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NOVEL TRIMMER LINE FOR STRING TRIMMERS

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the bepefit of U.S. Provisional Application No.
61/772,166, filed March 4, 2013 and U.S. Provisional Application No. 61/906,465, filed
November 20, 2013, the entire disclosures of which are hereby incorporated herein by

reference.

BACKGROUND
{0601} The invention is an improved string trimuning line for rotary string trimmer
devices. The trimmer line is attached to a disc {irimmer head) which is rotated by the
trimming device. The trimmer line extends essentially radially outward by virtue of the
centrifugal force generated by the rotation of the trimmer head attached to the lower end of
the device. The primary use for the trimmer line is for cutting grass, weeds and vegetation.
The rotational speed of the trimming line is predominately determined by the motor attached

to the machine but is also influenced by the air drag on the line from spinning through the air.

10602} String trimmers are known to operate at high rotational velocities of up to 16,000
revolutions per minute {rpm), although speeds from 5,000 to 8,000 rpms are much more
common. The bigh rotational speed of the triroming lne leads to considerable noise
generation by the cutting string. To resolve this problem, a wide variety of proposals have
already been put forward. For example, U.S. Patent No, 5,220,774 teaches a means of
designing a noise attenuating triromer line wherein a spiral groove or ridge is incorporated

along the surface of an otherwise round non-twisted fiber.

160063} Another solution to the noise problermn, and the most common means to attenuate
noise from a spinning trimmer line, is to manufacture a trimmer line with a twisted non-~
round cross-section. U.S. Patent No. 5,687,482, hereby incorporated by reference, granted to
RBehrendt is belicved to be the oldest UK, patent for a twisted monofilament line with a non-
round cross-section designed for the purpose of noise attenuation in frimmer line. In addition
to noise attenuation, Behrendt claims that the concept also allows the trimmer machine to
achieve higher rotational speeds, and thereby, a greater cutting performance. These types of
line are commonly referred to as twist lines. Behrendt depicts the twisting of a square cross-
section with flat sides and sharp edges at the vertices of the sides (FIG. 1a of the present

application). Similarly, U.8. Publication No, 2007/0256309 to Fogle depicts octagon (Figure
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21y and hexagon (Figure 22) cross-sections for twist trinumer lines having straight sides and

sharp edges at the vertices between the sides (FIG. 1d of the present application).

[0604] 1t should be noted that the known twist trimumer lines as well as the twist trimmer
lines of the present invention may be used with trimming devices powered by gasoline,
propang, electricity or other commercially available sources of energy. In recent history,
trimming devices having gasoline motors have dominated the largest share of the U.S.
market. Unfortunately, gas-powered motors generate so nuch noise that the improvements
achieved in attenuation of noise from the trimmer line have not heretofore been a significant
factor in the U.S. market. Fven though the majority of commercially available twist-shaped
trimmer lines are technically effective at some level of noise attennation, other factors such

as durability and efficient use of power have become key determining factors for consumers.

{G005] Over the last few years, the use of lithium batteries for powering string trimming
devices has grown significantly and continues to gain market share in the U.S. As compared
to gas-powered trimming devices, battery-operated devices generate much less noise, and
thus noise attenuating properties of twist trimmer line may be more appreciated. A key
difference between gas-powered and battery-operated trimming devices, however, is that
when a gas-powered device runs out of gas, a user can simply re-fill the tank and continue
trimming vegetation. Because the batteries for trimming devices take one to three hours to
recharge, a consumer notices when they have to stop trinuning to recharge the battery.
Because of this, battery life is becoming a big factor among consumers in determining which
battery-powered trimmer to purchase. As such, the amount of drag reduction associated with
a trimmer line is now a parameter which can be appreciated by the consumer because of its
impact on battery life. A low-drag tritnmer line can positively impact the perceived value of

the entire trimmer.

18806} As noted above, when twist lines first became commercially available, one of the
first noise-attenuating trimmer lines had a twisted-square cross-section with sharp edges.
Fven though this twisted shape attenuated noise, it had shortcomings. Most notably, the
mass of the twisted square shape was reduced by 35 to 40% compared to a round filament of
the same outside diameter. This reduction in mass equated to less durability. A trimmer
line’s darability is a function of the cross-sectional shape, the production process, the
materials comprising the line, and the mass of the line. To improve the durability of a twist

trinmer Huoe, the twist trimmer line’s mass must approach the same mass as a round filament.

2
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In general, the space occupied by a cylinder circumscribing the twisted square shape should

be the same or close to the same size as the space occupied by the round filament.

1006867} Siruilar to the need to improve durability of noise-attenuating trimmer line is the
need to decrease the air drag crealed by the line. Twist trimmer lines have been made from a
large variety of cross-sectional shapes, and shaped monofilaments twisted along their
longitudinal axis are known to attenuate noise relative to non-twisted lines of the same cross-
sectional shape, when spun using string trimmers, However, outside of the polygons of the
prior art listed above, as well as oval-shaped twist trimmer lines (U.8. Patent No. 6,434,837},
all of the proposed cross-sectional shapes for twist trimmer lines have either sharp
longitudinal edges, concaved longitudinal grooves, and/or twisted non-round cross-sections
with concaved longitudinal sides. Twisted lines with sharp edges and/or grooves do
attenuate noise when spun in the air, but they cither do not reduce drag when spun in the air

or they do not sufficiently reduce drag to the same degree as the noise is attenuated.

{0008] With the exception of oval lines, which by definition do not have well defined
edges, the prior art does not discuss the affect of applying a generous radius to replace the
sharp well defined edges that are now commonplace among commercial twist lines, More
specifically, the prior at does not proposed adding a generous radius to twisted polygon
shapes, nor does it define the benefit of doing so. Through experimentation it has been found
that the amount of radius applied where the sides of a polygon converge is an imporiant
factor in reducing drag and thus increasing battery life of the device. Applying a generous
radius where the sides of a polygon converge and then twisting the resulting cross-sectional
shape can result in a ine that both significantly reduces drag as well as noise generated when
spinning line in the air. The optimum amount of twist to reduce drag has been found to not
he the same as the amount of twist used to attenuate noise. For noise attenuvation, the
preferred level of twist reported in the prior art is typically one revolution of twist per inch.

For reducing drag, less twist per inch is preferred.

18809 This invention identifies a new class of cross-sectional shapes for trimmer line,
which when twisted minimize the drag generated by the trimmer line and yet also have more
mass {more durability), when compared to other twist line shapes of comparable size
{defined by a circle/cylinder that circumscribes the twisted shapes). The present invention is

focused on providing novel trimming lines of the type that will attenuate noise when spun at
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high speeds, maximize battery life due to low drag, will spin in a flat plane, and yet be

designed to either have significant mass and/or made with materials that result in long hife,

BRIEF SUMMARY

16610} This invention proposes a new class of twisted trimmer line with non-round cross-
sections — twisted polygons. The cross-sectional shapes are defined as polygons with three to
six sides, where the vertices between adjacent sides have been replaced with generous
circular arcs, the arcs of a parabola, or even other arc shapes so long as the arc is convex and
contains no sharp edges. Each arc is tangent to the two adjacent sides with a smooth and
continuous transition, and the sides of the polygon are essentially straight. The radius to
apply to the convergence point of two adjacent sides is defined as the ratio of R1/D1, where
R1 is the radius at the convergence point of two sides, and D1 is the diameter of a circle that
circumscribes the entire cross-sectional shape. The ratic of R1/I31 should be at least around

0.05 but could be as great as around .3, The preferred ratio of RI/DEis 0.2,

{6011} The polygon shapes of this invention are further defined in that the sides are not
concaved. The sides should either be straight (flat) or bulge outward (convex). Additionally,
the sides should not contain concaved longitudinal grooves. When these non-round shaped
monofilaments are twisted and spun longitudinally, the ontermost portions of the shape
define a cylinder. The amount of cutwardly bulge of the sides should not exceed 50% of the
distance (length) between the side of the polygon and a circle circumseribing the shape.
When trimmer line is spun at high speeds, sharp edges, longitudinal grooves and concaved
sides result in a less acrodynamic profile and thus an increase in drag. The shape of the
invention’s cross-section has been selected to make the trimmer line more aerodynaric when

spun at high velocities.

{6812] The filaments of this invention are also defined by the amount of twist or rotation
of the cross-section shape about its central longitudinal axis. The rotation is defined
sirnilarly to the definition used by Behrendt. The rotation can be described with the aid of an
imaginary line on the surface of the trimmer line (prior to rotation) which is parallel to the
fiber’s longitudinal axis and which touches a plane upon which the fiber is resting. One
revolution is defined by two adjacent points on the imaginary line which are touching the

same plane after the fiber is twisted. The invention is further defined as having one
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revolution of twist between every 0.75 inches to one revolution of twist every 3.0 inches.

Ideally, the amount of twist would be one revolution very 1.7 inches.

(6613} One advantage of the invention is that the filaments cross-sectional shapes and
amount of twist have been selected to minimized air drag, maximize mass and thus optimize

the life of a battery and the line’s durability.

18014} Anocther advantage of the invention is that the filament spins in a plane with
minimal deviation from that plane and thus allows the machine operator better control when
edging and trimming. This performance feature also means the line is less apt to tear the tips

of fine grass and thos minimizes the browning of the grass.

{0015} Another advantage of the invention is that the material has been selected to
optimize durability of the filament allowing long life of the trimmer line independent of the

other factors contributing to the line’s durability.

{80416} For a fuller understanding of the nature and advantages of the present invention,

reference should be made to the ensuing detailed description and accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

10617} FIGS. 1a-d show twist trimmer line from the prior art comprising sharp edges
between adjacent polygon sides;
[6018] FIG. 1e shows a twist trimmer line from the prior art comprising a generally

triangular shape with rounded corners and three longitudinal grooves;

16619] FIGS. 2a-f show a perspective view of six versions of a twist trimmer line of the

present invention having a square-shaped cross-section;

{0026] FIGS. 3a-f show a perspective view of six versions of a twist frimmer line of the

present invention having a triangular-shaped cross-section;

{6021} FIGS. 4a-f show a perspective view of six versions of a twist trimmer line of the

present invention having a pentagonal-shaped cross-section;
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[6023] FIGR., 5a-f shows a perspective view of six versions of a twist trimmer line of the

present invention having a hexagonal-shaped cross-section;

[6023] FIGS. 6a-f shows an alternate embodiment of the twist trimmer line shown in
FIGS. 2a-f,

19924} FIGS. 7a-f shows an alternate embodiment of the twist frinmer line shown in
FIGS. 3a-1;

18025} FIGS. 8a-f shows an alternate embodiment of the twist trimmer line shown in
FIGS, 4a-f;

16026} FIGS. 9a-f shows an alternate embodiment of the twist trimmer line shown in
FIGS Sa-f;

{0027} FIG. 10 is a side view of one of the versions of trimmer line shown in FIGS. 3a-f;

{0028] FIG. 11 is a cross-sectional view of the trimmer line shown in FIG. 10

{6029} Diagram 1 shows the cross-sectional shape of the twist line, the characteristics of
which are shown in TABLES 1A and 1B;

{6036} Diagram 2 shows the cross-sectional shape of the twist line, the characteristics of
which are shown in TABLES 24 and 2B;

(6031} Diagram 3 shows the cross-sectional shape of the twist line, the characteristics of
which are shown in TABLES 3A and 3B; and

10032} Diagram 4 shows the cross-sectional shape of the twist line, the characteristics of
which are shown in TABLES 4A and 48.

DETAILED DESCRIPTION
{0033} The cross-sectional shapes of the twist trimmer lines of this invention consist of
polygons with three to six sides, with a generous radius at the vertices between gach of the

~
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two adjacent sides. The sides of the polygons can range from generally flat (FIGS. 2-5) to

outwardly bowed {convex} (FIGS. 6-9}.

18034} FIGS. 1a-d are examples of prior twisted trimmer lines. The twisted fibers have
different cross-sectional shapes, but there is no radius at the vertices V-V between the

adjacent sides of each polygon. The edges form a sharp angle.

{B035] FIGS. 2a-f depict a series of fibers with cross-sections that fall within the scope of
the invention. The cross-sections of these fibers are generally square, but with a generous
radius {R;) replacing the vertices between the sides. If the diameter of a circle
circumscribing these cross-sections is labeled generally as B3y, then the radii (Ry) in FIGS. 2a-
Fcan be expressed by the ratio of Ry/D. For the twisted square-shaped filaments of this
invention, this ratio {Ri/I3;) is defined as being less than or equal to .30 but greater than or

equal to 0.05:
GQS‘ERV’D[}’QSG

{8036} In FIGS. 2a-f, cach radius at the vertices is defined by a portion of a circular arc
A. These arcs are continuous and tangent to the two adjacent sides; and in FIGS. 2a-f, the

stdes $1-S4 are essentially straight or flat.

190371 The value of diameter (I) circumscribing the fibers depicted in FIGS. 2a-f can
range from 1.2 mm to 4.5 mm. However, for the cxamples in TABLE 1A, the diameter By is
assigned the value of 2.4 mm. As a point of reference, a solid round fiber with diameter 2.4

mm has an area {Areap) 0f 4.52 mm”,

TABLE 1A: Theoretical Values for Twisted Square Cross-Sections with Various Radi

(Ry)

FIC. of 2e 2d ¢ 2b 2a | la
D, () 24 1 24 2.4 2.4 24 | 24 1 24
R/ 030 | 025 0.20 0.15 | 010 005 1 O
R; (mm) 072 L 06 0.5 0.36 | 0.24 0.12 0
Y () 0.14 | 0.18 (.21 0.25 0.28 0.32 .35
Area; {(mm) 4.05 3.86 | 3.78 3.53 1 3.33 3.12 1 2.89
Areay/Areag | 0.90 0.86 0.83 0.78 0.74 0.69 | 0.64
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{0038} In TABLE 1A, the length of the midpoint of cach side radially outward to the
circle circumscribing the shape has been labeled as Y. The radius (R;) in mm has been
calculated by multiplying the diameter (D4) by the ratio R/, shown in the table. The Area;
was calculated based upon the geometry and the other values shown in TABLE 1A, The
final row of values in TABLE 1A is a ratio of the cross-sectional area of the invention
(Area;) divided by the cross-sectional area of a round fiber with the same diameter as Dy

{Areag).

[6039] TABLE 1A can be read as follows: The cross-section of the twisted fiber m FIG.
2d can be circumseribed by a circle with diameter of 2.4 mm. The radius in each of the four
corners is 0.5 mm. The distance from the mid-point of cach side radially outward to the
circle circumscribing the shape is 0.21 mm. The cross-sectional area of this fiber is 3.78

mmz, which is 83% (Area;/Areay) of the area of a solid round fiber of the same diameter.

[6040] It is tmportant to note that the area of the trimmer lines (fibers) in TABLE 1A
approach the area of a solid round circle as the radii (R,) is increased. More area equates to
more mass which will improve the fiber’s durability and useful life. However, these fibers
retain their benefits of reduced noise generation and reduced drag. Additionally, all of the
fibers of the invention listed in TABLE 1A have larger cross-sectional areas than the cross-
section area of the fiber listed in FIG. la when the fibers are sized to fit into the same

circumscribing eylinder.

{6041} FIGS. 3a-f depict a series of fibers with cross-sections that fall within the scope of
this invention. The cross-sections of these fibers are all generally triangular, but with each
vertex comprising a generous circular arc defined by radius (Ry). If a circle circumscribing
these cross-sections is labeled generally as Dy, then the radii in FIGS. 3a-f can be expressed
by the ratio of Ry/DYy. For the twisted triangnlar-shaped filaments of this invention, this ratio

(R/I),} is defined as being less than or equal to 0.30 but greater than or equal to 0.05:
0.05<R,/D3<0.30

{4042} In FIGS. 3a-f, each radius at the vertices is defined by a portion of a circular arc.
These arcs are continuous and tangent to the two adjacent sides; and in FIGS. 3a-1, the sides

are essentially straight or flat.
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{0043} The value of diameter (D) circumscribing the fibers depicted in FIGS. 3a-f can
range from 1.2 mm to 4.5 mm. However, for the examples in TABLE 24, the diameter Dy is
assigned the value of 2.4 mm. As a point of reference, a solid round fiber with diameter 2.4

nim has an area {Areag) 0f 4.52 .

TABLE 2A: Theoretical Values for Twisted Triangular Cross-Sections with Various

Radii (R}
FIG. 3f 3¢ id 3¢ 3b 3a 1b
D, (mm) 2.4 24 2.4 2.4 2.4 2.4 2.4
Ry/Dy 0.30 0.25 020 1 015 0.10 0.0S 0
R; (mm) 0.72 0.6 0.5 0.36 0.24 0.12 0
Y, {(mm) 0.24 0.3 035 | 0.42 (.48 0.54 0.6
Area; (mm) 3.72 3.47 3.24 2.9 2.58 2.33 1.88
Areay/Area 0.82 077 | 072 0.64 0.57 | 0.52 0.42

{8844} In TABLE 2A, the length of the midpeint of each side radially outward to the
circle circumseribing the shape has been labeled as Yy, The radius (R;) in mum has been
calculated by multiplying the diameter {;) by the ratio Ry/D; shown in the table. The Area;
was caleulated based upon the geometry and the other values shown in TABLE 2A. The
final row of values in TABLE 2A is a ratio of the cross-sectional area of the invention
{Area;) divided by the cross-sectional area of a round fiber with the same diameter as Iy
{Areag).
[3045] TABLE 2A can be read as follows: The cross-section of the twisted fiber in FIG.
3¢ can be circumscribed by a circle with diameter of 2.4 mm. The radius in each of the three
corners is 0.36 mm. The distance from the mid-point of each side radially outward to the
circle circumscribing the shape is 0.42 nun. The cross-sectional area of this fiber 18 2.9 mm,
which is 64% {Area;/Areay) of the area of a solid round fiber of the same diameter.

(3046} FIGS. 4a-f depict a series of fibers with cross-sections that fall within the scope of
this invention. The cross-sections of these fibers are all generally pentagonal, but with each
vertex comprising a generous circular arc defined by radius (Ry). If a circle circumscribing

these cross-sections is labeled generally as Dy, then the radii in FIGS. 4a-f can be expressed
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by the ratic of R/, For the twisted pentagonal-shaped filaments of this invention, this

ratio (Ry/D,;) is defined as being less than or equal to 0.30 but greater than or equal to 0.05:

0.05<R /B <(.30

{6047} In FIGS. 4a-f, each radius at the vertices is defined by a portion of a circular arc.
These arcs are continuous and fangent {0 the two adjacent sides; and in FIGS. 4a-f] the sides

are essentially straight or flat.

(6348} The value of diameter {I3y) circumscribing the fibers depicted in FIGS. 4a-f can
range from 1.2 mm to 4.5 mm. However, for the examples in TABLE 3A, the diameter D 18
assigned the value of 2.4 mm. As a point of reference, a solid round fiber with diameter 2.4

nun has an area {Areag) ot 4.52 mm>,

TABLE 3A: Theoretical Values for Twisted Pentagonal Cross-Sections with Various
Radii (Ry)

FIG, - 4f de 4d de¢ 4b 4a tc
D (mm) 24 2.4 2.4 2.4 2.4 2.4 2.4
R/ 030 0.25 .20 0.15 0.10 0.05 0
R, (mm) 072 | 06 0.5 036 | 024 0.12 0
Y, () 009 0.11 0.13 0.16 0.18 0.21 0.23
Area; (mmy | 4.20 4.10 4.00 3,86 373 | 3.59 3.43
Area,/Areay 0.93 091 | 088 0.85 0.83 079 | 0.76

16349} In TABLE 3A, the length of the midpoint of each side radially outward to the
circle circumscribing the shape has been labeled as Yy, The radius (Ry) in mom has been
calculated by multiplying the diameter (I3;) by the ratio R,/D; shown in the table. The Area;
was calculated based upon the geometry and the other values shown in TABLE 3A. The
final row of values in TABLE 3A is a ratio of the cross-sectional area of the invention
{Area;) divided by the cross-sectional area of a round fiber with the same diameter as Iy

{Aresg).
HIRTH TABLE 3A can be read as follows: The cross-section of the twisted fiber in FIG,
4b can be circumscribed by a circle with diameter of 2.4 mm. The radius in cach of the five

comers is .24 mm. The distance from the mid-point of each side radially outward to the

10
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circle circumscribing the shape is 0.18 mm. The cross-sectional area of this fiber 18 3.73

mm®, which is 83% (Area;/Arcag) of the area of a solid round fiber of the same diameter,

10051} Again, it is notable that as the radius R, is increased, the area of the monofilament
fiber (invention) approaches the area of a round fiber (standard trimwer line) of the same
circumscribing diameter. Whereas the area of the twisted square invented by Behrendt had
64% of the area of a circumscribed circle of the same diameter, the example depicted by FIG.
44 has 88% of a circumseribe circle of the same diameter. This increase in area equates 1o an

increase in mass, which eguates to more durability.

180521 FIGS. 5a-f depict a series of fibers with cross-sections that fall within the scope of
this invention. The cross-sections of these fibers are all generally hexagonal, but with each
vertex comprising a generous circular arc defined by radins (Ry). 1f a circle circumscribing
these cross-sections is labeled generally as Dy, then the radii in FIGS. 5a-f can be expressed
by the ratio of Ry/Dy. For the twisted hexagonal-shaped filaments of this invention, this ratio

(Ry/D1) is defined as being less than or equal to 0.30 but greater than or equal to 0.05:
0.05<R /D<0.30

[0053] In FIGS. 3a-f, each radius at the vertices is defined by a portion of a circular arc.
These arcs are continuous and tangent to the two adjacent sides; and in FIGS. Sa-f, the sides

are essentially straight or flat.

{8334} The value of diameter (D) circumscribing the fibers depicted in FIGS. 5a-f can
range from 1.2 mm to 4.5 mm. However, for the examples in TABLE 44, the diaroeter D, is
assigned the value of 2.4 mm. As a point of reference, a solid round fiber with diameter 2.4

nim has an grea (Areag) of 4.52 mm-.

TABLE 4A: Theoretical Values for Twisted Hexagonal Cross-Sections with Various
Radii (R}

. FIG, 5 5¢ Sd S¢ Sh Sa 1d
D, (mm) 24 | 24 24 1 24 1 24 2.4 2.4
Ry/Dy 030 1 025 020 | 015 | 0.10 (.05 0
R, (mm) U072 0.6 0.5 036 | 024 0.12

Yy (mm) 0.06 | 0.08 009 | 011 013 1 014 0.16
Area; (mm) | 4.29 4.22 416 1 4.05 396 | 386 | 375

i1
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UArea/Area, | 095 | 093 | 092 | 050 | 088 | 085 | 083 |

{0055] in TABLE 4A, the length of the midpoint of each side radially outward to the
circle circumscribing the shape has been labeled as Y. The radius (R;) in mm has been
calculated by multiplying the diameter (D) by the ratio Ry/D; shown in the table. The Area;
was calculated based upon the geometry and the other values shown in TABLE 4A. The
final row of values in TABLE 4A is a ratio of the cross-sectional area of the invention
{Area,)} divided by the cross-sectional area of a round fiber with the same diameter as Dy
{Areag).

{0056] TABLE 4A can be read as follows: The cross-section of the twisted fiber in FIG.
3¢ can be circumscribed by a circle with diameter of 2.4 mm. The radius in each of the six
corners is 0.6 mm. The distance from the mid-point of each side radially outward to the
circle circumscribing the shape is 0.08 mm. The cross-scctional area of this fiber is 4.22

o] N . . . ~ N
mm®, which is 93% {Areai/Areag) of the area of a solid round fiber of the same diameter.

{G057] A modified class of shaped twisted lines defined by this invention includes the
same shapes in FIGS. 2a-f; FIGS. 3a-f; FIGS. 4a-fl and FIGS. Sa-f, but modified to allow the
straight sides of the polygons to bow radially outward (FIGS, 6a-f; FIGS. 7a-f; FIGS. 8a-f
and FIGS. 9a-f). Defined mathematically, the midpoints of the straight sides of the polygons
are allowed to bow outward by up to 50% of the distance Yy listed in TABLES 1A, 2ZA, 3A
and 4A. The visual representations in FIGS. 6a-f; FIGS. 7a-f; FIGS. 8a-f and FIGS. 9a-1
show the midpoint of the straight sides of the polygons bowed outward by 33% of the
distance Y, as listed in the prior TABLES 1A, 2A, 3A and 4A. Diagram 1 shows a visual
representation of the cross-sectional shape of the twisted lines characterized in TABLE 1A
and TABLE 1B. Similarly, Diagram 2 shows a visual representation of the cross-sectional
shape of the twisted lines characterized in TABLES 2A and 2B; Diagram 3 shows a visnal
representation of the cross-sectional shape of the twisted lines characterized in TABLES 3A
and 3B; and Diagram 4 shows a visual representation of the cross-sectional shape of the
twisted lines characterized in TABLES 4A and 4B, indicating the reference measurements
R;, Dy and Y, for each. The values for ratio Ry/Dy, distance Y, Area;, and ratio of
Area/Aresy in TABLES 1A, 2A, 34, 4A, 18, 2B, 3B, and 4B have been rounded to two

decimal places.
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{0058}

twisted square shapes with a range of radii. As the radii (Ry) increases, the value of Y

For example, TABLE 1A provides the values of Y as previously defined for

decreases and the area increases. The data in TABLE 1A is representative of twisted fibers
per FIGS. 2a-f, where the shape is circumscribed by a 2.4 mm circle. If the midpoints of the
sides of these twisted squares are allowed to bow outward by 33% of the value Y, as shown
in Table 1A, then the respective fiber shapes in FIGS. 2a-f will be transformed into the

shapes shown in FIGS. 6a-f.

00391

range from 1.2 mm te 4.5 mm. However, for the examples in TABLE 113, the diameter By 18

The practical commercial value of Dy for the fibers depicted in FIGS. 6a-f can

assigned the value of 2.4 mm. As a point of reference, a solid round fiber with diameter 2.4
num has an area {Areag) of 4.52 mm’,

(88601
compared to the valoes in TABLE 1A. As a result, the area of each fiber has increased

As can be seen from TABLE 1B, the value of Y is now reduced by 33%

relative to the examples in TABLE 1A. More area equates to more mass, which improves

the durability and useful life of the twisted fiber.

TABLE 1B: Theorctical Values for Twisted Square Cross-Sections with Various Radii
and Bowed Sides

FIG, 6f fie 6d 60 &b 6a ia
D, (o) 2.4 2.4 2.4 2.4 2.4 2.4 2.4
R./D; 0.30 (.25 0.20 0.15 0.10 0.05 0
R, (mm) 0.72 0.6 0.5 0.36 0.24 0.12 0
Y, (mm} 0.08 0.10 0.11 0.15 0.18 0.22 0.35
Areay {mmy 4.17 4.00 4.05 386 ¢ 3.0 3.52 2.89
Areay/Areag 0.92 | 0905 | 0.895 0.85 0.81 0.78 0.64

{6061}
versions shown in FIGS. 3a-f, except that the sides of the triangular polygons are shown
bowed cutward by 33% of the values of Y listed in TABLE 2A. TABLE 2B provides

corresponding values for these new fibers based upon cross-sections that are circumscribed

Likewise, FIGS. 7a-f show six versions of the invention which are identical to the

by a 2.4 mm circle.

TABLE 2B: Theoretical Values for Twisted Triangular Cross-Sections with Various
Radii and Bowed Sides

13
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FIG, M Te 7d Te 7b 7a 1b
D, {mm) 2.4 2.4 2.4 2.4 2.4 2.4 2.4
R/ 030 0.25 0.20 0.15 010 | 005 0
R, (mm) 072 L 06 | 05 0.36 0.24 012 0
Y, (mm) - 0.16 .20 0.24 0.28 .32 0.36 0.6
Area) (mm)Y | 3.89 3.71 353 | 333 3.13 292 1 188
Areay/Arcas | 0.86 0.825 078 | 074 0.69 | 0.64 0.42

{6062] FIGS. &a-f show six versions of the invention which are identical to the versions
shown in FIGS. 4a-f, except that the sides of the pentagons are shown bowed outward by
33% of the values of Y listed in TABLE 3A. TABLE 3B provides corresponding values for

these new fibers based upon cross-sections that are circumscribed by a 2.4 mm circle.

TABLE 3B: Theoretical Values for Twisted Pentagonal Cross-Sections with Various
Radii and Bowed Sides

| FIG. o &f 8¢ 8d Sc 8b | Sa ic
D (mm) 2.4 2.4 2.4 2.4 2.4 2.4 2.4
Ry/Dy 0.30 0.25 0.20 0.15 0.10 005 | O
R, {mm)} 0.72 06 | 05 0.36 0.24 012 10
Y, (mm) 0.04 0.05 .06 | 008 0.09 0.11 0.23
Area; (mmY 432 426 | 422 4.14 4.07 4,00 3.43
Areni/Areag 096 | 0.94 (.83 092 0.90 .88 3.76

{3063} FIGS. 9a-f show six versions of the invention which are identical to the versions
shown in FIGS. Sa-f, except that the sides of the hexagons are shown bowed outward by 33%
of the values of Y, listed in TABLE 4A. TABLE 4B provides corresponding values for these

new fibers based upon cross-sections that are circumscribed by a 2.4 mm circle.

TABLE 4B: Theoretical Values for Twisted Hexagonal Cross-Sections with Various
Radii and Bowed Sides

FIG. of 9e 9d 9¢ ob 9a 1d
D, (mm) 24 1 24 24 L 24 | 24 2.4 2.4
Ry/D; 630 0.25 0.20 015 | 010 | 005 0
R, (mm) 0.72 0.6 0.5 0.36 0.24 0.12 0
Yy (mn) 0.04 {.05 0.06 008 | 0.09 0.11 0.16
Areay (mm) 4.34 4.30 425 1 417 4,11 4,00 3.75
AteayAreas | 096 1 093 0.94 0,92 091 | 0.88 0.83

14



WO 2014/138036 PCT/US2014/020243

10064} in the above examples, the arcs joining the adjacent sides of the polygons are
circular arcs. The choice of arcs for the invention includes circular arcs, the arcs of a
parabola, and other arc shapes so long as the are is convex and contains no sharp edges.
Bach arc is tangent to the two adjacent sides with a smooth transition. As shown in FIGS. 6-
9 and Diagrams 1-4, the midpoint of each side as defined by a line connecting the two
consecutive radii could bulge outwardly by as much as 50% of the distance from the mid-

point of each flat side radially outward o a circle circurnseribing the cross-section of fiber.

6065} For polygons with an even number of sides (squares, hexagons and the like) the
size of the arc for every other vertex could be different from the arc used for the in-between
vertices. Likewise, for polygons with an even number of sides, the shape of the are for every
other vertex could be different from the shape of the vertices used for the in-between

vertices.

10066} Another aspect of the invention is that the cross-sectional shape is rotated
uniformly along the length of the longitudinal axis. In all embodiments of the invention the
cross-section is maintained constant and uniform over the entire longitudinal axis within the
limits of manufacturing capabilities. However, the rotation of the cross-section relative to
the longitudinal axis varies continuously by a specific angular amount per unit of length. Ina
square cross-section defined in the prior art, this results in the rotating trimmer Hne with four
edges extending helically (FIG. 1a). For the twisted shapes of the present invention, no sharp
edges would be extended helically. Instead, large and smooth radii would extend helically
separated by smooth sides (FIGS. 2a-2f, as well as FIGS. 3-9). The sides are not recessed
relative to the arc at each vertex. The advantages of the new trimmer lines of this invention
are that flow resistance or air drag on the rotating line is reduced, noise generated by the
fine’s rotation is attenuated, for trinumer machines with torgue motors the rotational speed of
the tool is increased, the plane of rotation of the line is more uniform, and the mass of the
novel trimmer line approaches the mass of solid fiber with the same circumferential diameter,

thereby improving the durability of the trimmer line over twisted lines of the prior art.
18067} A degree of twisting in the order of magnitude of 20 twists per meter (20 ¥/m)
mesns that the rotating trimming line is twisted by 360 degrees twenty times over the one

meter length. The minimum level of twisting desired for this invention is 13.1 ¢/m; and, the
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maximum level of twist desired is 52.5 t/m.  This is equivalent to one revolution of twist
(360 degrees of rotation) every 0.75 to 3.00 inches. The ideal level of twist is 24.6 t/m, or
one revolution of twist every 1.6 to 1.7 inches. The rotation can be described with the aid of
an imaginary line on the surface of the trimmer line (prior to rotation) which is parallel to the
fiber’s longitudinal axis and which touches a plane upon which the fiber is resting. One
revolution (REV) is defined by two adjacent points on the imaginary line which are touching
the same plane afier the fiber is twisted (FI1G. 10}. The amount of twist along the fiber’s
length would ideally be constant within the limitations of the twisting process, but a variable

level of twist would also be acceptable.

[3068] There are three ways to fabricate twist into monofilament trimmer line. One
means is to rotate or spin the capillary in the spinneret plate from which the molten plastic is
extruded. A second means is to rotate the spool both axially and longitudinally as the
filament is wound onto the spool. These first two means can be accomplished during the
extrusion process used to manufacture the monofilament trimmer ling. The third means to
impart twist to a filament is to perform the twisting after the monofilament is manufactured.
To twist a short length of trimmer line, one end is first clamped and secured. Then the other
end of the filament is rotated while the length of the fiber is exposed to sufficient heat. The
twisted formation is constrained and allowed to cool. Alternately, the fiber can be twisted
coutinuously by rotating the payoft spools to impart rofation into the fiber, while at the same
time removing line from the spool, passing it through a nip to hold the twist, exposing the
line continuously to heat to set the shape, cooling the line, passing it through a second nip,

and winding the line onto a take-up spool.

10669} A preferred embodiment is 8 twisted equilateral triangle (three-sided polygon)

where each of the three vertices has been replaced with a generous circular are.

6678} A second preferred exnbodiment is a twisted square (four-sided polygon) where

cach of the four vertices has been replaced with a generous circular arc,

18071} A third preferred embodiment is a twisted pentagon (five-side polygon} where

each of the five vertices has been replaced with a generous circular arc.

16072} A fourth preferred embodiment is a twisted hexagon {(six-sided polygon) where

each of the six vertices has been replaced with a generous circular arc.
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{6673]) Additional preferred embodiments include the above embodiments where the

sides are equally bowed outward.
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TESTING

(8474} To measure the impact of a fiber’s shape on battery life, the following setup was
used. A model CGT400 string trimmer manufactured by Core Cutdoor Power was mounied
on a stand such that the trimmer head was suspended above the floor of the lab. A
Shakespeare™ brand Fury™ trimmer head was mounted on the CGT400 trimmer. The
Fury™ head is designed to hold two lengths of trimmer line using two sets of dual clamps.
For all of the examples below, the line samples were cut to have a blunt tipand cut to a
length of 6.5 inches. A mark was made on all samples 5 inches from the blunt tip. When
installing the line in the Fury™ head, this mark was centered in the eyelet of the head so that
S inches of line extended from each evelet. The two opposing evelets are three inches apart.

Thus the line swatch was 13 inches.

[80475] The CGT400 trimmer is powered by lithium batteries. The unit was operated at
fow speed for the following examples. At low speed, the trimmer spins {rimmer lines at a
constant rate of 5,005 rpms. The controls for the CGT400 vary the amount of electricity used
from the battery to maintain the 5,005 rpms. If a particular trimuner line shape has lots of air
drag, then the demand for electricity on the battery increases and the battery runs out of
power in a shorter period of time. If a different line shape is more aerodynamic, then less
power is required to spin the line and the battery will run for a longer period of time before

electricity in the lithium battery is consumed.

16076} For all of the tests discussed below, the same lithium battery and the same battery
charger were used. The battery took a minimum of three hours to charge for each test. The
trimmer machine throtile was taped to maintain the trimmer operating continuously. Once
the charged battery was inserted into the trivamer it would begin spinning the line samples
and would run until the battery was depleted. The same battery would be fully recharged for

the next test.

{6077} The noise generated by each sample of trimamer line was measured using a digital
sound level meter model 407750 from Extech. The sound was measured 58 inches from the
trimmer head, just above the throttle of the trimmer. The samples selected were all

approximately 95 mils (2.4 mm) in diameter, or the cross-section could be circumseribed by

a circle 95 mils (2.4 mm) in diameter.
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{6478} Example 1

A sample of round copolymer trinumer line labeled as having a 95 mil diameter was selected
for testing. The diameter was measured and found to range from 94 1o 96 mils. Ten picces
of line were cut to 6.5 inches and marked at 5 inches from a blunt cut end. A pair of lines
was inserted into the Fury™ head such that 5 inches of line extended from each of the two
opposing evelets. The swath was 13 inches. The baitery was mserted into the trimmer and it
was allowed to operated until the lithium battery was depleted. The run time and the noise
generated were recorded. This process was repeated until five pairs of lines were tested. The

results were as follows:

Sample # Battery Run Time {minutes) | Noise {(dB)
1 53.8 84.0
2 54.5 ; 83.5
3 565 83.3
4 56.0 ) i 838
5 55.7 84.0
Avg, 55.3 83.7
Range 2.7 0.7

Round line was fested because this is the most common shape of trimumer line,

{6079} Example 2

A sample of trimmer line was made with the cross-section shown in FIG. 3d. The line was
not twisted. Eight pieces of line were cut to 6.5 inches and marked at 5 inches from a blunt
cut end. A pair of lines was inserted into the Fury™ head such that S inches of ling extended
from each of the two evelets. The swath was 13 inches. The battery was inserted into the
trimmer and it was allowed to operate until the lithium battery was depleted. The run time
aund the noise generated were recorded. This process was repeated until four pairs of lines

were tested. The resulis were as follows:

Sample # - Battery Run Time (munutes) | Noise (dB)
1 48.8 88.0
2 63.9 78.5
3 55.9 83.8
4 _ 565 83.8
Avg, 56.3 8.7
Range 15.0 7 85
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{0080] The average battery run time and the average noisc generated by this line was not
statistically different from the round line. However, the range increased significantly. The
increase in variation is thought to be attributable to the possible variations in orientation of
the line’s cross-sectional shape within the eyelet. Depending on the orientation of the line,
the line’s leading edge might be a flat shape, a circular are, or somewhere between these two

options.

{0081 Example 3

A sample of triromer line was made with the cross-section shown in FIG. 3d. The trimmer
line was manufactured to have one resolution of twist every 1.0 inch. Ten pieces of line were
cut to 8.5 inches and marked at 5 inches from a blunt cot end. A pair of lines was inserted
into the Fury™ head such that 5 inches of line extended from each of the two eyelets. The
swath was 13 inches. The battery was inserted into the trimumer and it was allowed to
operated until the lithium battery was depleted. The run time and the noise generated were

recorded. This process was repeated until five pairs of lines were tested. The results were as

follows:
Sample # Battery Run Time (minutes) | Noise (dB)
""""""""" I 61.2 1700
2 599 72.3
3 62.1 72.5
4 61.8 720
3 59.0 72.5
Avg. 60.8 71.0
Range 3.1 2.5

10082} In suromary, the battery run time increased from 55.3 minutes for round line to
60.8 minutes for the twisted Hne made with the cross-sectional shape in FIG. 3d. This is an
increasc of 5.5 minutes, or 10%. The range for the battery run time for this example was
minimal and comparable to the range for round line (Example 1). Additionally, the level of
noise dropped from an average of 83.7 dB for round line down to 71.9 dB for the twisted
shape. This drop of 11.8 dB is perceived by the human ear as more than a 50% reduction of
the noise generated by the rotating line.

D083 The rotating line was observed utilizing a strobe light. The rotating line was

observed to be spinning in a single plane,

{0084} Example 4
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An alternate sample of twist trimmer line was tested. The cross-section is depicted in FIG.
le. It is similar to the cross-section shown in FIG. 3e, except that it also has three
iongitudinal concaved grooved. These grooves were located at the midpoint of each side.
The line was twisted one revolution over 1.4 inches. Six pieces of line were cut to 6.5 inches
and marked at 5 inches from a blunt cut end. A pair of lines was inseried into the Fury™
head such that 5 inches of line extended from each of the two eyelets, The swath was 13
inches, The battery was inserted into the trimmer and it was allowed to operated until the
fithium battery was depleted. The ron time and the noise generated were recorded. This

process was repeated until three pairs of lines were tested. The results were as follows:

Sample # Battery Run Time {minutes) | Noise (dB)
1 60.4 78
2 56.5 81
3 56.9 &0
Avg. 57.9 79.7
Rangs T J— g

{3085] The average battery run time for this sample was approximately mid-way between
the run time for round line (Exaraple 1} and the sample in Example 3 above. The noise
generated was above the mid-point for the lines in Examples 1 and 3 above; close to the
noise generated for round line. Example 4 exhibits the negative impact of longitudinal

grooves on both battery life and noise generation.

{6086} Example §

A sample of non-twisted trimmer line was obtained with a cross-section per FIG. 1 of US Pat.
13358535, which is a triangle with slightly concaved sides and truncated tips. The troncated
tips result in six sharp longitudinal edges. Six pieces of line were cut to 6.5 inches and
marked at 5 inches from a blunt cut end. A pair of lines was inserfed info the Fury™ head
such that 5 inches of line extended from cach of the two eyelets. The swath was 13 inches.
The battery was inserted into the trimmer and it was allowed to operated until the lithium
battery was depleted. The run time and the noise generated were recorded. This process was

repeated until three pairs of lines were tested. The resulis were as tollows:

Sample # Battery Run Time (minutes) | Noise (dB)
A 43.3 82
2 40.1 86

21



WO 2014/138036

PCT/US2014/020243

3 41.6 86
Avg. 41,7 84,7
Range 3.2 4.0

{60871 Unfortunately, this shape greatly reduced the average battery run time. The

average hattery run time was reduced by almost 25% compared to round lne and was 31%
v -

less than Example 3. Additionally, the noise generated was slightly greater than the noise

associated with round line.

{6088] The rotating line was observed with a strobe light. The line was observed

fluttering between multiple planes of rotation.
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{3089] Example 6

The same sample of trimmer line used in Example 5§ was twisted to a level of one revolution
every (.75 inches. Two pieces of line were cut to 6.5 inches and marked at § inches from a
blunt cut end. This pair of lines was inserted into the Fury™ head such that S inches of line
extended from each of the two eyelets. The swath was 13 inches. The battery was inserted
into the trimmer and it was allowed to operated until the lithium battery was depleted. The
run time and the noise generated were recorded. The lines were then removed and reinserted

and tested again. This process was repeated a third time. The resulis were as follows:

| Sample # Battery Run Time (minutes) | Noise (dB)
i 48.7 ( 71
2 47.6 71
3 46.0 | 71
Avg. 47.4 71
Range 2.7 0

{0090] By twisting the shape in FIG. 1 of US D358535, the battery run time was
improved from 41.7 to 47.4 minutes relative to the same shaped line not twisted. Twisting
this shape greatly attenuated the noise generated by the non-twisted shape (71dB vs. 84.7 dB).
However, the battery run time is still much less than then 55.3 minutes of run time for round
line. The best performing triangular shaped line of these examples is the twisted shape from
Example 3 — the battery run time was 60.8 minutes. The cross sectional shape in Example 3

had tlat sides with no concaved grooves and generous circular arcs at the vertices.

{0091} The noise generated in Example ¢ was at the lowest level of all the samples tested,
but only slightly better than the line in Example 3. Example 3 and Example 6 are evidence
that twisting a non-round cross-sectional shaped trimmer line to attenuate noise does not
correlate to a similar reduction in drag.  Example 6 attenuated the most noise, but consumed

much more of the battery life compared to Example 3.

16692] The average battery life and noise generated for all six of the above examples in

surnmarized in TABLE S below:
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TABLE 5: Data Sumunary for Examples 1-6

Example Avg. Battery Run Time - Avg. Sound
{(Min.) . Level (dB)
55.3 ' 83.7
56.3 ‘ 83.8
60.8 71.9
57.9 79.7
41.7 847
7.4 N0

(SRR

N

[ AW

{6093] The data is also plotted below in Graph A. The preferred trimmer line properties
would be fibers with higher Battery Run Times and lower Sound Levels. For this data set,

Bxample 3 has the best performance.
GRAPH A: Comparison of Examples 1-6

86 - f\
84 b
2T T i ey

Sound Level {dB}

77 e

70 -

{8694} It is important to note that a 10 dB drop in sound levels is perceived by humans as
a 50% drop in the level of noise generated. The drop from 79.7 dB for Example 4 t6 71.9 dB

for Example 3 is significant.

[0695] Other variations are within the spirit of the present invention. Thus, while the
invention is susceptible to various modifications and slternative constructions, a certain

illustrated embodiment thereof is shown in the drawings and has been described above in
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detail. It should be understood, however, that there is no intention to limit the invention to
the specific form or forms disclosed, but on the contrary, the intention 18 to cover all
modifications, alternative constructions, and equivalents falling within the spirit and scope of

the invention, as defined in the appended claims.

0096} All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated o be incorporated by reference and were set forth in

its entirety herein.

{8097} The use of the terms "a" and "an" and "the"” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or

"osg

clearly contradicted by context. The terras "comprising,” "having,” "ncluding,” and
"containing” are to be construed as open-ended terms (i.e., meaning "including, but not
fimited t0,") unless otherwise noted. The term “connected” s to be construed as partly or
wholly contained within, attached to, or joined together, even if there is something
intervening. Recitation of ranges of values herein are merely intended to serve as a
shorthand method of referring individually to cach separate value falling within the range,
unless otherwise indicated heretn, and each scparate value 18 incorporated into the
specification as if it were individually recited herein. All methods described herein can be
performed in any suitable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary language (e.g., "such
as") provided herein, is intended merely to better iHluminate embodiments of the invention
and does not pose a limitation on the scope of the invention unless otherwise claimed. No
language in the specification should be construed as indicating any non-claimed element as

essential to the practice of the invention.

{0098] Preferred emabodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all moditications and

equivalents of the subject matter recited in the claims appended hereto as permitted by
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applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly coniradicted by context.
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WHAT IS CLAIMED JS:

1. An elongated length of trimmer line for use with a powered rotary trimmer device
comprising:
A filament body having a non-circular cross-sectional shape comprising at least three
distinct sides wherein each of said sides is essentially straight and having a longitudinal
Axis;
Vertices equal in number to the number of distinct sides, said vertices located where
adjacent sides converge and comprising a convex arc contour

Said filament body rotated about its lopgitudinal axis.

2. Anelongated length of trimmer line as claimed in Claim 1, wherein said non-circular

cross-sectional shape further comprises a polygon having three to six vertices.

3. Anelongated length of trimmer line as claimed in Claim 1, wherein said convex arc
contours of said vertices comprise generous circular arcs, the arcs of a parabola, or other convex
arcuate shapes and wherein each such shape is tangent to the two adjacent sides with a smooth

and continuouns iransttion.

4. An elongated length of trimmer line as claimed in Claim 1, wherein the arc has a radius
R, and the ratio of the arc radius (R} to the diameter of a circle capable of circumscribing the

cross-sectional shape of the filament body (D) falls within the range of 0.05 to 0.30,

5. An elongated length of trimmer line as claimed in Claim 4, wherein the ratio of the arc
radius (R) to the diameter of a circle circumscribing the cross-sectional shape of the filament

body (D) is about .20,

6. An elongated length of trimmer line as claimed in Claim 1, wherein said filament body is
rotated about its longitudinal axis at a rate of not more than one full 360 degree revolution of the

filament body per 0.75 inches of trimmer line.
7. An elongated length of trimmer line as claimed in Claim 1, wherein said filament body is

rotated about its longitudinal axis at a rate of between about 0,75 inches to about 3.00 inches of

trimumer line per full 360 degree revolution of the filament body.
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8. An elongated length of trimmer line as claimed in Claim 4, wherein said filament body is
rotated about its longitudinal axis at a rate of between about 0.75 inches to about 3.00 inches of

trimmer line per full 360 degree revolution of the filament body.

9, An elongated length of trimmer line as claimed in Claim 7 or §, wherein said filament
body is rotated about its longitudinal axis at a rate of between about 1.6 and 1.7 inches of

irimmer line per full 360 degree revolution of the filament body.

10. An elongated length of trimmer Hne as claimed in Claim 1 or 8, wherein said cross-

sectional shape sides comprise a convex contour.

11. An elongated length of trimmer line as claimed in Claim 10, wherein said convex contour
does not exceed 50% of the distance between said cross-sectional shape side and a circle
circumscribing the cross-sectional shape of the filament body when measured at a mid-point of
the side.

12. An clongated length of trimmer line as claimed in 11, wherein said convex contour is
33% of the distance between said cross-sectional shape side and a circle circumscribing the

cross-sectional shape of the filament body when measured at a mid-point of the side.

13. An elongated length of trimmer line as claimed in Claims I, 8 or 11, wherein the sides of

the cross-sectional shape are free of convex grooves.
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