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A fluid control valve for controlling the delivery of water includes a control lever that is movable Iin two directions by rotation of the
lever about two iIndependent axes. The fluid control valve includes a valve body assembly with flow passageways and a housing
assembly attached to the valve body assembly to define an interior space. A flow control mechanism positioned in the interior
space Is constructed to enable movement of the lever about a first axis for translating rotational movement into sliding motion of an
upper disk against a lower dish to adjust the water temperature. Rotation of the lever in a second direction translates rotational
movement into sliding motion of the upper disk in a second direction to control the water flow rate. A drag spring positioned as part
of the control mechanism changes the frictional force or feel between the two directions of lever movement.
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ABSTRACT OF THE DISCLOSURE

A fluid control valve for controlling the deﬁvery of water includes a control lever
that i1s movable in two directions by rotation of the lever about two independent axes.
The fluid control valve includes a valve body assembly with flow passageways and a
housing assembly attached to the valve body assembly to define an interior space. A
flow control mechanism positioned in the interior space is constructed to enable
movement of the lever about a first axis for translating rotational movement into sliding
motion of an upper disk against a lower disk to adjust the water ternperature. Kotation of
the lever in a second direction translates rotational movement into sliding motion of the
upper disk in a second direction to control the water flow rate. A drag spring posﬁtﬁoned
as part of the control mechanism changes the frictional force or feel between the two

directions of lever movement.
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FLUID CONTROL VALVE

BACKGROUND OF THE INVENTION

The present invention relates generally to fluid control valves that are constructed
and arranged to control the delivery of fluid from a supply location to a use location.
More specifically, the present invention relates to a water faucet control valve that is
constructed and arranged to independently control the temperature of the water delivered
to the use lecation and the flow rate of the water by a smgie handle or control lever or
what can generally be referred to as a “joy stick”, due to its appearance, construction,
range of motion, and degrees of freedom. .

‘Single-handled water faucet control valves are well known and have been offered
with different mechanical arrangements for controlling the amﬁ&bi@ directions of travel,
the range of motion and the type or style Gf motion for the handle. Generally speaking,
one style of control valve of the type being described includes a handle that 1s moved 1n a
generally sideways (left-to-right and right-to-left) direction in order to adjust the mix of
hot and cold water for the desirec temperature. With this style of water faucet wmmﬂ
valve arrangement, the handie is typically moved in an upward or f@fwfm‘d direction,
away from the user, to increase the flow rate and volume. The handle is typically moved
in a downward or rearward direction, toward the user, in order to reduce the flow rate and

volume or to completely shut off the flow of water ocut of the controlled faucet.

- Single-handled control valves of the type described above can be referred to as

having a joy stick control handie due to the singie-handle construction and the manner in
which the handle can be moved. The directions and range of motions are controlled by
the internal structure of the valve mechanism and by the selection and arrangerment of the
component parts. Single-handled water faucet control valves that are known to exist are

typically constructed with consideration given to the type of fiuid to be delivered, the end
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use, the end user, and the circumstances that exist when the valve is actuated or opened
relative to the convenience and safety of the user. '

In the field of water delivery faucets, one style of single-handled control vaive
(referred to herein as “type one”, for reference only) is configured such that there is
sliding motion in a first direction and rotary motion in a second direction. With a type
one style of control valve, the selected water temperature is able o be maintained as the
water flow is adjusted or turned off. This is possible because the first direction of motion
1s “decoupled” from the second direction of motion.

Another style of single-handled control valve (referred 1o herein as “type two”, for
reference only) 1s configured such that the motiorn in a first direction and the motion in a
second directicn are not decoupled. This means that movement of the handie in a
direction that is a vector product of the two primary directions is possible. Ih one
specific configuration of a type two control valve, the handle returns to the center or
neutrai temperature position when the water flow is tumed off. One embodimem of a
type two style utilizes a modified ball and socket combination with a pin and slot feature
to control the “return to neutral” characteristic as described above. Some of the branded
DELTA® faucets, offered by Delta Faucet Company of Indiana, are designed in this
manner. -

The type one style involves movement of the handie in two different difecﬁons that
are distinct from each other. As used herein, the term “distinct” is intended to define 2
control valve motion wherein movement of the handle in one direction to wmm‘l Or
adjust one of the two water variables does not have an effect @h the other water variable,
and vice versa. More specifically, control valves of this style include a structure that
enables rotary motion in one direction for controiling one water parameter and siidmg
motion in a second direction for controlling a second water parameter. Control valves of
this type incorporate a front-to-back (or a back-to-front) tilting or sliding action fdf the
ON-OFF control and rotation about a control axis for the HOT-COLD adjustment. The

referenced “control” axis may be a vertical axis in certain faucet designs, and/or the Z

axis depending on the faucet design, and/or the longitudinal axis of the valve body or

handle. The mechanisms or arrangements that are selected for fluid control in this type

or style of control valve inherently have high frictional interfaces and an effort is made in
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the nature of design modifications to try and reduce those frictional forces so that the

control lever 1s able tc move more eastly.
There are aspects of thuid control valves that include the type one style of motion

that can be improved upon. For example, the structure of this style and the mechanisms

used to eifect motion in the first and second directions make it progressively harder to

- manipulate flow temperature as the control valve approaches its full ON position. This is

true due to the fact that the moment arm of the lever around the flow conirol axis
typicaily decreases when the flow lever is in the ON position. It is also typically harder
to control the flow rate as the temperature app‘roaeches either of the extreme positions (full
hot or full cold) since the lever has usually rotated around to a less favorable position at
these extremes as compared o the more optimized warm position. One benefit,
however, of the type one style of motion is thai this arrangement provides for a desirable
decoupling of control motions for the two water flow vanables, namely the water flow
rate and the water temperature. These itwo variables can be easily controlled
independently of one another by this type one styvie of motion. '

When a fluid control valve is used for the delivery and control of water for a
residential user, user convenience and safety are impOr%:ant. With the type one style of
control valve, when the handle i1s moved to an “off” position, but with the water
temperature position remaining elevated, the user can imtiaily receive water at a higher
temperature than desired. The type two style avoids the initial delivery of higher
temperature water by returning the control lever to a tempemmmwmutral position when
the flow of water is turned off. However, the type two style introduces a new
consideration. Due to the freedom of movement of the fluid control valve and the
different directions of travel, one for adjusting the water tempemmm and the other for
adjusting the flow rate (volume), the user needs to carefully position the handle for the
desired balance of both water temperature and water flow rate. For example, after the
selected balance of temperature and flow rate is reached and thereafter an increased flow
rate 18 desired, care must be taken to avoid changing the temperature as the handle is
moved 1n order to adjust the fiuid flow rate. A similar consideration exists once the
desired tlow rate is set and then the water temperature needs to be adjusted. While the

ireedom of handle movement does not present a safety concern, some potential

purchasers of water faucets of this general type may prefer to be able to adjust one water
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parameter, temperature or flow rate, without uninientionally changing the other water
parameter. '

One reality of the type two style that includes a modified ball and socket is that
with the ball at rest, there is static friction that iniluences the initial force ﬁiat is required
to “break” the ball free and initiaie movement. Once the ball is in motion, the user feels
the effect of dynamic friction and the dynamic fz*éicﬁon is less than the static friction that
had to be overcome to initiate movement. Since the type‘ two styie does not decouple the
motion or travel in a first direction from thg motion or travel in a2 second direcﬁon, once
the static friction on the ball 1s overcome, it is difficult for the user to feel any differénce

10  1n the two directions of motion or in a combination of those two directions, such as the

vector produét. Even if the user has selected one direction as his “preferred” direction of
movement, it is difficult to sense or feel if there is any departure from the chosen path.
Since the directions of motion or travel are not decoupled, breaking the ball free to
initiate movement n one direction also breaks the ball free in the other direction.

After reviewing the ex'i sting fluid control valve' technology, the features of interest
or 1mportance to consumers and the available products, the present inventors concluded
that it would be an improvement if the benefits and advantages of single-handle
controlled motion could be combined with the d@COUpi@d contro! of the two water flow
variables, temperature and flow rate, similar to the type one style of motion. The present

20  inventors further envisioned that the structural cmfiguraﬁon of the fluid control valve '
mechanism would have two decoupled directions of handle movement about two
intersecﬁng orthogonal axes and that the frictional force in one direction of handle travel
would be different from the frictional force in the other direction of handle travel.

The present inventors envisioned that by selecting a modified ball and socket
configuration, the realities of static friction versus dynamic friction could be utilized.
With decoupled directions of travel, once the user selects the “pr@ferfed” direction of
travel and 1n1tiates motion, the static friction is overcome and changes to the lower
dynamic friction. This does not affect the other cdirection of travel which remains in a
static friction state. 'The result, due to the lower frictional level, is th.at the control hangle

30  1s easier o move in the selected (i.e., preferred) direction. The control valve prefers this
direction as well since there is less friction. Whichever one of the two decoupled

directions of travel is initially selected by the user, this is the direction that will provide a
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sense or feel to the user of a iower dynamic frictional force or frictional level. This then
becomes the frictional drag that is sensed in order to continue with the selected direction
of travel. Accordingly, it will be easier to continue moving the cOntr_oi haﬁdle 11 that
preferred direction as compared to changing to the other direction. Any change to the
other direction would then have to overcome the higher static friction in Order to initiate
movement.

The present inventors also considered the possibility of seiectively increasing the
friction for one direction of travel so that the other direction woulid be preferred,
regardless of the static friction versus dynamic friction difference. For example, if it is
preferred for the adjusiment of the water fiow rate to be easieé', 1.e., a lower frictional
force, than the adjustment of the water temperature, i.€., a higher frictional force, then a
fluid control valve could be designed accordingly. If this described situation is preferred,
then the irictional drag that 1s added to the water temperature direction must be greater

than the static/dynamic difference. In this way, even if the water temperature direction is

-selected and the lower dynamic {riction is encountered, the added frictional drag will

exceed this difference such that the water flow rate direction is still preferred. It was also

‘envisioned by the present inventors that whatever mechanism would be used to vary the

frictional force between the two directions of motion, that the fﬁctional force level could
be adjusted so that it could be specifically configured to each particular faucet and
control valve configuration.

From the evaluation of existing technology by the present inventors, they
conceived of the present invention as a novel an unobvious improvement to the current
state of the art in the field of fluid control valves for water faucets. Specifically, the
present invention utilizes a structural confi guration wiih two separate orthogonal axes
passing through a point with decoupled control of the movement about each aﬁis. AS an
c»pti@n, the frictional force about a selected axis can be selectively adjusted. What results
s a type one style, joy stick motion, based on a modified ball and socket configuration,
that includes temperature memory and a higher frictional force in the direction of water
temperature adjustment in order to “prefer” motion in the direction of flow rate or

volume adjustment.

While the preferred embodiment of the present invention is specifically directed to

a fluid control valve for water delivery, and preferably for residential use, it is recognized
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that the specific mechanism seclected to adjust the frictional force 1n one direction of
motion so as to differentiate that direction from a second direction will have broader
applicability in virtually any fluid control valve mechanism. While the present invention
1s described 1n the context of the preferred embodiment, 1t 1s {0 be noted fchat the

applicable scope of the present invention 1s broader.
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SUMMARY OF THE INVENTION

A fluid control valve for controlling both the temperature and flow rate of water
from a faucet according to one embodiment of the present invention comprises a vaive
body assembly defining a plurality of fluid flow passageways, a housing assembly
attached to the valve body assembly and defining therewith an interior space, and flow
control means positioned within the interior space for controlling the flow of waier by
way of the plurality of fluid flow passageways, the tlow control means includinga
movable spindle and being consiructed and arranged for enabling movement of the
spindle in a first direction about a first axis to control a first fluid flow parameter and in a
second direction about a second axis to control a second fluid fiow parameter, the first
and second directions of movement being decoupled and the first and second axes b@ihg
orthogonal axes.

One object of thé present invention is to provide an improved fluid control valve.

Related objects and advantages of the present invention will be apparent from the

following description.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front elevational view of a fluid control valve according to a typical
embodiment of the present invention.

FIG. 2 is a top plan view of the FIG. 1 fluid conirol valve.

FIG. 3 1s a front elevational view, in full section, of the F1G. 1 fluid Comgml valve

as viewed along line 3-3 in FIG. 2.

FIG. 4 1s a front elevational view, in full section, of the FIG. 1 fluid conirol valve
as viewed along line 4-4 1n FIG. 3.

FIG. 5 is a front elevational view, in full section, of the FIG. 1 fluid control valve

as viewed along line 5-5 in FIG. 4.

FIG. 6 1s an enlarged detail of a portion of the FIG. 1 fluid control valve as

illustrated in FiG. 4.

FIG. 7 1s an exploded view in partial section of the component parts comprising the

'FIG. 1 fluid control valve according to the present invention.

FIG. 8 1s an exploded view in partial section of the component parts comprising the
FIG. 1 fluid control valve according to the present invention.
FIG. 9 15 a diagrammuatic top plan view of the relationship between movable and

stationary disks comprising part of the FIG. 1 fluid control valve, 1n one flow and

temperature position.

FIG. 10 1s a diagrammatic top plan view of the relationship between mm}abie and
stationary disks comprising part of the FIG. 1 fluid control valve, in another.ﬂow and
temperature position.

FIG. 11 18 a diagrammatic top plan view of the relationship between movable and
stattonary disks comprising part of the FIG. 1 fluid control valve, in another flow and
temperature position. '

FIG. 12 1s a diagrammatic top plan view of the relationship betweén movable and

stationary disks comprising part of the FIG. 1 fluid control valve, in another ﬂow and

temperature position.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

For the purposes of promoting an understanding of the principles of the invention,
reference will now be made to the embodiments illustrated 1n the drawings ahd specific
language will be used to describe the same. It will nevertheless be understood that no
limitation of the scope of the invention is thereby intended, such altemﬁoné and turther
modifications in the illustrated device, and such further applications of the principles of
the invention as illustrated therein being contemplated as would normally occur to one
skilied in the art to which the invention reiates.

Referring to FIGS. 1-5, there is illustrated a fluid control valve 20 according to ‘ihe
present invention. Valve 20 includes as some of its prnimary structural compbnem parts
body 21, housing 22, and bonnet nut 23. These component parts are additionally
illustrated in FIGS. 7 and 8. As illustrated, and as would be understood from a careful
review of the specific structural features, a lower portion of housing 22 fits down into the
hollow interior 24 of body 21 and an upper porti{)n of housing 22 extends upwardly,
above and free of body sidewall 25. The unitary body 21 includes an externally-threaded
annular collar 26 and the internally-threaded annular skirt 27 of unitary bonnet nut 23
threadedly attaches to collar 26. This threaded engagement captures the radial flange 30
of housing 22 between bedy 21 and bonnet nut 23. In order to properly orient housing 22
within body 21 and to prevent any relative rotation or turning between the body 21 and
the housing 22, a relief notch 31 1s formed 1n collar 26 and a c@@peraﬁng key tab 32 is
formed as part of the radial tlange 30. ‘

The combination of the housing 22 énd body 21 defines an iﬁterior space 33 that
receives the remaining component parts that comprise valve 20. These remaining
component parts constitute the primary component parts of the {iow control mechanism
utilized as part of fluid contro! valve 20. The only portions of the disclosed structure

extending outside of interior space 33 are the control lever portion 34 of unitary spindie

'35 and the ends of pivot pin 36. The interior components that comprise the remainder of

valve 20, in addition to spindie 35 and pivot pin 36, include an inlet gasket 40, lower
housing 41, lower disk seal 42, lower disk 43, upper disk 44, upper disk seal 45, upper
disk support 40, pivot 47, drag spring 48, and washer plate 49. These components and
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the sequential axial stack of these components are further illustrated in the exploded
views of FIGS. 7 and 8. "

It will also be understood from the following description that the lower housing 41
and inlet gasket 40 are fixed in position relative to valve body 21 and in effect comprise a
valve body assembly. Similarly, the combination of the bonnet nut 23 and housing 22,
that are also fixed in position relative to body 21, can be thought of in terms of
comprising a housing assembly, notwithstanding that nousing 22 1s assembled with the
remaining components that are installed in body 21, as a subassembly, prior toc bonnet nut
23 being threaded into position about collar 26. While the pr@ferred embodiment of the

10 present invention contemplates arranging the remaining components as a type of snap-
together subassembly, at least one alternative is envisioned. This alternative is to
assemble the referenced remaining components as a stack of individual parts that are not
subassembied. It this alternative design is selected, then body 21 could be replaced by a
faucet base or faucet hdusing with the required ﬂﬁid openings or passageways. In this
alternative design, inlet gasket 40 and lower housing 41 are not required.

Lower housing 41 defines three openings 41a, 41b, and 41¢ that are axially aligned
with the three openings 43a, 43b, and 43¢ defined by lower disk 43. In order to seal
around openings 41a-41c at the surface-to-surface interface between lower housing 41
and body 21, inlet gasket 40 is provided. In order to seal arcund openings 43a-43c¢ at the

20 surface-to-suriace interface between lower disk 43 and upper disk 44, lower disk seal 42
is provided. For design simplicity and efficiency, the inlet gasket 40 is a unitary
component, even though three separaie gasket O-rings are used for the three openings
4la-41c. Similarly, for design simplicity and efficiency, the lower disk seal 42 is a
unitary component, even though three separate gasket O-rings are used for the three
openings 41a-41c and for the three openings 43a-43c.

Body 21 includes an annular sidewall 25 extending between base 54 and coilar 26.
Base 54 defines a pair of post recesses 35 and 56 and three flow openings. Flow
openings 21a and 21b are illustrated, the third opening is not illustrated. However, the
pattern and spacing of the three base openings coincide with the pattern and spacing of

30  openings 4ia-41c and of openings 43a-43c. Lower housing 41 iacludes a pair of upright
arms 57 and 58 positioned on opposite sides of lower housing 41. Extending axially

downwardly from the lower surface 59 of lower housing 41 is a pair of oppositely
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disposed posts 60 and 61. Posts 60 and 61 are constructed and arranged to fit into post
recesses 35 and 56 as part of the assembly of lower housing 41 mnio body 21, Alignment
and positioning of posts 60 and €1 into post recesses 55 and 56 prbperly positions and
fixes lower housing 41 into body 21. As will be explained, upright arms 57 and 58 are
constructed and arranged to snap into openings 100 of housing 22. If the altémative
(non-subassembly) design is selected, then the arms 57 and 58 and the openings 100
would not be used and should be eliminated.

Lower housing 41 includes a sidewail 65 that defines a receiving recess 66 and a
radially inwardly directed keying tab 67. The uniquely Shaped periphery of. recess 66 i1s
substantially the same as the peripheral shape of lower disk 43. Lower disk 43 also
defines a tab recess 08 that is constructed and arranged to receive kéymg tab 67 when th@
lower disk 43 is assembled down into recess 66 of lower housing 41. As deécrib@dp
lower housing 41 1s fixed in position reiative to body 21. Similarly, lower disk 43 is

fixed in position relative to lower housing 41. As for the inlet gasket 40 (a unitary set of

three elastomeric O-rings), this 1s fixed radially relative to the lower houSirig- 41 ‘fby

means of three annular O-ring grooves defined by the lower surface 59 of lower housing
41. Portions of grooves 71a and 71b are illustrated in FIG. 8. The upper surface 72 of '
recess 66 defines three annular O-ring grooves 73a-73¢ for receipt of lower disk seal 42
(a unitary set of three elastomeric O-rings). The receipt of lower disk seal 42 in 'Ehis
manner ensures that the lower disk seal 42 is fixed radially relative to lower housing 41
and relative to lower disk 43 (see FIG. 8). ‘

As would be recognized from a general understanding of single-lever control- -

valves used for residential water faucets, for example, one incoming conduit or line is for

-the delivery of hot water, another incoming line is the delivery of cold water, and a third

hine is for the outflow of water, whether hot, cold or a blended mixture. These three lines
correspond to the three openings 41a-41cin lower housing 41, the three flow e:)p@ﬁings\ in
bodyZl (212 and 21b being the only ones illustrated), and the three openings 43a-43c in
lower disk 43. -

In order to be able to control the flow rate and the temperature of the water flowin g
from the faucet or outlet that is controlled by fluid control vaive 20, it is necessary to be
able to vary E:he lateral or cross sectional flow areca of the vaﬁms openings from fully

open to fully closed. This function is performed by the shape and positiming of the
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movable components of the fluid control valve 20, specifically the manner in which
upper disk 44 slides across the upper surface of lower disk 43. The rélaﬁmship between

upper disk 44 and {ower disk 43 1s diagrammaiically 1llustrated for four differem flow

- and temperature combinations by FIGS. 9-12.

With continued reference to FIGS. 7 and 8, upper disk 44 is a ’unitafy, movable
component that is constructed and arranged to move by sliding across the upper surface
76 of lower disk 43. The annular sidewall 77 defines a pattern of three reﬁéf notches
77a-TTc, equaily-spaced around the periphery of sidewall 77, and an interior region 78
that is uniquely contoured for flow management and control. The annular ﬁpper disk seal
45 (O-ring shape) 1s positioned between upper disk support 46 and upper disk 44 and is
received with an O-ring groove defined by the upper disk support 46. |

Upper disk support 46 includes a sidewall 79 that defines =z pattern of thre@ axially
downwardly extending tabs that are constructed and arranged to fit within relief notches
77a-77¢, respectively. Tabs 80a and 80c are illustrated, while tab 80b iS.hiddén. from
view in FIG. 8. This interfit between upper disk support 46 and upper disk 44 means that
these two components, as well as upper disk seal 45, move together as'a single unit. The
substantially flat upper surface 81 of upper disk support 46 defines a blind receiving
recess 32 that 1s constructed and arranged to provide a support bése for spindle 35.
Recess 82 includes an enlarged center region 82a and outwardly extending open fegéons
82b and 82c, oppositely-disposed on opposite sides of the enlarged center region 82a.

Spindle 35 receives drag spring 48 and pivot 47 and this ccmbination (referred to
herein as the “spindle assembly” 83) creates a part-spherical control member that is

captured by housing 22 and pinned in position within housing 22 by pivot pin 36.

Housing 22 includes a pair of oppositely-disposed pin bores 84, each of which receive a

free end of pivot pin 36. Housing 22 fits down over spindie assembly 83, aliowing
control lever portion 34 to extend through center opening 88. With the pivot portion 89
of spindle assembly 83 inserted into recess 82 and with the housing 22 positioned, the

pivot pin 36 1s pushed through one pin bore 84, through a bore aperture in the spindle

‘assembly 83, and finally into the opposite pin bore 84. A sliding fit of pivot pin 36 is

acceptable since bonnet nut 23 covers both free ends of the pivot pin 36, preventing any
noticeable axial movement that might allow the pivot pin to come out of engagement

with one of the two pin bores 84. Additionally, a close line-to-line or sliding it of pivot
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pin 36 is desired so as to eliminate any backlash or hysteresis in the movement of spindie
35 as it changes direction of rotation about pivot pin 36. Pivot portion 89 has a shape
oenerally coinciding with recess 82, inc}udiﬁg a larger diameier ¢cylindrical portion 89a
bounded by smaller diameter cylindrical portions 89b. All three portions 89a and 89b are
coaxial with each other with a common axial centerline.

Washer plate 49 1s constructed and arranged to fit up against the undersurface 92 of
radial shelf 93 of housing 22. Washer plate 49 is a substantially flat, unitary member that
defines a center opening 94 and an alignment notch 5. The washer plate 49 slides down
over spindle assembly 83 and rests on the upper surface 81 of upper disk support 46. In

16 this manner, the washer plate 49 defines the distance of axial sepamﬁom betweeﬁ upper
disk support 46 and housing 22. '

Housing 22 further includes an annular sidewall 98 that defines the hollow interior
99. Sidewall 98 defines a pair ot snap-tit openings 100 and an alignment notca 101 in
lower edge 102. Radial shelf 93 1s generally concentric with annular sidewall 98 and
with upper portion 103 that defines center opening 88 and the pair of oppositely-disposed
pin bores 84. Opening 88 is shaped and contoured in order to control and limit the range
of motion and the available travel directions for the control lever portion 34 of spindle
35. With specific reference to upper portion 103, there is an annular lip or shelf 104 that
separates the top 105 from the base 106. Depending on the component part tolerances,

20  the internior annular lip 107 of bonnet nut 23 that is positioned adjacent shelf 104, may
actually contact shelf 104 or may be spaced apart from shelf 104 when the bonnet nut 23
1§ threaded onto collar 26.

Upright arms 57 and 58 of lower housing 41 are each configured with a ratchet-like
end 110 that 1s constructed and arranged to snap into a corresponding one of the two
snap-fit openings 100 detfined by sidewall 98. The ramped taper of @ach end 110 allows
the corresponding upright arms 57 and 58 to deflect inwardly upon engagement by
sidewall 98 until the snap-fit openings 100 are encountered. At this point, the arms 57
and 58 spring outwardly, allowing the undercut of the ramp to engage the lower surface
of each opening 100 to thereby create a snap-fit assembly. Alignment notch 101 is

30  constructed and arranged to receive tab 111 of lower body 41. Thas alignment feature
ensures that the two upright arms 57 and 58 will be circumferentially aligned with the

two snap-1it openings 100. The axial dimensions and relationships are such that notch-
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to-tab engagement begins beiore ends 110 encounter openings 100. As previously noted, -
if the non-subassembly alternative design is selected, arms 57 and 38 'and openings 100
are not required. \

Based upon the descriptions of the component parts of FIGS. 7 and 8, it should be
clear that everything from the inlet gasket 40 at the bottom to housing 22 at thetop can
be manually assembled into 2 single, intact subassembly. Once assembled, with al
components interfitting, snapped together, and pinned as descrived, this suBassembly 18
able to drop down into the hollow interior 24 of body 21. Once in position, the
remaining step 1s to thread the bonnet nut 23 onto collar 26 and tighten the bomle:t nut 1n
place. |

The construction and subassembly details are further pmvideé by FIGS. 1-6.

While the selected cutting planes for the section views will not reveal every structural
detail of every component part, FIGS. 7 and 8 make up any deficiencies in this respect.
FIGS. 1-6 do clearly illustrate how the component parts are assembled and how they '
COOperaté with each other for the construction of fluid controi valve 20.

As discussed in the Background, single-handled control valves are typically '
constructed and arranged to enable two control functions, the flow rate from a maximum
flow to being fuily shut off and the desired water temperature. The movemem and
positioning of upper disk 44, via spindie 35, as well as the specific structure of upper
disk 44 causes the three flow passageways, those defined in lower disk 43, lower housing
41, and valve body 21, to be open or closed in varying degrees and thereby dictate the
state or condition of the fluid flow. In the context of this description, it will be noted
that the three openings in body 21, lower housing 41, and lower disk 43 are all axiaﬂy
aligned such that they cooperate to define the three referenced fiow passageways.
Further, in describing the control function, it will be noted that when the 0utléi flow 1s
fully open (i1.e., not closed), the flow rate will be maximized. As far as the water
temperature, the mix ratio of hot and cold water is controlled by the lateral cross
sectional area of the corresponding passageways and the sliding position of upper' disk 44
on lower disk 43. Closing off part of the cold water passageway causes a higher water .
temperature. A lower water temperature can be achieved by opening up the cold water
passageway or Dy \closing oif a portion of the hot water passégeway; or some of both.

However, if a full flow rate is desired, opening up the incoming water passageways is
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preferred. The general functioning of a single-handled fluid control valve in this respect
is believed to be well known. What sets the present invention apart from the prior
designs 1s the construction and arrangement of the spindle assembly 83, the use of arag
spring 48, and the sliding action of upper disk 44 across lower disk 43, noting that the
sliding action occurs for both directions of movement. While there are a number of
structural features associated with the overall design and construction of fluid control

valve 20 that are believed to provide improvements in the fabrication of parts, assembly,

and use, the construction and arrangement of drag spring 48 provides a novel and |
unobvious advance in the control, functioning, and “feel” of ‘é:he spindle. The siiding

10 laction of upper disk 44 relative to lower disk 43 in both dimctiom of movement is also
considered to be a novel an unobvious advance in the art. ' '

Cmsidering the spindle assembly 83 as comprising spindle 35, drag spﬁﬁg 48, and
prvot 47, 1t will be noted that the spindle 35 and pivot 47 assemble iogether with the drag
spring 48 captured therebetween. More specifically, drag sprmg 48 1s cap'iumd by
spindle 35 and remains fixed within spindle 35 such that any relative motion of spindle
35 compared to pivot 47 includes corresponding motion of drag spring 48.

Spindle 35 includes the control lever portion 34 and integral therewith, as a unitary
structure, ball portion 115 and pivot pertion 89. The ball portioﬁ 115 definbs a center ,
bore 116 and, perpendicular to the center bore axis, a lateral charnel 117. Two arc-

20  shaped lips 118 and 119 are located on opposite sides of the bore axis and on opposite
sides of the lateral channel 117. The axial centerline extending through cylmdr:é.cal
portions 89a and 89b is substantially parallel to the longitudinal axis of center bore 116.
The longitudinal centerline of pivot pin 36 is substantially perpendicular to the axis of
center bore 116 and 1s substantially perpendicular to the axial centerline of portions 89a
and 89b. Due to the location of pivot pin 36 relative to the axis of center bm*é 116, it will
be understood that the longitudinal axis of pivot pin 36 is orthogonal to the iongitﬁdinal
axis of center bore 116 and these orthogonal axes mtersect at a point,

Pivot 47 is a unitary structure that includes a part-spherical portion 122, cyiindﬁcal
posi 123, cross arms 124 and a pivot pin bore 125 defiﬁed by post 123. Cross arms 124

30 are each contoured with a curved undersurface 126 for clearance with pivot pin 36. In

the assembly of p:ivot 47 1nto spindle 35, post 123 fits closely into center bore 116 and

cross arms 124 fit into lateral channel 117. The only way to separate these two
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components 1s to pull apart the pivot 47 and spindle 35 1n a direction along the
jongitudinal axis of post 123. In the final assembly, this type of movement is prevenied
by the enclosing and capturing nature of housing 21 (see FIGS. 3-5). The longitudinal
axis of post 123 is substantially coincident with the longitudinal axis of center bore 116.

The positioning of drag spring 48 1s best illustrated in FIGS. 3 and 4 and

- additionally by the enlarged detail of FIG. 6. As is illustrated, drag spring 48 is inserted

down 1nto the center bore 116 of ball portion 115. The center bore 116 includes a larger
diameter first section 116a that is concentric with a smaller diameter section 116b. The
interface between sections 116a and 116b defines an annular shoulder 116c. Drag spring
48 seats against shouider 116c¢ and is positioned between section 116a and cylindrical
post 123. Post 123 has a line-to-line fit within section 116b. Pivot pin 36 is inserted at a
location that piaces the pivot pin 36 across the end of drag spring 48, such that the drag
spring 48 is positioned between the annular shoulder 116c¢ and pivot pin 36, see FIGS. 3-
6.

As would be clear from the assembly of the component parts as illustrated in FIGS.
3,4, 7, and &, for example, the control lever portion 34 is movable in a first direction
about the axial centerline of cylindrical post 123. Movement of portion 34 in this
direction 1s limited at the travel endpoints by the abutment of the edges of the lateral
channel 117 with pivot pin 36. Since the axis of rotation (i.¢., the centerline of post 123)
1s positioned between control lever portion 34 and pivot portion 89, movement of portion ‘
34 results in movement of portion 89 in the opposite direction. This in turn enables the
ptvot portion 89 to move upper disk support 46 laterally in response to movement of
control lever portion 34. As the upper disk portion 46, and in turn upper disk 44, moves
with a sliding motion, the flow parameters of the water flowing from the corresponding
faucet are changed or adjusted. In this mode of operation, the upper disk support 46 and
specifically upper disk 44 moves across the upper surface of lower disk 43 with a sliding
action. This lateral sliding motion varies the cross sectional areas of flow openings 43a
anc 43b. Since these two openings correspond to the hot water and cold water lines, this
first direction of movement controls the water temperature.

Since the ends of pivot pin 36 are each received by housing 22, specifically by the
pair of pin bores 34, the pivot 47 is fixed in position relative to housing 22 by way of

pivot 36 when the control lever portion 34 is moved in the first direction. This enables
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rotational movement of spindle 35 relative to pivot 47 and positioned at the movement
interface 18 drag spring 48. Unitary drag spring 48 includes a key Way tab 129 that is
recerved by a key way notch in spindie 35, specifically in the i’smm‘im‘ of ball portion 115
adjacent center bore 116. Whatever drag coefficient drag spring 48 creates at the
movement interface between spindle 35 and pivot 47 influences the mu‘ch or feel of the
movement of portion 34 when adjusting or changing the water temperature of the water
that is delivered from the corresponding faucet. )

The other (second) direction of movement permitted for control lever portion 34 is
1n a rotational direction about the axial centerline of pivot pin 36. It will bé appreciated
that the spindie assembly 83 is able to rotate as an integral unit about pivot pin 36. Since
the axial centerline of pivot pin 36 is located between portion 34 and pivot portion 89, \
this means that movement of portion 34 in one direction results in movemeﬁt of pivot
portion &9 1n the opposite direction. The positioning of pivot portion 89 into recess 82 of
upper disk 46 translates movement of control lever portion 34 into sliding movement of
upper disk 44 across the upper surface of lower disk 43. Movemen& of portion 34 in this
second direction (i.e., rotational travel about pivot pin 36) 1s used to adjust the flow rate
of the exiting flow of water between a full flow condition and a shut off (no flow)
condition. The flow rate is adjusted by the degree that opening 43c is open or closed.
Full flow 1s achieved when a majority of opening 43c is uncevered. by upper disk 44,
with at least a portion of either 43a or 43b uncovered. A shut off condition is achieved
when upper disk 44 1s moved so as to completely cover (i.e., close), openings 43a and

43b.

The two rotational directions of movement for spindle 35, the first about

| cylindrical post 123 and the second about pivot pin 36, are independent from each other,

such that once the desired temperature is selected by moverment of spindle 35 about
cylindrical post 123, the flow can be adjusted without changing the selected temperature
setting. This means that fluid control valve 20 includes a temperature memory capability

by enabling water temperature to be independently adjusted relative to the flow rate and

' by the design of two independent spindie movements.

In the design of fluid control valves of the single-handled or single-lever style
having a square pattern of movement (European-style), such as fluid control valve 20,

one direction of movement controls the water teraperature and another direction of
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movement, independent from the first, controls the fluid flow rate. As the user of the
fluid contrel valve manually adjusts the water temperature and flow rate, it 1s possible to
inadvertently move the joy stick lever in a direct:ion other than tha% desired.. For example,
if the desired temperature has been selecied and the flow rate is being adjusted, it is
possible to inadvertently move the lever in the temperature direction, theréby changing
what had previously been selected as the desired temperature. While this inadvertent
change 1s less likely due to the independent directions of movement, it remmns a
possibility, particularly in view of the joy stick lever and the fact that it is capable of
being moved in the two directions. To the extent that the frictional forces controlling the
freedom of movement of the joy stick lever are the same in both directions, then there is
no touch or feel while manipulating the joy stick lever that would enable the user to tell
when the joy stick lever is moving in an undesired direction. The present invention
addresses this 1ssue by the use of drag spring 48.

Drag spring 48 has a generally hex design that is bpen at one cormer. The two fi‘ee
ends are adjacent gap 48a. This gap or opening allows the remainder of the hex body to
move and to flex as i1t is pressed into position in the ball portion 1135 around center bore
116 and up against annular shoulder 116¢c. The press fit of drag spring 48 into center
bore 116 causes a slight reduction in the size of the circle or cylinder that is defined by
the pattern of tangential (midpoint) contact of each side of the hex design of drag spring
48. Consequently, when the cylindrical post 123 of pivot 47 is inserted into the defined
mnterior opening of drag spring 43, an interference fit is created between the drag spring
and the cylindrical post, creating a frictional force along each side of the hex design at its
tangential point of contact with the outside diameter of cylindrical post 123.

Drag spring 48 is fabricated as a polygonal sleeve from one of a selection of metal
alloys, including phosphor bronze and stainless steel, in order to provide a smooth
running interface between drag spring 48 and cylindrical post 123. As illustrated, and as
has been described, referring now to the enlarged detail of FIG. 6, drag spring 48 is
positioned in annular space 130 and is positioned between the inside diameter of center
bore 116 of spindle 35 and the outside diameter of cylindrical post 123. While the hex
shape 1s selected as the preferred embodiment for drag spring 48 for the illustrated
construction of fluid control vaive 20, a range of polygonal shapes are possible,

consistent with the theory of operation, depending on the various dimensions. The radial
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dimension or width ol annular cicarance space 130 is important and cooperates with the
diameter size of post 123 to dictate the number of sides for the preferred polygonal shape
of drag spring 48. The ends (corners) of each side (six total) of drag spring 48 are
contacted by the inside diameter of bore 116 whilé the midpoint of each side of drag
Spring 48 contacts post 123 at a point of tangency. As would be understood from the
trigonometry of the relationship between the insidé diameter of bore 116 and the outside
diameter of post 123, the length of each side of the drag spring 48, the outside diameter
of post 123, and the radial width of annular space 130 dictate the number of polygen
sides permitted for the drag spring if the described points of‘contact, ends, and midpoint
contact of each side are maintained. As the inside diameter of bore 116 pushes on the
ends of each side, 1.e., the “corners” of the hex shape, the side is pushed against the
outside diameter of post 123. The contact pressure of each hex side against the outside

diameter of post 123 creates the drag on spindle 35 as 1t 1s moved to adjust the water
temperature. The length of each side of the hex shape for drag spring 48 is also a desi gn

consideration, since the shorter the length, the “stiffer” the “beam”.
Spindle assembly 83 includes spindle 35, pivot 47, and drag spring 48 and can be
thought of as a “friction hinge” in the context of the present invention. An alternative

friction hinge design 1s disclosed in U.S. Patent No. 7,032,272, which issued on April 25,
2006.

Inciuded as part of this alternative
friction hinge design are design options for the drag spring 48. These ‘design options
include adding a friction tab to be bent inwardly or outwardly to add or increase the
friction against the corresponding component (i.e., inwardly against pivot 47 or
outwardly against spindle 35). Another design option is to change the location of the
separation gap 48a from a hex “corner” to a hex side. Another design option is to bend
the free ends that define the separation gap, either inwardly to contact pivbt 4’7 or

outwardly to contact spindle 35.

The fluid control valve 20 that is created by the structural arrangement of the
disclosed component parts provides a device with a European-like square pattern of
movement involving two independent axes of rotation. One direction controls the
temperature of the water, while the other direction controls the flow rate. Since these

rotational axes are independent of one another, valve 20 includes a temperature memory
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feature. Importantly, rotation of the lever portion about the two axes of rotation
transiates into sliding movement, in both directicns, of upper disk 442101;033 the upper
surface of lower disk 43. This in turn enables a smooth and precise control' as part of
fluid control valve 20 whether adjustin g the water temperature or adjusting the flow rate.
The use of drag spring 48 creates a higher frictional force in the temperamre control
direction and, compa.ratively, a freer movement in the flow rate direction.

- With reference to FIGS. 9-12, the positioning of upper disk 44 relativé to lower
disk 43 for four ditferent tlow and temperature combinations (i.e., fluid control valve
positions), 1s diagrammaticaliy iliustrated. Lower disk 43 inciudes three openings 43a,
43b, and 43¢ and upper disk 44 includes a single opening 44a. Opening 43a corresponds
to the hot water line, opening 43b corresponds to the cold water Einé, andbpening 43c
corresponds to the flow outlet. Openings 43a-43¢ and opening 44a are shapéd and
contoured for the desired flow cross sectional geometry based upon the overlap of disk
44 on disk 43. -

In the FIG. 9 arrangement of disks 43 and 44, there is no exii:mgﬂow because
openings 43a and 43b are both covered (i.e., closed off) by the solid portion of disk 44
and by the position of disk 44 relative to disk 43. While opening 43¢ is not completely
covered in this FIG. 9 orientation, neither hot nor cold water is able to ﬂow from
openings 43a and 43b in order to reach outlet opening 43c. Movement of disk 44 in a
“forward” direction in order to change the configuration from the FIG. 9 arrangement to
the FIG. 10 arrangement results in a full on-full cold condition. Opening 44a over}iaps
opening 43b and a majority of opening 43c. With opening 43b completely uncovered,
there is a maximum flow of coid water. The uncovered cross sectional area of opening
43c 1s at least as large as opening 43b so the fluid control valve is considered to be in a
“full on” condition. |

Referring to FIG. 11, the position of disk 44 relative to disk 43 creates a condjtion
described as “full on-middle” because the uncovered areas of openings 43a and 43b are
equal 1n order to balance the mix of hot and cold water. -

Referring to FIG. 12, the position of disk 44 relative to disk 43 creates a condition
described as “full off-middle” because openings 43a and 43b are both completely

covered and disk 44 is centered on disk 43.
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A review of FIGS. 9-12 and the described flow and temperature conditions should
make it clear how all flow and temperature combﬁnatiohs can be achieved. Additionally,
the specific shaping of all four openings 43a-43c and 44a is done in order {o try and
achieve some degree of “linearity” in the flow ra‘-ié relative to the movement of disk 44.

The same desire for linearity appiies to the temperature setting. As disk 44 is moved, the

- same increment of travel within the range of available motion should result in

approximately the same degree of temperature change or flow rate change.

While the invention has been illustrated and described in detail in the drawings and

foregoing description, the same is to be considered as illustrative and not restrictive in
character, it being understood that only the preferred embodiment has been shown and
described and that all changes and modifications that come within the spirit of the

invention are desired to be protected.
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What 1s claimed 1s:

1. A tluid control valve comprising:

a valve body assembly detining a plurality éf fluid tlow passageways;

a housing assembly attached to said valve body assembly and defining therewith an
interior space; and '

flow control means positicned within said mterior Space for controiling the flow of

fluid via said plurality of fluid tlow passageways, said flow control means including a

- movable spindie and said flow control means being constructed and arranged for

enabling movement of said spindle in a first direction by rotation about a first axis o
control a first iluid flow parameter and in a second direction by rotation about a second
axis to control a second fluid flow parameter, said first and second directions of

movement being distinct from each other and sa:id first and second axes being orthogonal

axes to eacn other._

2. The tluid control valve of ciaim 1 wherein said first and said second

orthogonai axes intersect at a geometric point location.

3. The tluid control valve of claim 2 wherein said flow control means is

constructed and arranged as a modiiied ball and socket arrangement.

4, The fluid control valve of claim 2 wherein said movable spindle is
constructed and arranged to provide a modified ball component for said modified ball

and socket arrangement.

5. The fluid control valve of claim 4 wherein said geometric point location is

within said moaiiied ball component.

6. The fluid control vaive of claim 5 wherein said first fluid flow parameter is

the temperature of the fluid.
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7. The fluid contro! valve of claim 6 wherein said second tluid flow parameter
1s the flow rate of the fluid.
8. The thuid controi valve of claim 7 wherein said valve body assembly

includes a stationary surface defining cne end of each fluid flow passageway of said

plurality of tluid flow passageways.

0. The fluid control valve of claim 8 wherein said flow control means includes
a movable disk that 1s positioned on said statiorary surface and is constructed and

arranged for movement across said stationary surface.

10.  The flmd control valve of claim 9 wherein said movable disk is constructed
and arranged for movement in a sliding motion across said stationary surface in a first

control direction in response to movement of said movable spindie in said first direction.

11.  The tluid control valve of claim 10 wherein sa2id movable disk is
constructed and arranged for movement in a sliding motion across said stationary surface

in a second control direction in response to movement of said movable spindie in said

second direction.

12. The fluid control valve of claim 1 wherein said first fluid flow parameter is

- the temperature of the fluid.

13. The fluid contrcl valve of ciaim 12 wherein said second fluid flow

parameter is the flow rate of the fluid.

14. A {luid control valve comprising:

a valve body assembly defining a plurality of fluid flow passageways;

a housing assemboly attacihed to said valve body assembly and defining therewith an
interior space; and

flow control means positioned within said interior Spa.ée for controliing the flow of

fhuid via said plurality of fluid flow passageways, said flow control means including a
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movable spindle and said flow control means being constructed and arranged for
enabling movement of said spindle in a first direction by rotation about a f{irst axis o
control a first thud flow para.meicr and 1n a second direction by rotation about a second
axis to control a second fluid flow parameier, said first and second directions of

movement being distinct from each other and said fluid control means including a

frictional drag component constructed and arranged to add a frictional drag force to said

spindle in one of said first and second directions of movement.

i35. The fluid control valve of claim 14 wherein said frictional drag component

is a polygonai-shaped sleeve.

16.  The fluid conirol valve of claim 15 wherein said polygonal-shaped sieeve

having a pair of peripheral free ends that are spaced apart to define a peripheral gap.

17.- The fluid control valve of claim 16 wherein said first fluid flow parameter

18 the temperature of the fluid.

18. The fluid control valve of claim 17 wherein said second fiuid flow

parameter 18 the flow rate of the fluid.

19.  The fluid contrel valve of claim 18 wherein said valve bddy assembly
includes a stationary surface defining one end of each fluid flow passageway of said

plurality of fluid flow passageways.

20.  The fluid control valve of claim 19 wherein said flow control means
includes a movable disk that is positioned on said stationary surface and is constructed

and arranged for movement across said stationary surface.

21.  The fluid control valve of claim 20 wherein said movable disk is
constructed and arranged for movement in a sliding motion across said stationary surface
in a tirst control direction in response to movement of said movable spindle in said first

direction.
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22. The fluid control valve of claim 21 wherein said movable disk is
constructed and arranged for movement in a sliding motion across said stationary surface
in a second control direction 1n response to movement of said movable spindle in said

second direction.

23.  The fluid control valve of claim 14 wherein said first fluid flow parameter

is the temperature of the fluid.

24. The fluid control valve of claim 23 wherein said second fluid flow

10 parameter 1s the tflow rate of the fluid.

25.  The flud control valve of claim 14 wherein said valve body assembly

imcludes a stationary surface defining one end of each fluid flow passageway of said

plurality of fluid flow passageways.

206. The fluid control valve of claim 25 wherein said flow control means

includes a movable disk that is positioned on said stationary surfzce and is constructed

and arranged for movement across said stationary surface.

20 27.  The fluid control valve of claim 26 wherein s2id movable disk is
constructed and arranged for movement in a sliding motion across said stationary surface

1n a first control direction in response to movement of said movable spindle in said first -

direction.

28.  'The fluid controi valve of claim 27 wherein said movable disk is
constructed and arranged for movement in a sliding motion across said stationary surface

in a second control direction in response to movement of said movable spindle in said

second direction.

30 29.  The fluid control valve of claim 28 wherein said first control direction is

perpendicular to said second control direction.
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