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TITLE OF THE INVENTION

[0001] Compensated Performance of a Solenoid Valve Based on Environmental Conditions
and Product Life

CROSS REFERENCE TO RELATED APPLICATIONS

[0002] Not applicable.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0003] Not applicable.

REFERENCE TO APPENDIX

[0004] Not applicable.

BACKGROUND OF THE INVENTION

[0005] Field of the Invention.

[0006] The disclosure generally relates to valves. Specifically, the disclosure relates to
solenoid operated valves.

[0007] Description of the Related Art.

[0008] In many solenoid valve applications, especially industrial and commercial applications,
a solenoid valve is required to operate over a wide range of temperatures. The mechanical
performance of the valve can be affected significantly, for example, by low temperature
operation that increases the amount of power required to operate the valve due to changes in
the properties of mechanical components. Additionally, as a valve proceeds through its life
cycle, the properties of many of the mechanical components age, causing the required
mechanical force to increase and more electrical coil power to operate. In the design of such
a valve, one skilled in the art generally would make an evaluation of the worst case conditions
and then design the winding of the coil to a power level to accommodate the worst case. This
of course will lead to a power consumption of the device that will be excessive as compared to

the more normal conditions of operation.
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[0009] Various known patents and applications describe measuring and affecting solenoid coll
responses are known. For example, Canadian Publ. No. 2221667 teaches a proportional
valve where different currents result in different positions of the internal valve spool. CA ‘667
seeks to more precisely maintain the position of the valve spool by sensing the temperature in
an oil inlet of the valve and indirectly the temperature of the coil which affects the coils’
resistance. A controller adjusts the voltage to the coil based on the variance in resistance, so
that a constant current through the coil is achieved to keep a constant force on the valve
spool. US Pat. No. 8681468 teaches a method of a solenoid valve control that discloses
measuring voltage across the solenoid valve coil and current through the solenoid valve coil to
control the valve, such as when actual engagement of the solenoid valve occurs. US ‘468
teaches a reactive system that measures and monitors the current and voltage on an ongoing
basis and makes adjustments based on performance of the valve, such as the timing, to
lessen overpowering of the valve. US Publication No. 2014/0222313A1 teaches a method of
energizing a solenoid valve of a hydraulic control system according to a predetermined timing
schedule to move a valve member of the solenoid valve connected to a switching component
to deliver pressurized fluid when the valve member moves to switch a switching component.
An operating parameter is measured and may be a period of time over which the valve
member moves, or a sensed operating parameter of the fluid, such as pressure or
temperature. The measured parameter is then compared with a predetermined parameter, and
energizing of the solenoid valve is then adjusted based on the difference.

[0010] However, these patents and applications apparently disclose systems and method that
have not been generally implemented in the industry, possibly due to complexity, longevity,
and costs. In many instances, especially for solenoids operating directional control valves that
are switching on and off and not proportionally controlled to variable positions, the control
systems monitor changes in resistance from the operational heating of the coil and adjust the
voltage or duty cycle to generate a constant current for the solenoid valve to actuate with the

assumption that the same current will produce the same results in actuation.

[0011] There remains a need for a control system for a solenoid valve under various
environmental operating conditions independent of a need for constant monitoring of the

solenoid valve that is simple and inexpensive, and can be widely adapted in the field.
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BRIEF SUMMARY OF THE INVENTION

[0012] The present disclosure provides a solenoid valve and associated method of control for
compensated performance based on environmental conditions and optionally product life. The
solenoid coil power consumption is proactively optimized based on predetermined database
information to cross reference a given operating temperature and optionally, valve operating
cycles. The net effect is to reduce power consumption under normal conditions and
selectively apply higher power to the valve coil when required.

[0013] The disclosure provides a system for a solenoid operated valve, comprising: a valve
having an inlet and an outlet; a solenoid coupled with the valve having a coil; a controller
coupled with the solenoid; an environmental sensor coupled with the controller; a power
source coupled to the controller; and a database of predetermined adjustments in power to the
solenoid depending on environmental conditions; wherein the controller is configured to adjust
power to the solenoid based on input from the environmental sensor by an amount determined

by accessing the database.

[0014] The disclosure provides a method of controlling a solenoid operated valve having an
inlet and an outlet; a solenoid coupled with the valve having a coil; a controller coupled with
the solenoid; an environmental sensor coupled with the controller; a power source coupled to
the controller; and a database of predetermined adjustments in power to the solenoid
depending on environmental conditions, the method comprising: sensing an environmental
condition with the environmental sensor; accessing the database with the environmental
condition; determining with the controller whether a power adjustment is to be made based on
the database information for the environmental condition; and adjusting the power to the
solenoid if the database indicates an adjustment is to be made based on the environmental

condition.
[0015] BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0016] Figure 1 is schematic view of a solenoid operated valve (SOV) with a controller
according to the invention.

DETAILED DESCRIPTION
[0017] The Figures described above and the written description of specific structures and

functions below are not presented to limit the scope of what Applicant has invented or the
3
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scope of the appended claims. Rather, the Figures and written description are provided to
teach any person skilled in the art to make and use the inventions for which patent protection
is sought. Those skilled in the art will appreciate that not all features of a commercial
embodiment of the inventions are described or shown for the sake of clarity and
understanding. Persons of skill in this art will also appreciate that the development of an actual
commercial embodiment incorporating aspects of the present disclosure will require numerous
implementation-specific decisions to achieve the developer’s ultimate goal for the commercial
embodiment. Such implementation-specific decisions may include, and likely are not limited
to, compliance with gsystem-related, business-related, government-related and other
constraints, which may vary by specific implementation, location and from time to time. While
a developer’s efforts might be complex and time-consuming in an absolute sense, such efforts
would be, nevertheless, a routine undertaking for those of ordinary skill in this art having
benefit of this disclosure. It must be understood that the inventions disclosed and taught
herein are susceptible to numerous and various modifications and alternative forms. The use
of a singular term, such as, but not limited to, “a,” is not intended as limiting of the number of
items. Also, the use of relational terms, such as, but not limited to, “top,” “bottom,” “left,”
upper, up,
clarity in specific reference to the Figures and are not intended to limit the scope of the

“right, lower,” “down, side,” and the like are used in the written description for
invention or the appended claims. Where appropriate, one or more elements may have been
labeled with an “A” or “B” to designate various members of a given class of an element. When
referring generally to such elements, the number without the letter can be used. Further, such
designations do not limit the number of members that can be used for that function. Further,
the various methods and embodiments of the system can be included in combination with
each other to produce variations of the disclosed methods and embodiments. Discussion of
singular elements can include plural elements and vice-versa. References to at least one item
may include one or more items. Also, various aspects of the embodiments could be used in
conjunction with each other to accomplish the understood goals of the disclosure. Unless the
context requires otherwise, the word "comprise" or variations such as "comprises" or
"comprising,” should be understood to imply the inclusion of at least the stated element or step
or group of elements or steps or equivalents thereof, and not the exclusion of a greater
numerical quantity or any other element or step or group of elements or steps or equivalents

thereof. The device or system may be used in a number of directions and orientations. The

term “coupled,” “coupling,” “coupler,” and like terms are used broadly herein and may include

any method or device for securing, binding, bonding, fastening, attaching, joining, inserting
4
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therein, forming thereon or therein, communicating, or otherwise associating, for example,
mechanically, magnetically, electrically, chemically, operably, directly or indirectly with
intermediate elements, one or more pieces of members together and may further include
without limitation integrally forming one functional member with another in a unity fashion. The

coupling may occur in any direction, including rotationally.

[0018] The present disclosure provides a solenoid valve and associated method of control for
compensated performance based on environmental conditions and optionally product life. The
solenoid coil power consumption is proactively optimized based on predetermined database
information to cross reference a given operating temperature and optionally, valve operating
cycles. The net effect is to reduce power consumption under normal conditions and
selectively apply higher power to the valve coil when required.

[0019] Figure 1 is schematic view of a solenoid operated valve (SOV) with a controller
according to the invention. An SOV 2 includes a valve 4 having at least one inlet 6 and at
least one outlet 8. Flow through the exemplary valve is controlled by a diaphragm 10 that can
open and close over a flow passageway. Other methods of flow control known in the art can
be used. A solenoid 12 can be mounted to the valve 4 and generally includes armature 14
surrounded by a coil 16. The coil 16 when powered moves a plunger 18 generally upward in
the orientation shown to move the diaphragm 10. A spring 20 generally returns the plunger to
a rest position when the coil is not powered.

[0020] A controller 30, such as a microcontroller or other suitable processor, is coupled to the
solenoid 12. A power supply 32 is coupled to a power switching device 34 that is controlled by
the controller 30 to deliver power through power lines 36 to the coil 16. In some embodiments,
the power supply 32 and power switching device 34 can be an integral unit. An environmental
sensor 38 is also coupled to the controller 30. The environmental sensor 30 can sense one or
more of a variety of environmental conditions, such as the ambient temperature, pressure of
fluid in the valve 4, and other indirect conditions that might affect the valve performance. A
database 44 is coupled to the controller 30. The database 44 can contain predetermined
adjustment criteria based on the readings of the environment sensor and/or other
predetermined criteria

[0021] In operation, the controller 30 and associated control circuitry provides power through a
controlled power switching device which is connected to the SOV coil and receives inputs for

5
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ambient temperature, line pressure, and/or other conditions. The database 44 can include a
table of values that provide information on the required coil current based on temperature or
other predetermined environmental conditions and proactively adjust the power such as by
adjusting the current based on such environmental condition(s). The term “power” is used
broadly and can include adjustments to current or voltage (or even resistance by a variable
resistance) or any combination thereof to compensate for the change in environmental
condition by the predetermined data. Advantageously, the adjustments can be made
independently of a monitored input received from the valve in contrast to prior efforts. Such
prior efforts may adjust current or voltage based on a measured change in resistance or timing
of engagement or applied force. In the invention, while the coil current may be periodically
measured, the decision is how much to adjust the power to the level indicated by the
predetermined amount for the particular environmental condition. For example, if data stored
in the database indicates the valve requires 15% more operating current function in a -40° C
environment, then the controller can adjust the current proactively without having to measure
the resistance changes or other changes in the coil due to ambient temperature. Other
environmental conditions can be measured and adjustments made based on predetermined
factors and data without requiring direct measurement from the solenoid or valve. Thus, the
invention can accomplish an adjustment to the current with far more simplicity and less cost

prior efforts.

[0022] Optionally and as a further adjustment, the system can receive input on the number of
cycles of valve operation. The controller 30 can be programmed to count the number of cycles
the SOV has been operated to determine where the valve is in its life cycle. An input line 40
provides information from the solenoid 12 to the controller 30, including such information as
the number of cycles of operation, duration of cycles, and other operational information. The
database 44 can contain further predetermined adjustment criteria based on the valve cycles.
When the valve reaches some predetermined amount, for example, 100,000 cycles, the
controller 30 can adjust the power higher by a predetermined amount to compensate for
increased friction caused by wear of moving parts based on data stored in the database.

[0023] Advantageously, the invention differs from known prior efforts by simplifying the
operation. The invention does not need to adjust for coil resistance changes, precise valve
positioning, the amount of force, or even timing of the valve. In such cases, most prior efforts
need real time measurements to reactively compensate for changes in the solenoid

performance. In contrast, the invention can compensate for macro-scale changes with simple
6



10

15

WO 2017/015037 PCT/US2016/042144

measurements and predetermined database information to provide sufficient accuracy for the
operation of the SOV. In many instances, it is envisioned that the invention will apply to direct
control valves that are operated in on/off positions, rather than proportional positions.

[0024] The order of steps can occur in a variety of sequences unless otherwise specifically
limited. The various steps described herein can be combined with other steps, interlineated
with the stated steps, and/or split into multiple steps. Similarly, elements have been described
functionally and can be embodied as separate components or can be combined into

components having multiple functions.

[0025] The invention has been described in the context of preferred and other embodiments
and not every embodiment of the invention has been described. For example, other sizes
could be similarly designed with the resulting differences in flow volumes described above.
Obvious modifications and alterations to the described embodiments are available to those
with ordinary skill in the art given the teachings disclosed herein. In conformity with the patent
laws, the claims determine the scope or range of equivalents, rather than the disclosed
exemplary embodiments, with the understanding that other embodiments within the scope of

such claims exist.



10

15

20

25

30

WO 2017/015037 PCT/US2016/042144

WHAT IS CLAIMED IS:
1. A system for a solenoid operated valve, comprising:
a valve having an inlet and an outlet;
a solenoid coupled with the valve having a coil;
a controller coupled with the solenoid;
an environmental sensor coupled with the controller;
a power source coupled to the controller; and
a database of predetermined adjustments in power to the solenoid depending on
environmental conditions;
wherein the controller is configured to adjust power to the solenoid based on input from
the environmental sensor by an amount determined by accessing the database.
2. The system of claim 1, wherein the controller is configured to adjust power
independent of a monitored input received from the valve.
3. The system of claim 1, wherein the controller is further configured to count a number of
operational cycles of the solenoid and wherein the database contains predetermined
adjustments in power to the solenoid depending on the number of operational cycles of the

solenoid.

4. The system of claim 1, further comprising an input line from the solenoid to the
controller.

5. The system of claim 1, wherein the environmental sensor senses ambient temperature
of the valve.

6. The system of claim 1, wherein the environmental sensor senses fluid pressure in the
valve.

7. A method of controlling a solenoid operated valve having an inlet and an outlet; a

solenoid coupled with the valve having a coil; a controller coupled with the solenoid; an
environmental sensor coupled with the controller; a power source coupled to the controller;
and a database of predetermined adjustments in power to the solenoid depending on
environmental conditions, the method comprising:

sensing an environmental condition with the environmental sensor;

accessing the database with the environmental condition;

determining with the controller whether a power adjustment is to be made based on the

database information for the environmental condition; and
adjusting the power to the solenoid if the database indicates an adjustment is to be

made based on the environmental condition.

8
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8. The system of claim 7, wherein adjusting the power to the solenoid occurs independent
of a monitored input received from the valve.
9. The method of claim 7, further comprising:
counting a number of operational cycles of the solenoid;
5 accessing the database with the number of cycles
determining with the controller whether a power adjustment is to be made based on the
database information for the number of cycles; and
adjusting the power to the solenoid if the database indicates an adjustment is to be
made based on the number of cycles.
10 10. The method of claim 7, wherein sensing the environmental condition comprises
sensing an ambient temperature of the valve.
11. The method of claim 7, wherein sensing the environmental condition comprises
sensing fluid pressure in the valve.
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