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FLUID DELIVERY CONTROL SYSTEM

RELATED APPLICATIONS:

(0001] This application claims the benefit of U.S. Utility Apphcation Serial No.
11/650,099, filed on January 5, 2007,

BACKGROUND AND SUMMARY OF THE INVENTION

[0002] The present invention relates generally to a fluid delivery control system.

More particularly, the present invention relates to an electronic control system including a
dual analog operator interface for controlling the temperature and flow rate of water delivered
in a shower.

[0003] Manual shower controls including separate rotary handles or knobs for
controlling the temperature and flow rate of water are known in the art. For example, the
Monitor 1700 Series shower controls available from Delta Faucet Company include a
pressure balanced shower control valve with mechanical coupling to a temperature control
handle and a flow control handle. The operation of the handles of such a valve is generally
considered to be intuitive and simple.

[0004] It is well known to replace mechanical controls for shower valves with
electronics. However, such electronic shower controls sometimes present an unfamiliar and
confusing interface to the operator. As such, users often prefer more traditional user
interfaces.

[0005] Accordingly, it is desirable to provide an electronic user interface for use with

an electrically operable control valve, while maintaining a familiar and traditional visual

appearance and user friendly operation.

[0000] According to an illustrative embodiment of the present disclosure, a fluid
delivery control system includes a first fluid control valve, a first actuator operably coupled
- to the first fluid control valve, and a controller in communication with the first actuator. A
flow control member is in communication with the controller, and a temperature control
member is in communication with the controller. The flow control member is supported for
rotation about a rotational axis and is configured to provide a flow control signal to the
controller in response to rotation. The temperature control member is supported for rotation
about the rotational axis and is configured to provide a temperature control signal to the

controller in response to rotation relative to the flow control member. The controller is
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configured to cause the first actuator to adjust a fluid flow rate in response to the flow control
signal and to adjust a fluid temperature 1n response to the temperature control signal.

[0007] According to a further illustrative embodiment of the present disclosure, a
flow control member 1s supported for rotation, and a flow potentiometer 1s operably coupled
to the flow control member and configured to generate a flow control signal in response to
relative rotation of the flow control member. The fluid delivery control system further
includes a temperature control member supported for rotation relative to the flow control
member, and a temperature potentiometer operably coupled to the temperature control
member and configured to generate a temperature control signal 1n response to relative
rotation of the temperature control member.

[0008] According to another illustrative embodiment of the present disclosure, a fluid
delivery control system includes a mounting member, a flow control handle supported by the
mounting member, and a temperature control handle supported by the mounting member. An
outer shaft adapter 1s operably coupled to the flow control handle, and an inner shaft operator
1s operably coupled to the temperature control handle. A flow input detector is supported
within, and operably coupled to, the outer shaft adapter for providing a flow control signal.
A temperature iput detector 1s supported by the outer shaft adapter and 1s operably coupled
to the inner shaft operator for providing a temperature control signal.

[0009] Additional features and advantages of the present invention will become
apparent to those skilled 1n the art upon consideration of the following detailed description of
the 1llustrative embodiment exemplifying the best mode of carrying out the invention as

presently perceived.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The detailed description of the drawings particularly refers to the
accompanying figures in which:
[0011] Fig. 1 1s a front view of an illustrative user interface and escutcheon for use

with a fluid delivery control system;

[0012] Fig. 2 1s a perspective view of the user interface of Fig. 1;
[0013] Fig. 3 1s a block diagram of an illustrative fluid delivery control system;
[0014] Fig. 4 1s a front exploded perspective view of the user interface of Fig. 2, with

a partial cut-away of the mounting member;
[0015] Fig. 5 1s a rear exploded perspective view similar to Fig. 4, with a partial cut-

away of the outer cap;
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[0016] Fig. 6 is a cross-sectional view of the illustrative user interface taken alohg
line 6-6 of Fig. 1; and
[0017] Fig. 7 is a cross-sectional view of the 1llustrative user interface taken along

line 7-7 of Fig. 1.

DETAILED DESCRIPTION OF THE DRAWINGS

[0018] Referring initially to Figs. 1-3, an illustrative dual analog user interface 10 1s

shown for use with a fluid delivery control system 12. The user interface 10 illustratively
includes a first, or flow control member, 1llustratively a knob or handle 14, and a second, or
temperature control member, 1llustratively a knob or handle 16. As detailed further herein,
the first handle 14 1s configured to control water flow and 1s rotatable about a longitudinal
ax1is 18 over a range of approximately 90 degrees from an off position to a maximum flow
position. The second handle 16 1s rotatable relative to the first handle 14 1n order to control
temperature by establishing a temperature setpoint throughout a 180 degree rotation from a
maximum cold position to a maximum hot position.

[0019] As shown 1n Fig. 1, an escutcheon 20 may surround the user interface 10 and
1s configured to be supported by a wall (not shown), illustratively through a mounting bracket
19 using conventional fasteners, such as screws 21. A mounting member 22 supports the first
and second handles 14 and 16 (Fig. 2) and may be secured to the mounting bracket 19
through conventional fasteners, such as screws 23. The mounting bracket 19, in turn, may be
secured to studs within the wall in a manner known in the art. The mounting member 22 of
the 1llustrative embodiment comprises a conventional valve body including a cylindrical wall
24 extending tfrom a base 26 to define a chamber 28 (Fig. 4). The illustrative embodiment
mounting member 22 1s defined by a valve body for convenience and ease of retrofits. Such
conventional valve bodies are well-known and widely available and may be readily modified
for use with the present invention. It should be noted that water does not pass through the
valve body when utilized as mounting member 22. Further, other mounting members 22 may
be readily substituted therefor.

[0020] With further reference to Fig. 3, the fluid delivery control system 12
1llustratively comprises a shower control system including a controller 30 in electrical
communication with the user interface 10. In one illustrative embodiment, the controller 30
1S 1n electrical communication with first and second actuators 32 and 34. The first actuator
32 1s operably coupled to a first valve 36, while the second actuator 34 is operable coupled to

a second valve 38. The first valve 36 1s in fluid communication with a hot water supply 40
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and the second valve 38 1s 1n fluid communication with a cold water supply 42. The
controller 30 controls operation of the first actuator 32 which, 1n turn, controls the first valve
36 to adjust the amount of hot water flowing therethrough. Similarly, the controller 30
controls the second actuator 34 which adjusts the second valve 38, thereby controlling the
amount of cold water flowing therethrough. Illustratively, the first and second actuators 32
and 34 comprise electrically operable devices, such as conventional electric motor solenoids.
Fluid ﬂowing through the first and second valves 36 and 38 1s supplied to an outlet line 44,
1llustratively through a fluid mixer 43. The fluid mixer 43 may be of the type detailed in U.S.
Patent Application Serial No. 11/109,282, filed April 19, 2005, or U.S. Patent Application
Serial No. 11/109,283, filed Apnl 19, 2005, the disclosures of which are expressly
incorporated by reference herein. The outlet line 44 is illustratively in fluid communication
with a conventional diverter 46, which is configured to direct fluid flow to either a
conventional delivery spout 48 or to a conventional shower head 50. A temperature sensor
4°] may be provided in thermal communication with the fluid passing through the outlet line
44. The temperature sensor 47 may provide a fluid temperature feedback signal 49 to the
controller 30 1n a manner similar to that disclosed in U.S. Patent Application Serial No.
11/109,281, filed April 19, 2005, the disclosure of which is expressly incorporated by
reference herein.

[0021] While separate first and second valves 36 and 38, and associated actuators 32
and 34 are 1llustrated, it should be appreciated that a single mixing valve and actuator may be
substituted therefor.

[0022] With reference now to Figs. 4-7, the temperature control member 16 includes
a body portion 52 and a cover 54. A rotational limit stop 56 is positioned intermediate the
body portion 52 and the flow control member 14. Flow control member 14 includes a body
58 having a central opening 60, a base surface 62 extending radially outwardly from the
central opening 60, and a perimeter lip 64 projecting upwardly and surrounding the base
surface 62 (Fig. 4). An arm 66 extends outwardly from the body 58 and includes a blade 68
coupled to a support 70 by a spindle 72. A cold temperature stop 74 extends inwardly from
the mner surface 76 of the perimeter lip 64. Also along the inner surface 76 of the perimeter
lip 64 are a plurality of engaging ridges 78. The engaging ridges 78 extend from the cold
temperature stop 74 partially around the inner circumference of the perimeter lip 64. It is
possible for the engaging ridges 78 to extend entirely around the inner surface 76 of the

perimeter lip 64.
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[0023] The central opening 60 contains a plurality of ridges or splines 80 around its
perimeter, and is sized so as to matingly engage a valve sprocket 81 including teeth or splines
82 extending from the top of a connector 84. As the flow control handle 14 is placed upon
the connector 84, the teeth 82 around the valve sprocket 81 engage the mating ridges 80 of
the flow control handle 14, thereby allowing the flow control handle 14 to adjust the
connector 84 by rotating the flow control handle 14. '

[0024] The rotational limit stop 56 1s sized to be received within the perimeter lip 64
of the flow control knob 14. The rotational limit stop 56 comprises a substantially circular
disk 86 including a hot temperature stop 88. Adjacent the stop 88, and running partially
around the outer circumference, are a plurality of teeth 90. As may be appreciated, the stop
88 may be rotationally positioned within the flow control-body 58, thereby changing the
relative position of the hot temperature stop 88. In the illustrated embodiment of the
drawings, the temperature handle 16 is permitted to rotate approximately 180 degrees from
the cold temperature stop 74 to the hot temperature stop 88. This relative angular rotation
may be varied depending upon the relative positioning of the rotational limit stop 56 within
the tlow control body 38.

[0025] Additional details regarding the rotational limit stop 56 are provided in U.S.
Patent No. 6,758,242 to Jones et al., which is expressly incorporated by reference herein.
[0026]' An 1nner shaft operator 92 is received with the connector 84 and includes an
upwardly extending connecting shaft 94 having a pair of flats 95. The connecﬁng shaft 94 1s
recetved within an opening 96 of the body portion 52 of the temperature control handle 16.
Cooperating flats 97 of the opening 96 prevent relative rotation between the shaft 94 and the
body portion 52. A conventional fastener 98, such as a screw, may be threadably received
within the connecting shaft 94, thereby securing the temperature control handle 16 to the
inner shaft operator 92.

[0027] Annular seals, illusnétively o-rings 99 and 101, are provided intermediate the
inner shaft operator 92 and the connector 84. The o-rings 99 and 101 provide a fluid seal
between the mnner shaft operator 92 and the connector 84 while providing a selective coupling
therebetween. More particularly, outer surfaces of the o-rings 99 and 101 frictionally engage
the 1nner shaft operator 92 and the connector 84 to provide a rotational coupling or lock
which may be released by the application of sufficient rotational force or torque to the
temperature control handle 16.

[0028] The connecting shaft 94 extends through an opening 100 formed within the

connector 84. Limit stops 102 and 104 formed inside the side wall 106 of the connector 84
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may limit the rotation of the inner shaft operator 92 to approximately 180 degrees (Fig. 5).
More particularly, a pin 107 supported by the inner shaft operator 92 is configured to engage
the limit stops 102 and 104.

[0029] With further reference to Figs. 4-7, an electrical sensor module 110 is
supported within the mounting member 22 by a support 112 received within a recess 114 in a
lower surface 116 of the mounting member 22. An outer cap 118 is received over the
connector 84 and 1s secured within the mountiné member 22 by a bonnet 120 which 1s
threadably received thereon. A seal, illustratively an o-ring 121, is positioned between the
outer cap 118 and the connector 84. Similarly, a seal illustratively an o-ring 123 is positioned
intermediate the outer cap 118 and the wall 24 of mounting member 22. Moreover, the
bonnet 120 includes internal threads 122 which engage external threads 124 formed on the
mounting member 22. A lip 126 on the bonnet 120 engages an annular ring 128 on the outer
cap 118 thereby securing it in position. An inner retaining surface 130 on the outer cap 118
engages the connector 84 thereby securing it in position. An outer trim sleeve 132 may be
recerved over the bonnet 120 and the mounting member 22 to provide for an aesthetically
pleasing appearance.

[0030] The outer cap 118 includes an internal tab 134 (Fig. 5) which extends radially
inwardly from inner surface 130 and is configured to ride within a slot 138 extending
approximately 90 degrees around the perimeter of the connector 84. More particularly, the
tab 134 1s configured to engage with opposing stop tabs 140 and 142 formed on the connector
84, thereby limiting rotation to approximately 90 degrees (Fig. 4). As mentioned before, the
connector 84 1s rotationally fixed to the flow control handle 14 and, as such, limits the
rotation of the flow control handle 14 to approximately 90 degrees.

[0031) Referring to Figs. 4 and 7, the annular ring 128 of outer cap 118 supports an
external protrusion or tab 143 which 1s configured to be received within a mating slot 145
formed in the wall 24 of mounting member 22. Engagement between tab 143 and slot 145
prevents the outer cap 118 from rotating in response to rotation of the connector 84.

[0032] The electrical sensor module 110 includes an outer shaft adapter or housing
144 having an outer shaft upper adapter 146 and an outer shaft lower adapter 148 which are
fixed together, illustratively through an adhesive or epoxy, to provide a moisture proof seal
therebetween. A tab 149 supported by the outer shaft lower adapter 148 is configured to be
recerved within a slot 151 formed within the outer shaft upper adapter 146 for proper
alignment (Fig. 4). A flow input detector 150 and a temperature input detector 152 are
illustratively received within the housing 144 defined by the outer shaft adapters 146 and 148.
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In the illustrative embodiment, the input detectors 150 and 152 each comprise a
potentiometer including a body 154, 155 and a shaft 156, 157, respectively, supported for
rotation relative to the body 154, 155. The bodies 154 and 155 each include a tab 159
configured to be received within a blind opening 161 in adapters 146 and 148, respectively.
In one illustrative embodiment, the potentiometers 150 and 152 comprise MIL style RV2
potentiometers and, more particularly, Precision Series N potentiometers. It should be
appreciated that other sensors or encoders may be substituted for the potentiometers 150 and
152.

[0033] Each potentiometer 150 and 152 illustratively includes a plurality of contacts
158 which are connected by wires 160 to the controller 30 (Fig. 6). An opening 162 1s
formed within the outer shaft lower adapter 148 to receive the wires 160. The opening 162 is
then sealed with a moisture-proof sealant to provide a moisture proof seal between the wires
160 and the adapter 148. The temperature potentiometer 152 1s fixed to the outer shaft upper
adapter 146 through a nut 163 engaging threads 164 supported on a bushing 166 extending
from the body 155. A seal 168, illustratively an o-ring, 1s provided to seal around the bushing
166. Similarly, the flow potentiometer 150 1s secured to the outer shaft lower adapter 148
through a nut 170 engaging threads 172 formed on a bushing 174 of the body 154. A seal
176, 1llustratively an o-ring, 1s also provided for a seal around the bushing 174. The shaft 157
of the temperature potentiometer 152 1s received within a lower opening 178 formed within
the inner shaft operator 92. Both the shaft 157 of the temperature potentiometer 152 and the
opening 178 of the inner shaft operator 92 are D-shaped thereby preventing relative rotation
therebetween. The shaft 156 of the flow potentiometer 150 is received within an opening 180
formed 1n the support 112. The shaft 156 of the flow poténtiometer 150 and the opening 180
of the support 112 are also D-shaped, thereby preventing relative rotation therebetween.
[0034] Annular seals, 1llustratively o-rings 182 and 184 are provided intermediate the
wall 24 of mounting member 22 and the outer shaft upper adapter 146 and the outer shaft
lower adapter 148, respectively. The o-rings 182 and 184 provide a fluid seal between the
housing 144 and the mounting member 22 while providing a selective coupling therebetween.
More particularly, ou‘ter surfaces of the o-rings 182 and 184 frictionally engage the inner
surface of cylindrical wall 24 of mounting member 22 and the outer surface of housing 144 to
provide a rotational coupling or lock which may be released by the application of sufficient
rotational force or torque to the flow control handle 14.

[0035] In operation, the dual-potentiometer sensor module 110 provides two separate

analog electrical input signals 186 and 188 to the controller 30 (Fig. 3). In turn, the controller
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30 transmits electrical control signals 190 and 192 to the actuators 32 and 34, respectively.
The flow signal 186 is independent of the temperature signal 188. The temperature signal
188 maintains a mechanical presets for temperature limits throughout the entire 180 degree
maximum rotation. The flow signal 186 is variable throughout the entire 90 degree rotation
range from an off position to an on maximum flow position. The temperature signal 188
does not change with a change in flow signal 186. In other words, the temperature signal 188
1s mechanically maintained, at any preset position, as the flow signal 186 1s adjusted thrdugh
1ts range.

[0036] Within the housing 144 of module 110, each potentiometer body 154, 155 1s
constrained and each potentiometer shaft 156, 157 is free to rotate. As a user rotates the
temperature control handle 16, the inner shaft operator 92 rotates therewith 1in opposition to
the frictional force of the o-rings 99 and 101. The inner shaft operator 92 thereby causes the
shaft 157 of the temperature potentiometer 152 to rotate, as the body 155 1s fixed in position
within the housing 144 of the module 110. Temperature control signal 188 1s thereby sent to
the controller 30. The controller 30 subsequently establishes a temperature setpoint and
controls the water flow through valves 36 and 38 to provide fluid to outlet 44 having a
temperature substantially equal to the setpoint as illustratively measured by the temperature
sensor 47.

[0037] As a user rotates the flow control handle 14, the connector 84 rotates due to
the engagement of the splines 80, 82. The connector 84 causes the outer housing 144 of the
control module 1 10 to rotate since they are rotationally coupled, thereby causing the body
154 of the tflow potentiometer 150 to rotate. However, the shaft 156 of the flow
potentiometer 150 1s fixed 1n position within the support 112. As such, the body 154 of the
tlow potentiometer 150 rotates relative to the shaft 156. Flow control signal 186 1s thereby
sent to the controller 30. The controller 30 subsequently controls operation of the first and
second valves 36 and 38 through control signals 190 and 192 to adjust the flow to the output
line 44.

[0038] As the tflow potentiometer 150 1s rotated with the housing 144, the temperature
potentiometer 152 1s also rotated. However, due to frictional engagement with the o-rings 99
and 101, inner shaft operator 92 rotates with the connector 84 and the housing 144, such that
there 1s no relative rotation between the shaft 157 and the body 155 of the temperature
potentiometer 152. As such, rotation of the volume control handle 14 by itself does not result
in relative rotation between the shaft 157 and body 155 of the temperature potentiometer 152

and no resulting temperature control signal is sent to the controller 30.
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[0039] The rotation of the temperature control handle 16 and of the flow control
handle 14 are combined to produce no relative motion to the temperature potentiometer 152,
while producing the desired flow control signal 186 from the flow potentiometer 150. This
combination provides one handle 14 for flow control and a separate handle 16 for
temperature control. This combination gives the ability to change desired flow without
changing temperature and at the same time the ability to change desired temperature without
changing flow. |

[0040] It may be appreciated that the user interface 10 may be located remotely from
the hot and cold water supply lines. Thereby fhe user interface 10 may be located
conveniently 1n locations away from water pipes. The interface 10 may be supported on a
wall with only the need for a small hole and electrical cable routing to the controller 30.
While the mounting member illustrated 1s a modified valve body, other mounting members
may be easily substituted therefor. However retrofitting existing valve bodies provides for
convenient installation.

[0041] Although the invention has been described in detail with reference to certain
preferred embodiments, variations and modifications exist within the spirit and scope of the

invention as described and defined in the following claims.
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What is claimed is:

1. A fluid delivery control system comprising:

a first fluid control valve;

a first electric actuator operably coupled to the first fluid control valve;

a controller in electrical communication with the first electric actuator;

a user interface including a flow control member and a temperature control
member configured for manual movement by a user;

the flow control member in electrical communication with the controller, the flow
control member supported for rotation about a rotational axis and configured to provide a
flow control signal to the controller in response to rotation;

the temperature control member in electrical communication with the controller,
the temperature control member coaxially aligned with the flow control member,
supported for rotation about the rotational axis, and configured to provide a temperature
control signal to the controller in response to rotation relative to the flow control member;
and

wherein the controller is configured to cause the first electric actuator to adjust a
fluid flow rate in response to the flow control signal and to adjust a fluid temperature in

response to the temperature control signal.

2. The fluid delivery control system of claim 1, further comprising:

a second fluid control valve;

a second electric actuator operably coupled to the second fluid control valve; and

wherein the first fluid control valve is in fluid communication with a hot water
supply line and the second fluid control valve is in fluid communication with a cold water
supply line, the controller is configured to cause the first electric actuator and the second
electric actuator to cooperate in adjusting the fluid temperature in response to the

temperature control signal and to cause the first electric actuator and the second electric

actuator to cooperate in adjusting the fluid flow rate in response to the flow control signal.
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3. The fluid delivery control system of claim 2, wherein the first electric actuator

and the second electric actuator each comprise an electric motor.

4. The fluid delivery control system of claim 1, wherein the temperature control

member is concentrically positioned radially inwardly from the flow control member.

5. The fluid delivery control system of claim 1, further comprising:

a flow rotational position detector operably coupled to the flow control member
and configured to provide the flow control signal in response to rotation of the flow
control member; and

a temperature rotational position detector operably coupled to the temperature
control member and configured to provide the temperature control signal in response to

rotation of the temperature control member.

6. The fluid delivery control system of claim §, wherein the flow rotational
position detector and the temperature rotational position detector each comprises a

potentiometer.

7. The fluid delivery control system of claim 5, further comprising:

an outer shaft adapter operably coupled to the flow control member and the flow
rotational position detector;

an inner shaft adapter operably coupled to the temperature control member and

the temperature rotational position detector; and
wherein the flow rotational position detector and the temperature rotational

position detector are supported radially within the outer shaft adapter.

8. The fluid delivery control system of claim 1, wherein the temperature control

member is configured to selectively rotate within the flow control member.

9. A fluid delivery control system comprising:

a flow control member supported for rotation by manual input from a user;
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a flow potentiometer operably coupled to the flow control member and configured
to generate an electrical flow control signal in response to rotation of the flow control
member relative thereto;

a temperature control member supported for rotation relative to the flow control
member by manual input from a user, the temperature control member being coaxially
aligned with the flow control member; and

a temperature potentiometer operably coupled to the temperature control member
and configured to generate an electrical temperature control signal in response to rotation

of the temperature control member relative thereto.

10. The fluid delivery control system of claim 9, further comprising:

a fluid delivery device; and

a controller in communication with the temperature potentiometer and the tlow
potentiometer, the controller being configured to control a fluid temperature at the fluid
delivery device in response to the temperature control signal and to control a fluid flow

rate at the fluid delivery device in response to the flow control signal.

11. The fluid delivery control system of claim 10, further comprising:

a first fluid control valve in fluid communication with a hot water supply line;

a first electric actuator operably coupled to the first fluid control valve;

a second fluid control valve in fluid communication with a cold water supply line;

a second electric actuator operably coupled to the second fluid control valve; and

wherein the controller is configured to cause the first electric actuator and the
second electric actuator to cooperate in controlling the fluid temperature in response to
the temperature control signal and to cause the first electric actuator and the second
electric actuator to cooperate in controlling the fluid flow rate in response to the flow

control signal.

12. The fluid delivery control system of claim 11, wherein the first electric

actuator and the second electric actuator each comprise an electric motor.
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13. The fluid delivery control system of claim 9, wherein the temperature control

mecmber is concentrically positioned relative 1o the flow control member.

14. The fluid delivery control system of claim 9, further comprising:

an outer shaft adapter operably coupled to the flow control member and the flow
potentiometer;

an inner shaft adapter operably coupled to the temperature control member and
the temperature potentiometer; and

wherein the temperature potentiometer and the flow potentiometer are supported

within the outer shaft adapter.

15. The fluid delivery control system of claim 9, wherein:

the flow potentiometer and the temperature potentiometer each includes a body
and a shaft supported for rotation relative to the body;

rotation of the flow control member relative to the flow potentiometer causes the
body of the flow potentiometer to rotate relative to the shaft of the flow potentiometer;
and

rotation of the temperature control member relative to the temperature
potentiometer causes the shaft of the temperature potentiometer to rotate relative to the

body of the temperature potentiometer.
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