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ABSTRACT

A sprayer hose for a fluid delivery device includes a waterway tube having an outer
surface. The sprayer hose further includes at least one energy wire extending helically around
the outer surface of the waterway tube and a covering layer positioned outwardly of the

waterway tube and the at least one energy wire.
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SPRAYER HOSE ASSEMBLY

BACKGROUND AND SUMMARY OF THE INVENTION

[0001] The present invention generally relates a sprayer hose assembly, and more

particularly, to a method of forming a sprayer hose assembly.

[0002] Faucet assemblies may include a base, handle, and spout for delivering fluid
therefrom. One embodiment of a faucet may include a pull-down sprayhead and a sprayer hose.
The pull-down sprayhead is configured to be separated from the spout and extend therefrom..
More particularly, the sprayer hose may be coupled to the sprayhead and configured to be
positioned within the spout in a first or docked position of the sprayhead and extend outwardly

from the spout in a second or pull-down position of the sprayhead.

[0003]) Various embodiments of faucet assemblies may include at least one electronic
device for controlling certain parameters of the faucet assembly. For example, the faucet
assembly may include an electronic user interface, an electrical solenoid valve, electrical sensors
for determining temperature and/or pressure of the fluid, and electrical wires and a controller for

controlling the features of the faucet assembly, including the delivery mode (e.g., spray, stream).

[0004] According to an illustrative embodiment of the present disclosure, a sprayer hose
for a fluid delivery device includes a waterway tube having an outer surface. The sprayer hose
further comprises at least one energy wire extending helically around the outer surface of the
waterway tube and a covering layer positioned outwardly of the waterway tube and the at least

one energy wire.

[0005] According to another illustrative embodiment of the present disclosure, a method
of forming a sprayer hose for a fluid delivery device comprises providing a waterway tube,

positioning at least one energy wire around an outer surface of the waterway tube in a helical
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configuration, and positioning a covering layer around the waterway tube and the at least one

energy wire.

[0006] According to yet another illustrative embodiment of the present disclosure, a
method of forming a sprayer hose for a fluid delivery device comprises providing a waterway
tube including a first portion and a second portion positioned axially adjacent the first portion,
helically applying at least one energy wire along the first portion of the waterway tube,
positioning a portion of the at least one energy wire outward of the waterway tube in a loop at an
interface point between the first and second portions of the waterway tube, and helically

applying the at least one energy wire along the second portion of the waterway tube.

[0007] According to a further illustrative embodiment of the present disclosure, a sprayer
hose assembly for a fluid delivéry device includes a waterway tube having an outer surface, and
a flat cable including a planar cover and a plurality of electrical conductors received within the
planar cover. The flat cable extends helically around the outer surface of the waterway tube and
is configured to transmit energy therethrough. A covering layer is positioned outwardly of the

waterway tube and the at least one energy wire.

[0008] According to another illustrative embodiment of the present disclosure, a method
of forming a sprayer hose for a fluid delivery device includes providing a waterway tube, and
positioning at least one energy conductor configured to transmit energy therethrough around an
outer surface of the waterway tube in a helical configuration. The helical configuration includes
a first portion having a first helical pitch, and a second portion having a second helical pitch.
The method further includes positioning a covering layer around the waterway tube and the at

least one energy conductor.

[0009] According to yet another illustrative embodiment of the present disclosure, a
sprayer hose for a fluid delivery device includes a waterway tube having an outer surface, and an
energy conductor extending helically around the outer surface of the waterway tube and
configured to transmit energy therethrough. The energy conductor includes a first helical

configuration having a first helical pitch, and a second helical configuration having a second
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helical pitch, the first helical pitch being greater than the second helical pitch. A covering layer

is positioned outwardly of the waterway tube and the energy conductor.

[0010] Additional features and advantages of the present invention will become apparent
to those skilled in the art upon consideration of the following detailed description of the
illustrative embodiment exemplifying the best mode of carrying out the invention as presently

perceived.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The detailed description of the drawings particularly refers to the accompanying

figures in which:

[0012] Fig. 1 is a perspective view of an illustrative embodiment fluid delivery device of

the present disclosure;

[0013] Fig. 2 is a side elevational view of a sprayer hose of the fluid delivery device of
Fig. 1 with a covering layer, illustrating a cut-out portion of the covering layer to expose the

sprayer hose and energy wires;
[0014] Fig. 3A is a schematic view of an assembly for forming the sprayer hose of Fig. 2;

[0015] Fig. 3B is a schematic view of an alternative assembly for forming the sprayer

hose of Fig. 2;

[0016] Fig. 4 is a side elevational view of the sprayer hose and energy wires of Fig. 2,

illustrating portions of the energy wires pulled away from the waterway tube;

[0017] Fig. 5A is a side elevational view similar to Fig. 4, illustrating portions of the

energy wires pulled away from the waterway tube at a plurality of locations;

[0018] Figs. 5B and 5C are side elevational views similar to Fig. 5A, illustrating steps in

forming leads of the energy wires at ends of the waterway tubes;

CA 3061062 2019-11-07



4.

[0019] Fig. 6 is a perspective view of another illustrative embodiment sprayer hose,

illustrating a cut-out portion of the covering layer to expose the sprayer hose and the energy

conductor;

[0020] Fig. 7 is an exploded perspective view of the sprayer hose of Fig. 6;

[0021] Fig. 8 is a cross-sectional view of the sprayer hose of Fig. 6, taken along line 8-8;
[0022] Fig. 9 is a schematic view of an assembly for forming the sprayer hose of Fig. 6;
[0023] Fig. 10A is side elevational view of the sprayer hose and the energy conductor

during a forming process, the energy conductor arranged in a helical configuration having first
and second portions with different pitches, the second portion defining an energy conductor

storage region; and

[0024] Fig. 10B is a side elevational view of the sprayer hose and the energy conductor,
with the energy conductor pulled axially from opposing storage regions and the covering layer

removed for clarity.

DETAILED DESCRIPTION OF THE DRAWINGS

[0025] The embodiments of the invention described herein are not intended to be
exhaustive or to limit the invention to precise forms disclosed. Rather, the embodiments selected
for description have been chosen to enable one skilled in the art to practice the invention.
Although the disclosure is described in connection with water, it should be understood that

additional types of fluids may be used.

[0026] Referring to Fig. 1, an illustrative embodiment fluid delivery device, such as a
faucet 10, is shown including a hub 12, a spout 14, a sprayhead 15, at least one handle 16, a
waterway assembly 20, and a sprayer hose assembly 30. In operation, faucet 10 receives water

from hot and/or cold water supplies (not shown) and may mix the incoming water to form an
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outlet stream. Faucet 10 may be mounted to a sink deck 18 or another suitable surface and may

deliver the outlet stream into a sink basin 19, for example.

[0027] The illustrative hub 12 of faucet 10 is a generally hollow component operably
coupled to handle 16 and is configured to rest against sink deck 18 or other suitable surface. The
top end of hub 12 is configured to mate with spout 14. For example, a first end 14a of spout 14
may be threadably coupled to hub 12.

[0028] Hub 12 of faucet 10 may be formed of a traditional metallic material, such as zinc
or brass. It is also within the scope of the present disclosure that hub 12 may be formed of a non-
metallic material, such as a polymer, illustratively a cross-linkable polymer. Suitable non-
metallic materials that may be used to construct hub 12 include cross-linkable polyethylene
(PEX), polybutylene terephthalate (PBT), polyester, melamine, melamine urea, and melamine

phenolic.

[0029] With continued reference to Fig. 1, the illustrative waterway assembly 20 of
faucet 10 includes a hot water inlet tube 22, a cold water inlet tube 24, and an outlet tube 26. Hot
and cold water inlet tubes 22, 24 may be fluidly coupled to hot and cold water supplies (not
shown), respectively, for receiving water into faucet 10. Outlet tube 26 of waterway assembly
20 may be fluidly coupled to sprayer hose assembly 30 for delivering water through spout 14 and
from sprayhead 15 of faucet 10.

[0030] To limit contact between the water in faucet 10 and metallic components,
waterway assembly 20 may be formed of a flexible, non-metallic material, such as a polymer,
illustratively a cross-linkable polymer. As such, waterway assembly 20 is illustratively
electrically non-conductive. In one illustrative embodiment, substantially the entire waterway
assembly 20 is formed of a polyethylene which is subsequently cross-linked to form cross-linked
polyethylene (PEX). Other suitable materials that may be used to construct waterway assembly
20 include polyethylene (PE) (such as raised temperature resistant polyethylene (PE-RT)),
polypropylene (PP) (such as polypropylene random (PPRY)), and polybutylene (PB). It is further

envisioned that waterway assembly 20 may be constructed of cross-linked polyvinyl chloride
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(PVCX) using silane free radical initiators, cross-linked polyurethane, or cross-linked propylene
(XLPP) using peroxide or silane free radical initiators. It is within the scope of the present
disclosure that the polymer material used to construct waterway assembly 20 may include

reinforcing members, such as glass fibers.

[0031] Spout 14 of faucet 10 is removably coupled to sprayhead 15. More particularly,
sprayhead 15 is configured to move between a first, or docked, position in which sprayhead 15 is
coupled to a second end 14b of spout 14 (Fig. 1) and a second, or pull-down, position in which
sprayhead 15 is spaced apart from second end 14b of spout 14 which allows a user to direct the

flow of fluid from sprayhead 15 in multiple directions.

[0032] Sprayer hose assembly 30 is illustratively a waterway assembly for spout 14 and
sprayhead 15. More particularly, sprayer hose assembly 30 is received within spout 14 and is
fluidly coupled to both outlet tube 26 and sprayhead 15 to deliver fluid from faucet 10. In one
embodiment, when sprayhead 15 is in the first position, sprayer hose assembly 30 is generally
contained within spout 14 and sprayhead 15 is docked or coupled to second end 14b of spout 14.
However, when sprayhead 15 is in the second position, a portion of sprayer hose assembly 30
extends outwardly from second end 14b of spout 14 such that sprayhead 15 is spaced apart from

second end 14b of spout 14.

[0033] Referring to Fig. 2, illustrative sprayer hose assembly 30 includes a waterway
tube or hose 32, a protective outer covering or sleeve 34 concentrically and coaxially positioned
around an outer surface 36 of waterway tube 32, and at least one energy wire or conduit 38

positioned intermediate outer surface 36 of waterway tube 32 and covering 34.

[0034] [llustrative waterway tube 32 has a generally tubular or cylindrical shape which
generally defines a circle in cross-section. Waterway tube 32 also has a predetermined length
extending between a first end 32a and a second end 32b. The length of waterway tube 32 is
based on the length of spout 14 and the desired position of sprayhead 15 when fully extended in

the second position.
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[0035] Waterway tube 32 is fluidly coupled to outlet tube 26 in order to deliver fluid
from sprayhead 15 of faucet 10. Waterway tube 32 may be comprised of a material other than
that of covering 34 and energy wire 38. For example, to limit contact between the water in
faucet 10 and metallic components, waterway tube 32 may be formed of a flexible, non-metallic
material, such as a polymer, illustratively a cross-linkable polymer. As such, waterway tube 32
is illustratively electrically non-conductive. In one illustrative embodiment, substantially the
entire waterway tube 32 is formed of a polyethylene which is subsequently cross-linked to form
cross-linked polyethylene (PEX). In a further illustrative embodiment, waterway tube 32 may be
comprised of a flexible rubber material. Other suitable materials that may be used to construct
waterway tube 32 include polyethylene (PE) (such as raised temperature resistant polyethylene
(PE-RT)), polypropylene (PP) (such as polypropylene random (PPR)), and polybutylene (PB), or
santoprene. It is further envisioned that waterway tube 32 may be constructed of cross-linked
polyvinyl chloride (PVCX) using silane free radical initiators, cross-linked polyurethane, or
cross-linked propylene (XLPP) using peroxide or silane free radical initiators. It is within the
scope of the present disclosure that the polymer material used to construct waterway tube 32 may

include reinforcing members, such as glass fibers.

[0036] Referring to Figs. 2-4, the at least one energy wire 38 is positioned around outer
surface 36 of waterway tube 32. lllustratively, the at least one energy wire 38 includes three
energy wires 38a, 38b, and 38c, however, less or more than three energy wires 38 energy wires
38 may be applied to waterway tube 32 to accommodate specific applications, functions, and
features of faucet 10. Energy wire 38 is configured to transmit energy therethrough. For
example, in one embodiment, energy wires 38 may be optical fibers or cables configured to
transmit light. Alternatively, energy wires 38 may be electrical wires, such as capacitive wires,
or any other wires or conduits configured to transmit clectrical signals. Illustratively, energy
wires 38 are electrically coupled to a controller, sensors (e.g., IR, ultrasonic, capacitive), and/or
other electrical components, such as a user interface, of faucet 10. In the illustrative embodiment
of the present disclosure, energy wire 38a may be an electrical wire connected to a first sensor
(not shown), energy wire 38b may be an electrical wire connected to a second sensor (not

shown), and energy wire 38c may be a capacitive wire. In this way, energy wires 38 may be
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configured to receive a user input or transmit an output signal in order to visually, audibly, or
tactilely relay information to and from the user of faucet 10. For example, energy wires 38 may
be configured to illuminate a portion of faucet 10 to convey information to a user. Additionally,
because energy wires 38 are configured to transmit energy, in the form of electrical signals, light,
or other forms of energy, energy wires 38 are isolated from each other by a coating, insulation, or

other covering (not shown) which defines the outer surface of energy wires 38.

[0037] As shown in Figs. 2-4, illustrative energy wires 38 are wrapped or wound around
outer surface 36 of waterway tube 32 in a helical or spiral configuration. In one embodiment,
energy wires 38 are wrapped around waterway tube 32 at a wrap frequency of one complete
rotation or revolution of energy wires 38 along every 2 to 4 inches of length of waterway tube
32, and more particularly, every 3 inches of length of waterway tube 32. Alternatively, energy
wires 38 may be wrapped around waterway tube 32 at a different wrap frequency or at a specific
wrap angle. Illustratively, energy wires 38 may overlap each other at various points along the

length of waterway tube 32 due to the helical winding of each energy wire 38.

[0038] Because energy wires 38 are helically wrapped around waterway tube 32, the
length of each energy wire 38 is greater than the length of waterway tube 32. Furthermore,
additional lengths or leads of energy wires 38 extend from waterway tube 32 in order to couple

with other components of faucet 10, as shown in Fig. 2.

[0039] By applying energy wires 38 in a helical or spiral configuration along the length
of waterway tube 32, energy wires 38 are configured to move, bend, and flex with waterway tube
32 without kinking or becoming damaged. As such, the helical configuration allows energy
wires 38 to bend and flex in the same configuration as waterway tube 32 but also inhibits
permanent work hardening of energy wires 38. Additionally, during manufacture of sprayer
hose assembly 30, energy wires 38 may stretch and relax, which also can cause kinks in energy
wires 38. However, the helical wrapping of energy wires 38 inhibits kinks therein during the

manufacturing process.
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[0040] Referring to Figs. 2, 3A, and 3B, covering 34 is positioned around outer surface
36 of waterway tube 32 and energy wires 38 such that energy wires 38 are positioned
intermediate outer surface 36 of waterway tube 32 and an inner surface of covering 34.
Illustrative covering 34 may be a sheath or any other layer defining a cover or outer layer of
sprayer hose assembly 30. For example, covering 34 may be an interwoven layer or braided
jacket comprised of at least one material other than the material comprising waterway tube 32
and energy wires 38. Illustratively, at least two strands of material (e.g., nylon or fiberglass) are
interwoven or braided together in order to define covering 34. In an assembled condition,
covering 34 illustratively defines a tubular or cylindrical shape defining a circle in cross-section

which is coaxial with waterway tube 32.

[0041] As shown in Fig. 2, illustrative sprayer hose assembly 30 further includes a first
end cap or annular sleeve 40 adjacent first end 32a of waterway tube 32 and a second end cap or
annular sleeve 42 adjacent second end 32b of waterway tube 32. Illustratively, end caps 40, 42
may extend around a portion of an outer surface of covering 34 to crimp or otherwise couple
covering 34 to waterway tube 32. Alternatively, in one embodiment, end caps 40, 42 may be
overmolded or otherwise coupled directly with first and second ends 32a, 32b, respectively, of

waterway tube 32.

[0042] Referring still to Fig. 2, energy wires 38 may be positioned adjacent to end caps
40, 42 but are not positioned within any portion thereof. Illustratively, free ends or leads 66a and
66b of energy wires 38 extend outwardly from waterway tube 32 and covering 34 at a position
inward of end caps 40 and 42, respectively. As such, energy wires 38 are not crimped or
otherwise engaged by end caps 40 and 42, thereby preventing damage to energy wires 38 when

end caps 40 and 42 are applied.

[0043] Referring to Figs. 3A-5C, illustrative manufacturing operation for assembling
sprayer hose assembly 30 are shown. With reference to Figs. 3A and 3B, a bulk supply 44 of
waterway tube 32 is provided. Illustratively, supply 44 is a spool with a length of bare waterway

tube 32. In the illustrative embodiment, supply 44 of waterway tube 32 is configured to rotate to
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move waterway tube 32 toward additional manufacturing components at a predetermined rate. A
guide member 46 also is provided downstream of supply 44 to guide waterway tube 32 toward
additional manufacturing‘ components. In one embodiment, waterway tube 32 is'pulled by
additional manufacturing components which causes supply 44 to rotate. Additionally, guide
member 46 may maintain sufficient tension in waterway tube 32 and maintain the rate of
movement of waterway tube 32 during manufacture of sprayer hose assembly 30. In one

embodiment, guide member 46 may be a friction roller.

[0044] Guide member 46 guides waterway tube 32 toward an energy wire assembly 48,
which comprises a table 50 and at least one bulk supply of energy wire 38. More particularly, in
the illustrative embodiment, energy wire assembly 48 includes at least a first bulk supply 52 of
one of energy wires 38a, 38b, 38¢ and a second bulk supply 54 of another of energy wires 38a,

38b, 38¢c. Additional supplies of energy wires 38 also may be provided.

[0045] As waterway tube 32 passes along table 50 of energy wire assembly 48, supplies
52, 54 may rotate in opposing directions to apply energy wires 38 to waterway tube 32.
Additionally, table 50 may rotate at a predetermined rate thereby allowing the individual energy
wires 38 to overlap and interweave with each other. As shown in Figs. 3A, 3B, and 4, energy
wires 38 are applied to outer surface 36 of waterway tube 32 in a helical or spiral winding
configuration. Ilustratively, at least two energy wires 38 are applied to waterway tube 32 and

overlap or crisscross each other at various points along the length of waterway tube 32.

[0046] The rotation of supplies 52, 54 and table 50 is maintained at a predetermined rate
which allows energy wires 38 to be applied to outer surface 36 of waterway tube 32 in a
predetermined wrap frequency. For example, in the illustrative embodiment, energy wires 38 are
helically applied to outer surface 36 of waterway tube 32 at a wrap frequency of one complete
revolution of energy wires 38 about waterway tube 32 per 2 to 4 inches of length of waterway
tube 32. lllustratively, energy wires 38 are helically applied to waterway tube 32 at a wrap

frequency of one complete revolution of energy wires 38 about waterway tube 32 per 3 inches of
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length of waterway tube 32. In alternative embodiments, energy wires 38 are applied to

waterway tube 32 at different wrap angles or wrap frequencies.

[0047] As waterway tube 32 continues through energy wire assembly 48, multiple
waterway tubes 32 may be defined, for example, as shown in Fig. 4, a first length L, of one
waterway tube 32 is defined at a cut line C; and a second length L> of a second waterway tube 32
also is defined at cut line Ci, as discussed further herein. In this way, multiple sprayer hose
assemblies 30 are assembled during one manufacturing process. In one embodiment, length L,
of the first sprayer hose assembly 30 is equal to length L of the second sprayer hose assembly
30 and may be approximately six feet. However, in alternative embodiments, length L of the
first sprayer hose assembly 30 may be greater or less than length L of the second sprayer hose
assembly 30 and greater than or less than six feet. As detailed further herein, each of the
individual sprayer hose assemblies 30 are separated from each other, for example by cutting or
splicing, at cut line Ci. By making a cut or splice at cut line Ci, both waterway tube 32 and
energy wires 38 are simultaneously cut. As shown in Fig. 4, first end 32a of one waterway tube

32, and a second end 32b of another waterway tube 32 are defined at cut line C;.

[0048] Referring further to Fig. 3A, a wire pull member 56 is positioned upstream from
energy wire assembly 48 and is configured to contact energy wires 38 at predetermined lengths
of waterway tube 32 to remove a portion 59, illustratively a loop, of energy wires 38 from
waterway tube 32. More particularly, wire pull member 56 may be a hook or other tool
configured to grab and pull a portion of energy wires 38 away from waterway tube 32.
[llustratively, portion 59 of energy wires 38 is a loop defined when wire pull member 56 contacts
waterway tube 32 at point P (Figs. 4 and 5A) and pulls portion 59 of energy wires 38 away from

waterway tube 32.

[0049] Alternatively, as shown in Fig. 3B, wire pull member 56 may be positioned
upstream from a covering assembly 60 for applying covering 34 to waterway tube 32, as detailed

further herein. As such, wire pull member 56 may enter covering 34 at position P to retrieve
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portion 59 of energy wires 38 and also exit covering 34 at position P, thereby defining the loop

or portion 59, as shown in Fig. 4.

[0050] With further reference to Fig. 4, a cut region 58 (that may include no energy wires
38) separates two individual waterway tubes 32 and, more particularly, defines first end 32a for a
first length L of one waterway tube 32 and defines second end 32b for a second length L2 of a
second waterway tube 32, as shown in Fig. 4. In this way, multiple sprayer hose assemblies 30
are assembled during one manufacturing process and the multiple cut regions 58 define a space
between each individual sprayer hose assembly 30. In one embodiment, length L, of the first
sprayer hose assembly 30 is equal to length L2 of the second sprayer hose assembly 30 and may
be approximately six feet. However, in alternative embodiments, length L, of the first sprayer
hose assembly 30 may be greater or less than length L of the second sprayer hose assembly 30.
As detailed further below, each of the individual sprayer hose assemblies 30 are separated from

each other, for example by cutting or splicing, at a cut line C; made within each cut region 38.

[0051] With further reference to Figs. 3A and 3B, after waterway tube 32 is wound with
energy wires 38, waterway tube 32 continues to move toward covering assembly 60.
Illustratively, covering assembly 60 may be a May-Pole Braider. Covering assembly 60 includes
at least one bulk supply of a fabric or fiber comprising covering 34. Illustratively, covering
assembly 60 includes a first bobbin 62 of fabric or fiber and a second bobbin 64 of fabric or
fiber. Bobbins 62, 64 are configured to rotate in opposite directions to interweave the fabrics or
fibers together over energy wires 38 and waterway tube 32 to define covering 34. Additionally,
in an alternative embodiment, covering assembly 60 may include a table 61 configured to rotate
in order to facilitate the interweaving of the fibers. In one embodiment, bobbins 62, 64 are

configured to braid various fibers together to define covering 34.

[0052] With reference to the illustrative method of manufacturing shown in Fig. 4,
covering 34 is applied over outer surface 36 of waterway tube 32 and energy wires 38 in the
manner further detailed above. After covering 34 is applied to waterway tube 32, a cutting or

slicing step occurs in order to define individual sprayer hose assemblies 30 with predetermined
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lengths. More particularly, a cut or slice is made along cut lines C; and C: to separate individual
sprayer hose assemblies 30 and energy wires 38 associated with those sprayer hose assemblies

30.

[0053] With reference to the alternative method of manufacturing shown in Figs. SA-5C,
the waterway tube 32 illustratively includes a first portion (D1), a second portion (D2) positioned
axially adjacent the first portion (D1), and a third portion (D3) positioned axially adjacent the
second portion (D2). The energy wires 38 are helically applied along the first portion (D) of the
waterway tube 32. At an interface point (P1) between the first portion (D)) and the second
portion (Dz), a portion of the energy wires 38 are pulled outwardly away from the waterway tube
32 to define first loop 59a. Next, the energy wires 38 are helically applied along the second
portion (D) of the waterway tube 32. At an interface point (P2) between the second portion (D2)
and the third portion (D3), a portion of the energy wires 38 are pulled outwardly away from the
waterway tube 32 to define second loop 59b. Next, the method continues by helically applying
energy wires 38 along the third portion (Ds3) of the waterway tube 32. This method can then be

repeated indefinitely.

[0054] As shown in Fig. 5B, after covering 34 is applied to waterway tube 32, a cutting
or slicing step occurs along cut line C; in order to define individual sprayer hose assemblies 30
with predetermined lengths (L1 and L;). The ends or leads 66a and 66b of energy wires 38
formed by the cut C; are then free to be pulled through covering 34 at points P and P, (Figs. 2,
5B and 5C) and electrically couple with other components of faucet 10 (e.g., sensors,

illumination devices, etc.).

[0055] Also, because energy wires 38 are now cut at portions or loops 59, energy wires
38 are spaced apart from ends 32a, 32b of waterway tube 32 and do not interfere with applying
end caps 40, 42.- As such, end caps 40, 42 are subsequently applied to sprayer hose assemblies
30 without crimping energy wires 38 therein. As shown in Fig. 2, leads 66a and 66b of energy
wires 38 are spaced apart from first and second ends 32a and 32b of waterway tube 32 and end

caps 40 and 42 to prevent damage to energy wires 38 when end caps 40 and 42 are applied.

CA 3061062 2019-11-07



-14-

[0056] Each of the assembled sprayer hose assemblies 30 are then assembled into faucet
10 and, more particularly, are fluidly coupled with outlet tube 26 and sprayhead 15 in order to
deliver fluid from faucet 10. Additionally, energy wires 38 are assembled with various
components of faucet 10 in order to transmit energy (e.g., capacitive energy, electrical current,

light, or other forms of energy) in response to a user input.

[0057] With reference to Figs. 6-8, a further illustrative sprayer hose assembly 130 is
shown as including many substantially similar components as sprayer hose assembly 30 detailed
above. As such, in the following description similar components will be identified with like
reference numbers. More particularly, sprayer hose assembly 130 includes waterway tube or
hose 32, protective outer covering or sleeve 34 (e.g., a braid jacket), and an energy cable 138

positioned intermediate outer surface 36 of waterway tube 32 and covering 34.

[0058] With respect to Fig. 7, energy cable 138 illustratively comprises a flat cable
including a flexible base or outer cover 139 supporting a plurality of conductors 141. The
number of conductors 141 may vary. In one illustrative embodiment, four conductors 141 are
received within the outer cover 139. In other illustrative embodiments, fewer or greater numbers
of conductors 141 may be provided (for example, any of two to twelve conductors 141). In one
illustrative embodiment, cable 138 may comprise a flat ribbon cable including a plurality of
round electrically conductive wires 141 received within a substantially flat or planar outer cover
139 formed of a thermoplastic or elastomer. In another illustrative embodiment, cable 138 may
comprise a flexible flat cable, such as a flexible film cable (FFC) or a flexible printed cable
(FPC), including a plurality of flat electrically conductive contacts or traces 141 received within

a substantially flat or planar outer cover 139 formed of a thermoplastic or elastomer.

[0059] Conventional electrical connectors 143a and 143b may be electrically coupled to
opposing ends of cable 138. Connectors 143a and 143b may comprise, for example, one of a
male connector (e.g., plug) and a female connector (e.g., socket). The connectors 143a and 143b
may be of the type available from TE Connectivity Ltd. of Schaffhausen, Switzerland. Cable

138 may be used to perform similar functions as energy wires 38 detailed above.
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[0060] Mlustratively, the flexible energy cable 138 is wrapped or wound around outer
surface 36 of waterway tube 32 in a helical or spiral configuration. The wrap frequency or pitch
(P) is illustratively as large as possible, just enough to provide some give when the hose is
stretched. For example, the pitch (P) is illustratively defined as one complete rotation or
revolution of cable 138 along every 2 to 4 inches of length of waterway tube 32. In one
illustrative embodiment, the pitch (P) may be every 3 inches of length of waterway tube 32.

[0061] First and second fluid connectors 142 and 144 are illustratively fluidly coupled to
opposing ends 146 and 148 of waterway tube 32. More particularly, barbed fittings 150 and 152
of each connector 142 and 144 are received within opposing ends 146 and 148, respectively, of
the waterway tube 32. Illustratively, first fluid connector 142 may be a fitting configured to
fluidly couple with pullout wand or sprayhead 15, while second fluid connector 144 may be a
quick connect fitting configured to couple with outlet tube 26. A seal 151 (e.g., an o-ring) and a
retainer 153 (e.g., a snap ring) may be supported by first fluid connector 142.

[0062] Ferrules or sleeves 154a and 154b are illustratively coupled to opposing ends 146
and 148 of waterway tube 32 to secure fluid connectors 142 and 144 to opposing ends 146 and
148 of tube 32, and to secure sleeve 34 to opposing ends 146 and 148 of tube 32. The flexible
energy cable 138 is crimped along tube 32 and sleeve 34, since it is sandwiched between the
electrically insulating braid jacket 34 and tube 32. Ferrules 154a and 154b include crimp zones
155 which are deformed radially inwardly via conventional means. A relief or recess may be

defined within the ferrules 154a and 154b to receive a portion of the energy cable 138.

[0063] Referring to Fig. 9, an illustrative manufacturing operation for assembling sprayer
hose assembly 130 is shown. Similar to the method detailed above with respect to Figs. 3A and
3B, bulk supply 44 of waterway tube 32 is provided. Illustratively, supply 44 is a spool with a
length of bare waterway tube 32. In the illustrative embodiment, supply 44 of waterway tube 32
is configured to rotate to move waterway tube 32 toward additional manufacturing components
at a predetermined rate. Guide member 46 also is provided downstream of supply 44 to guide

waterway tube 32 toward additional manufacturing components. In one embodiment, waterway
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tube 32 is pulled by additional manufacturing components which causes supply 44 to rotate.
Additionally, guide member 46 may maintain sufficient tension in waterway tube 32 and
maintain the rate of movement of waterway tube 32 during manufacture of sprayer hose

assembly 30. In one embodiment, guide member 46 may be a friction roller.

[0064] With further reference to Fig. 9, guide member 46 guides waterway tube 32
toward winder assembly 48. Winder assembly 48 illustratively comprises table 50, and at least
one bulk supply 52 of energy cable 138 supported for rotation about rotational axis 157 (as
shown by arrow 159). As waterway tube 32 passes along table 50 of energy wire assembly 48,
supply 52 may rotate about a longitudinal axis 161 (as shown by arrow 163) to apply energy
cable 138 to waterway tube 32.

[0065] As shown in Figs. 9 and 10A, energy cable 38 is applied to outer surface 36 of
waterway tube 32 in a helical or spiral winding configuration. During the forming process,
energy cable 138 is illustratively applied to tube 32 such that the pitch (P) of the helical
revolutions varies over the length of the tube 32. More particularly, energy cable 138 includes a
first helical configuration having a first helical pitch (P1), and a second helical configuration
having a second helical pitch (P2). The first helical pitch (P1) is greater than the second helical
pitch (P2). First or center portions 156 of tube 32 include cable 138 with the first helical pitch
(P1). Second or end portions 158 of tube 32 include cable 138 with the second helical pitch (P2).
Third or connecting portions 160 extend between adjacent end portions 158 and include cable

138 with a pitch (P) substantially equal to the first helical pitch (P1).

[0066] Since the second helical pitch (P2) is substantially less than the first helical pitch
(P1) at opposing end portions 158 and 160 of tube 32, end portions 158 and 160 of cable 138
provide for storage of a predetermined length of cable 138. More particularly, the relatively tight
wrapping of the cable 138 within portions 158 provide for a relative small helical pitch (P2),
thereby defining a storage region for cable 138 during the forming process. Upon cutting of the
tube 32, cable 138 and sleeve 40 at cut lines Ci, Cy, Cs, cable 138 may be pulled outwardly from
between the tube 32 and sleeve 40 to provide a connecting lead 162. Ferrules 154a and 154b
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may then be crimped to opposing ends 146 and 148 of waterway tube 32, and the connectors

143a and 143b coupled to the opposing leads 162.

[0067] Table 50 may be operated differently to provide for the different helical pitches
(P1 and Py) of center portions 156, end portions 158, and connecting portions 160. In one
illustrative embodiment, rotation of supply 52 and table 50 is maintained at a predetermined rate
which allows energy cable 138 to be applied to outer surface 36 of waterway tube 32 in a
predetermined wrap frequency (i.e., helical pitch (P)). For example, in the illustrative
embodiment, energy wires 38 are helically applied to outer surface 36 of waterway tube 32 at
center portion 156 at a wrap frequency of one complete revolution of energy wires 38 about
waterway tube 32 per about 2 to 4 inches of length of waterway tube 32. [llustratively, energy
wires 38 are helically applied to waterway tube 32 at center portion 156 at a wrap frequency of
one complete revolution of energy wires 38 about waterway tube 32 per 3 inches of length of
waterway tube 32. Table 50 may be moved axially relative to tube 32 (along axis 157 as shown

by arrows 164) to alter the helical pitches of portions 156, 158 and 160.

[0068] In alternative embodiments, energy wires 38 are applied to waterway tube 32 at
different wrap angles or wrap frequencies. More particularly, rotation of supply 52 and table 50
about axis 157 is illustratively at variable rates which allows energy cable 138 to be applied to
outer surface 36 of waterway tube 32 in different wrap frequencies (i.e., helical pitches (P)) at

center portions 156 compared to end and connecting portions 158 and 160.

[0069] Although the invention has been described in detail with reference to certain
preferred embodiments, variations and modifications exist within the spirit and scope of the

invention as described and defined in the following claims.
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CLAIMS

1. A sprayer hose for a fluid delivery device including:

a waterway tube having an outer surface;

a flat cable including a planar cover and a plurality of electrical conductors received
within the planar cover, the flat cable extending helically around the outer surface of the
waterway tube and configured to transmit energy therethrough, wherein one helical revolution of
the flat cable extends along approximately 2.0-4.0 inches of the waterway tube;

a covering layer positioned outwardly of the waterway tube and the at least one energy
wire; and

a first fluid connector fluidly coupled to a first end of the waterway tube, and a second

fluid connector fluidly coupled to a second end of the waterway tube.

2. The sprayer hose of claim 1, wherein the covering layer is an interwoven layer.

3. The sprayer hose of claim 1, wherein a length of the flat cable is greater than a length of
the waterway tube.

4. The sprayer hose of claim 1, wherein the one helical revolution of the flat cable extends

along approximately 3.0 inches of the waterway tube.

5. The sprayer hose of claim 1, wherein the flat cable comprises a capacitive wire.

6. The sprayer hose of claim 1, wherein the flat cable includes at least three electrical
conductors.

7. The sprayer hose of claim 1, further comprising:

a first ferrule crimped at the first end of the waterway tube, the first ferrule securing the
covering layer to the first end of the waterway tube, and securing the first fluid connector to the

first end of the waterway tube; and
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a second ferrule crimped at the second end of the waterway tube, the second ferrule
securing the covering layer to the second end of the waterway tube, and securing the second fluid

connector to the second end of the waterway tube.

8. A method of forming a sprayer hose for a fluid delivery device, comprising:

providing a waterway tube;

positioning at least one energy conductor configured to transmit energy therethrough
around an outer surface of the waterway tube in a helical configuration;

the helical configuration including a first portion having a first helical pitch, and a second
portion having a second helical pitch;

positioning a covering layer around the waterway tube and the at least one energy
conductor;

rotating a supply of the at least one energy conductor to position the at least one energy
conductor around the outer surface of the waterway tube; and

rotating a supply of the covering layer to position the covering layer around the waterway

tube and the at least one energy conductor.

9. The method of claim §, wherein positioning the at least one energy conductor around the
outer surface of the waterway tube includes wrapping the at least one energy conductor in a
complete helical revolution along a length of the waterway tube between approximately 2.0-4.0

inches.
10.  The method of claim 8§, further comprising fluidly coupling a first fluid connector to a
first end of the waterway tube, and fluidly coupling a second fluid connector to a second end of

the waterway tube.

11.  The method of claim §, further comprising securing a first ferrule to a first end of the

waterway tube, and securing a second ferrule to an opposing second end of the waterway tube.
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12. The method of claim 11, further comprising extending the at least one energy conductor

outwardly from the covering layer before applying the first and second ferrules.

13. The method of claim 8, further comprising cutting the waterway tube and the at least one

energy conductor at a predetermined length.

14. A sprayer hose for a fluid delivery device including:

a waterway tube having an outer surface;

an energy conductor extending helically around the outer surface of the waterway tube
and configured to transmit energy therethrough, the energy conductor comprising a flat cable
including a planar cover and a plurality of electrical conductors received within the planar cover;

the energy conductor including a first helical configuration having a first helical pitch,
and a second helical configuration having a second helical pitch, the first helical pitch being
greater than the second helical pitch; and

a covering layer positioned outwardly of the waterway tube and the energy conductor.

15.  The sprayer hose of claim 14, wherein the first helical pitch is positioned at the center of
the waterway tube, and the second helical pitch is positioned proximate and end of the waterway

tube.

16.  The sprayer hose of claim 14, further comprising a first fluid connector fluidly coupled to
a first end of the waterway tube, and a second fluid connector fluidly coupled to a second end of

the waterway tube.

17.  The sprayer hose of claim 16, further comprising:
a first ferrule crimped at the first end of the waterway tube, the first ferrule securing the
covering layer to the first end of the waterway tube, and securing the first fluid connector to the

first end of the waterway tube; and
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a second ferrule crimped at the second end of the waterway tube, the second ferrule

securing the covering layer to the second end of the waterway tube, and securing the second fluid

connector to the second end of the waterway tube.
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