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(57) Abstract: A tluid application device (10), strand en-
gagement device (30), and method of controlling the same
are provided. The fluid application device (10) includes an
applicator head (16) and a nozzle assembly (22). The nozzle
assembly (22) mcludes a guide slot (34) configured to re-
celve a strand of material and an orifice configured to dis-
charge a first fluid on to the strand. The strand engagement
device (30) 1s secured to the applicator head (16) and in-
cludes an actuating assembly and an engagement arm con-
nected to the actuating assembly. The engagement arm is
configured to engage the strand and move between a first
position and a second position in response to actuation of
the actuating assembly. The method of controlling the
strand engagement device includes receiving an input signal
including content, determining the content of the input sig-
nal and operating the strand engagement device i response
to, and based on the content of, the input signal.
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FLUID APPLICATION DEVICE, STRAND ENGAGEMENT DEVICE AND METHOD OF
CONTROLLING THE SAME

BACKGROUND

[0001] The following description relates to a fluid application device for applying
a fluid to a strand of material, and 1n particular, a fluid application device having a strand
engagement device to position the strand relative to a nozzle assembly for applying the fluid to
the strand.

[0002] Nonwoven fabrics are engineering fabrics that provide specific functions
such as absorbency, liquid repellence, resilience, stretch, softness, strength, flame retardant
protection, easy cleaning, cushioning, filtering, use as a bacterial barrier and sterility. In
combination with other materials, nonwoven materials can provide a spectrum of products with
diverse properties and can be used alone or as components of hygiene apparel, home furnishings,

health care, engineering, industrial and consumer goods.

|0003] A plurality of elasticated strands may be positioned on and bonded to the
nonwoven materials to, for example, allow for flexibility fitting around an object or a person.
The strands may be bonded to the nonwoven fabric with an adhesive 1n the form of a glue fiber.
In one configuration, the strands are fed past a nozzle on an adhesive application device. The
nozzle may include a plurality of outlets through which the glue fiber may be discharged. A
second fluid, such as air, may be discharged through separate outlets to control the application of
the glue fiber such that the glue fiber 18 vacillated across the respective strands as the strands

pass by the nozzle.

[0004] The strands may be fed from a strand supply, adjacent to the fluid
application device and by the nozzle where the glue fiber may be applied. The strands pass by
the nozzle at a predetermined distance for the glue to be discharged from the nozzle and applied
to the strands. However, the fluid application device, and 1n particular, an applicator head which
includes the nozzle, may operate at high temperatures to either melt the glue, or maintain the
glue 1n a melted state for discharge from the nozzle. The applicator head may be at such a
temperature that heat radiating from the applicator head, including the nozzle, may burn through

or otherwise weaken or damage the strands when the strands are positioned at the predetermined

1
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distance from the nozzle for application of the glue onto the strands. This 1ssue may arise during
a static line condition, 1.¢., a condition where the strands are stationary. Positioning the strands at
a distance greater than the predetermined distance during an active line condition may result 1s
excess overspray of the glue (1.e., discharged glue not received on the strands), reducing

efficiency and increasing material waste.

[0005] Accordingly, 1t 1s desirable to provide a fluid application device having a
device that engages the strands to move the strands between a first position where the strands are
sufficiently spaced apart from the fluid application device to prevent or limit burning or other
heat damage to the strands during a static line condition and a second position where the strands
are positioned sufficiently close to the nozzle for adequate adhesive application onto the strands

during an active line condition.

SUMMARY

[0006] According to one embodiment, there 1s provided a fluid application device
for coating a strand of material with a first fluid, the device having an applicator head, a nozzle
asscmbly fluidly coupled to the applicator hcad, the nozzlc assecmbly including a guide slot and
an orifice through which a first fluid 1s discharged. The guide slot i1s configured to receive a
strand of material and the orifice 1s configured to discharge the first fluid onto the strand. The
fluid application device further includes a strand engagement device operably connected to the
applicator head, the strand engagement device having an actuating assembly and an engagement
arm connected to the actuating assembly. The engagement arm 1s configured to engage the strand
and move between a first position and a second position 1n response to actuation of the actuating
assembly so as to move the strand toward and away from the orifice.

[0007] According to another embodiment there 1s provided a strand engagement
device for a fluid application device. The strand engagement device includes an actuating
assembly and a strand engagement arm connected to the actuating assembly. The strand
engagement arm 18 configured to engage at least one strand of material and move between a first
position and a second position 1n response to actuation of the actuating assembly so as to move
respective strands.

[0008] According to still another embodiment there 1s provided a method of

controlling a strand engagement device of a fluid application device. The strand engagement



device includes an actuating assembly and an engagement arm connected to the actuating
assembly. The engagement arm 1s configured to engage at least one strand of material and move
between a first position and a second position in response to actuation of the actuating assembly
to move the at least one strand of material. The method includes receiving an input signal, the
input signal including content, the content including an instruction to actuate the actuating
assembly to move the engagement arm between the first position and the second position, or at
least one of information regarding a line condition and information regarding a position of the
engagement arm. The method turther includes determining the content of the input signal, and
operating the strand engagement device in response to, and based on the content of, the input

signal.

[0008A] An aspect of the present invention provides for a strand engagement
device for a fluid application device, the strand engagement device including an actuating
assembly; and an engagement arm operably connected to the actuating assembly, the
engagement arm configured to engage at least one strand of material and move between a first
position and a second position in response to actuation of the actuating assembly to move the at
least one strand of material, further including a controller operably connected to the actuating
assembly to actuate the actuating assembly so as to move the engagement arm between the first
position and the second position. The actuating assembly includes a cylinder and a piston
slidably positioned therein, a distal end of the piston connected to the strand engagement arm.
The actuating assembly is pneumatically loaded and pneumatic loading of the actuating

assembly 1s controlled by a solenoid operably and communicably connected to the controller.

[0008B] A further aspect of the present invention provides for a method of
controlling a strand engagement device of a fluid application device, the strand engagement
device including an actuating assembly and an engagement arm operably connected to the
actuating assembly, the engagement arm configured to engage at least one strand of material
and move between a first position and a second position in response to actuation of the
actuating assembly to move the at least one strand of material, the method including receiving
an input signal including content, the content including an instruction to actuate the actuating
assembly to move the engagement arm between the first position and the second position, or
information regarding a line condition; determining the content of the input signal; an operating

the strand engagement device in response 1o, and based on the content of, the input signal. The
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content of the input signal includes the information regarding a line condition and the input

signal is received from at least one sensor, the at least one sensor configured to detect the line
condition, and controller controls the position of the engagement arm in response to the

information regarding a line condition.

[06008C] Another aspect of the present invention provides for a fluid application

device for coating a strand of material with a first fluid, including an applicator head; a nozzle
assembly fluidly coupled and secured to the applicator head, the nozzle assembly including a
guide slot and an orifice through which a first fluid is discharged, the guide slot configured to
receive a strand of material and the orifice configured to discharge the first fluid onto the
strand; and a strand engagement device operably connected to the applicator head, the strand
engagement device including an actuating assembly and an engagement arm connected to and
linearly actuated by the actuating assembly, the engagement arm configured to engage the
strand and move linearly between a first position and a second position in response to actuation
of the actuating assembly so as to move the strand toward and away from the orifice. The
actuating assembly comprises a cylinder and a piston slidably positioned therein, a distal end of
the piston connected to the engagement arm. The fluid application device 1s changeable
between a static condition and an active condition. In the static condition, the strand is
stationary relative to the nozzle assembly and the engagement arm 1s in the first position spaced
a first distance from the applicator head, and 1n the active condition the strand is fed by the
nozzle assembly and the engagement arm 1s 1n the second condition, a second distance from the

applicator head, the second distance being less than the first distance.

[0008D] An aspect of the present invention provides for a strand engagement device for
a fluid application device, the strand engagement device including an actuating assembly
including a cylinder and a piston slidably positioned therein; and an engagement arm operably
connected to and linearly actuated by the actuating assembly at a distal end of the piston, the
engagement arm configured to engage at least one strand of material and move linearly between a
first position and a second position in response to actuation of the actuating assembly to move the
at least one strand of material, the engagement arm including a contact surface for engaging the at
least one strand of material, the contact surface being cylindrical in shape and having a constant

diameter.

3a
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[0009] Other aspects, features, and advantages of the disclosure will be

apparent from the following description, taken in conjunction with the accompanying sheets of

drawings, wherein like numerals refer to like parts, elements, components, steps, and processes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a side perspective view of a fluid application device having a

strand engagement device according to an embodiment described herein;

[0011] FIG. 2 1s a perspective view of a fluid application device having a strand
engagement device in a first position with a non-contact nozzle assembly according to an

embodiment described herein;

[0012] FIG. 3 is a perspective view of a fluid application device having a strand
engagement device in a second position with a non-contact nozzle assembly according to an

embodiment described herein:

{0013] FIG. 4 1s perspective view of a fluid application device having a strand
engagement device in the first position with a contact nozzle assembly according to an

embodiment described herein;

[0014] FIG. 5 1s a perspective view of a fluid application device having a strand

engagement device 1n the first position with a contact nozzle assembly according to an

embodiment described herein:

[0015] FIG. 6 1s a schematic diagram of the fluid application device with a

controller connected to the strand engagement device;

[0016] FIG. 7 is a diagram 1llustrating a method of controlling the strand

engagement device of a tluid application device according to an embodiment described herein;

and

[0017] FIG. 8 1s a diagram 1illustrating a method of operating the strand

engagement device of the fluid application device according to an embodiment described

herein.

3b
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DETAILED DESCRIPTION

[0018] While the present disclosure 1s susceptible of embodiment in various
forms, there 1s shown 1n the drawings and will hereinafter be described one or more
embodiments with the understanding that the present disclosure 1s to be considered illustrative
only and 1s not intended to limit the disclosure to any specific embodiment described or
tHustrated.

[0019] FIG. | 1s a perspective view of a fluid application device 10 according to
an embodiment described herein. The fluid application device 10 may be used to apply a first
fluid on an article. The first fluid may be a viscous fluid that is a liquefied material heated or
non-heated between 10 and 50,000 centipoise (cps). The first fluid may be, for example, an
adhesive, and the article may be, for example, a strand 12 of material. That is, in one
cmbodiment, the tluid application device 10 1s part of a strand coating system: The adhesive may
be applied to the strand 12 to adhere the strand 12 to a substrate 14, such as a nonwoven
material. The strand 12 may be made from an elastic or non-elastic material and may be in either
an elasticated (stretched) condition or a relaxed condition as the first fluid is applied. The strand
12 of material may be, for example, spandex, rubber or other similar elastic material.

[0020] According to one embodiment, the fluid application device 10 includes an

applicator head 16. The applicator head 16 may include a first fluid supply unit 18, a second
fluid supply unit 20 and a nozzle assembly 22. The first fluid supply unit 18 is configured to
recetve the first fluid from a first fluid source (not shown) and the second fluid supply unit 20 is
configured to receive a second fluid from a second fluid source (not shown). The nozzle
assembly 22 1s fluidly coupled to, 1.e., 1s in fluid communication with, the first fluid supply unit
18. The nozzle assembly 22 may also be fluidly coupled to, 1.e., may be in fluid communication

with, the second fluid supply unit 20. Accordingly, the nozzle assembly 22 may reccive the first

fluid from the first fluid supply unit | 8 and the second fluid from the second fluid supply unit 20.

CA 2924912 2017-07-27
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[0021] In some embodiments, the applicator head 16 may also include an adapter
24 secured to at least one of the first fluid supply unit 18 and second fluid supply unit 20. The
adapter 24 1s positioned adjacent to the nozzle assembly 22 and 1s fluidly coupled to, 1.¢., 1s 1n
flutd communication with, the nozzle assembly 22. In addition, the adapter 24 1s fluidly coupled
to one of or both of the first fluid supply unit 18 and second fluid supply unit 20, such that the
nozzle assembly 22 may receive the first fluid and the second fluid via the adapter 24. That 1s,
thc adaptcr 24 15 1n fluid communication with at lcast onc of the first fluid supply unit 18 and the
sccond fluid supply unit 20 and also thc nozzlc assecmbly 22. The adapter 24 1s configurcd to
have the nozzle assembly 22 secured thereto such that the nozzle assembly 22 may be properly
positioned and oriented relative to the strands 12 and applicator head 16 for application of the
first fluid onto the strands 12.

[0022] The applicator head 16 may also include a flow control module 26. The
flow control module 26 may include a valve or series of valves to regulate a flow of the first
fluid and second fluid from the first fluid supply unit 18 and second fluid supply unit 20,
respectively, to the nozzle assembly 22. In some embodiments, the adapter 24 and flow control
module 26 are implemented as the same unit. This unit provides an adhesive path between one of
or both of the first and second fluid supply units 18, 20 and the nozzle assembly 22. This unit,
1.€., the combined adapter 24 and flow control module 26 may also include valving to start and
stop the flow of adhesive.

[0023] With further reference to FIG. 1, the nozzle assembly 22 may be secured
to the applicator head 16, adapter 24 or other adjacent component of the applicator head 16. The
nozzle assembly 22 may be formed as, for example, a non-contact nozzle assembly 22, but is not
[imited thereto. In a non-contact nozzle assembly, the first fluid 1s discharged from an orifice 28
over a gap to be recerved on the strand 12. That 1s, 1n a non-contact nozzle, the nozzle 1s spaced
from the strand by a predetermined distance during the fluid application process. There may be at
least one orifice 28 associated with each strand 12 of material. In some embodiments, there 1s
onc orificc 28 associatcd with cach strand 12. That 18, cach orificc 28 may discharge the first
fluid to a respective strand 12. Each orifice 28 may have a width of approximately 0.016-0.020
inches (in.), but 1s not limited thereto. For example, the width of the orifices 28 may be varied to
accommodate different sizes of strands 12. In addition, in the non-contact nozzle, the second

fluid may be discharged from at least one outlet adjacent to respective orifices 28 of the nozzle
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assembly 22. The second fluid may be used to control the application, or otherwise act on the
first fluid to vary a discharge path of the first fluid during application onto the strand 12. For
example, the second fluid may oscillate the first fluid as it 1s applied. Accordingly, the first fluid
may be applied on the strand 12 1n a desired pattern.

[0024] The first fluid may be an adhesive, such as a hot melt adhesive. The
adhesive may be discharged from the orifice 28 as a filament or fiber to be applied on the strand
12. The first fluid may bc discharged from the orifice 28 as a substantially continuous filament or
fibcr, but may bc mtcrmittently discontinuous so long as the first tfluid 1s sufficiently applicd to
the strand 12 to allow the strand 12 to satisfactorily bond to the substrate 14. In some
embodiments, the second fluid causes a discontinuous application of the first fluid onto the
strand 12. The applicator head 16 may be heated to either melt the first fluid or maintain the first
fluid 1n a melted condition. For example, the first fluid supply unit 18, the second fluid supply
unit 20, and/or the nozzle assembly 22 may be heated, and thus, may also radiate heat outwardly.
The applicator head 16 may also include a heater.

[0025] The second fluid may be, for example, air, and may be used to control or
otherwise affect the discharge of the first fluid from the orifice 28 of the nozzle assembly 22 and
onto the strand 12 as described above. In one embodiment, there are at least two outlets
configured to discharge the second fluid adjacent to each orifice 28. It 1s understood, however,
that the number of outlets associated with each orifice 28 may vary. For example, there may
from one to six outlets associated with each orifice 28. The second fluid may be alternately
discharged from the outlets adjacent to each orifice 28 to cause the first fluid to oscillate and be
applied to the strand 12 in the desired pattern. In one embodiment, the first fluid may be applied
to the strand 12 1n a substantially smusoidal pattern. However, the present disclosure 1s not
limited to this application pattern. For example, the first fluid may be vacillated or oscillated by
the second fluid such that the first fluid 1s applied 1n, for example, a repeated, non-repeated,
irregular and/or asymmetrical pattern or patterns.

[0026] The fluid application device 10 further includes a strand cngagement
device 30. The strand engagement device 30 may be formed integrally with the applicator head
16. Alternatively, the strand engagement device 30 may be secured to the applicator head 16 or
other component of the fluid application device 10 with a suitable fastener, including, but not

limited to, bolts, screws, rivets, adhesives, welds and the like. The strand engagement device 30
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1s configured to engage the strands 12 and move the strands 12 toward or away from the
applicator head 16 and nozzle assembly 22 based on a line condition (active or static) of the fluid
application device 10, as discussed further below.

[0027] FIG. 2 1s a perspective view of the fluid application device 10 according to
an embodiment described herein. As noted above, the nozzle assembly 22 may be formed as a
non-contact nozzle. Referring to FIGS. 1 and 2, the non-contact nozzle assembly 22 includes a
oguidc platc 32 to assist in positioning of the strands 12 rclative to the orifices 28 and outlcts. The
oguide platc 32 also includcs at Icast onc guidc slot 34 through which the strand 12 may bc fcd.
The guide slot 34 may be formed 1n a substantially inverted v-shape, with an open end 36 of
ouide slot 34 corresponding to a wide portion of the inverted v-shape, and a closed end 38 of the
ouide slot correspond to a narrow portion of the inverted v-shape. The closed end 38 may actas a
l[imit or stop for the strands 12 to position the strands 12 at the desired position, or predetermined
distance, relative the orifices 28 and outlets for application of the first fluid. That 1s, the closed
end 38 may act as a stop to position the strand 12 a predetermined distance from the orifice 28.
The strand 12 may either contact the closed end 38 or be positioned in close proximity to the
closed end 38&. The predetermined distance between the strand 12 and orifice 18 a distance or gap
where overspray may be reduced or minimized. In a direction of travel of the strands 12, the at
lcast one guide slot 34 may be spaced from, or positioned before the orifices 28 of the nozzle
assembly 22.

[0028] According to one embodiment, the at least one guide slot 34 may include
three guide slots 34. However, it 1s understood that the number of guide slots 34 may vary, and 1s
not limited to the example above. Each guide slot 34 1s associated with a corresponding orifice
28 of the nozzle assembly 22. That 1s, each guide slot 34 1s substantially aligned with a
corresponding orifice 28 of the nozzle assembly. For example, the closed end 38 of respective
ouide slots 34 may be aligned with respective orifices 28 1n the direction of travel of the strands
12. Each guide slot 34 1s configured to receive a separate strand 12, although 1t envisioned that
morc¢ than onc strand 12 may bc rcecived 1 cach guide slot 34.

[0029] The guide plate 32 may be formed by a first flange 40 secured to the
adapter 24 and a second flange 42 depending from the first flange 40. The at least one guide slot
34 may be formed 1n the second flange 42. The guide plate 32 may be secured to the adapter 24

using known fastening techniques.
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[0030] With further reference to FIGS. 1 and 2, the strand engagement device 30
includes an engagement arm 44 configured to support and/or guide the strand or strands 12. The
engagement arm 44 1s adjustable to move the strands 12 into and/or within respective guide slots
34 to accurately position the strands 12 relative to the respective orifices 28 and outlets.

[0031] FIG. 2 shows the engagement arm 44 1n a first position. FIG. 315 a
perspective view of the fluid application device 10 with the engagement arm 44 1n a second
position. That 1s, thc cngagement arm 44 1s adjustablc between a first position, as shown in FIG.
2, and a sccond position, as shown 1n FIG. 3. The first position corrcsponds to a position where
the engagement arm 44 1s spaced a first distance from the applicator head 16. The first distance 1s
sufficient to prevent or limit damage, such as burn through, to the strands 12 caused by heat
radiating from the applicator head 16 and/or nozzle assembly 22. For example, the engagement
arm 44, 1n the first position may space the strands 12 approximately 3-5 mm from a heat source
of the applicator head 16 or nozzles assembly 22.

[0032] The second position corresponds to a position where the engagement arm
44 15 spaced a second distance, less than the first distance, from the applicator head 16, such that
the strands 12 are moved closer to the applicator head 16 and the respective orifices 28. In one
example, the second position of the engagement arm 44 positions the strands approximately 1-3
mm from the orifices 28 of the respective nozzle assembly 22, and more preferably, 1-2 mm.

[0033] The engagement arm 44 also includes a contact surface 46 configured to
engage the at least one strand 12. The contact surface 46 may be made from a non-stick material
to reduce or minimize frictional contact with the at least one strand 12 as the at least one strand
12 1s fed over the contact surface 46. Alternatively, or 1in addition, the contact surface 46 may be
rotatable such that contact with the strands 12 causes the contact surface and/or the engagement
arm 44 to rotate or roll about an axis ‘A’ defined by the engagement arm 44.

[0034] The strand engagement device 30 further includes an actuating assembly
48. The actuating assembly 48 may be operated to adjust the position of the engagement arm 44
rclative to the applicator hcad 16. That 1s, the actuating asscmbly 48 1s configurcd to move the
engagement arm 44 between the first position and the second position. The actuating assembly
48 may be, for example, a pneumatically controlled piston 50 and cylinder 52. The piston 50
may be movable within the cylinder 52 in response to air or another gas being introduced into, or

removed from, the cylinder 52. The piston 50 may be connected directly or indirectly to the
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engagement arm 44 such that movement of the piston 50 1 and out of the cylinder 52 causes the
engagement arm 44 to move toward or away, respectively, from the applicator head 16.
Although the embodiments above are directed to an actuating assembly comprising
pneumatically controlled piston and cylinder, 1t 1s understood that other actuating assemblies are
envisioned as well. For example, the actuating assembly may be a direct-controlled solenoid that
may be configured for selective reciprocating movement.

[0035] The strand cngagement device 30 may further includce a mounting bracket
54 configurcd to be sccurcd to, or formed intcgrally with, the applicator hcad 16. The mounting
bracket 54 may be used to secure the actuating assembly 48, and 1n turn, the engagement arm 44,
to the applicator head 16 or other portion of the fluid application device 10. In one example, the
mounting bracket 54 may be generally “L” shaped. The mounting bracket 54 may include a first
leg 56 extending along the applicator head 16 and a second leg 58, extending outwardly from the
first leg 56, away from the applicator head 16. The second leg 58 may include an opening 60,
such as a slot, formed therein through which a portion of the piston 50 and/or cylinder 52 may
extend. The mounting bracket 54 may be secured to the applicator head 16 with a suitable
fastener, for example, one or more bolts, rivets, adhesive, snap or friction fit, mating
components, welds, or other similar fasteners and/or combinations thercof. In one embodiment,
the suitable fastener or fasteners may be received through, positioned on, or formed on the first
leg 56. The fastener or fasteners may be received in corresponding bores (not shown) in the fluid
application device 10.

[0036] According to an embodiment of the present invention, the actuating
assembly 48 1s mounted on the mounting bracket 54. For example, the cylinder 52 may be
mounted on the mounting bracket 54. The cylinder 52 may include a threaded hollow projection
62 (FIG. 3) extending through the opening 60 of the second leg 58 of the mounting bracket 54.
That 1s, the cylinder 52 may be positioned on and supported by the second leg 58 of the
mounting bracket 54. A nut 64 or other similar threaded fastener may be positioned on the
thrcadcd projcction 62 and tightencd to sccurc the cylinder 52 on the mounting brackct 54 by
way of a clamping force applied to the second leg 58 from the nut 64 and the cylinder 52.

[0037] The piston 50 1s movably received within the cylinder 52. The piston 50
includes a first end (not shown) positioned within the cylinder 52 and a second end 66 extending

from the cylinder 52. The second end 66 1s secured to a proximate end 68 of the engagement arm



CA 029245%12 2016-03-18

WO 2015/0771235 PCT/US2014/065484

44 such that movement of the piston 50 causes movement of the engagement arm 44 between the
first position and the second position. That 1s, the piston 50 moves together with the engagement
arm 44 between the first position and the second position.

[0038] The engagement arm 44 may be secured to the piston 50 using a suitable
fastening mechanism. For example, 1n one embodiment, the piston 50 may include a threaded
portion received 1n an opening at the proximate end 68 of the engagement arm 44. At least onc
nut or othcr thrcadcd fastencr may be tightened on the thrcaded portion to sccurc the cngagement
arm 44 to thc piston 50 thercon. It 1s undcerstood that the present invention 1s not limited to this
configuration however. For example, other fasteners may be used or an intermediate fastening
device may be positioned between the second end 66 of the piston 50 and the proximate end 68
of the engagement arm 44. In one embodiment, the engagement arm 44 extends from the piston
50 at approximately 90 degrees, but 1s not limited thereto.

[0039] The actuating assembly 48 may further include at least one port 70 and at
least one solenoid 72. In one embodiment, the at least one port 70 1s 1n fluid communication with
an interior of cylinder 52 to allow a fluid, such as air or another gas, to flow into the cylinder 52.
The air may be received from, for example, a compressed air source (not shown). The solenoid
72 may function as a valve to control flow of the air into and/or out of the cylinder 52, thereby
controlling motion of the piston 50 relative to the cylinder 52. As shown 1in FIGS. 2 and 3, the
location of the port 70 relative to the nozzle assembly 22 may vary depending on a particular
orientation at which the cylinder 52 1s mounted on the mounting bracket 54.

[0040] The solenoid 72 may be either normally open or normally closed. In one
embodiment, with the solenoid 72 normally open, compressed air may flow into the cylinder 52
to move the piston 50 against a biasing force. The biasing force may be provided by, for
example, a coil spring (not shown) positioned within the cylinder 52. The compressed air may
maintain the engagement arm 44 1n either the first position or the second position depending on
the relative configuration of the coil spring, piston 50, and port 70. Closing the solenoid 72
prcvents or limits flow of compressed air into the cylinder 52 and allows the spring (not shown)
to move the piston 50, and thus, the engagement arm 44 to the other of the first position or
second position. With a normally closed solenoid 72, the spring maintains the piston 50, and
thus, the engagement arm 44, 1n one of the first position or second position under the biasing

force. The piston 50, and thus the engagement arm 44 1s moved to the other of the first position
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or second position by opening the solenoid 72 to introduce compressed air into the cylinder 52,
thereby moving the piston 50 against the biasing force. Air within the cylinder 52 may be vented
from the cylinder 52 during movement of the piston 50 to the retracted position within the
cylinder 52.

[0041] In a non-limiting embodiment, the first end (not shown) of the piston 50
includes a flange (not shown) or other end surface that sealingly and slidingly engages an inner
pcriphery of the cylinder 52, thercby dividing an intcrior volume of cylinder 52 into a first
chambcr and a sccond chamber. The spring may be positioncd 1n onc of the first chambcer or
second chamber and abut the flange at the first end of the piston 50. The port 70 may introduce
the compressed air into the other of the first chamber or the second chamber to cause the piston
50, via the flange, to act against the spring, such that the piston 50 moves within the cylinder 52.

[0042] Referring to FIG. 3, when the engagement arm 44 1s moved from the first
position to the second position, the piston 50 1s moved to a retracted position within the cylinder
52. The engagement arm 44 moves with the piston 50 when the piston 50 1s moved to the
retracted position, and thus, moves toward the applicator head 16. With the strands 12 drawn
across the engagement arm 44, the engagement arm 44 moves the strands 12 relative to, or
within, respective guide slots 34 toward the respective closed ends 38. With the engagement arm
44 1n the second position, the strands 12 are positioned relative to the orifices 28 at the second
distance where the first fluid may be efficiently applied to the respective strands 12. Conversely,
when the piston 50 1s moved to the extended position (FIG. 2), the engagement arm 44 1s moved
away from the applicator head 16 to move the strands 12 away from the respective closed ends
38 of the guide slots 34.

[0043] Referring still to FIGS. 2 and 3, the nozzle assembly 22 may be formed as
a modular unit. That 1s, the nozzle assembly 22 may be selectively removed from and secured to
the fluid application device 10. For example, the nozzle assembly 22 may be selectively removed
from and secured to the applicator head 16, and more specifically, in some embodiments, the
adaptcr 24. Accordingly, the nozzlc asscmbly 22 may bc replaced 1n the cvent a newer or
different nozzle assembly 1s desired or required. The nozzle assembly 22 1s selectively
removable from and securable to the fluid application device 10 by way of at least one securing

element 74 (FIG. 3). In an exemplary embodiment, the nozzle assembly 22 includes at least one
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securing opening 76 extending therethrough, each securing opening 76 configured to receive a

respective securing element 74.

[0044] With further reference to FIGS. 2 and 3, in one embodiment, the nozzle
assembly 22 may include two securing openings 76, each configured to receive a respective
securing e¢lement 74. It 1s understood that the number of securing openings 76 1s not limited to
the example above, however. Individual securing openings 76 may be formed as an opening or
slot extending through the nozzle assembly 22. The opening or slot may be closed about its
periphery or include an open side along an edge of the nozzle assembly 22. The securing
elements 74 extend through the securing openings 76 and are received in corresponding bores
(not shown) 1n the fluid application device 10 to secure the nozzle assembly 22 to the applicator

head 16. This allows for a modular design of the fluid application device 10 and nozzle assembly

22.

[0045] Accordingly, the nozzle assembly 22 may be replaced without alternations
to, or replacement of additional parts on, the fluid application device 10. In some embodiments,
the non-contact nozzle assembly 22 shown in FIGS. 2 and 3 may be replaced with the contact
nozzle assembly 22, as described below with reference to FIGS. 4 and 5, due to the modularity

described above.

[0046] FIG. 4 1s a perspective view of the fluid application device 10 with the
strand engagement device 30 having a contact nozzle assembly according to an embodiment of
the present invention. It 1s understood that features similar to those described above may be
referred to with the same reference number as above. Further, it 1s understood, unless described
differently or identified with a different reference number below, the features described above
may be similar to those found in this example. As shown in FIG. 4, the fluid application device
10, and 1n particular, the applicator head 16, may be include a contact nozzle assembly 122 in
place of the non-contact nozzle assembly 22 described above. The non-contact nozzle assembly
22 may be replaced with the contact nozzle assembly 122 by removing the securing elements 74
from the securing openings 76 of the nozzle assembly 22. The contact nozzle assembly 122 may
be installed on the applicator head 16 by inserting the securing elements 74 through securing

openings 176 of the contact nozzle assembly 122.
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[0047] The contact nozzle assembly 122 includes a guide slot 134 having an open
end 136 configured to receive the strand 12 and a closed end 138. In one embodiment, the closed
end 138 1s positioned immediately adjacent to an orifice 128. The open end 136 of the guide slot
134 may include an inverted v-shaped portion. The guide slot 134 may have a substantially
constant width between the inverted v-shaped portion and the closed end 138. An internal
reservolr (not shown) 1s 1in fluid communication with the orifice 128. The internal reservoir
rceeives a first fluid and the first fluid flows into the orifice 128. In the contact nozzlc asscmbly
122, the first fluid 1s applicd on the strand 12 by fccding the strand past, or at Icast partially
within the orifice 128, such that the first fluid flowing from the internal reservoir into the orifice
128 may be applied directly on the strand 12. The contact nozzle assembly 122 may include
more than one guide slot 134. For example, as shown in FIGS. 4 and 5, the contact nozzle 122
may include three guide slots. It 1s understood that other configurations with a different number
of guide slots 134 are envisioned as well. Each guide slot 134 has a corresponding orifice 128 1n
fluid communication therewith. That 1s, a separate orifice 128 1s associated with each guide slot
134.

[0048] FIG. 4 shows the strand engagement device 30 in the first position. The
engagement arm 44 1s spaced from the applicator head 16 and the orifice by the first distance
where damage to the strands 12 caused by heat radiating from the applicator head 16 and/or
contact nozzle assembly 122 1s limited or prevented. In the first position, the strands 12 may be
positioned 1n the guide slot 122 at a location spaced from the closed end 128 and the orifice 128.

[0049] FIG. 5 1s a perspective view of fluid application device 10 with the
engagement arm 44 of the strand engagement device 30 1n the second position. To move the
engagement arm 44 from the first position (FIG. 4) to the second position (FIG. 5), the piston 50
1s moved to a retracted position within the cylinder 52. The engagement arm 44 moves with the
piston 50 when the piston 50 1s moved to the retracted position, and thus, moves toward the
applicator head 16. With the strands 12 drawn across the engagement arm 44, the engagement
arm 44 movcs the strands within respective guide slots 134 toward the respective closcd ends
138 and respective orifices 128. With the engagement arm 44 1n the second position, the strands
12 are positioned immediately adjacent to or at least partially within the orifices 128 such that

the strands 12 are 1n direct contact with the first fluid at respective orifices 128. Conversely,
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extending the piston 50 moves the strands 12 away from respective closed ends 138 of the
orifices 128 of the nozzle assembly 122.

[0050] FIG. 6 1s a schematic diagram of the fluid application device 10.

Referring to FIG. 6, the fluid application device 10 may further include a controller 78. The
controller may be implemented as part of the strand engagement device 30 or formed separately
therefrom and be operably and communicably connected to the strand engagement device 30.
The controller 78 may opcratc the strand cngagement device 30, and 1n particular, the actuating
asscmbly 48, to movc the cngagement arm 44 between the first position and the sccond position.
The strand engagement device 30 may be operated 1in response to user input from an mput/output
(I/O) device 80 to the controller 78. Alternatively or 1n addition, as described further below, the
strand engagement device 30 may be operated to move between the first position and second
position 1n response to a change 1n the line condition. For example, in one embodiment, the
engagement 44 1s 1n the first position when the line 1s 1n static condition. When the line 1s placed
into an active condition, where the strands 12 are being fed by the nozzle assembly 22, the strand
engagement 44 may be moved into the second position. Conversely, when the line condition 1s
changed from active to static, the strand engagement arm may be moved back to the first
position. Movement of the strand engagement arm 44 between the first and second positions may
be 1n response to a detected change 1n line condition using known sensors to detect movement of
the strands or stand supply, or in response to actuation of a switch to control the line condition,
for example.

[0051] In one embodiment, the controller 78 may be operably and communicably
connected to the solenoid 72 to control motion of the piston 50 by controlling air flow through
the port 70. That 1s, the solenoid 72 may be operated to control a pneumatic load on the piston
5(), to move the piston 50 between the extended position and retracted position, corresponding to
the first position and the second position, respectively, of the engagement arm 44.

[0052] In one embodiment, the controller 78 may also control the strand
cngagement device 30, and 1n particular, the strand cngagecment arm 44, 1n responsc to a signal
or message received from at least one sensor 82. The at least one sensor 1s operably and
communicably connected to the controller 78 and may be part of the fluid application device 10
or the applicator head 16. The signal may indicate, for example, a line condition and/or a current

position of the engagement arm 44. In one embodiment, the line condition may be either static or
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active. “Static” refers to a condition where the line 1s not running and the strands are stationary.
“Active” refers to a condition where the line 1s running and the strands are being fed through the
modular nozzle assembly 22. The current position may be either the first position or the second
position described above.

[0053] If the controller 78 determines, via content 1n the signal received from the
at least one sensor that the line 1s 1n the static condition, and the engagement arm 44 1s 1n second
position, the controller 78 opcrates the solcnoid 72 to movce to a position allowing the
cngagement arm 44 to move to the first position. If the controllcr 78 dctermines, via content the
signal recerved from the at least one sensor 82, that the line 1s 1n the static condition and the
engagement arm 44 1s 1n the first position, the controller 78 maintains the solenoid 72 in the
current position so as to maintain the engagement arm 44 1n the first position.

[0054] If the controller 78 determines, via content in the signal received from the
at least one sensor 82, that the line 1s 1n an active condition and the engagement arm 44 1s 1n the
first position, the controller 78 operates the solenoid 72 to move to a position allowing the
engagement arm 44 to move to the second position. If the controller 78 determines, via content in
the signal received from the at least one sensor 82, that the line 18 1n the active condition and the
engagement arm 44 1s 1n the second position, the controller 78 maintains the solenoid 72 in the
current position so as to maintain the engagement arm 44 1n the second position.

[0055] The at least one sensor 82 may include a sensor or sensors configured to
detect a condition of the line, and an additional sensor or sensors configured to detect a position
of the engagement arm 44. The at least one sensor 82 may be of a known type suitable for
detecting movement and/or relative positions of various components as described above.

[0056] The controller 78 may be implemented as a microprocessor or computer
having a microprocessor configured to execute program instructions stored 1n one or more
computer-readable storage media, such as, but not limited to, a memory unit 84. Computer-
readable storage media include non-transitory media, for example, magnetic media, including
hard disks and floppy disks; optical mcdia including CD ROM disks and DVDs, and/or optical
disks. Computer-readable storage media may also include hardware devices configured to store
and/or perform program instructions, including read-only memory (ROM), random access

memory (RAM), flash memory and the like. It 1s understood that non-transitory media does not
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include signals or waves. The memory unit may be part of the controller 78, or a separate unit
that 1s operably and communicably connected to the controller 78.

[0057] In the embodiments above, the strand engagement device 30 1s configured
to move the strands 12 between a position where the first fluid may be efficiently applied and a
position where the strands 12 are sufficiently spaced from the applicator to prevent or limait
damage to the strands 12 due to heat radiating from the applicator head 16 and/or nozzle
asscmbly 22. Thc position of the strands 12 wherce the first fluid may be ctficiently applicd
corrcsponds to the sccond position of the cngagement arm 44. The position of the strands 12
where the strands 12 are sufficiently spaced from the applicator head 16 corresponds to the first
position of the engagement arm 44.

[0058] The strand engagement device 30 1s described 1n the examples above as
being used for strand coating applications in a fluid application device 10 having a non-contact
nozzle assembly 22 or a contact nozzle assembly 122. However, 1t 1s understood that a fluid
application device 10 having the strand engagement device 30 described herein 1s not limited for
use only with the nozzles described herein. The strand engagement device 30 may be
implemented on fluid application devices having different contact and non-contact nozzle
configurations where 1t may be beneficial to move strands toward and away from an applicator
head depending on a line operating condition, ¢.g., static or active.

[0059] In operation, the fluid application device 10 may be 1n a static line
condition. Accordingly, the engagement arm 44 may initially be in the first position, such that
the strands are adequately spaced from the nozzle assembly 22 and applicator head 16 to prevent
or limit burn through or other heat related damage to the strands. With the engagement arm 1n the
first position, the piston 50 1s in an extended position relative to the cylinder 52.

[0060] When the fluid application device 10 1s switched to an active line
condition, 1.€., a condition where first fluid 1s to be applied to the strands 12, the controller 78
operates the strand engagement device 30 to move the engagement arm 44 from the first position
to the sccond position. In onc cmbodiment, the controllcr 78 actuatcs the solenoid 72 1n responsc
to the signal received from the at least one sensor &2. Alternatively, the solenoid 72, and 1n turn,
the strand engagement device 30, may be operated manually via the I/0 device 80.

[0061] Actuation of the solenoid 72 operates the actuating assembly 48, such that

the piston 50 moves within the cylinder 52. In one embodiment, actuation of solenoid 72 controls
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flow of compressed air into or out of the cylinder 52 to pneumatically load or unload the piston
50 within the cylinder 52. Accordingly, the piston 50 may be retracted within the cylinder 52 to
move the engagement arm 44 from the first position to the second position. In the second
position, the strands 12 extending across the engagement arm 44 are positioned relative to the
nozzle assembly so that the first fluid may be etficiently applied thereon. That 1s, the strands 12
may be positioned such that overspray 1s reduced or minimized, as compared to a configuration
where the strands arc spaccd further from an orifice of a nozzlc.

[0062] If the fluid application device 10 1s switched to a static condition where
the strands 12 are not fed by or through the nozzle assembly 22, 122, the engagement arm 44
may be moved from the second position to the first position to move the strands 12 away from
the applicator head 16 and/or nozzle 22, 122. For example, the controller 78 may actuate the
solenoid 72 to control air flow into or out of the cylinder 52 such that the piston 50 moves from
the retracted position to the extended position, thereby moving the engagement arm 44 to the
second position. In the second position, the strands 12 may be sufficiently spaced from the
applicator head 16 and nozzle assembly 22, 122 to prevent or limit burn through or other heat
related damage.

[0063] In the embodiments described above, the strands 12, with the engagement
arm 44 1n the second position, may be positioned approximately 1-3 mm from the respective
orifices 28, and more preferably, 1-2 mm from respective orifices for application of the first fluid
thereto. At this position, overspray of the first fluid may be reduced or minimized compared to
other configurations where strands are spaced farther from the orifices. In addition, in the
embodiments above, line speeds may run up to 700-1000 meters per minute (mpm) while still
achieving suitable adhesive coating on the strands 12.

[0064] FIG. 7 1s a diagram showing a method of controlling the strand
engagement device 3() of the fluid application device 10 according to an embodiment of the
present invention. In one embodiment of the present invention, the strand engagement device 30
and thc fluid application dcvice 10 arc configurcd as described above. The method of controlling
the strand engagement device 30 1s shown generally at S200. At S210, the method includes
rece1ving an input signal, the input signal including content, the content including an instruction
to actuate the actuating assembly 48 to move the engagement arm 44 between the first position

and the second position, or at least one of information regarding a line condition and information
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regarding a position of the engagement arm. At S220, the method includes determining the
content of the received input signal. That 1s, at S220, 1t 1s determined whether the content of the
received 1mnput signal 1s an instruction to actuate the actuating assembly 48 to move the
engagement arm 44 between the first position and the second position, or at least one of
information regarding a line condition and information regarding a position of the engagement
arm 44. At S230, the method includes operating the strand engagement device 30 in response to,
and bascd on the content of, the received input signal.

[0065] FIG. 8 1s a diagram showing thc mcthod S230 of opcrating the strand
engagement device 30 of the fluid application device 10 according to an embodiment of the
present invention. As noted above, the content of the input signal may include the 1nstruction to
actuate the actuating assembly 48 to move the engagement arm 44 between the first position and
the second position. Here, the input signal may be received from the I/O device 80. At S240, the
method of operating the strand engagement device 30 includes actuating the actuating assembly
48 to move the engagement arm 44 from the first position to the second position or from the
second position to the first position. For example, a user or operator may use the I/O device 80 to
generate the input signal having content including an instruction to actuate the actuating
assembly 48. The user may do this when 1t 1s desired to move the engagement arm 44 from the
first position to the second position or vice versa. The user may generate the input signal at the
I/O device 80, for example, by actuating a switch or entering an input into the I/O device 80, for
example, via a touch screen, keypad and/or keyboard.

[0066] The content of the input signal may alternatively include the information
regarding a line condition and the information regarding a position of the engagement arm 44.
Here, the input signal may be received from the at least one sensor 82, the at least one sensor 82
configured to detect the line condition and the position of the engagement arm. The information
regarding the line condition may include, for example, a line condition detected by the at least
one sensor 82. For example, the detected line condition could be “active™ or “static” or other
indicators or data that corrcspond to the active or static linc conditions. The information
regarding the position of the engagement arm 44 may include a detected position of the
engagement arm 44, for example, “first position” or “second position,” or other indicators or data

that corresponds to the first and second positions.
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[0067] The mput signal may include a first input signal including the information
regarding the line condition and a second input signal including information regarding the
position of the engagement arm 44, and the at least one sensor 82 mncludes a first sensor 82a
configured to detect the line condition and a second sensor 82b configured to detect the position
of the engagement arm 44. The first input signal may be receirved from the first sensor 82a and
the second 1put signal may be recerved from the second sensor 82b.

[0068] At S250, thec mcthod S230 includcs comparing the information regarding
thc position of the cngagement arm 44 to a desired position of the cngagement arm 44 storcd 1n,
for example, the memory unit 84. The desired position of the engagement arm 44 1s based on the
information regarding the line condition. That 1s, the desired position of the engagement arm 44,
e.g., the first position or the second position, may be based on the information regarding the line
condition, ¢.g., active or static. For example, 1f the information regarding the line condition
indicates a static line condition, the desired position of the engagement arm 44 may be the first
position, and 1f the information regarding the line condition indicates an active line condition, the
desired position of the engagement arm 44 may be the second position. The desired correlation
between line conditions and desired engagement arm 44 positions may be stored at the memory
unit 84.

[0069] At S260, the method includes operating the actuating assembly 48 based
on a result of comparing the information regarding a position of the engagement arm 44 to a
desired position of the engagement arm 44. At S270, operating the actuating assembly 48
includes maintaining the actuating assembly 48 1n a position corresponding to the desired
position of the engagement arm 44 when the information regarding the position of the
engagement arm 44 indicates that the engagement arm 44 1s the same position as the desired
position of the engagement arm 44. At S28(), operating the actuating assembly 48 includes
actuating the actuating assembly 48 to move the engagement arm 44 to the desired position when
the information regarding the position of the engagement arm 44 indicates that the engagement
arm 44 15 1n a position diffcrent from the desired position of the cngagement arm 44,

[0070] The method above may be stored 1n a non-transitory computer-readable
storage medium including program instructions to implement various operations embodied by a
computer. In one embodiment, the method may be carried out by the controller 78. The above

method may be used to automatically adjust the position of the engagement arm 44 from the first
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position to the second position and vice versa based on a line condition (e.g., “static” or
“active”). Accordingly, the engagement arm 44 may adjust a position of the strands 12 into a
desired position corresponding with a line condition of the fluid application device 10.

[0071] It should also be understood that various changes and modifications to the
presently disclosed embodiments will be apparent to those skilled 1n the art. Such changes and
modifications can be made without departing from the spirit and scope of the present disclosure
and without diminishing 1ts intcndcd advantages. It 1s therctore intended that such changes and

modifications b¢ covered by the appended claims.
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CLAIMS

What 1s claimed 1s:

. A strand engagement device for a fluid application device, the strand
engagement device comprising:

an actuating assembly; and

an engagement arm operably connected to the actuating assembly, the engagement
arm configured to engage at least one strand of material and move between- a first position
and a second position in response to actuation of the actuating assembly to move the at least
one strand of material,

further comprising a controller operably connected to the actuating assembly to
actuate the actuating assembly so as to move the engagement arm between the first position
and the second position, wherein the actuating assembly comprises a cylinder and a piston
slidably positioned therein, a distal end of the piston connected to the strand engagement
arm, and

wherein the actuating assembly is pneumatically loaded and pneumatic loading of
the actuating assembly 1s controlled by a solenoid operably and communicably connected to

the controller.

2. The strand engagement device of claim 1, further including a mounting

bracket for mounting the actuating assembly to the fluid application device.

3. A fluid application device for coating a strand of material with a first fluid,
comprising:
an applicator head;
a nozzle assembly fluidly coupled and secured to the applicator head, the nozzle
assembly comprising:
a guide slot and an orifice through which a first fluid is discharged, the guide
slot configured to receive a strand of material and the orifice configured to discharge the first

fluid onto the strand; and

a strand engagement device according to claim 1 or 2 operably connected to

the applicator head.
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4. The fluid application device of claim 3, wherein the engagement arm (44) 1s

formed of a non-stick material.

5. The fluid application device of claim 3 or 4, wherein the engagement arm is

rotatable on an axis defined by the strand engagement arm.

6. The fluid application device of any one of claims 3 to 5, wherein the nozzle
assembly comprises more than one guide slot and more than one orifice, each guide slot
configured to receive a respective strand of material and each orifice configured to discharge
the first fluid onto a respective strand of material, wherein the engagement arm 1s conftigured

to engage each strand of material.

7. The fluid application device of any one of claims 3 to 6, wherein the nozzle

assembly is a contact nozzle assembly.

8. The fluid application device of any one of claims 3 to 6, wherein the nozzle

assembly is a non-contact nozzle assembly.

9. A method of controlling a strand engagement device of a fluid application
device, the strand engagement device comprising an actuating assembly and an engagement
arm operably connected to the actuating assembly, the engagement arm contigured to engage
at least one strand of material and move between a first position and a second position in
response to actuation of the actuating assembly to move the at least one strand of material,
the method comprising:

receiving an input signal including content, the content including an instruction to
actuate the actuating assembly to move the engagement arm between the first position and
the second position, or information regarding a line condition; determining the content of the
input signal; and

operating the strand engagement device in response to, and based on the content of,
the input signal,

wherein the content of the input signal includes the information regarding a line
condition and the input signal is received from at least one sensor, the at least one sensor
configured to detect the line condition, and controller controls the position of the engagement

arm 1n response to the information regarding a line condition.
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10. The method of claim 9, wherein the content of the input signal includes the
instruction to actuate the actuating assembly to move the engagement arm between the first

position and the second position, and the input signal is received from an I/O device.

11. The method of claim 10, wherein operating the strand engagement device
includes actuating the actuating assembly to move the engagement arm from the first position

to the second position or from the second position to the first position.

12. A tluid application device for coating a strand of material with a first fluid,
comprising:

an applicator head;

a nozzle assembly fluidly coupled and secured to the applicator head, the nozzle
assembly comprising a guide slot and an orifice through which a first fluid 1s discharged, the
guide slot configured to receive a strand of material and the orifice configured to discharge
the first fluid onto the strand; and

a strand engagement device operably connected to the applicator head, the strand
engagement device comprising an actuating assembly and an engagement arm. connected to
and linearly actuated by the actuating assembly, the engagement arm configured to engage
the strand and move linearly between a first position and a second position in response to
actuation of the actuating assembly so as to move the strand toward and away from the
orifice,

wherein the actuating assembly comprises a cylinder and a piston slidably positioned
therein, a distal end of the piston connected to the engagement arm,

wherein the fluid application device is changeable between a static condition and an
active condition,

wherein 1n the static condition, the strand is stationary relative to the nozzle
assembly and the engagement arm is in the first position spaced a first distance from the
applicator head, and in the active condition the strand is fed by the nozzle assembly and the
engagement arm IS in the second condition, a second distance from the applicator head, the

second distance being less than the first distance.
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13. A strand engagement device for a fluid application device, the strand
engagement device comprising:
an actuating assembly comprising a cylinder and a piston slidably positioned
therein; and
an engagement arm operably connected to and linearly actuated by the actuating assembly
at a distal end of the piston, the engagement arm configured to engage at least one strand of
material and move linearly between a first position and a second position in response to actuation
of the actuating assembly to move the at least one strand of material, the engagement arm
comprising a contact surface for engaging the at least one strand of material, the contact surface

being cylindrical 1n shape and having a constant diameter.
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