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A wireless field device (34, 50, 70, 80, 91, 100) 1s disclosed. The field device (34, 50, 70, 80, 91, 100) Includes a wireless
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(57) Abrege(suite)/Abstract(continued):
wirelessly communicate process-related information with another device. The energy conversion module (38) Is coupled to the

wireless communications module (32) . The energy conversion module (38) Is configured to couple to a thermal source, and to
generate electricity from thermal potential energy in the thermal source.
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a wireless communications
module (32) and an energy
conversion module (38) . The
wireless communications module
(32) is configured to wirelessly
communicate process-related
information with another device.
The energy conversion module
(38) is coupled to the wireless
communications module (32)
The energy conversion module
(38) is configured to couple to a
thermal source, and to generate
electricity from thermal potential
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PROCESS DEVICE WITH IMPROVED POWER
GENERATION

4

BACKGROUND OF THE INVENTION

The present invention relates to .industrial

process control and monitoring systems. More

specifically, the present invention relates tTo the

g

generation of electrical power for field devices

within such systems.

In industrial settings, control systems are

used to monitor and control inventories of industrial

and chemical processes, and the like. Typically, the

control system performs these functions using field

devices distributed at key  locations 1n  the

industrial ©process and coupled to the control

circuitry in the control room by a process control

loop. The term "field device" refers to any device

that performs a function in a distributed control or

process monitoring system, including all devices used

)

industrial processes.

Field devices are used by the process

F—
p—

control .and measurement industry for a variety o

purposes. Usually such devices have a field—hardened

enclosure so that they can be installed outdoors in

relatively rugged environments and are able to

P
p—

withstand climatalogical extremes of temperature,

humidity, vibration, mechanical shock, etc. These

devices also can typically operate on relatively low
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power. For example, field devices are currently

available that receive all of their operating power

from a known 4-20 mA loop.

Some field devices 1nclude a transducer. A

transducer is understood to mean either a device that

generates an output signal based on a physical input

or that generates a physical output based on an input

signal. Typically, a transducer transforms an input

gr—. F

into an output having a different form. Types oL

transducers include various analytical equipment,

pressure sensors, thermistors, thermocouples, strain

gauges, flow transmitters, positioners, actuators,

solenoids, indicator lights, and others.

Typically, each field device also includes

communilcation clrcultry that 1s used for

communicating with a process control room, or other

A o ud

circuitry, over a process control loop. In some

installations, the process control loop 1s also used

to deliver a regulated current and/or voltage to the

field device for powering the field device.

Traditionally, analog field devices have
been connected to the control room by two-wire
process control current loops, with each device

connected to the control room by a single two-wire

control loop. Typically, a voltage differential 1s

=

maintained between the two wires within a range o:

voltages from 12-45 volts for analog mode and 9-50

volts for digital mode. Some analog field devices

transmit a signal to the control room by modulating
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current proportional to the sensed process variable.

Other analog

under the control of

field

F

devices can perform an action

the control room by controlling

the magnitude of the current through the loop. In

addition to,

control loop
communicatlion

communication

communilication

or 1n

Call C

‘the alternative, the process

arry digital signals wused for

with field devices. Digital

allows a much larger degree  of

~ than

g—
—

analog communication. Moreover,

digital devices also do not require separate wiring

for each field device. Field devices that communicate

digitally can respond to and communicate selectively

with the control room and/or other field devices.

Further, su

ch dev

ices can provide additional

signaling such as diagnostics and/or alarms.

In
technologies

with field

some installations, wireless

devices.

are currently used

manufactured

have begun to be used tO communlcate

Wireless operation simplifies

field device mﬁTﬁrx;zmmj:setup. Wireless installations

in which the field device 1is

to include an - lnterna. battery,

potentially charged by a solar cell without any sort

_
p—

of wired connection. Problems exist 1in wusing an

internal battery as the energy demands of wireless

devices may

factors such

elements, et

vary

as the

cetera.

greatly depending on NUMEerous

device reporting rate, device
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Difficulties also arise 1in 1nstallations

Dl

where solar power is not reliable. For example, it

becomes problematic to use solar power in areas that

experience full shade twenty-four hours a day,

indoors seven days a week, or in parts of the world
where solar insolation numbers are very small, such

as 1in the Arctic Circle. Accordingly, 1n these

installations, powering a wireless process device

using solar power is not reliable. Accordingly, there

is an ongoing significant need for wireless process

devices that can operate using an abundant renewable

source of power that is not dependent upon the sun.

-

SUMMARY OF THE INVENTION

A wireless field device 1s disclosed. The

1ield device includes a wlreless communlcations

module and an energy conversion module.. The wireless

communications module 1is configured to wirelessly

communicate process-related information with another

device. The energy ' conversion module 1s coupled TO

the wireless communications module. The energy

conversion module is configured to couple To a

thermal source, and to generate electricity from

thermal potential energy in the thermal source.

A field d‘evice includes a controller, a

wireless communications module, and = power

generation module. The wireless communications module

is coupled to the controller. The power generation

module is located within the field device, and 1is
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coupled to the controller and to the wlreless

communications module. The power generation module 1is

configured to interact with molecules proximate the

exterior of the field device to generate electricity.

The power generation module is preferably a thermal

generator that harvests energy from a temperature

differential near the field device.

RRIEF DESCRIPTION OF THE DRAWINGS

'}

FIG. 1 is a diagrammatic view of an

the

V1)

exemplary field device with which embodiments oO:

present invention is particularly useful.

FIG. 2 1is a block diagram of the field

device shown 1n FIG. 1.

—
—

FIG. 3 is a block diagram of a field device

including wireless communication circultry for

communicating with a remote device.

FIG. 4 is a diagrammatic view of a wilreless

field device operating in accordance with an

embodiment of the present invention.

FIGS. 5A and 5B are diagrammatic views of a

temperature-sensing field device deriving power in

sccordance with embodiments of the present invention.

FIGS. 6A and 6B are diagrammatic views of a

_

field device deriving power from a semiconductor

thermoelectric generator in accordance with

embodiments of the present invention.

FIG. 7 is diagrammatic view of a field

device deriving POWEY from a semiconductor
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thermoelectric generator

gy

in

PCT/US2005/006596

accordance with an

embodiment of the present invention.

D DESCRIPTION OF T

DETA.

y
£
L+

diagram views of an exempla

embodiments of the presént

HE PR

LEFERR

MBODIMENTS

]

D

el

FIGS. 1 and 2 are diagrammatic and Dblock

rv field device wilith which

invention are useful.

Process control or monitoring system 10 includes a

control room or control system 12 that couples to one

or more field devices 14

ovelr

a two-wlre process

control loop 16. Examples of process control loop 16

include analog 4-20 mA

protocols which 1nclude

communication such. as the Hilighway

Transducer (HART®) standard,
DATTON™

both

protocols such as the FOUN

analog and digital

communication, hybrid

Addressable Remote

as well as all-digital

Fieldbus standard.

Generally process control loop protocols can both

power the field device

and

allow communication

between the field device and other devices. |

In this example,

field device 14 1ncludes

circuitry 18 coupled to actuator/transducer 20 and to

process control loop 16 via terminal board 21 1in

housing 23. Field device

process variable (PV) generator in that 1t couples to

d

provides an indication thereof.

i

and displays.

pressure, pH, flow, et cetera

14

a process and senses an aspect,

gr—.
—

18

illustrated as a

such as temperature,

O

f the process and

y d
—

Other examples of

field devices include valves, actuators, controllers,



CA 02552615 2006-07-05

WO 2005/086331 PCT/US2005/006596

10

15

20

29

— ] —

Generally field devices are characterized

by their ability to operate in the "field" which may

expose them to environmental stresses, such as

~emperature, humidity and pressure. In addition to

environmental stresses, field devices must often
withstand exposure to corrosive, hazardous and/or

even explosive atmospheres. Further, such devices

F
p—

must also operate in the presence of vibration and/or

electromagnetic 1interference.

FIG. 3 is a block diagram of a wilreless

field device in accordance with an embodiment of the

present invention. Field device 34 1includes power
conversion  module 38, controller 35, wireless

communications module 32, and actuator/transducer 20.

Conversion module 38 can be any device that 1s able

to convert thermal potential energy from the process

into electrical energy. Conversion module 38 can be

any device, known or later developed, that translates

thermal potential energy available from molecules

proximate field device 34 into electricity. For

example, module 38 .can employ known thermopile

devices to generate electricity from disparate

P

ffect. Other

[=]

temperatures using  the Peltier

_

remperature-based conversion devices can be used Ior

module . 38. Such devices include thermoelectric

diodes; solid state thermogenerators; and
‘semiconductor thermoelectric generators. Moreover,

any device now known, or later developed, that

converts thermal potential energy to electriclity may
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he used as or 1in combination with module 38.

Conversion module 38 can provide power for wireless

=

communications module 32 alone, other portions of

i

field device 34, or even all of the components within

field device 34.

Wireless communication module 32 is coupled

to controller 35 and interacts with external wireless

devices via antenna 26 based upon commands and/or

data from controller 35. Wireless communication 32

can communicate process-related information as well

as device-related information. Depending upon the

application, wireless communication module 32 may be

adapted to communicate in accordance with any

suitable wireless communication protocol including,

but not limited to: wireless networking technologies

(such as IEEE 802.11b wireless access polints and

L]

r-.

wireless networking devices built by Linksys O

Irvine, California), cellular or digital networking

technologies (such as ‘Microburst® by Aerils

Communications Inc. of San Jose, California), ultra

wide Dband, free space optics, Global System Ifor

Mobile Communications (GSM), General Packet Radio

Service (GPRS), Code Division Multiple Access (CDMA),

spread spectrum technology, infrared communications
techniques, SMS (Short Messaging Service/text
messaging), or any other suitable wireless

technology. Further, known data collision technology

can be employed such that multiple units can coexist

o—

one another. Such
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collision prevention can include using a number of

different radio-frequency <channels and/or spread

spectrum techniques.

Wireless communication module 32 can also

P

include transducers for a plurality of wireless

communication methods. For example, primary wireless

communication could be performed using relatively

long distance communication methods, such as GSM or

GPRS, while a secondary, or additional communication

method could be provided for  technicians, or

g—

operators near the unit, wusing for example, IEEE

302.11b or Bluetooth.

Some wireless communications modules may

include circuitry that can interact with the Global

Positioning System (GPS). GPS can be advantageously

employed 1in device 34 for mobile devices to allow

finding the individual device 34 in a remote

location. However, location sensing based upon other

techniques can be used as well.

Memory 37 is illustrated in FIG. 3 as being

separate from controller 35, but may, in fact, be

part of controller 35. Memory 37 can be any sultable

—

type of memory including volatile memory (such as

Random Access Memory), non-volatile memory (such as

flash memory,  EEPROM memory,  etc.) and any

combination thereof. Memory 37 may contaln program

instructions for controller 35 as well as any

suitable administrative overhead data for device 34.

Memory 37 may contain a unique identifier for device
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34 can distinguish wireless

for 1t among other wireless

communications. Examples of such an 1identifier could

include, a Media Access Controller (MAC) address,

FElectronic Serial Nun

identifier. Moreover,

ber, global phone number,

" Internet Protocol (IP) address, or any other suitable

memory 37 may include

information about attached field devices, such as

their unique identi:

lers, configurations, and

abilities. Finally, controller 35, usling memory 37/

g

can cause the output of device 34 to be provided 1in

interaction with field

any suitable form. For example, configuration and

device' 34 and/or one or more

associated field devices could be provided as

HyperText Markup Language (HTML) web pages.

FIG. 4 i1s a diagrammatic view of a wireless

field device operably

module 38 1n accordanc

coupled to energy conversion

e with an embodiment of the

present invention. In the embodiment illustrated in

FIG. 4, module 38 1s

disposed external to field

device 34. Additionally, transducer 20 is illustrated

in FIG. 4 as being a sensor. The sensor or sensor tap

20 and wireless field device 34 are, by wvirtue of the

process to which they

‘wt—

are coupled, maintained at a

differential temperature. For example, sensor 20 may

be coupled to process

fluid that 1is at a higher

temperature than the ambient temperature to which

device 34 is exposed

. Conversion module 38 is

thermally coupled, illustrated by phantom lines 40,
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42 to sensor 20 and field device 34, respecﬁively.

The differential temperature coupled to conversion

module 38 generates eléctricity within conversion

module 38 that is provided to wireless field device

5 34 wvia line 44. When soO qpowered, field device 34

generates and transmits wireless information to one

or more remote transceivers 46, which may, in fact,

be part of control system 1Z.

~ Given that conversion module 38 generally

10 transforms thermal potential energy 1n or near the

process fluid to electricity, one particularly

P
—

synergistic application for embodiments  of the

present invention is that of temperature measuring

field devices. In such embodiments, sensor 20 1s a

15 cemperature sensor, such as a thermocouple,

thermistor, or resistance temperature device (RTD).

While embodiments of the present invention will be

described with respect to a temperature-sensing field

device, embodiments of the present invention are

20 practicable with any field device.

F
—

FIGS. 5A and 5B are diagrammatic views of

field devices deriving power from thermal energy 1in

accordance with embodiments of the present invention.

FIG. 5A illustrates a temperature-sensing . field

25 device 50 having an electronics compartment 52

coupled to a thermowell 54 which 1s shaped, or

otherwise configured, to engage a process fluid.

Within thermowell 54, a temperature sensor 56

provides an indication of process fluid temperature
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proximate end 58 of thermowell 54. Additionally, a

portion of conversion module 38 (shov}n in FIG 4)
Specifically, device 60 1is

18

disposed proximate end 58.

disposed proximate end 58 and electrically coupled to

5 electronics compartment 52 via power lines 62, 64.

any suitable device that

Device 60 is preferably

converts thermal energy into electricity. Thus,
device 60 may be a thermopile, thermodiode
(thermoelectric diode) , a solid state
10 thermogenerator,  a semiconductor thermoelectric
generator, or any combination thereof. Temperature"
sensing of field device 50 1s acéomp'ished via

temperature sensor 56 -providing a signal on signal

nd 68 to electronics compartment 5Z.
field device 70 having

lines 066 &

FIG. 5B 1llustrates
-ment 52 and a thermowell 54.

70

15

an electronics compar:
field device 50, field device

T—

In c¢contrast toO

that generates electricity related

employs device 72
ture to which it is exposed. Examples

device 72 include a

to the tTempers
20 of suitable devices for

thermopile or a thermoelectric diode.

Such devices

= flow

-

through the device,

re suitable because they do not require a heat

but instead generate electricity

based upon exposure to a specific thermal source.

25 Technology advancements are
field device such as

'currently

—
_—y

increasing the feasibility of a
54 and 5B. On the power

that 1llustrated 1n FIGS.
solid state thermogenerators are

generation side,
more efficient. Additionally,

becoming more and
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advancements in wireless technology are also

increasing the feasibility of such field devices.

Specifically, wireless transmitters need 1less and

less power to cover the same area. Additionally, even

_
p—

1n embodiments where the transmission distance of a

pm ]

specific field device may be limited,

such as to a

p—

radius of approximately 20 meters, embodiments of the

present invention contemplate the use of repeating or

mesh networks to increase the area covered by such

 amnd

devices. Thus, where a plurality of wireless field

devices are disposed within the wireless transmission

radius from one another, a first device

can have its

wireless information relaved by a second device thus

extending the net range of the first device by that

of the second device.

FIGS. ©A anad cB 1llustrate

f1eld devices

that employ a semiconductor thermoelectric generator

embodiments of the present invention.

for thermoenergy scavenging 1in  accordance with

Semliconductor

thermoelectric generators produce power when a

temperature difference 1s maintained

=t

across The

device. Thus, there 1s a flow of heat through the

device, so the cool side should be properly heat sunk

for advantageous power generation.

In FIG. 6A, field device

80 1ncludes

electronics compartment 52 and thermowell 54 having a

semiconductor thermoelectric generator device 82

‘d'isposed proximate distal end 58 of t

hermowell 54.

In order to allow device 52 to have heat flow
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therethrough, a ’thermai conductor 84, such as a heat

"

conducting member, is coupled to cold side 86 of

device 82 and conveys heat in the direction of arrow

88 to one or more optional cooling fins 90 that, in

some embodiments, may be disposed within electronics

compartment 5Z. Conductor 84 may be any arrangement

g
—

ficiently. For example, conductor

that conveys heat e:

84 could be a copper rod.

FIG. 6B 1llustrates an alternate

arrangement for generating electricity from

thermoénergy. Field device 91 includes electronics

compartment o2 and thermowell 54 . However,

semiconductor thermoelectric generator device 92 1is

disposed above thermowell 54 proximate electronics

compartment  52. This allows device 92 to Dbe
relatively larger in comparison to device 82. In
order to maintaln advantageous heat flow across

device 92, ‘thermal conductor 84 1s still coupled

thermally to distal end 58 and conveys heat 1in the

I

direction of arrow 88 to hot side 94 of device 92.

The cold side 96 of device 92 is coupled to one or

more optional cooling fins 90 that may or may not Dbe

disposed within housing 5Z.

As illustrated in FIGS. 6A and 6B, there

-
==

are different ways to conceptually achieve thermal

flow across a semiconductor thermoelectric element.

While FIGS. 6A and 6B illustrate a pair of examples,

other possibilities may be practiced in accordance

— gr—
—

with embodiments of the present invention. In fact,
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P
—

be disposed proximate the field device itself.

y—
aad

FIG. 7 illustrates a diagrammatic view of

field device 100 having an electronics compartment 52

5 coupled to a thermowell 54 for sensing a process

temperature. A thermoelectric power-generating device

102 1s disposed remote from field device 100 and

coupled thereto wvia power conductors 104, 106. An

elevated process temperature i1s coupled to hot side

10 108 of semiconductor thermoelectric generator device

110, which has one or more optional fins 90 coupled

to its cold side 112. Since device 102 is mounted

remote from field device 100, the physical size of

—
—

device 102 is not constrained at all by the design of

15 field device 100. This 1s advantageoué because

typically only small thermoelectric generating

devices will fit within thermowell 54. Commercially

avallable thermoelectric generating devices having a

size on the order of 2 mm by 4 mm by 2 mm thick are

20 Dbelieved to be able to fit within the thermowell, and

to generate approximately 48 milivolts and 80

P

"erent across

miliamps with a 50° C temperaturé di

hot and cold sides. This generated voltage 1is

generally low and preferably is stepped up with a

25 step up voltage conversion circuit known 1in the art

')

of field devices. Accordingly, approximately 0.22

watts of heat flow through ‘the thermoelectric

generator device under such conditions. Although the

po—

operating efficiency is relatively low (approximately
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2%) the approximately 4 milliwatts of generated power

F
p—

ficient for wireless field

18 believed to be su:

device operation.

However, if the thermoelectric generating

device is disposed remote from the field device, 1t

is reasonable that the thermoelectric generating

device could be sized much larger than the example

given above. Specifically, thermoelectric generating

devices having a size of approximately 15 mm by 15 mm

by 2 mm thick can be used. Such devices are

commercially available and believed to generate 375

millivolts and 300 milliamps for the same 50° C

difference. While a step up voltage conversion

circuit is still useful, the approximate 112

F
—

milliwatts of generated power makes the design of

such a circuit much simpler and lower  cost.

Approximately 6 watts of heat flow through the

thermoelectric generating device under such

conditions.

The conversion module can 1nclude, oxr be

cbupled to, additional power circuitry to provide

additional functions related to power generation

and/or storage. For example, a storage device, such

as a capacitor or rechargeable cell can be operably

coupled to the conversion module to maintaln power

levels when the amount of power available from the

conversion module (via the thermal source) drops

below that which could minimally operate the field

device, or portions thereof. Additionally, any known

!
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power conditioning circuitry can be used to step up

the voltage, remove noise from the power signal,
1solate the power signal, smooth and/or otherwise

shape the power signal. However, those skilled in the

5 art will recognize that any desired functions can be

accommodated with power conditioning circuitry as

desired.

Although the present invention has been

described with reference to preferred embodiments,

10 workers skilled in the art will recognize that

changes may be made 1in form and detail without

departing from the spirit and scope of the invention.
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WHAT IS CLAIMRED IS:

1. A field device comprising:

a wilreless communications module configured

to wirelessly communicate  process-

related information with another

device; and
an energy conversion module coupled to the

wireless communications module, tThe

energy conversion module configured to
couple to a thermal source, and to

convert thermal potential energy into

electricity to power circuitry within

the field device.

2. The field device of claim 1, wherein the

energy conversion module includes a thermopile.

3. The field device of claim 1, whereln the

energy conversion module 1includes a thermoelectric
diode.

4. The field device of claim 1, wherein the

energy conversion module includes a semiconductor

thermoelectric generator.

5. The field device of claim 1, wherein the

energy conversion module 1s disposed proximate the

field device.

6. The field device of claim 1, wherein the

energy conversion device i1s ‘disposed remote from the

field device.

g—

7. The field device of claim 1, and further

comprising:
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8 . The

9. The

controller

field device of

field device of

CA 02552615 2006-07-05
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controller.

V

transducer 1s a sensor.

s

sensor 1s a temperature sensor.

10. The

field device of

temperature sensor generates

_

PCT/US2005/006596

coupled CO the enerqgy

conversion module and to the wireless

communication module; and

transducer coﬁpled to the process and the

claim 7, wherein the

claim 8, wherein the

claim 9, wherein the

electricity and 1s a

component of the energy conversion module.

L1. The

comprising:

12. The

comprising a hes

the thermowell and con:

13. The

field device of

process fluid.

F
_—1

from the process fluid.

_
—

field device of

.

field device of

claim 9, and further

a thermowell configured to couple to a.

claim 11, and further

t conducting member disposed within

figured to convey heat away

claim 12, wherein the

energy conversion module i1ncludes a semiconductor

thermoelectric generator operably coupled to the heat

conducting member.

14. The

field device of

claim 13, wherein the

semiconductor thermoelectric Jgenerator has a hot side

thermally coupled to the process

fluid, and a cold side

thermally coupled to the heat conducting member.
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15. The field device of claim 14, wherein the

heat conducting member has a first end coupled to the

thermoelectric generator, and a second end coupled to

at least one coolling fin.

g,
—

16. The field device of claim 13, wherein the

semiconductor thermoelectric generator has a hot side

g—

coupled to a first end of the heat conducting member,

and a cold side coupled to at least one cooling fin,

and wherein a second end of the heat conducting member

is thermally coupled to the process fluid.

. / |
17. The field device of c¢laim 1, wherein the

amount of electricity converted by the conversion

module 1s used to provide a temperature indication

related to the thermal source.

18. The field device of claim 1, wherein the

thermal source 1s a process thermal source.

19. The field device of c¢laim 1, and further
comprising a power storage device coupled to the

conversion module.

20. A method of providing electricity to a

wireless field device, the method comprising:

thermally coupling a thermoelectric device

_
—

to a source of thermal potential

energy; and

electrically coupling the thermoelectric

device to a wireless communication

module of the field device.



CA 02552615 2006-07-05
WO 2005/086331 PCT/US2005/006596

.._.21_

21. The method of claim 20, wherein thermally
coupliﬁg the thermoelectric device includes conveying

heat through the thermoelectric device.

22 . A field device comprising:

a wireless communications module configured

to wirelessly communicate  process-—

related information with another

device; and

means for converting thermal potential

energy 1n a process thermal source tTO

electricity to power the field device.
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