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FIELD DEVICE WITH DYNAMICALLY ADJUSTABLE

POWER CONSUMPTION RADIO FREQUENCY

COMMUNICATION

BACKGROUND

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 in 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

currently known, or yet to be known, used in the

measurement, control and monitoring of industrial

processes .

Some field devices include 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

into an output having a different form. Types of

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

communication circuitry that is used for



communicating with a process control room, or other

circuitry, over a process control loop. In some

installations, the process control loop is also used

to deliver a regulated current and/or voltage to the

field device for powering the field device. The

process control loop also carries data, in an analog

format, a digital format, or a combination of the

two.

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 is

maintained between the two wires within a range of

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

the current running through the current loop to a

current proportional to the sensed process variable.

Other analog field device can perform an action under

the control of the control room by controlling the

magnitude of the current through the loop. In

addition to, or in the alternative, the process

control loop can carry digital signals used for

communication with field devices.

In some installations, wireless

technologies have begun to be used to communicate

with field devices. For example, completely wireless

installations are used in which the field device uses



a battery, solar cell, or other technique to obtain

power without any sort of wired connection. However,

the majority of field devices are hardwired to a

process control room and do not use wireless

communication techniques.

In field devices that operate on as little

as 4 mA, providing sufficient power to generate

wireless communications is a challenge. If too much

power is consumed by generating the wireless

communications, the ability for the field device to

properly signal over the current loop may be

diminished. Thus, there is a need for improved

wireless communication capabilities for field devices

that operate on process control loops that use an

analog current between 4 and 20 mA.

SUMMARY

A field device for use in an industrial

process control or monitoring system includes

terminals configured to connect to a two-wire process

control loop configured to carry data and to provide

power. In one embodiment, RF circuitry in the field

device is configured for radio frequency

communication having variable power consumption. In

another embodiment, the RF circuitry is coupled to

the field device through a separate digital

communication bus. A method of modulating the power

of RF communication based upon a process

communication signal is also provided.



BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagrammatic view of a

process control and/or monitoring system in which

embodiments of the present invention are particularly

useful .

Figure 2 is a simplified cutaway partially

exploded view of a pressure transmitter.

FIG. 3 illustrates a field device operably

coupled to a process control loop and to wireless

communication circuitry.

FIG. 4 is a diagrammatic view of a portion

of field device circuitry within a field device in

accordance with an embodiment of the present

invention.

DETAILED DESCRIPTION

Embodiments of the present invention

generally provide a field device with a wireless

communication module for one way or bi-directional

wireless communication. The wireless communication

module can transmit and/or receive an RF signal from

a remote device or location. The module's power

consumption is dynamically changeable and is powered

by a field device.

FIG. 1 is a diagrammatic view of a process

control and/or monitoring system 10 in which

embodiments of the present invention are particularly

useful. System 10 includes control room 12 that is



coupled to field device 14 over a two-wire process

control loop 16. Field device 14 is operably coupled

to a process fluid container, illustrated

diagrammatical Iy as pipe 18, and is configured to

determine a process variable relative to the process

fluid within pipe 18 and convey information related

to the process variable over process control loop 16.

FIG. 2 is a simplified cutaway partially

exploded view of pressure transmitter 14, which is

one example of a field device . Pressure transmitter

14 couples to two-wire process control loop 16 and

includes transmitter housing 62 . Process control

loop 16 couples to terminals 56 carried on terminal

board 58. A pressure sensor 64 provides one example

of a transducer and is configured to couple to a

process fitting to measure a differential pressure

occurring in the process fluid. The output from

sensor 64 is provided to measurement circuitry 66

which couples to field device circuit 68. Wireless

communication circuitry 22 couples to field device

circuitry 68 and may, in some embodiments, couple to

process control loop 16.

The housing 62 includes endcap 70 and 72

which can be screwed into housing 62 . Endcap 72

includes an RF transparent window 74 configured to

align generally with an antenna 26 carried on

wireless communication circuitry 22. When attached,

endcaps 70 and 72 provide an intrinsically safe

enclosure for circuitry within transmitter 60. The



materials typically used in endcaps, for example,

metal, are not transparent to RF signals. However,

RF transparent window 74 allows RF signals to be sent

from or received by antenna 26. One example of RF

transparent material for use with windows 74 is

glass, or the like. However, any appropriate

material can be used. The window and housing

configuration can help to meet intrinsic safety

requirements and provide flame-proof or explosion-

proof capabilities. Further, the cavity within

housing 62 can be configured to provide a desired

radiation pattern of RF signals generated by antenna

26. For example, it may be desirable to have the RF

transmission be directional in some implementations,

or omni -directional in others. In other

implementations, cover 62 may be lengthened to

provide an additional interior cavity for placement

of wireless communication circuitry 22 .

Wireless communication circuitry 22

interacts with external wireless devices via antenna

26. Depending upon the application, wireless

communication circuitry 22 may be adapted to

communicate in accordance with any suitable wireless

communication protocol including, but not limited to:

wireless networking technologies (such as IEEE

802.15.4 or IEEE 802.11b wireless access points and

wireless networking devices built by Linksys of

Irvine, California) , cellular or digital networking

technologies (such as Microburst ® by Aeris



-Communications Inc. of San Jose, California), ultra

wide band, free space optics, Global System for

Mobile Communications (GSM) , General Packet Radio

Services (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 within wireless operating rage of one

another. Such collision prevention can include using

a number of different radio- frequency channels and/or

spread spectrum technologies .

While FIG. 2 illustrates wireless

communication circuitry 22 operably coupled to field

device circuitry 68 within field device 14, it is

expressly contemplated that wireless communication

circuitry 22 may be located remotely therefrom and

coupled to field device 14 through a suitable digital

communication bus .

FIG. 3 is a diagrammatic view of field

device 14 operably coupled to process control loop 16

and to wireless communication circuitry 22, which is

disposed remotely from field device 14 through

digital communication bus 100. Digital communication

bus 100 is preferably a bi-directional bus, but may

be unidirectional in instances where bi-directional

communication is not necessary, or desired.



In accordance with embodiments of the

present invention, wireless communication circuitry

22 is configured to draw varying amounts of

electrical power based upon how much power is

available to circuitry 22 from field device 14 . For

example, as set forth above, field devices operating

on some process control loops may be required to

operate on as low as 4 tnA. In such instances, there

may be very little, if any additional electrical

energy to power wireless communication. Such a

situation would exist as long as the conditions

requiring the process variable signal to be 4 mA

(such as indicating a zero scale or low rail process

variable value) is present. Accordingly, such

condition may exist for hours or even days.

Embodiments of the present invention are generally

able to accommodate the significantly variable

amounts of excess energy useable for wireless

communications. In one embodiment, excess energy that

is available when the process control loop current is

at a higher value is stored instead of merely

discarded. This stored energy can then be used later

when the current signal is at its lowest value. The

energy may be stored in any suitable device including

rechargeable batteries and/or suitable capacitors.

In another embodiment, the actual operation

of wireless communication circuitry 22 is varied

based upon available power. For example, wireless

communication circuitry 22 may go into a sleep mode



for a period of time when field device 14 loop

current is near 4 mA and little excess power is

available as opposed to when the field device loop

current is near 12 mA and there is generous excess

power available for circuitry 22 . Another example of

modifying the operation of wireless communication

circuitry 22 is changing the communication rate of

wireless communication circuitry 22. For example, the

communication rate of wireless circuitry 22 may be

set or determined as a function of the amount of

available excess power that can be delivered to

wireless communication circuitry 22. One example of

such a function is where the communication rate of

wireless communication circuitry 22 is directly

proportional to the amount of excess power.

Additionally, field device 14 may know or be able to

predict how much excess power is available, and it is

contemplated that field device 14 can set, via

communication with wireless communication circuitry

22, the communication rate of circuitry 22.

In order to simplify process wiring and

installation, it is generally preferred that wireless

communication module 22 be powered solely from energy

available from field device 14. Further still, it is

preferred that wireless communication circuitry 22 be

powered by virtue of, or through, digital

communication bus 100. Communication bus 100 can be

any suitable digital communication bus including

Controller Area Network (CAN) or Local Interconnect



Network (LIN) bus; a Serial Communication Interface

(SCI) bus; a Serial Peripheral Interface (SPI) bus;

or an I2C bus.

FIG. 4 is a diagrammatic view of a portion

of field device circuitry 68 within field device 14

in accordance with an embodiment of the present

invention. Field device circuitry 68 includes a

digital modem 102 that allows field device 14 to

communicate digitally over process control loop 16.

In one embodiment, the digital communication is in

accordance with the Highway Addressable Remote

Transducer (HART® ) protocol. Additionally, circuitry

68 includes shunt control module 104 that allows

field device 14 to set the amount of current flowing

between terminals 56H and 56L to a value between 4

and 20 mA in order to convey process variable

information. Field device 14 preferably includes a

pair of terminals 106, 108 through which digital

communication bus 100 couples wireless communication

circuitry 22 . Field device 14 also preferably

includes communication physical layer 110 that

provides for communication in accordance with one of

the digital communication bus options listed above.

Additionally, field device 14 includes communication

power limit module 112 that is operably coupled to

high voltage rail 114 and to -loop terminal 56L.

Communication power limit module 112 is operably

coupled to shunt control 104 such that power to the

communication physical layer 110 is based upon



current drawn by field device 14 . As illustrated in

FIG. 4 , wireless communication circuitry 22 is

coupled to terminals 106 and 108 via communication

bus 100. As set forth above, wireless communication

circuitry 22 can be disposed within field device 14,

or located remotely therefrom.

The current required to make a single process

measurement while keeping the 4-2 0 mA electronics and

sensor circuitry within field device 14 functioning

often requires up to 3.6 mA, which is the maximum

limit allowed to meet NAMUR alarm levels. HART-based

transmitters use +/- 0.5 mA for signaling on the two

wire loop, so only 3.1 mA of the 3.6 mA limit should

be allocated for the operating current field device

14 . In accordance with an embodiment of the present

invention, field device 14 employs communication

power limit module 112 to limit the electrical power

provided for digital communications over digital

communication bus 100, and accordingly through

wireless communication circuitry 22. For example,

when there is 4.0 mA of loop current, 0.7 mA of

electrical energy is made available to digital

communication bus 100. When there is 6.0 mA of loop

current, 1.70 mA is made available to wireless

communication circuitry 22 through digital

communication bus 100.

As illustrated in FIG. 4 , terminal 106 of

digital communication bus 100 can be directly coupled

to loop terminal 56L. In this embodiment, one of the



wires of the two-wire 4-20 mA loop and the two-wire

digital communication bus 100 are common. In this

instance, the common line of digital communication

bus 100 could in fact be coupled directly to the

negative or low voltage line of the process

communication loop and the interconnection between

wireless communication circuitry 22 and field device

14 could be effected via a single wire coupled to

terminal 108. In accordance with one embodiment of

the present invention, digital communication bus 100

is a controller area network (CAN) bus and circuitry

of field device 14 can be in accordance with that

found in United States Patent Application Publication

Serial Number 2004/0184517 Al, published September

23, 2004 entitled TWO WIRE TRANSMITTER WITH ISOLATED

CAN OUTPUT.

Generally, any excess current available

above the minimum current required to operate field

device 14 can be provided to wireless communication

circuitry 22 through digital communication bus 100.

Additionally, in embodiments where field device 14

communicates digitally upon process control loop 16,

even fleeting increases and decreases in the current,

such as those required for digital communication

signaling, can be used to increase or decrease the

power available for wireless communication.

Although the present invention has been

described with reference to preferred embodiments,

workers skilled in the art will recognize that



changes may be made in form and detail without

departing from the spirit and scope of the invention.

As used herein, Radio Frequency (RF) can comprise

electro-magnetic transmissions of any frequency and

is not limited to a particular group of frequencies,

range of frequencies or any other limitation.



WHAT IS CLAIMED IS:

1 . A field device comprising:

a plurality of terminals coupleable to a process

control loop;

a shunt control module operably coupled between

the plurality of terminals and configured

to determine an amount of current flowing

therethrough ; and

a digital communication bus operably coupled to

wireless communication circuitry, the

wireless communication circuitry being

configured to operate at varying power

levels based upon excess power available

from the field device .

2 . The field device of claim 1 , wherein the

wireless communication circuitry is disposed within

the field device.

3 . The field device of claim 1 , wherein the

wireless communication circuitry is located remotely

from the field device.

4 . The field device of claim 1 , and further

comprising a communication power limit module

operably coupled the shunt control module, the

communication power limit module being configured to

limit power provided through the digital

communication bus.

5 . The field device of claim 1 , wherein the digital

communication bus is a Controller Area Network bus.



7 . The field device of claim 1 , wherein the digital

communication bus is a Local Interconnect Network

(LIN) bus.

8 . The field device of claim 1 , wherein the digital

communication bus is a Serial Communication Interface

(SCI) bus.

9 . The field device of claim 1 , wherein the digital

communication bus is a Serial Peripheral Interface

(SPI) bus.

10. The field device of claim 1 , wherein the digital

communication bus is an I2C bus.

11. The field device of claim 1 , and further

comprising an energy storage device.

12. The field device of claim 1 , wherein the field

device is a process variable transmitter.

13. The field device of claim 1 , wherein the

wireless communication circuitry communication rate

is proportional to the amount of current flowing

through the shunt control module .

14. The field device of claim 1 , wherein the

wireless communication circuitry communication rate

is a function of excess power available from the

field device.

15. The field device of claim 14, wherein the

wireless communication circuitry communication rate

is proportional to the excess power.

16. The field device of claim 1 , wherein the

wireless communication circuitry has a sleep mode for



a period of time when excess power available from the

field device is at a minimum.
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