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(57) Abstract: A micro-power generator is in-
36 tegrated in a pneumatic valve controller, such
that the micro-power generator is powered by
the same compressed air supply used to oper-
ate the valve. The micro-power generator in-
cludes a micro-turbine connected to a DC
power generator, and a source of compressed
air is used to drive the micro-turbine to gener-
ate power via the generator. The system may
include a valve controller pneumatically con-
nected to the compressed air supply. The valve
controller may include electronics for display-
ing a condition of the controller. The system
can include an electronic tield device in com-
munication with the valve controller for dis-
playing a condition of the valve controller.
The micro-turbine generator can be electrical-
ly connected to the field device to provide
power to the electronic field device. Other em-
bodiments are disclosed and claimed.
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MICRO-POWER GENERATOR

FOR VALVE CONTROL APPLICATIONS

Cross-Reference to Related Applications
[0001]  This is a non-provisional of pending U.S. provisional patent application
serial no. 61/309,604, filed March 2, 2010, the entirety of which application is incorporated

herein by reference.

Field of the Invention
[0002] Embodiments of the invention generally relate to the field of valve controls,
and more particularly to the field of micro-turbine power generation for enhancing

functionality of valve control devices.

Discussion of Related Art
[0003]  Many current valves are driven open and closed by pneumatic actuators. To
be operable, such actuators require a continuous supply of compressed air. When such
valves are addressed to be part of an automatic control loop (i.e., to support process
automation), the valves are controlled (positioned) by means of valve positioners or

solenoid valves called control devices.

[0004]  Control devices are used to open, close or modulate the position of the valve
to which they are attached. In most cases these control devices are electronic, and thus
they need a source of electric power to operate. This presents a challenge because the
biggest markets for such automatically-controlled valves are the oil & gas, petrochemical

and chemical industries which are often located in hazardous and/or difficult to reach areas.
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This imposes severe limitations in the accessibility to the electronic device as well the

supply of power to the device.

[0005]  With a lack of a sufficient power supply, it is difficult to build control
devices (as well as other types of field devices) with a large amount of functionality. For
instance, many field devices don’t have the same capabilities that can be found in a cell
phone such as full-color graphic displays, large amount of RAM, etc. Thus, there is a need
for an improved device for powering valve controllers in a variety of operating

environments to provide enhanced functionality.

Summary of the Invention
[0006]  The disclosed device is a micro-power generator integrated in a pneumatic
valve controller, such that the micro-power generator is powered by the same compressed
air supply used to operate the valve. The result is a highly reliable source of electric power
that can be used to provide increased functionality for field devices used in a variety of

applications, including hazardous and classified applications.

[0007]  In one embodiment, the micro-power generator includes a micro-turbine
connected to a small DC power generator, and a source of compressed air is used to drive
the micro-turbine to generate power via the generator. The disclosed arrangement can
mitigate some of the aforementioned limitations associated with prior valve control

devices.

[0008] A system is disclosed for supplying power to a valve control system. The

system comprises a compressed air supply and a valve controller that is pneumatically
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connected to the compressed air supply. The valve controller may also have electronics for
displaying a condition of the controller. A main power supply provides electric power to
the electronics of the valve controller. The system also includes an electronic field device
in communication with the valve controller for displaying a condition of the valve
controller. The system further comprises a micro-turbine generator pneumatically
connected to the compressed air supply. The micro-turbine generator is configured to
convert power from the compressed air supply to electric power. The micro-turbine
generator is also electrically connected to the field device to provide power to the

electronic field device.

[0009] A method is disclosed for supplying power to a valve control device. The
method may include providing a compressed air supply to a valve controller having
electronics for displaying a condition of the controller; providing electric power to the
electronics; displaying a condition of the valve controller using an electronic field device in
communication with the valve controller; converting power from the compressed air supply
to electric power using a micro-turbine generator pneumatically connected to the

compressed air supply; and providing the electric power to the electronic field device.

Brief Description of the Drawings
[0010]  The accompanying drawing illustrates an exemplary embodiments of the
disclosed device so far devised for the practical application of the principles thereof, and
in which:
[0011]  FIG. 1 is a schematic of a valve control system incorporating the disclosed

micro-power generator;
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[0012] FIG. 2 is a block diagram of the system FIG. 1;

[0013] FIG. 3 is a cutaway view of a micro-turbine generator for use in the system

of FIG. 1; and

[0014]  FIG. 4 is a cutaway view of the micro-power generator of FIG. 3 installed in

an exemplary spool valve.

Description of Embodiments
[0015]  The disclosed system employs supplemental power generated by a micro-
power generator (often called a micro-turbine generator (MTGQG)) that is powered by the
same source of compressed air that is used to operate the pneumatic valve with which it is
associated. The MTG provides additional power to any of a variety of field devices. This
additional power is provided in parallel with a main power supply, and remains separate

from the main power supply.

[0016]  Referring to FIG. 1, a valve control system 1 is shown including a
pneumatically operated globe valve 2, a pneumatic valve controller 4, a compressed air
supply 6 for operating the pneumatic valve controller, an MTG 8 connected to the
compressed air supply, a main power supply 10, an intrinsic safety (IS) barrier 12, and a
field device 14. It will be appreciated that the IS barrier 12 may not be required in all

applications, but is normally required for hazardous environment applications.

[0017]  The main power supply 10 and MTG are connected to the field device 14,
which in one embodiment is a field communicator running on Windows. The field device

14 may have a variety of features, such as a color backlight display, a touch sensitive
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screen with on-screen buttons, and physical navigation buttons. Other functionality may
also be provided in the field device 14. In the illustrated embodiment, the MTG 8§ is
located inside the valve controller 4. Currently there are no such devices with an
embedded MTG. It will be appreciated, however, that the MTG could be provided

elsewhere if desired.

[0018]  FIG. 2 is a block diagram showing the interconnection of the components of
the system of FIG. 1. Air supply 6 is pneumatically connected to the MTG, which in turn
is electrically connected to one or more ancillary electronics 9. In one embodiment, the
ancillary electronics include a field communicator 14 having the functionality described in
relation to the system of FIG. 1. A main power supply 10 provides electric power to a
main electronic board 11 of the valve controller 4. The main electronic board 11 and the
ancillary electronics 9 may be connected via a communications link 16, which may be a
hardwired or wireless link. The communications link 16 may provide galvanic isolation 18

between the ancillary electronics and the main electronic board.

[0019]  FIG. 3 shows an exemplary micro-turbine assembly 18 for use in the MTG 8
of FIGS. 1 and 2. As will be appreciated, the micro-turbine assembly 18 operates to
convert energy from the compressed air supply into rotational motion which, in turn,
rotates a shaft which can be connected to a small DC motor. Thus, air from the compressed
air supply 6 enters the assembly 18 via a pneumatic connector 20 and expands over a set of
stationary nozzles 22, where it is deflected in a direction tangential to a turbine rotor 24.
After the air passes the rotor 24, it leaves through openings 26 in an outlet disc 28. A
housing 30 contains the aforementioned parts. A shaft 32 may transmit the rotational

motion of the turbine rotor 24 to a DC generator 32 (FIG. 4). In one embodiment, the
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housing 30 has a diameter of about 15 millimeters (mm) and a length of about 25 mm. The
MTG 8 can include the microturbine assembly 18 of FIG. 3, and is described in greater
detail in Jan Peirs, Dominiek et al, *“A Microturbine for Electric Power Generation” -
MME’02, The 13th Micromechanics Europe Workshop, October 6-8, 2002, Sinaia,
Romania, the entirety of which publication is incorporated herein by reference. In an
alternative embodiment, a simplified MTG 8 may comprise a small turbine blade

(propeller) attached to a shaft of a brushless DC motor.

[0020] FIG. 4 shows an embodiment in which the micro-turbine assembly 18 of
FIG. 3 is incorporated into an MTG 8 for integration into the valve controller 4 of FIG. 1.
The MTG includes a DC generator 32 which converts the rotary motion of the turbine rotor
to DC power. This power, in turn, is used to support an electronics package 34 associated
with the valve controller 4. As can be seen, the electronics package 34 includes a display
36. Additional power from the DC generator 32 can be provided to one or more field
devices (see FIG. 1). An advantage of the disclosed system is that it is used in parallel with
an existing main power supply, and thus the valve control device and field devices will not
lose power even if the air supply is interrupted. The MTG 8 is beneficial for us in parallel
with the main power supply so the MTG could supply power to additional RAM (which
has been critical in HART devices) and more powerful LCDs, being possible to enable

back-light, for instance.

[0021] In a further alternative embodiment, the MTG can be connected to a battery
or super-capacitor to store power for later use in powering wireless control devices if the

air supply is interrupted.
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[0022] While the present invention has been disclosed with reference to certain
embodiments, numerous modifications, alterations and changes to the described
embodiments are possible without departing from the spirit and scope of the invention, as
defined in the appended claims. Accordingly, it is intended that the present invention not
be limited to the described embodiments, but that it has the full scope defined by the

language of the following claims, and equivalents thereof.
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Claims
What is claimed is

1. A system for supplying power to a valve control device, comprising:

a compressed air supply;

a valve controller pneumatically connected to the compressed air supply, the
valve controller further having electronics for displaying a condition of the controller;

a main power supply for providing electric power to the electronics of the valve
controller;

an electronic field device in communication with the valve controller for
displaying a condition of the valve controller; and

a micro-turbine generator pneumatically connected to the compressed air supply,
the micro-turbine generator configured to convert power from the compressed air supply
to electric powers;

wherein the micro-turbine generator is electrically connected to the field device to

provide power to the electronic field device.

2. The system of claim 1, wherein the micro-turbine generator is located within the

valve controller.

3. The system of claim 1, the micro-turbine generator including a set of stationary
nozzles, a turbine rotor, an outlet disc, and a shaft for transmitting rotational motion of

the turbine rotor to a DC generator.

4. The system of claim 3, wherein power from the DC generator is coupled to one or

more field devices.

5. The system of claim 1, the micro-turbine generator contained in a housing having

a diameter of about 15 millimeters (mm) and a length of about 25 mm.
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6. The system of claim 1, wherein the micro-turbine generator is used in parallel
with an existing main power supply so that the valve controller will not lose power when

the air supply is interrupted.

7. The system of claim 1, wherein the micro-turbine generator is coupled to a battery

to store power.

8. The system of claim 1, wherein the micro-turbine generator is coupled to a super-

capacitor to store power.

9. The system of claim 1, wherein the micro-turbine generator is coupled to an

electronics package associated with the valve controller.

10. The system of claim 9, wherein the electronics package comprises a backlit
display.
11. A method for supplying power to a valve control device, comprising:

providing a compressed air supply to a valve controller having electronics for
displaying a condition of the controller;

providing electric power to the electronics via a main power supply;

displaying a condition of the valve controller using an electronic field device in
communication with the valve controller;

converting power from the compressed air supply to electric power using a micro-
turbine generator pneumatically connected to the compressed air supply; and

providing the electric power to the electronic field device.

12. The method of claim 11, wherein the micro-turbine generator is located within the

valve controller.
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13. The method of claim 11, the micro-turbine generator including a set of stationary
nozzles, a turbine rotor, an outlet disc, and a shaft for transmitting rotational motion of

the turbine rotor to a DC generator.

14. The method of claim 13, comprising coupling power from the DC generator to

one or more field devices.

15. The method of claim 11, the micro-turbine generator contained in a housing

having a diameter of about 15 millimeters (mm) and a length of about 25 mm.

16. The method of claim 11, comprising operating the micro-turbine generator in
parallel with the main power supply to prevent loss of power to the valve controller when

the air supply is interrupted.

17. The method of claim 11, comprising coupling the micro-turbine generator to a

battery to store power.

18. The method of claim 11, comprising coupling the micro-turbine generator to a

super-capacitor to store power.

19. The method of claim 11, comprising coupling the micro-turbine generator to an

electronics package associated with the valve controller.

20. The method of claim 19, wherein the electronics package comprises a backlit

display.
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