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(57) Abrege/Abstract:
A faucet including a faucet head, a body and a magnetic coupling releasably coupling the faucet head to the faucet body. Faucets

having sprayheads that pull out from the faucet body enable users to manipulate the sprayhead independent of the faucet body
and to aim the water spray directly at a target instead of requiring the user to place the target under the sprayhead. Such rnior art
faucets typically utilize locking bayonet connectors, or connectors comprising collars and snap fingers to produce a retaining force
to couple the sprayhead to the faucet body.
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(57) Abstract: A faucet including a faucet head, a body and a magnetic
- 701 coupling releasably coupling the faucet head to the faucet body. Faucets hav-
RN N ing sprayheads that pull out from the faucet body enable users to manipulate
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the sprayhead independent of the faucet body and to aim the water spray dir-
ectly at a target instead of requiring the user to place the target under the
) 732 sprayhead. Such rnior art faucets typically utilize locking bayonet connect-
ors, or connectors comprising collars and snap fingers to produce a retaining

. / , o force to couple the sprayhead to the faucet body.
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MAGNETIC COUPLING FOR SPRAYHEADS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This apphication claims priority to ULS. Provisional Patent Application Serial No.

61/768,383, filed February 22, 2613, the disclosure of which 18 expressly 1incorporated by

2

reterence herein.

BACKGROUND AND SUMMARY OF THE DISCLOSURE

[0002] The present ivention relates to faucets having puliout spravheads and, more

particularly, to improvements 1 the manner by which the spravhead s coupled and/or uncoupled

from the faucet body.

[0003] Faucets having sprayheads that pull out from the faucet body enable users to
manipulate the sprayhead independent of the faucet body and to aim the water spray directly at a
target mmstead of requiring the user to place the farget under the sprayvhead. Such prior art fauccets
typically utilize locking bavonet connectors, or connectors comprising collars and snap fingers (o
produce a retaining force to couple the sprayhead to the faucet body.

[0004] Une embodiment of the present wnvention generally provides a hiquid dispensmg
assembly comprising a spout hose adapted to supply a liquid, a dispensing member fhudly
coupled to the spout hose and adapted to dispense the higuid, a support member adapted to
support the dispensing member, and a magnetic coupling to removabiy couple the dispensing
member to the support mmember. The magnetic coupling mcludes a magnctic member supporied
by one of the support member and the dispensing member. The magnetic member 1s dipolar and
has g magnetic ficld of between 400 and 2,000 gauss tested at 0.090 mches. The attracted
member 18 magneticaily attracted to the magnetic mevaber and supported by the other of the
dispensing member and the support member. The magncetic coupling requires between 2.0 and
12.0 pounds of force to pull the dispensing member trom the support maember.

[0005] Another embodiment of the present invention generally provides a method of
dispensing hiquid. The method compriscs the steps of fluidly coupling 4 dispensing member to 4

source of hiquud through a supply line, supporting the dispensing member with a support
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member, magnetically holdmg the dispensing member 1 a coupled position with the support
member, applying {force to separate the dispensing member from the support meniber, and
placing the dispensing member proximally to the support member {0 removably and
magnetically coupie the dispensing member to the support member. The dispensing member
comprises one of a magnetic member and an attracted moember, the magnetic member being
dipolar and having a magnetic field of between 404 and 2,000 gauss tested at §.090 inches. The
supply linc 18 adapted to extend from the support member when the dispensing member 18
separated from the support member, the support member comprising the other of the magnetic
member and the attracted member.

[0006] The above mentioned and other features of this mvention, and the manner of
attaining them, will become more apparent and the mvention iiscif will be better understood by
reterence to the following description of embodiments of the mvention taken wn conjunction with

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The detatled description of the drawings particularly refers to the accompanying
figures m which:

[0008] Fi(. 118 a side view of a taucet in accordance with one embodiment of the

present mvention;

[0009] Fi(3. 2 1s a front view of the faucet of FIG. |

[0010] FIG. 3 1s a partial cross-sectional view of a portion of the faucet of FIG. 1;
[0011] FIG. 4 1s a detailed cross-sectional view of a portion of the faucet of FIG. 1;
[0012] FIG. 5 1s an exploded perspective view of the faucet of FIG. 4;

[0013] FIG. 6A 1s a perspective view of the body connector of the faucet of FIG. 4;
[0014] FIG. 6B 1s a side view of the body connector of FIG. 6A;

[0015] FIG. 6C 1s another side view of the body connector of FIG. 6A;

[0016] FIG. 6D 1s a bottom view of the body connector of FIG. 6A;

[0017] FIG. 6E 1s a cross-sectional view of the body connector of FIG. 6C taken along
line 6E-6E;

[0018] FIG. 7A 1s a perspective view of the head connector of the faucet of FIG. 4;

[0019] FIG. 7B 1s a top view of the head connector of FIG. 7A;
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[0020] FIG. 7C 18 a side view of the head connector of FIG. 7A;
[0021] FIG. 7D 1s a bottom view of the head connector of FIG. 7A;
[0022] FIG. 7E 18 a cross-sectional view of the head connector of FIG. 7C taken along
line 7E-7E;
[0023] FIG. 8A 1s diagrammatic view of the magnetic coupling of the faucet of FIG. 4 in
the attracting mode;
[0024] FIG. 8B 1s a diagrammatic view of the magnetic coupling of the faucet of FIG. 4
in the repelling mode;
[0025] FIG. 9 1s a diagrammatic view of an alternative magnetic coupling for use in the
taucet of FIG. 4;
[0026] FIG. 10 1s a diagrammatic view of another alternative magnetic coupling for use
in the faucet of FIG. 4;
[0027] FIG. 11A 1s a conceptual diagram of the flux lines of a magnetic ficld of a
rectangular magnet;
[0028] FIG. 11B 1s a conceptual diagram of the flux lines of a magnetic field of a

rectangular magnet coupled to a backing element;

[0029] FIG. 12A 1s an exploded perspective view of a faucet head including a magnetic
connector having a backing element;

10030] FIG. 12B 1s a side view of the faucet of Figure 12A showing a partial detailed
cross-section of the magnetic connector positioned 1n the faucet head;

[0031] FIG. 13A 1s a cross-sectional side view of an alternative magnetic coupling

showing magnetic connectors mncluding connecting elements and backing elements;

[0032] FIG. 13B 1s a perspective view of the alternative magnetic coupling of FIG. 13A;
[0033] FIG. 13C 1s a cross-sectional side view of an alternative magnetic connector;
[0034] FIG. 13D 1s a cross-sectional side view of the magnetic coupling of FIG. 13A;
[0035] FIGS. 14, 14A and 14B are diagrammatic views of yet another alternative

magnetic coupling for use 1n the faucet of FIG. 4 1llustrating various orientations of the head
connector and body connector;
[0036] FIG. 15A 15 a diagrammatic view of yet another magnetic coupling for use in the

faucet of FIG. 4, wherein the magnetic coupling 1s 1n the attracting mode;
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[0037] FIG. 15B 1s a diagrammatic view of the magnetic coupling of FIG. 15A, wherein

the magnetic coupling 1s 1n the repelling mode;

[0038] FIG. 16 1s a perspective view of a faucet 1n accordance with another 1llustrative
embodiment of the present invention; and

[0039] FIG. 17 1s a cross-sectional view of a further magnetic coupling for use 1n the
faucet of FIG. 1.

[0040] Corresponding reference characters indicate corresponding parts throughout the
several views. Although the drawings represent embodiments of the present invention, the
drawings are not necessarily to scale and certain features may be exaggerated in order to better
illustrate and explain the present invention. Although the exemplification set out herein
1llustrates embodiments of the invention, 1n several forms, the embodiments disclosed below are
not intended to be exhaustive or to be construed as limiting the scope of the invention to the

precise forms disclosed.

DETAILED DESCRIPTION OF THE DRAWINGS
[0041] The cmbodiments hercinatier disclosed are not mtended to be exhaustive or himit
the mvention to the precise forms disclosed i the following description. Rather the
embodiments are chosen and described so that others skilled in the art may utilize s teachings.
[0042] Reternng birst to FIGS. 1 and 2, taucet 1 according to one embodiment of the
present invention 18 tlustrated. Faucet 1 generally includes sprayhead 10 and faucet body 14,
Faucet 11s of the type wherem spravhead 10 may be pulled out and manmipulated independent of
body 14, More particularly, faucet body 14 mchudes neck or delivery spout 32 having dispensing
end 324 to which spravhead 10 1s releasably coupled, as 1s described in further detail below.,
[0043] Reterrning now to FIGS, 3-5, faucet | also includes tlexibie water supply ling or
spout tube 12, which extends through neck 32 and 18 fhdly coupled at a first end to a water
supply source, ilustratively through a valve (not shown) operably coupled to a handie 17 (Ig.
1}. A sccond end of the water supply line 12 1s fluidly coupled to sprayhead 18, The faucet |
may mchude additional features detarled 1o ULS. Patent No. 7,997,301, the disclosure of whichas
cxpressly incorporated by reference herein.
[0044] Spravicad 10 1s coupled to neck 32 of faucet body 14 by magnetic coupling 15,

Magnetic couplhing 135 generally includes head connector 24 coupled to sprayhead 10 and body
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connector 36 coupled to neck 32 of faucet body 14, As deseribed 1 further detad below, head
connector 24 and body connector 36 are adapted to relcasably engage with one another to
thercby releasably couple sprayhead 10 to neck 32 of faucet body 14,

[0045] Turning now to FIGS. 4 and 5, spravhead 10 inciudes aerator 16, waterway
member 1§, check valves 20a and 20b, shell 22, head connector 24 and retaming nut 26, Acrator
16 18 received n and coupled to dispensing end 18b of waterway member 1K, Check valves 20a,
20b are received n and coupled to threaded recerving end 18a of waterway merber 18, The
assembly of acrator 16, waterway member 18 and check valves 20a, 20b are disposed within
shell 22, Shell 22 mcludes recetving end 22a and opposing dispensing end 22b. Tab 21
protrudes frora recaiving end 22a and, as discussed n further detaii below, serves to align head
connector 24 on recerving end 22a of shell 22, When the assembly of acrator 16, waterway
racmber 18 and check valves 20a, 20b 1s disposed in shell 22, threaded receiving end 1¥a extends
through opening 19 1n receiving end 22a of shell 22, Threaded recetving end 18a of waterway
member 18 also extends through opening 23 of head connector 24 and receives retammng nut 26,
which secures head connector 24 to shell 22, Threaded receiving end 18a of waterway member
18 then extends from nut 26 and 1s fluidly coupled with water supply hine 12,

[0046] Turning to FIGS. 5 and 7 A-7E, head connector 24 15 substantially ring-shaped
and mcludes top surtace 24a, opposing bottom surface 24b and opening 23 extending
therethrough from {op surtace 24a to bottom surface 24b. Opening 23 18 stzed 1o receive
threaded receiving end 18a of watcrway moember ¥ therethrough. Notch 235 18 cut into bottom
surtace 24b and 1s configured to receive tab 21 of shell 22 to facilitate proper angular orientation
thercbetween.

[0047] Referring now to FIGS. 4 and 6A-6E, body connector 36 18 disposed within
dispensing end 32a of neck 32, A portion of neck 32 extends past body connector 36 to {orm
collar 34, which i1s configured to removably and concentrically receive therein head connector 24
and receiving end 18a of waterway 1K, Body connector 36 mcludes opening 38, which exiends
through body conncector 36 and 18 configured to receive receiving end 18a of waterway member
18 therethrough., Body connector 36 mncludes base 36a and connecting element 36b. Base 36a
tiustratively serves to coupie body connector 36 to faucet body 14, while connecting element
36b mteracts with head connecior 24 to reicasably couple sprayhead 10 to faucet body 14, as1s

described in further detail below,
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[0048] Base 36a mcludes restlient chp or snap finger 43 extending upwardly and

outwardiy thereirom. Slot 435 extends through neck 32 of faucet body 14 and 18 configured to

of taucet body 14, Recess 39 cxtends mto and about a portion of the ner periphery of base 36a.
Lip 41 extends from and about a portion of the outer periphery of connecting element 36b, Lip
41 18 conhigured {0 engage with recess 39 o thereby couple connecting element 36b to base 36a.
Base 36a may be formed of any suitabic material.

10049] Body connector 36 need not include two separate components. Rather base 36a
and connecting ciement 36b may be mtegrally formed as a single unit, such that body connector
36 15 one prece. In one embodiment, base 36a 1s formed of polymers and 1s at least partly
overmoided to connecting clement 36b. In another embodiment, base 36a is fully overmolded to
connecting element 360 and encapsulates connecting element 36b. Overmolding 18 configured (o
protect the connecting elements from corrosion due (o contact with fhuds including water.
Alternatively, corrosion may be prevented by coating or plating connecting elements. However,
coatings and plating materials may be brittie and may crack due to the compressive forces that
impinge on conneciing clements when they are pressed into the faucct head or body. Cracking
tendencies are exacerbated by large Huid temperature differences which may range from about
32°F to about 212°F n various faucet applications. In one embodiment, base 36a 1s formed of
class-filled polypropviene. Glass~-filled polypropylene flows well 1 an mjection-molding die
and has good rigidity characteristics so that thin overmolding layers may be produced. In
another embodiraent, base 36a 18 formed of acetal. Acctal has good hysteresis characteristics and
resists flexing fatigue.

[0050] Overmoldmg might create g larger gap between the connecting clements than that
created by coating or plating. (aps reduce the magnetic atiractive force between connecting
clements 1n proportion to the gap distance. The magnetic thux density of a magnetic connecting
clement, which corresponds to the attractive force, may be mcereased by mcreasing s surface
arca, thickness, or magnetic material to compensaic for the increased gap. These options arg
generally accompanied by mcreases 1 cost. Also, an application may be size-constramned for
practical or agsthetic reasons. In the case of a kitchen, bath or roman-tub faucet, products must
be acsthetically pleasing and must fit within standardized openings provided i sinks, tubs and

other faucet support devices.
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10051} Magnets have magnetic ficlds characterized by thew strength and orientation.

Magnetic poles are limited regions in the magnet at which the ficld of the magnet 18 most intense,
cach of which 1s designated by the approximate geographic direction to which it s attracied,
north (N} or south {(5). The direction of the magnetic ficld 1s the direction of a line that passes
through the north and south poles of the magnet. Generally, the direction 1s perpendicular to the
magnetic surface of the magnet. The orientation of the ficld may be characienized as the
direction pointed to by the north pole of the magnet.

[0052] Magnets may be characterized in several different ways. For mstance, the magnet
type may be a permanent magncet or an clectromagnet. A permanent magnet exhibits a
permanent {1.¢. constant) magnetic field. An clectromagnet generates a magnetic ficld only when
a thow of clectric current 1s passed through . The magnetic ficld generated by the clectromagnet
disappears when the current ceases.

[0053] Magnets with a single magnetic field are considered dipolar because they have
two poles, a north and a south pole. The magnetic ficld of a dipolar magnet may interact with
the magnetic field of other magnets to produce a repeiling or an attracting force. The magnetic
ficld may also mnteract with cortan attractablic materials, such as 1ron or steel, that are naturally
attracted to magnets.

[0054] The strength of the attracting or repeliing magnetic force 1s determined by the
strength of the magnetic field of the magnet and by the degree of nteraction between the
magncetic ficld and a component that enters the field. The strength of @ magnetic ficld 18
determined by the construction of the magnet. The strength of an electromagnetic fickd can be
changed by changing the current that flows through the electromagnet. The degree of interaction
15 determined by the size of the magnetic surface that mteracts with the componcent entering the
ficld and by the distance between the magnet and the component entering the figld. The
magnetic force of a magnet, thereiore, may be changed by changing the position of the magnet
relative to another magunet or to the attractable matersal.

[0055] A backing element may increase the attractive force of a magnetic coupling.
Referring now to FIGS, 11 A and 118, the magnetic Hux densitics of two magnetic hields are
conceptually represented by magnetic thux lines 3(6a and 306b. FiI{. 11 A shows magnet 300
having magnetic flux lines 3064 that exitend from both surfaces 302, 304 connccting its north and

south poles. Spaced-apart surtaces 302, 304 define the thickness of magnet 300, At pomnts Py
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and Pg; located at a distance By perpendicularly away from surfaces 302 and 304, respectively,

on centerline 310, the magnetic ficld equals F gauss.

[0056] FiG. 118 shows magnet 300 coupled to backing clement 308, and having fiux
iines 3060 that extend from surface 302 to and through backing clement 308 to surface 304
connecting its north and south poles. At pomnts Py and Py located at corresponding distances D
and D3z perpendicuiarly away trom surtaces 302 and 304, respectively, on centerline 318, the
magnctic field also has a value equal to F gauss. D 18 greater than both Dy and D5 meanmng that
the magnetic hield strength changed as a result of the addition of backing element 30% and that
backing clement 308 increasced the strength of the magnetic field at point Py a distance Dy
perpendicularly away from surface 302, A suntable backing element may be a plate compnising
steel, 1ron, and other non~magnetic magnetically attractive materials. Depending on the selection
of materials and particular designs, the magnetic flux density at g distance away {rom the surface
of magnet 300 may be increased more by the addition of backing clement 308 than by an
merease in the thickness of magnet 300 cqual to the thickness of backing element 308, Thus, 4
stronger attractive force may be achueved with a smalier, less costly, corrosion resistant
CONNECIOT.

[0057] Exemplary embodiments of connectors having overmolded connecting elements
and backing elements are shown i FIGS, 12A, 128, 13A, 13B and 13C. Keferring now {o
FIGS, 12A and 12B, an alternative faucet head 312 comprises a body 314 having an opening
322, a head connector 324 and a dispensing portion 318, Head connector 324 1s explained in
detail with reference to FIGS. 13A and 13B. Body 314 includes lever 316 adapted to activate
watertlow valve 320 to dispense water. Head connector 324 couples to water dispensing portion
318 by means of chips 325, FIG. 13B 18 a partial cross-sectional view of body 314 showing head
connector 324 positioned on dispensing portion 318 and having surtace 330 protruding through
o 327,

H

[0058] FIGS, 13A and 13B show magnetic couplimg 315 comprising a pawr of conoeciors.

oponin

While either connector may be posttioned 1n a body or head of a faucet, connector 336 will be
described as a body connector and connector 324 will be described as a head connector for case
of explanation.

[0059] Body connector 336 includes openung 338 oxtending through it and being

contigured to receive a water supply line therethrough. Body connector 336 includes base 336a,
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connecting element 336b, and backing element 336¢. Body connector base 336a 18 overmolided
to encapsulate connecting element 336b and backing element 336¢. Body connector base 336a
turther mcludes chip or snap hinger 343, Body connector base 336a has an external profile 340
having ribs 342 designed to fit tightly mside the neck of a taucet. Optionally, body connector
basc 3364 has an outwardly protruding hip 3435 designed to {1t agamnst the cdge of the recciving
end of the neck of a faucet without a collar. Body connector base 330a encapsulates connecting
clement 336b with material disposed over a surface 346, the encapsulating layer having a
spaced-apart external surface 348 definmg a layer thickness 356,

[0060] in another embodiment, body connector 336 docs not have a lip and fits inside
neck 32 as a suitable replacement for body connector 36, An emnbodiment of connector 336
without lip 345 18 shown 1n FIG. 130 and denoted as connector 336", Connector 336" mchudes
base 3364, connecting clement 3360, and backing element 336¢". Body connector base 3362’ 13
overmolded to encapsulate connecting element 336b" and backing element 336¢". Body
connector base 336a" further mncludes clip or snap finger 343,

[0061] FIGN. 13A and 138 also show head connector 324, Head connector 324 includes
opening 328 exiending through 1t and being configured o receive water dispensing poriion 318
thercthrough. Head connector 324 icludes base 324a, connecting clement 324b, and backing
clement 324¢. Head connector base 324a 1s overmolded to encapsulate connecting clement 324b
and backing element 324¢. Head connector base 324a further includes clips 323 for securing
head connector 324 to water dispensing portion 318, Head connector base 324a encapsulates
connecting clement 324b with material disposed over 4 surface 332, the encapsulating layer
having a spaced-apart external surface 330 defiming a layer thickness 334.

0062] Referrmmg now to FIG. 13D, magnetic coupling 315 has a gap 352 having a gap
distance equal o the sum of thicknesses 334 and 350 of the encapsulating layers. In one
cmbodiment, the overmolding material 15 acetal, thicknesses 334 and 350 arc (0.025 inches thick,
and the gap distance 15 0.050 mches. Connecting clements 336b and 324b comprise NdFeR3, a
permanent magnet material typically referred to as neodymium or neo. The external surfaces
348 and 330 contact each other to form the coupling surlace of magnetic coupling 315 (FIG.
13A).

0063} Backing clements 336¢ and 324¢ tocus the magncetic fields to mcerease the

attractive torce and compensate for the loss of force created by gap 332, In one embodiment, a
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pulling torce of between 2 and 12 pounds 1s requared to pull apart head connector 324 {rom body
connector 336, In a further ilhustrative embodiment, the pulling force reguired to separate head
connector 324 from body connector 336 18 between 3 and 8 pounds. In yet another tiustrative
embodiment, the pulling force 18 between 3 .5 and 6 pounds. In one embodiment, cach of
connectors 336 and 324 have a coupling surface arca between (.4 and 2.0 square inches. In
another embodiment, cach of connectors 336 and 324 have a coupling surtace area between 0.5
and 1.0 square inches. In one embodiment, cach of connectors 336 and 324 have a magnetic
ficld of between 400 and 2000 gauss tested at $.090 1nches. In another embodiment, cach of
connectors 336 and 324 have a magnetic field of between 300 and 1000 gauss tested at .090
inches. In one embodiment, the gap 1s in a range between 0.00 and .10 mches. In another
crmbodiment, the gap 18 1n a range between 0.040 and 0.080 inches. {n onc embodiment, the
raagoetic couplings satisly the 24 hour CASS salt sprayer test according to ANTM-36R8, Each of
connectors 324, 330 may be dipolar or multipolar.

[0064] Referring agam to FIGS. 3,4, 6D, 7 A, 7B, 8A, and 8B, the micraction between
connecting clement 36b of body connector 36 with head connector 24 o reieasably couple
spravhead 10 to faucet body 14 will now be desceribed. As shown in FIGS. 6D, 7A, and 7B and
dragrammatically i FIGS. RA and 8B, head connector 24 and connecting element 36b ot body
connector 306 may be in the form of magnets adapted to attract one another.,

[0065] Unlike-poles attract and like-poles repel. Accordingly, when two dipolar magnets
come mnto close proximity and their magnetic ficlds are ortented in the same direction, they
attract one another. The north pole on the proxamal surface of one magnet attracts the south pole
on the proximal surtace of the other magnet. On the other hand, when two dipolar magnets come
into close proxinuty and thew magnctic ficlds are oriented m opposite directions, they repel one
another, For example, the north pole on the proximal surface of one magnet repels the north pole
on the proximal surface of the other magnet.

[0066] Magnets may also mchude multiple magnetic fields with some ficlds onented 1n a
first direction and other ficlds oriented in a second dircction that 18 oppostie the first direction.
When two multi-field magnets come i close proxamity to one another, they will repel one
another if the multiple ficlds are not oriented in the same direction and will attract one another if

they are ortented n the same diwrection. Multi-field magnets provide two modes of operation: an
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attracting mode and a repelling wmode. Coupiings mcluding multi-ficld magnets may be retferred
to as bi-modal couplings.

10067] As shown o FIGS. BA and 88, magnetic coupling 15 mway be bi-modal in that it
includes an attracting mode (F1G. 8A) and a repelling mode (FIG. 8B), and may be adjusted
between the two modes. In this case, as further shown in FIGS. 6D, 8A, and §¥B, connecting
clement 36b of body connector 36 mchudes mudtiple magnetic fields Si, Ny, 85,, Np arranged
alternately m opposing dircctions. dumularly, as shown m FIGS. 7A, 7B, 8A, and €8, head
connector 24 mcludes multiple magnetic fields 517, Ny, 85, Ny' arranged alternately i opposite
directions. With reference to FIG. 8A, in the attracting mode, head connector 24 1s arranged
relative to body connector 36 such that magnetic ields 5+, Ny, 85, and Ny’ of head connector 24
arc aligned with and oriented in the same direction as magnetic ficlds 51, Ni, §,, and N> of body
conmector 36, respectively, In thys onientation, when head connector 24 is brought m close
proximity to body connector 36, the two are attracted to one another, as indicated by the sohid-
headed arrows, Turning to FIG. 8B, head conncctor 24 has been rotated clockwise by
approximately 90 degrees, such that magunetic fields §¢', Ni', 57, and Ny’ of head connector 24 are
now aligned with and onented in directions opposite to magnetic fickds Ny, 5, Ny and Sy,
respectively, of body connector 36, In thas onentation, when head connector 24 1s brought in
close proximity to body connector 30, the two are repelicd from one another as indicated by the
sohid-beaded arrows.

[0068] Reterring to FIGS. 3, 4, SA, and B, in practical operation of faucet |, mapgnetic
coupling 15 relcasably couples spravhead 1 to neck 32 of faucet body 14 using the atiracting
mode shown m FIG. 8A. In other words, magnetic fields §;, Ny, 82, and N; of body connector
36 are respectively aligned with and oriented in the same direction as magnetic fields 5, Ny, S),
and MN;' of head connector 24, such that head connector 24 and the remaming components of
sprayhead 10 are attracted and held to body connector 36, as shown in FIG. 4. When the user
desires to pull sprayhead 10 out from neck 32, the user may sioply pull sprayhead 10 away from
neck 32 with enough force to overcome the attracting magnetic forces between head connector
24 and body connector 36. To case the release of spravhead 10 trom neck 32, the user may also
rotate spravhead 10 by approxamately 90 degrees and, thus, head connector 24, until magnetic
coupling 15 exhubits its repelling mode, shown i FIG. 8B, In other words, spravhead 10 may be

rotated until magnetic ficlds 8, Ny, 5,', and N’ of head connector 24 arc oriented in opposiie
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directions relative to magnetic ficlds Ny, 5z, Ny and S of body connector 36. In this orientation,
coupling 15 assists the user in pulling spravhead 10 from neck 32 by providing a repeiling force
that repels head connector 24 from body connector 396.

[0069] The magnetic couphing of sprayhead 10 to body 14 may be achieved without the
use of multi-field magnets. Faucet 1 may be equipped with uni-modal magnctic coupling 115
through the use of dipolar magnets, as schematically sltustrated mn FiG. 9. Magnetic coupling
115 includes head connector 124 and body connector 136, which may be respectively coupled to
spravhead 10 and body 14 1m a8 manner sumilar to that of magnetic coupling 15 described above.,
Head connector 124 includes only one magnetic ficld N, while body connector 136 mnchudes only
one magnetic field N, which 18 oriented n the same direction as magnetic ficld N. Accordingly,
when the sprayvhead 10 1s brought in close proximity 0 neck 32 of faucet body 14, body
connector 136 attracts and holds head connector 124 thereto. To release sprayvhead 10 from neck
32, the user pulls spravhead 10 away from neck 32 with enough force to overcome the attractive
torce between body connector and head connectors 136 and 124,

[0070] The magnetic couphing need not employ two magnets. For 1astance, as
schematically thustrated in FIG. 10, magnetic coupling 215 mncludes body conncector 236, which
18 a dipolar magnet having smgle magnetic field N, and head connector 224, which s tormed of
a magnetically attractablec material, such as ron or steel. Head connector 224 and body
connector 236 may be coupled to sprayhead 10 and neck 32, respectively, i a manner simnidar {0
that of connectors 24, 30 described above. Spravhead 10 1s relcasably held to neck 32 of faucet
body 14 by the atiractive force between magnetic body connector 236 and aitractable head
connector 224, Either one of body connector 236 or head conunector 224 may be the magnet, and
the other may be formed of the magnetically attractable maiernal.

[0071] Turning now to FIGS. 14, 144, and 14B, additional physical or structural features
may be cmpioyed to guide the user in aligning and coupling the spray head 10 to the body 14 and
releasing the sprayvhead 10 from the body 14, For nstance, magnetic coupling 415 mchudes head
connector 424 and body connector 436, which may be respectively coupled to sprayhead 10 and
body 14, as descnibed above. Head connector 424 and body connector 436 may be configured
ltke any of the embodiments described above. Body connector 436 mcludes male component
450 1n the form of a curved ridge or protrusion. Head connector 424 mceludes female component

452 1n the form of a curved recess configured to mate with and receive male component 43¢,
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[0072] FIGS. 14 and 14A show head connector 424 and body connector 436 in an
aligned position such that fomale component 452 recerves male component 450, When m this
position, head connector 424 may be brought i closer proximity {0 body connector 436, thereby
maximizing the strength of magnetic attraction.

[0073] FIG. 14B shows head connector 424 and body conncector 436 in a nusaligned
position. In this position male member 430 separates body connector 436 from head connecior
424 to thereby reduce the magnetic force therebetween and allow the user to more castly pull the
spravhead 10 from the faucet body 14, Male and female members 438 and 452 may have any
shape such as rectangular or triangular. However, in this particular embodiment, the curved,
stoping shape of fernale and male members 452 and 450 may also facihitate the user's rotation of
head connector 424 relative to body connector 436 to reduce the attractive force between them.
in the case where magnetic coupling 415 15 a bimnodal coupling, such as that in FIGS, 8A and §B,
rotation of head connector 424 relative {0 body connector 436 generates a repulsive force
between them,

[0074] Any of the above-described embodiments may also include an electromagnet. For
instance, either the head connector or the body connector may mchude an electromagnet
switchable between an encrgized state and a de-energized state. As illustrated i FIGS. 15A and
1 5B, magnetic coupling 3135 mcludes head conncector 5324 and body connector 330, which may be
respectively coupled to spravhead 10 and body 14 1 the manner described above., Body
connector 536 mcludes a permanent magnetic portion 336a having magnetic field N. Head
connector 524 18 a permancnt magnet having magnetic ficld N, which 1s oriented in the same
direction as magnetic field N, Accordingly, head connector 524 attracts and holds body
connector 336 thereto via the atiracting forces between magnetic fickds N, N, as tllustrated by
the sohid headed arrows 1 FIG. 15A. Body connector 336 also mcludes electromagnet portion
>36bh, which s coupled to an energy source, such as a battery, by any known means and 18
capable of bemmg energized and de-energized by any known means, such as by emploving an
on/ottf power switch. Electromagnet portion 336b, when energized, 1s configured to generate
magnetic ficld 5, which s oriented i the opposite direction to magnetic ficld N of permanent
magnet portion 536a of body connector 536, Therefore, when encrgized, clectromagnet portion
536b cancels out the attractive force between magnetic ficlds N, N' and illustratively repels head

connector 524 from body connector 530 to, thereby, case the release of sprayhead 16 from body
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14, When not energized, clectrornagnet portion 336b generates no magneic ficld, thereby
aliowing head connector 524 to be attracted and held to body connector 536. i should be noted
that the clectromagnet may be disposed on either of body connector $36 or head connector 524,
and may be craployed in any of the magnetic coupling embodiments described above.

[0075] Turning to FIG. 16, faucet 601 15 tHustrated. Faucet 601 1s of a different design
than faucet 1 of FIGS, 1-2, but may stiil employ any of the magnetic coupling embodiments
described above. Faucet 601 mcludes body 614 and sprayhead 610, which 1s relcasably coupled
to body 614, Neck or delivery spout 622 18 part of spray head 610 and, thus, 18 removable trom
body 614 along with sprayhead 610. Sprayhead 610 includes head connector 624 and 18 coupled
to water hine 612, Body 614 imcludes body connector 636, Head connector 624 and body
connector 636 cooperate with one another to form a magncetic coupling, such as those described
above.

[0076] With reference to FIG. 17, another diustrative magnetic coupling arrangement 1s
shown for use i a pull-out/pull-down faucet 701, The faucet 701 may be of the type shown in
F1G. 1 as including a dispending bead, ilhustratively a pull-out/puli-down sprayhead 718, thudly
coupled to a ficxible spout tube or hose 712 and releasably coupled to a faucet body 714, A first
or nlet end of the spout hose 712 18 coupled to a water supply (¢.g., a vaive), while an opposing
second or outlet end of the spout hose 712 18 coupled to the sprayhead 711,

[0077] The faucet body 714 1llustratively includes a neck or delivery spout 732 having an
outlet or dispensing end 732a to which the sprayhead 710 1s releasably coupled. The spout hose
712 1s slidably received within an elongate passageway 734 defined by a side wall 735 of the
delivery spout 732. More particularly, as the sprayhead 710 1s uncoupled from and moved
axially relative to the outlet 732a of the delivery spout 732, the spout hose 712 likewise slidably
moves within the passageway 734 of the delivery spout 732. As 1s known 1n the art, the faucet
spout 732 includes an 1nlet or base 732b supported by a sink deck 718 through conventional
fastening mechanisms.

[0078] The sprayhead 710 1s releasably coupled to faucet body 714 by a magnetic
coupling 715. Illustratively, the magnetic coupling 715 includes a first or head connector 724
coupled to the sprayhead 710, and a second or body connector 736 configured to releasably

couple with the head connector 724. The head connector 724 and the body connector 736 are
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adapted to releasably engage with one another to thereby releasably couple sprayhead 710 to
outlet 732a of the delivery spout 732.

[0079] In 1llustrative faucet 701, the sprayhead 710 may include many of the same
clements as sprayhead 10 detailed above. As shown 1in FIG. 17, the head connector 724 18
supported for movement with the sprayhead 710 by connection to the spout hose 712. The head
connector 724 may be substantially ring-shaped and disposed 1n spaced relation from the outlet
732a of the delivery spout 732. The head connector 724 mcludes a connecting element 724b,
illustratively a magnetically attractive element. The magnetically attractive element 724b 1s
fixed to the spout hose 712 and may comprise a ferrous metal sleeve or a magnet. In the
illustrative embodiment shown 1n FIG. 17, the head connector 724 includes a magnet 724b
having multiple north and south poles (N and S).

[0080] Referring further to FIG. 17, the body connector 736 1s fixed from moving with
the spray head 710 and 1s positioned 1n spaced relation from the outlet 732a of the delivery spout
732. As shown, the body connector 736 may be fixed below the sink deck 718. Alternatively,
the body connector 736 may be fixed within the passageway 734 of the delivery spout 732
intermediate the outlet 732a and the inlet 732b. The body connector 736 may be 1n the form of a
loop or ring that 1s magnetically attracted to the head connector 724 and causes the pulldown
sprayhead 710 to be pulled upwardly toward the outlet 732a of the delivery spout 732 by the
spout hose 712. More particularly, the pulldown sprayhead 710 1s held to or retracted toward the
outlet end 732a of the delivery spout 732 by tension caused by the magnetic force between the
body connector 736 and the head connector 724.

[0081] The head connector 724 moves within the passageway 734 of the delivery spout
732 between a coupled mode and an uncoupled mode. The head connector 724 moves
downwardly from the uncoupled mode to the coupled mode and pulls the spout hose 712 through
the passageway 734 of the delivery spout 732, thereby causing the dispensing head 710 to move
upwardly and couple with the outlet end 732a of the delivery spout 732.

[0082] The body connector 736 includes a connecting element 736b, 1llustratively a
magnetically attractive element. The magnetically attractive element 736b 1s fixed relative to the
delivery spout 732 and may comprise a ferrous metal sleeve or a magnet. The body connector
736 1includes an opening 738 through which the spout hose 712 1s received for sliding movement

as the sprayhead 710 1s coupled and uncoupled from the outlet 732a of the delivery spout 732.
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In the 1llustrative embodiment as shown 1n FIG. 17, the body connector 736 includes a magnet
736b having multiple north and south poles (N and S).

[0083] The head connector 724 and the body connector 736 may include features of the
head connector 324 and the body connector 336, as detalled above. For example, the head
connector 724 and/or the body connector 736 may include polymeric overmolded bases, backing
clements and/or necodymium magnet compositions. Additionally, the magnetic coupling 715
may 1nclude elements stmilar to magnetic coupling 3135 as detailed above, including pulling
forces, coupling surface arcas and magnetic fields.

[0084] While this invention has been described as having an exemplary design, the
present invention may be further modified within the spirit and scope of this disclosure. This
application 1s therefore mtended to cover any variations, uses, or adaptations of the invention
using 1its general principles. Further, this application 1s mtended to cover such departures from
the present disclosure as come within known or customary practice in the art to which this

invention pertains.
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WHAT IS CLAIMED I8:

1. A faucet comprising:

a spout hose adapted to supply a liquid;

a dispensing head fluidly coupled to the spout hose and adapted to dispense the liquid;

a faucet body adapted to support the dispensing member; and

a magnetic coupling to removably couple the dispensing head to the faucet body, the
magnetic coupling including a head connector coupled to the spout hose, the head connector
including at lecast one of a magnet and a magnetically attractive member, and a body connector
coupled to the faucet body, the body connector including at least one of a magnet and a
magnetically attractive member, wherein the spout hose 1s slidably received within an opening of
the body connector, and the magnetic coupling causes tension on the spout hose to pull the
dispensing head toward the faucet body.
2. The faucet of claim 1, wherein the magnetic coupling requires between 2.0 and 12.0
pounds of force to pull the dispensing head from the faucet body.
3. The faucet of claim 2, wherein the body connector includes a dipolar magnet.
4. The faucet of claim 1, wherein the head connector includes one of a metal sleeve and a
magnet fixed to the spout hose intermediate an inlet end and an outlet end.
5. The faucet of claim 4, wherem the body connector includes a magnet secured within a
passageway of the faucet body intermediate the outlet end and the mlet end.
0. The faucet of claim 5, wherein the body connector 1s concentrically received within the
passageway of the faucet body.
7. The faucet of claim 4, wherein the body connector includes a magnet secured below a
sink deck supporting the faucet body.
8. A faucet comprising:

a dispensing head;

a delivery spout including an elongate passageway and an outlet releasably coupled to the
dispensing head;

a spout hose fluidly coupled to the dispensing head and slidably received within the
passageway of the delivery spout;
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a first magnetically attractive element fixed to the spout hose for axial movement with the
spout hose within the passageway of the delivery spout; and

a second magnetically attractive element supported within the passageway of the delivery
spout and configured to releasably couple with the first magnetically attractive element through a
magnetic coupling such that the spout hose pulls the dispensing head into coupling engagement
with the outlet of the delivery spout.
9. The faucet of claim &, wherein the magnetic coupling requires between 2.0 and 12.0

pounds of force to pull the dispensing head from the delivery spout.

10.  The faucet of claim 9, wherein the second magnetically attractive element includes a
dipolar magnet.
11.  The faucet of claim 8, wherein the first magnetically attractive element comprises a metal

sleeve, and the second magnetically attractive element comprises a magnet.
12.  The faucet of claim &, wherein the first magnetically attractive element comprises a
magnet, and the second magnetically attractive element comprises one of a metal sleeve and a
magnet.
13. A faucet comprising:

a delivery spout having an inlet end and an outlet end;

a dispensing head removably coupled to the outlet end of the delivery spout;

a spout hose fluidly coupled to the dispensing head and slidably received within the
delivery spout;

a first magnetically attractive element fixed to the spout hose; and

a second magnetically attractive element configured to releasably couple with the first
magnetically attractive element through a magnetic coupling;

wherein when the first magnetically attractive element moves within the passageway of
the delivery spout between a coupled mode and an uncoupled mode, the first magnetically
attractive element moving downwardly from the uncoupled mode to the coupled mode, pulling
the spout hose through the delivery spout to cause the dispensing head to move upwardly and
couple with the outlet end of the delivery spout.
14.  The faucet of claim 13, wheremn the magnetic coupling requires between 2.0 and 12.0

pounds of force to pull the dispensing head tfrom the delivery spout.



10

CA 02901403 2015-08-14

WO 2014/130816 PCT/US2014/017696

- 19
15.  The faucet of claim 13, wherein the second magnetically attractive element includes a
dipolar magnet.
16.  The faucet of claim 13, wherein the first magnetically attractive element comprises a

metal sleeve, and the second magnetically attractive element comprises a magnet.

17.  The faucet of claim 13, wherein the first magnetically attractive element comprises a
magnet, and the second magnetically attractive element comprises one of a metal sleeve and a
magnet.

18.  The faucet of claim 13, wheremn the delivery spout includes a passageway extending
between the inlet end and the outlet end, and the second magnetically attractive element 1S
secured within the passageway.

19.  The faucet of claim 18, wheremn the second magnetically attractive element 1s

concentrically received within the passageway of the delivery spout.
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