together in a side-by-side relationship along readily severable bond for use
in flexible-line trimmer heads of the type employing two or more cutting lines.

Other objects and advantages of the present invention will become readily apparent
from the following detailed description taken in conjunction with the accbmpanying

drawings.

FIN-FHE-BRAWINGS—

Figure 1 is a schematic representation of a first portion of the manufacturing process
of the present invention.
Figure 2 is a schematic representation of the remainder of the manufacturing process

of the present invention.

Figures 3A-3D are enlarged cross-sectional views of different configurations of
edged strands formed in accordance with the present invention.

Figure 4 is a perspective view of an end portion of a length of double-strand edged
line formed in accordance with the present invention showing the end portion thereof |
being separated 1nto its component strands for projection through opposed eyelets in the
side wall of a rotary tnmmer head housing.

Figures 5SA-5D are enlarged plan views of pairs of apertures in extrusion dies

employed in the present invention, illustrating the relative orientation of the apertures and

the aperture configurations producing the strand configurations illustrated in Figures 3 A-

3D.
AMENDED SHEET
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Figure 6 1s a further enlarged schematic representation of the initial forming and

- bonding together of a pair of monofilament edged strands in accordance with the present

invention.

Figures 7A-7D are bottom plan views of extrusion dies for use in the process of the
present invention illustrating different hole patterns for producing different quantities of
double-strand monofilament edged lines, Figure 7D being enlarged slightly for
clanfication purposes.

Figures 8A-8D are enlarged cross-sectional views of pairs of bonded strands having
been extruded through the aperture pair configurations illustrated in Figures 5A-5D.

Figure 9 1s an enlarged schematic view of the filter assembly, metering pump,
extrusion pot and first quench tank and illustrating the initial forming steps of double-
straﬁd edged monofilament line i1n accordance with the present invention.

Figure 10 is a perspective view of the upstream portion of the first quench tank

showing the collecting guide and basket guide mounted therein for directing the lengths of
double-strand edged line through the tank.

Figure 11 1s a plan view of the preferred embodiment of the collecting guide

employed in the process of the present invention to produce five pairs of joined edged

strands.

IDESCRIPHON-OF-FHE-PREFERRED-EMBODIMENTS

. Referring now 1n detail to the drawings, the process of the present invention
1S schematicall'y represented in Figures 1 and 2. The result of the process 1s a double or
dual-strand monofilament edged line 10 comprised of a pair of monof';lament edged
strands 12 and 14, preferably of uniform cross-section, which are bonded together in a
side-by-side relationship along a pair of spaced-apart thin severgble welds 16’ and 16" as
seen in Figure 4. As will be described, welds 16’ and 16" are formed along pairs of
abutting projecting edges 13 which extend the length of line 10 and are on opposed sicies
ot an enclosed area 27 formed between the two strands as seen in Figures 8A-8D. Area 27
is defined by the opposed surfaces of the two strands which extend between welds 16’ and

16” and are recessed with respect to the welds. The configuration of the opposed surfaces

will vary depending on the cross-sectional configuration of the edged strands.

While welds 16 and 16" secure strands 12 and 14 together in a parallel

juxtaposition, they are readily severed by shearing forces. Thus, pulling the extended ends

DD SHEET
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of strands 12 and 14 of the line 10 will cause the strands to readily separate along the

- welds 16’ and-16" as illustrated 1n Figure 4. Accordingly, the double-strand line 10 can be

easily wound about a trimmer head spool and stored thereon without risk of strand
crossover or tangling due to the continual side-by-side securement of the component
strands 12 and 14. Because the end portion of the line 10 can be readily separated by a
shearing force into its component strands along a selected length, the two strands are easily
separated and extended from the spool in opposed directions for insertion through opposed
line guides or eyelets in the side wall of the trimmer head housing (not shown). The
readily severable bond provided by welds 16" and 16" also allows the strands to be easily
indexed through the opposed line guides in automatic feed and bump feed leads during
use.

To obtain the aforesaid properties, line 10 1s preferably constructed of a nylon
copolymer material such as no. 8218 manufactured by Allied Signal, Inc. While other
material compositions could be employed in carrying out the present invention, this

material, which is solid phase polymerized in a pellet configuration, has been found to

produce strong, durable and impact resistant cttting strands and bending welds having

- high tensile and low shear strength to provide the desired features discussed above. For

line 10 compnsed of strands having a transverse dimension (hereinafter referred to as the

- 2,032mm |
diameter) up to aboul(.080 in), a less expensive nylon homopolymer could be used such as’

no. 2065 by Allied Signal, Inc. Acceptable results can also be obtained at a lower cost in
2,C32 mm

diameters over|(.080 in.)by employing mixes of nylon copolymers and homopolymers. The
use of the nylon copolymer matenal, without the addition of any homopolymer material,
however, has been found to provide the strongest and most durable line.

The strands 12 and 14 of line 10 can be formed in a wide variety of edged
configurations. Examples of different cross-sectional configurations of edged strands
which can be forfncd in accordance with the present invention are illustrated in Figures
3A-3D. Each configuration defines a plurality of longitudinally extending, outwardly
projecting cutting edges 13 which are preferably equidistantly spaced about the
circumference of the strand. Figure 3A illustrates a strand having a substantially square
cross-section. Figure 3B illustrates a substantially diamond-shaped strand. Figure 3C

illustrates a generally cross-shaped strand configuration marketed by Proulx

Manufacturing, Inc. of Rancho Cucamonga, Ca. under the trademark Crossfire. Figure 3D

illustrates a generally star-shaped configuration of an edged strand in which alternating

AMENDED SHEET
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configurations illustrated in Figures 3A and 3B differ from true square and diamond-
shaped configurations in that the side walls thereof are sl ghtly concave and not flat so that
the corners of the strands define the pro; ecting edges necessary to form line 10 as will be
further explained. To the naked eye, such strands appear square or diamond-shaped.

In manufacturing the double-strand line 10 in accordance with the present invention,
a supply of nylon copolymer material is disposed in a hopper 20 and selectively fed
through an extruder 22, a screen changer/filter assembly 24, a metering pump 26 and an

extrusion die spin pack 28 disposed within pot 30. For each length of double-strand line

configurations shown in Figures 3A-3D are illustrated in Figures 5A-5D respectively. As
seen therein, the configurations of the apertures 32 generally correspond to the final cross-
sectional shapes of the strands except for size due to the drawing down of the extruding

strands and the radial expansion of the extruded polymeric material due to die swell.

Inwardly tapered recessed areas 31 are disposed in the upper surface of die 28 about each

of the apertures 32 therein to enhance material flow through the die.

The phenomenon of die swell is significant in forming edged strands having concave
surfaces and flat surfaces which are perpendicular or substantially perpendicular to an axis
passing through the surface and the center of the strand. To form such flat surfaces in a
strand configuration requires a convex aperture wall in the die (or concave as viewed from
the aperture) due to the swelling of the nylon material as the material relaxes upon passing

through the die apertures. Similarly, to provide a slightly concave surface in an extruded

strand requires a more severe arc in the surface of the die. For example, to form the
slightly concave strand walls 15, 17 and 19 in the strand confi gurations illustrated in
Figures 3A-3C requires the use of the more acutely curved aperture sides 15’, 17’ and 19’
illustrated in Figures SA-5C respectively. As seen from comparing Figures 3C and 5C and
3D and 5D, the radial swelling is not significant in forming rounded or acutely angled or
pointed surfaces such as edges 13 in Figure 3C and 13A and 13B in Figure 3D. Rounded

surfaces simply become larger in diameter as a result of dje swell which can be offset, if
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necessary, by a proportionate reduction in aperture size or during the drawing down of the

forming strands. Acutely angled surfaces are employed to define projecting edges, as in

star-shaped strands, and the radial expansion of die swell only has a significant effect at

the base of the projecting edges. The projecting edges themselves are virtually unaffected.
Examples of dies having different numbers of aperture pairs are shown in Figures

7A-7D. The extrusion die 28’ illustrated in Figure 7A will produce two lengths of double-

strand monofilament line 10. Die 28" illustrated 1n Figure 7B will produce three separate
lengths of double-strand line 10. Die 28_ illustrated in Figure 7C will produce four
separate lengths of dual line 10, etc. It 1s preferable to space each paif-of apertures 32
substantially equidistantly apart on the die to minimize any inadvertent contact between
the pairs of strands being extruded therethrough and to avoid creating any pressure
imbalances. Accordingly, the pairs of apertures 32 are preferably aligned along a constant
radius circle (as will be explained) as opposed to being disposed in radial alignment
wherein the more outwardly disposed aperture(s) would have less through-put.

The relative orientation of the apertures 32 in each pair of apertures is very
important. The apertures 32 in each pair are onented in the extrusion die 28 such that two
projecting edges 13’ of one aperture are 1n axial alignment with two projecting edges of
the other aperture and the connecting wall surfaces 15°, 17’ or 19’ extending between the
aligned edges 13’ are 1n Opposeﬁ and recessed disposition, as illustrated in Figures 5A-5D.

The spacing between the axially aligned edges 13’ of the two apentl}es should be between
.S mm (2,178 mm

=\1/16 and 3/8 of an inch)apart with the preferred spacing being)(1/8 inch} So aligned, the

25

30

pairs of apertures are preferably positioned in the die such that they are spaced
equidistantly apart and a line X (See Fig. 7D) passing through the centers of each pair of
apertures would be tangent to a constant diameter circle Y. Thus, in a die 28 having five
pairs of apertures, a preferred embodiment (see Figure 7D), the corresponding apertures in
each successive pair would be 72° apart as measured from the center of the die. The
purpose of such orientation 1s to achieve edge-to-edge parallel contact between the
extruding strands along aligned pairs of projecting edges and to minimize twisting of the
strands pnor to crystallization, as will be explained.

As in the extrusion of single-mornofilament line, the diameters of the individual

apertures 32 1n die 28 should be at least fifty percent greater than the desired final strand

diameter. By way of example, 1n the apegtgre configuration illustrated in Figure 5C, a
My

G, ?
- diameter D across one of the apertures of[265 inches)s used to provide strands having the
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' cross-sectional configuration illustrated in Figure 3C and corresponding diameters of both
2,413 anmad 2,667 mm

095 and .1 OS-—inches) Varnations in strand size can be obtained with a given aperture size
by regulating the metering pump 26 and the line speed as in the manufacture of
conventional single-strand monofilament line.

5 In forming line 10, the nylon polymeric matenal is first extruded through the pairs of

apertures 32 in extrusion die 28, forming a corresponding number of pairs of molten
monofilament strands 12 and 14. Each pair of molten strands is directed downwardly from

die 28 to a collecting guide 29 which 1s disposed slightly above the surface of the water

within a quench tank 34. At the collecting guide 29, the molten strands are aligned and
10 pressed gently together along their opposed projecting edges 13 to initiate the bonding

together of the two strands 12 and 14 along those edges. Each pair of abutting strands is

then directed in a side-by-side disposition and edge-to-edge contact downwardly into the

quench tank 34.

. uench tank 34 is filled with water whiclris maintained within the range of about
b 4Y"C o 33,3€°C

15  Y40° to 100°F) depending on the material being used, to effect crystallization of the nylon
strands as they pass through the cooler water. If the line 10 is being constructed of the -

preferred nylon copolymer no. 8218 i1dentified above, the water in tank 34 should be
Y 44 7C (o 2¢ . ¢ °C

maintained within the range 0f'¥40° to 80°P). For smaller diameter line constructed of this

A, 651 - 2,032 mm 15,35¢ ° C to
material, such as{065-.080 in), the water temperature should preferably be about{60° to
21 11 © 15, SC°C 2. 473 - 2. 667 rmm

20 70°F()and most preferably at about 60°F) For larger diameter line such as{095-.105 in.)the
21 11°C o 26, °C '
water temperature should preferably be at about{70° to 80°F.)and most preferably about
241, 41 °C
(70°F). If the line were being formed of a nylon homopolymer, the water temperature need
not be quite as cool as nylon homopolymers crystalize more quickly. For example, if the

aforesaid nylon homOpolermer no. 2065 were being used, the water should be maintained
21.11 °C ¢o 37, 387

25  from aboul(70° to 100°F. Because this material crystallizes quickly, a preferred water
1,657 -

1.11°C ko 26,63°C 2,032 m
temperature of(70° to 80°F )is employed with small diameter line such as{.065-.080 igband

21 11 °C

most preferably the temperature should be about{70°F) With larger diameter line such as

2,413 - 2,663 mm 26, 3°C ¢to 37 38°C
.095-.105 in) the water temperature should be about(80° to 100°F.)and most preferably
26 61°C

-about{80°F) A water cooling apparatus (not shown) is employed in tank 34 to maintain the

30  water at the desired quenching temperature.

' The collecting guide 29 (see Figures 11 and 12) is mounted on the sides of quench
03,2 to 228 Grmm

tank 34 so as to be positioned directly below die 28 and is spaced about{8 to 9 inches)
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below the die. In the configuration shown in the drawings, collecting guide 29 comprises
a pair of roller bars 29A and 29B which are 1n honzontal alignment and spaced shghtly
apart. The bars are carried by lateral mounting brackets 47 and a plurality of raised rldges
31 are provided on each of the bars 29A and 29B so as to define a senes of finger guides
separating the individual curvilinear guide surfaces 29, 29", 29 etc., on bars 29A and
29B and joining together and aligning the pairs of strands about one of the guide surfaces.
As each pair of strands is directed from die 28 about one of the guide surfaces, e.g., 29’
and between a pair of the spaced ridges 31 separating the individual guide surfaces, the
ridges cause the strands in each pair thereof to be pressed gently together at 33 to nitiate
the formz;tion of the welds 16’ and 16" therebetween.- Because the apertures 32 are
configured and aligned as above-described, the two strands 12 and 14 in each pair will
abut one another along their projecting edges 13, forming welds 16’ and 16" which
collectively bond together the abutting edges of the two strands. The collectmg gunde 29
is adjustably mounted so as to bring the strands together between approximately i O to
O6 2? 1:31es)above the upper surface of the cooing bath in tank 34.

As the molten strands 12 and 14 are brought together in edge-to-edge contact at 33
adjacent collecting guide 29, each pair of strands defines an enclosed area 27 between the
two strands. The areas is bordered by the abutting edges 13 and the recessed, oppositely

facing side walls 15, 17 or 19 of the two strands, as seen in'Figures 8A-8D. The air

‘entrapped in the enclosed area 27 between the two strands during the joining together of

the strands is rapidly heated by the molten material, creating an increase in pressure
between the abutting strands. This pressure build up urges the strands apart and prevents
the strands from permanently fusing together.

. The extruded pmrs of joined strands are then directed in side-by-side disposition
from collecting guide 29 directly into the cooling quench bath. The strands are pulled
down to and about a guide 35 and a series of rollers 37 which are mounted in a spaced
curvilinear disposition in a basket or carriage 38 adjustably mounted in the lower upstream
end of the quench tank 34. Gude 35 1s of the same configuration as guide bars 29A and
29B and defines a plurality of raised annular ridges 36 thereon which are spaced apart and
define a second series of finger guides for maintaining the alignment of the pairs of joined

strands in a spaced parallel array. The finger guides defined by both the first and second

roller guides 29 and 35 could, of course, be forrned by other means such as a plurality of

annular or arcuate channels formed in a solid bar extending across carriage 38. The pairs
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of joined strands extend. from carnage 38 in parallel alignment proximate the bottom of
tank 34 and about a second plurality of rollers 39 mounted on a second carriage 42. The
last roller 39' on carriage 42 preferably defines a guide and 1s of the same é_c_)_ﬁﬁ-guration as
guides 29 and 35. From carmiage 42, the pairs of strands are directed upwardly out of the
quench tank 34, and through a sponge assembly 41 which strips excess water from the
strands and is provided with a comb guide to maintain the alignment of the joined strands
to a first roll stand 44. A roll stand 44 pulls the parallel array of the forming lengths of
double-strand line 10 from the extrusion die 28 through the quench bath 34 and cooperates
with a second roll stand 46 and a third roll stand 48 to move the lengths of line 10 through
the forming process as will be explained. |

An ﬁdjustable mounting of collecting guide 29 on tank 34 is provided to enable one
to vary slightly the vertical elevation of the gutde above the surface of the quench water to
adjust the strength of the welds 16 and 16" for differently configured and sizedast‘:':'::?ilf‘;'j
For strands having.the configuration illustrated in Figures 3C and 8C, a diameter of{095
inches)and being formed with the nylon copolymer no. 8218 identified earlier herein,
positioning guide 29 such that the strands are brought into contact at al‘%%&ofg?nches)
above the surface cooling bath provides ideal welds. For smaller sized strands this spacing
could be increased slightly and for larger strands the guide 29 could be adjusted to move
the contact points 33 slightiy closer to the water. This adjustability can be provided by a
pair of flat bars 47 vertically mounted within tank 34 adjacent the opposite side walls
thereof. Bars 47 are provided with a pair of closely spaced apertures 47 or aligned slots

which are adapted to receive threaded fastening members whereby the guide 29 can be

secured 1n place at the desired elevation on the tank. Other adjustable mounting means

could, of course, also be employed.

The carriages 38 and 42 are similarly adjustably mounted in tank 34 to
accommodate changes 1n the temperature of the cooling bath and different line sizes.
Smaller line will quench more quickly to obtain the desired results. Raising the carriages
within the tank will shorten the quench time. The water within the tank is also heated by
the semi-molten strands moving therethrough. As the temperature of the water increases,

the carriages 38 and 42 can be lowered shghtly, if necessary, to provide comparable

cooling of the strands.

It should also be noted that different configurations of collecting guide 29 could also
be employed. The collecting guide 29 illustrated in Figures 10 and 11 is particularly
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configured so as to cooperate with a die confi guration having five pairs of apertures 32 to
minimize any twisting of the freshly extruded molten strands as the strands pass from the
extrusion die in closely spaced parallel disposition to an abutting disposition adjacent one
of the guide surfaces 29’ on the collecting guide 29. As seen in Figure 11, five pairs of

strands 12 an 14 are shown as being collected on guide 29. As can also be seen from the

example, four angularly spaced collecting guide rollers.

As the bonding pairs of strands extend from the collecting guide 29 into the quench
bath and about guide 35 and rollers 37, the ridges 36 on the guide 35 maintain each pair of
aligned and joined crystallizing strands together in edge-to-edge contact as they pass
thereover. Thus, as roll stand 44 continually pulls the pairs of adjacent strands through the
quench bath, the strands will continue to crystalize and the welds 16’ and 16” will continue
to form at points 33 and thus extend along and continuously bond together the pairs of
strands 12 and 14 to form the lengths of double-strand line 10. Cross-sectional views of
these bonded strands 12 and 14 (having confi gurations corresponding to the die apertures
illustrated in Figures 5A-5D) are shown in Figures 8A-8D. Because the pairs of strands
will continue to come together at points 33 and form continuous welds 16’ and 16", it is
not necessary to press the two strands together down stream of collecting guide 29.

Guides 35 and 39 are employed to maintain the parallel alignment of the formed dual lines
as they pass through the quench tank 34.

Roll stand 44, which pulls the joined pairs of strands through the quench bath,

comprises an elevated drive roller 50 and a pinch roller 52 for pulling the joined strands

upwardly from tank 34, and two rows of vertically and laterally spaced additional drive




10

15

20

25

30

CA 02303492 2000-03-14

° » ® e ® )
WO 99/15720 :°*,°° b . °s o0 * ! 2 PCT/US98/19071
: o s o s o e "% %
® ® 200 L X 88 L N A *® 28
15

from tank 34 between drive roller 50 and pinch roller 52, downwardly therefrom and about

~ the two rows of drive rollers 54 and laterally therefrom into a first oven 56. The second

roll stand 46 is disposed downstream of oven 56 and is comprised of two rows of
vertically and laterally spaced drive rollers 58 and a pinch roller 59. Roll stand 46 pulis
the parallel array of lines 10 from the first roll stand 44 and through oven 56.

To obtain the desired physical properties in line 10, 1t is important both to stretch the
line while it is being heated 1n oven 56 and to obtain the desired degree of crystallization
of the nylon polymer matenal prior to heating and stretching. Stretching the line during
the heating step provides parallel orientation of the molecular structure within the two
strands 12 and 14 of line 10 and 1s achieved Hy providing a differential between the
rotational velocities of the drive rollers 50 and 54 in the first roll stand 44 and the drive
rollers 58 in the second roll stand 46. All of the drive rollers in the three roll stands are
preferably of the same size. Accordingly, by rotating the drive rollers 58 in the second roll
stand 46 more rapidly than the dnive rollers 50 and 54 in the first roll stand 44, the lines 10
are stretched as they are pulled through oven 56.

The amount ot crystallization which occurs in the molten strands prior to heating
and stretching 1s a function of the particular matenial being used, the temperature of the
quench water and the quench time (time during which the line is submerged in the quench
tank). The quench time depends on the velocity at which the lines are pulled through the
tank and the length of underwater travel. From a commercial standpoint, it is desirable to -
maximize line output per unit time. This is preferably achieved in the present invention by
extending the length of the quench tank 34 which allows the roll stands to operate at
higher rotational velocities without decreasing quench time. It has also been found to be
desirable to operate the roll stands at constant velocities and thus variations in the line
material can be most easily accommodated by variations in the temperature of the quench

walter.

By way of example, when using a ten hole die to extrude concurrently five pair of

double-strand linesal % gging the aforesaid preferred nylon copolymer no. 8218, wherein
mm 4304 mm

the strands 12 and 14 are{.080 inch)in diameter, the diameters of die holes 32 (airga%ﬁ\(.l 16
inch) The water temperature in tank 34 is pref%%(gg"ﬂ The vertical spacing between
the lower tace of the extrusion ,c'i;g 24,8 ifop%tz%’ O(‘ar:fimthe surfaces of the water in tank 34,
which is referred to as the air mfi to 9 inches)depending on the viscosity of the

material used, the diameter of the strands being extruded and the draw-down ratios
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employed. The larger the diameter of the strands being formed and the less the draw-down
— ratio, the shorter the air gap. More viscous melts will require larger air gaps. To form
welds of destred strength between the strands, the strand contact points 33 are each about
42,7 Mmm
(.5 inches Jabove the surface of the water as noted earlier herein. For very light welds
| | G,d35 mm
S between the strands, this depth could be decreased to about!.25 inches! The melt

215,56 to 24§, 49 °C 1,83
temperature is aboutl420 to 480°F)and the quench tank 34 is aboui(six feet)in length by
0, 91 m

three feet)in depth. The rotational velocity of the drive rollers in the first roll stand 44 is

%ﬁ.l feet)per minute. To provide the proper orientation of the molecular structure of the
two stands in each length of line 10 so afotf Ef}}’igve the desired line strength and durability

10 characteristics, oven 56 is maintained at abou 580°F)and the ratio of the relative rotational
speeds of the drive rollers 58 1n the second roll stand 46 to the speed of the drive rollers 50

and 54 in the first roll stand 44 1s about 3.1 to 1. Accordingly, the rotat&onal speed of the
7,67 m

drive rollers 50 and 54 1n the second roll stand 46 in the present cxamm 136.71 fe'et)pcr
minute.

15 Onenting the strands by aforesaid stretching and heating places considerable stress
on the strands. To provide the desired strength and durability in the final product, it is
destrable to relieve this stress. This 1s accomplished in the present invention by subjecting
the pairs of joined strands 12 and 14 to a second heating step. In the second heating step,
however, the joinca strands are 1n a relaxed state as opposed to being stretched during the

20  first heating step. To provide the second heating step, a s=cond oven 60 is disposed down-
stream of the second roll stand 46. The third roll stand 48 is positioned downstream of the
second oven 60 to pull the lengths of line 10 through oven 60. Roll stand 48 preferably
comprises a pinch roller 62 and three drive rollers 64 vertically and horizontally spaced
apart as shown 1n Figure 2. To pull the lines 10 through oven 62 in a relaxed state, the

25.  dnve rollers of roll stand 48 are rotated at a rate about two to ten percent slower than the

drive rollers 58 of the second roll stand 46. Thus, in the above example, rollers 58 would

40,83 m
be driven a{133.97 feet)per minutes. T?Ze slecond oven 60 1s maintained at a slightly lower
282 ,22°¢C .

temperature than oven 56, preferably about(540°F)
A second quench tank 66 is disposed downstream of the third roll stand 48 to
30  moisten the monofilament line prior to spooling as spooled line is inhibited from
absorbing from moisture 1n the air which is desirable in freshly extruded nylon line from a

strength standpoint. A suitable line guide 68 is provided in the lower portion of quench
tank 66 to define an underwater path for the line through tank 66. the water in tank 66 is
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maintained at about the same temperature as the water 1n tank 34 to cool the formed line
prior to spooling. Finally, a conventional spooling assembly 70 is deployed in the
assembly line downstream of quench tank 66 wherein each of the ihdividuéima:)—;iblé-strand
lines 10 formed by the aforesaid process are individually wrapped about separate spools 72
for storage and shipment. In the example set forth above, five separate spools wouid be

(S0, 492 &
wound with line 10 by assembly 70 and a total onl93.5 pounds)of line 10 would be

122,83 ‘m LK
produced per hour, based on{402 feet)of line pcr(gound)

Various changes and modifications may be made in carrying out the present
invention without departing from the spint and scope thereof. Insofar as these changes
and modiﬁcati';)ns are within the purview of the appended claims, they are to be considered

as part of the present invention.
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1. A prbceés for forming a flexible cutting line comprised
of a pair of monofilament strands (12,14) joined together in a
side-by-side disposition by a severable welding connection for
use in rotary vegetation trimmers, said process comprising the

'~ extruding a pair of molten monofilament strands (12,14);

directing said strands (12,14) in parallel contact 1into a
cooling quench bath; and

pulling said strands (12,14) in parallel contact through
the bath to effect crystallization of the two strands (12, 14)
and the bonding together thereof;

characterized in that

each strand (12,14) defines a plurality of
circumferentially spaced and outwardly projecting edges (13)
thereon extending longitudinally along the strand, two of said
edges on one strand (12) being 1in proximate disposition and
opposed parallel alignment with two of said edges (13) on the
other strand (14); and

said strands are directed together into edge-to-edge
parallel contact along said opposed edges (13) such that
severable welds (16', 16'’) are formed along said two edges
connecting said strands and enclosing a hollow area (27) between
said strands (13,14) and said welds (16’', 16’’) along said
opposed edges (13).
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| Claim:-

——}——nﬁ-proeess—for-formmg-a—ﬂcxlblt:'cuttmg'lmc—compnscd-of twvedgc&——

m&hq% ament strands joined together in a side-by-side disposition by a pair of spaced--

P

apart readily severable welds for use in rotary vegetation trimmers, said process.-
.a*"‘ k
comprising the following steps: L

extrudlng\er of molten monofilament strands such tFat each strand

defines a plurality of c1rcu:ﬂferent1ally spaced and outwardly. pfo;ecung edges thereon
extending longitudinally along thé strand two of saJd _edges on one strand being in

proximate disposition and opposed parallel ahgmffent with two of said edges on the other

S

strand; S

/'/ "‘\.

directing said strands tégether into edge-to edge parallel contact along said
opposed edges such that a Spac’é 1s defined between said strﬂnds and said opposed edges
thereof; - \-\_’
dirc(gsaid strands 1n edge-to-edge contact into a coofi\ﬁgqﬁl;h bath;. and

/ pulling said strands in edge-to-edge parallel contact through' the to effect
cry,stéflization of the two strands and the bonding together thereof along two readily

arable-parallel-welds

A g ws & o ¢ PTH TR Py,

) Characterized oy,
. fcl ! dditi
2 The process of claim me-l-}a&-xﬁglihe additional steps of concurrently

stretching and heating the bonded strands then heating the bonded strands in a relaxed

disposition.

Characterized 19/)

-f —-“.‘

3. T}xfcz. proicss of claim 1 me}uétﬂg the additional steps of pulling said pair of

bonded strands/rom the quench bath, directing said pair of bonded strands from said
quench bath to a heated oven at a first velocity; and pulling said strands through said oven

at a second velocity, said second velocity being greater than said first velocity and then

heating the bonded strands in a relaxed disposition.

QJ(OM of clan-g Noﬁ chamdemec{ n that the
. b

rocesg forforming-a ﬂemble-euttmg-l1ne-comprrseé-ef 0 monofilament
strands having substantially square or diamond-shaped cross-sections and-being-joined

Wi H"L

tegether-in-a-side-by-side-disposition-by-a-pair ef-spaced-apart-readily-severable-welds for

use-in-retary-vegetation-trimmers;-said-process comprising the following steps:
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. . extmudipgapairofmeltenmonofilament strands-such-that-cach-strane
mmﬂmwwmmqu four concave wall surfaces ( 15;‘ ’7)
o (13 . 12;1 , ggp'j‘_k&) (12
extending between said edges along said stran o of said edge n (s,tran eing
in proximate disposition and opposed parallel alignment with two of said edges’on the

(14)

5 other stran

3gda8-pa . eJ-Gthaet-aleag—said—
such that a space is defined between said strands by said coataCling edges

L -~ -—
. -

Opposec
and the concave wall surfaces extending therebetween;
direéting said strands in edge>+e=Edge contact into a cooling quench bath; and

sntact through the bath to effect

sTthe two strands and the bonding together thereof in an athacent

10 pulling said strerds in edge-to-edge paralle

crystallizatie
— .:- JOF

-
-~

adrtonal-steps ol Toncet
15 | stretchinte-and heating the bonded strands and then heating the bonded stranc :

’ .
v
"JE S LA L ol - 18390 )\°

-

4 relaxed

disposttion.

6. The process of claim 4 inclydigthe additional steps of pulling said pair of

bonded strands from the quench4sath, directing said pairef bonded strands from said

20 | quench bath to a heated oven at a first velocity; and pulling said through said oven

.at a S¢

@ velocity, said second velocity being greater than said first velocity

5 The of pwe of Claims 1k 3 characterived in that the
g Al process ferferning-a-Hexible-eutiing .‘L, ysed-offwo monofilament
Wt
25  strands havﬁgenemlly cross-shaped cross sections phd-beiRg-oiF - :

. U An
L F S 4

- = e - -
| —ty ¥ § ™ -l o

neans-of-spaced-apart-readily-'severable welc

egetation trimmeérs; said proces

o » . -
»
' . . -
. o v w - 9 ) ® o !f

P
a 1SN ST DI Y

extrudipg-apaif of molten monofilament strands 1n prox3

[ ]
*_—-I.‘. -
-

® ¢ 4
Al ALCLIELIG & ay. ARENa MaLl aldatf_Jaiwhsle

. x edges|{ four congave wall

(19 (13

30 ' surfacesyOne of said concave wall surfaces extending between the two edgesdn each of

said pairs gnd a plurality of recessed wall surfaces, said recessed wall surfaces extending
Jaid, . . d.l;-oy - (1q)
bétwe(éﬁ‘fé{ges in differerit pairs, one of said pairs of edges onlone strand/being in

proximate disposition and opposed parallel alignment with one of said pairs of edges on

CA 023034'9'2* 2000-03-14 AMENDED SH"';T
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oppased edges such that a space is defined between said strands by said contacting p#irs of

edges and\the concave wall surfaces extending therebetween;

5 hicecting said strands in edge-to-edge contact into a cooling-quench bath; and
pullinsaid strands in edge-to-edge parallel contact thréugh the bath to effec
crystallization of the two 3&ands and the bonding together ther€of along two readily
severable parallel welds.
10 8. The process of claim 7 includipgthe additional steps of concurrently

stretching and hedting the bonded strapd$ and therhgating the bonded strands in a relaxed

disposition.

9. The progess of claim 7 including the additional steps 0kpulling said pair of

15 |bonded strands frOm the quench bath, directing said pair of bonded strand\{rom said

to a heated oven at a first velocity; and pulling said strands throug

quench bagt satd oven

at a se€ond velocity, said second velocity being greater than said first velocity and thes
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spaeed-and|outwardly projecting edges 4
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merssedprocess comprisinig the following steps:

« 3 raarn'«-'

re
._ pl-usa.,l-yty-o‘écgu_tF:'l')r2 angled and WWM two of said edges. on
(one of said strand bemg in proxunate dlsposmon and opposed parallel alignment w1th two

of said edges on the other strand,

'——éﬂeeaﬂgeméﬁmndﬁogethcﬁredge-to-cdgmaﬁﬁfom&emongm}—

'o~edg®€ contact into a cooling quench bath; and

fands in edge-to-edge parallel contactthreugh the bath to effect
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11. wqprocess of claim 10 including the additional steps of cerfcurrently
stretching and heating the~bQnded strands and then heating the bonded strands in a relaxed
| disposition.

12.  The process of claim 1&-including the 3dditional steps of pulling said pair of
bonded strands from the guefich bath, directing said pair of bonded strands from said
quench bath to 3 heited oven at a first velocity; and pulling said strand3-thgough said oven

at a secetrd velocity, said second velocity being greater than said first velocity andthen

- » d »
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of oné of claimd 1 ko6, charackrited in that
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s jolned together in a side-by-side disposition by a pairof paced-.

apart readily Sev > welds for use in rotary vegetation trimsnefs, said process

ompiising the following steps: ’ \
extruding a pair ofmonofilament strands in proximate disposition such that
sach strand ¢
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a plurality of circumferentiall
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apax readily severable welds for use in rotary vegetation tnnmmers, said process

compristhg the following steps:

extruding a pair of monofilament strands such that each strapd defines a
5 | plurality of circumfereptially spaced and outwardly projecting edgeshereon extending
longitudinally along the sttagd, two of said edges on one stre #being in proximate
disposition and opposed parallelalignmeént with two of safd edges on the other strand;
directing said strands together into egge-to-edge parallel contact along said
opposed edges at a given location such that Pepace 1s defined between said strands and
10 | said opposed edges thereof, whereupophe heat in“said strands creates ’a positive préssure

in said space preventing insepargpte fusion of said strands;

directing said
bath disposed a dis

ands in edge-to-edge parallel contact into a cooling quench

of between about .250 to 1.0 inches below Sajd predetermined

location; ._
15 pulling said strands in edge-to-edge parallel contact through said Bath to
effept Crystallization of the two strands and the bonding together thereof along two spaced-
then concurrently str.etciling and heating the pair of bonded strands;=fic
then heating the pairofhonded strands in a relaxed disposition..
20 |

15.  The process of claim 14 wheréin<gid stretching and heating step comprises
pulling said pair of bonded strands-ffom the quench bath;-directing said pair of bonded
strands from said quenelibath to a heated oven at a first velocity; atd\pulling said strands

through said"Gven at a second velocity, said second velocity being greater thansaid first
25 |saloeit '

. q ' | 3 . ’.‘
18.  The process of claim JX wherein said second velocity 1s about three times
gf{:atér than said first velocity.
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10. A flexible cutting line for use in rotary vegetation
trimmers, said line being of single piece construction and
comprised of two extruded monofilament nylon polymer strands
(12,14) Joined together in a side-by-side disposition by a
..severable welding connection,

characterized i1in that

each of said strands (12,14) defining a plurality of
circumferentially spaced and outwardly projecting edges (13)
thereon extending longitudinally along the strand (12,14), two
of said edges on one of said strands (12) being in parallel
contact with two of said edges on the other of said strands (14)
so as to define a pailr or parallel readily severable welds (16',

‘

16’’) maintaining said strands in a side-by-side disposition and
enclosing a hollow area (27) between said strands (13,14) and
said welds (16’, 16'’) along said opposed edges.

11. The flexible cutting line according to claim 10,
characterized 1n that the two monofilament strands have
substantially square or diamond-shaped cross-sections with four
concave wall surfaces (15;17) extending between said edges (13)
and along said strand (12;14), two of said edges (13) on the one
strand (12) being in proximate disposition and opposed parallel
alignment with two of said edges (13) on the other strand (14).

12. The flexible cutting line according to claim 10,
characterized 1in that the two monofilament strands have
generally cross-shaped cross-sections with four concave wall
surfaces (19) extending between the two edges (13) in each of
sald palrs and a plurality of recessed wall surfaces, said
recessed wall surfaces extending between said edges in different
pairs, one of said pairs of edges on the one strand (12) being
in proximate disposition and opposed parallel alignment with one
of said pairs of edges on the other strand (14).

13. The flexible cutting line according to claim 10,
characterized in that the outwardly projecting edges (13) are
acutely angled.

. 14. The flexible cutting line according to one of claims 10
to 13, characterized in that two of said edges (13) on one
strand (12) being spaced from said other edges of the other
strand (14) a distance of about 3,175 to 4,7525 mm (1/8 to 3/16
of an inch).

15. The flexible cutting 1line according to claim 10,
characterized in that the two monofilament strands have
generally star-shaped cross-sections with a plurality of edges
(16', 16'’) and recessed wall portions extending between said
edges (16', 16'’) wherein two adjacent edges (16, 16’'') on one
strand being in proximate disposition and opposed parallel
alignment with two adjacent edges (16’, 16’’) on the other
strand.
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