WIRELESS COMMUNICATION ADAPTER FOR HELD DEVICES BACKGROUND In industrial
settings, control systems are used to monitor and control 5 inventories of industrial and chemical
processes N 28YI&d7Hypically, the control system performs these functioSERYROBerdvices
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 devick™ refers to any device that performs a function in
a distributed control or process monitoring 10 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 tiIREEES \COMNONICATION RDAPTERF O $IR IDVSE VIGES S nerates an
output signal based on a physical input or that generates a physical output based on an input signal.

Typically, transducers 15 transform an input into an output having different form. Types of transducers
include various analytical equipment, pressur 5 istors, thermocouples, strain gauges,

flow transmitters, digitatyaheSemlr QbR gl OYIMesE Sy AN CAHRRISRT ToPRADHRBE hREBHRHOT'S,
solenoids, indicator lights, and others. 20Typically, each field device also includes communication

circuitry thafis USBEH nitharistin) WA ShsrBical Pressers B Sheodis- chrmifd) ¥vdhe process

control loop. In sR@INSiALGHOpS MM P IBESSTERNGAL IR S RP deaddP dstivnitadagwayed current
and/or voltage tq the field device for powering the field device. Process control logp also carries data,

either in an anallRF it Bsrdrdpatrial PrcsstiaRdIsUsibiPithe Gt sV Belh Bsnnected to

the control roomcaytyPrédia BLPEESDEIIIEHIT 266 HO e Wikineegbld AdeR £ORSTRRIAH thiihe control
room by a single two-wire control loop. Typically, a voltage differential is maintained hetween the two

wires within a rafg8%: PRtRFEOFBMBHIIeN G HFERLSH AR LAH IS MRgHeri®de. Some

analog fieldo  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, transducers

15 transform an input into an output having different form. Types of transducers
include various analytical equipment, pressure sensors, thermistors,
thermocouples, strain gauges, flow transmitters, digital valve controllers,
flowmeters, flow computers, positioners, actuators, solenoids, indicator lights,
and others.

20 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. Process control loop also carries data, either in an analog or digital

25  format.

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

30 12-45 volts for analog mode and 9-50 for digital mode. Some analog field

devices transmit a signal to the control room by modulating the current running



devices transmit a signal to the control room by modulating the current running -2- through the current
loop to a current that is proportional to the sensed process variable. Other analog field devices can
perform an 3@3AA&ESe control of the control room by controlling the mBGHR{H380808362d urrent
through the loop. In addition to, or in the alternative, tt21e process control loop can also carry digital
5signals used for communication with field devices. " In some installations, wireless technologies
have begun to be used to communicate with field devices. Wireless operation simplifies field device
wiring and setup. However, the majority of field devices is hardwired to a process control room and

does not use wirgiRsfpRaRYRURiEati b6 AIGUAST hdY PripaRiReRs I IaBIscalan s@rtan hundreds
or even thousands of field devices; M?’E‘Fi{ﬁf these field deyices contain sophisticated electronics and

are able to provideiiife QHRETARRE fROASTSSRRRF Aot AR rulrie e seBialRfmber of
reasons, cost anfigngolitesnravalyyPiantsolitngahiakaaaariapthetihtakirrclaiathalosmype provided

by such field devices, 15 This has created a need for a wireless adapter for such field devices that can

attach to the fieldHBURTL L 00 Tather A TRAN Ko R PEOEEI LT AR F BRI EATRS 8t diagnostic

system or applicsigaalyigsedwiretessnmaiviation with fiyldeddd@gerate an industrial process plant, field
devices must often carry hazardous I?cation approval ratings. There are different types of ratings 20

and, to be widely adoptBt SaW sl alomsietice! sSSalsEneIRRIRS B bR R e PR dssdktPsuch field

device without cepipramisiig et aead s lasatirirsrsOvpbiaing eiripiiffisldidayicRvice One of
these approval ratings is known as_an explosion-prqof or explosion-protected rating. The purpose of

an explosion-proBiHeIBRGrEeIERo BOWENEintm BAEEh Sty disTabie g ardr et enclosure

and ignite. If the graclaswshirilséomaiaidobienexplesireliss uldigniicaterieectdinphgases with
catastrophic results. One

hallenge facing wireless device manufacturers is how to propagate a
wireless sidflal through 24 s‘ﬂﬁ%%%%lﬂﬂ%ﬂ%ﬁﬂs?%[ﬁﬂg@ﬁ%ﬁ%é’b@@bFQQ.“ &hclosures
are often large afidldnéeldoet atals 60¢heas field devices contain sophisticated electronics and

are able to provide more data than the traditional analog 4-20 mA
measurements. For a number of reasons, cost among them, many plants do not
take advantage of the extra data that may be provided by such field devices.
15  This has created a need for a wireless adapter for such field devices that can
attach to the field devices and transmit data back to a control system or other
monitoring or diagnostic system or application via a wireless network.
In order to operate an industrial process plant, field devices must often
carry hazardous location approval ratings. There are different types of ratings
20 and, to be widely adopted, a wireless field device adapter should be able to
attach to each such field device without compromising the hazardous location
approval rating of that field device.
One of these approval ratings is known as an explosion-proof or
explosion-protected rating. The purpose of an explosion-proof enclosure is to
25  contain an explosion should flammable gas enter the enclosure and ignite. If the
enclosure fails to contain the explosion, it could ignite surrounding gases with
catastrophic results. One challenge facing wireless device manufacturers is how
to propagate a wireless signal through an enclosure capable of withstanding
explosive pressures. Such enclosures are often large and made of metals such as

30  steel or aluminum. Currently available wireless transmission techniques include



30steel or aluminum. Currently available wireless transmission techniques include -3- thick glass
antenna radomes or explosion-proof coaxial feed-throughs with energy limiting circuitry and fitted with
relatively fralj2%308¢r¥uck" antennas. Plastic radomes alone are not belRYEVBWEWApHbIle of
withstanding explosive pressures nor are they believed to meet the chemical, environmental, 5and
impact resistance requirements of the approval agen't:’l'es. Another type of approval rating is known
as intrinsic safety (IS). An intrinsically safe device prevents ignition of flammable gases by limiting the
amount of energy present in the electronics and by ensuring that electronic components are spaced

far enough aparigg-RreyaRt anedRadnrHIR RKe N OleapIdd sissisicrldaulialT e-AqRtAIRMerAiad by
electronic components is also controlled. Makinﬁgﬁ; the electronics of a device intrinsically safe tends to

drive up the nunfS§F®t dBRPERe Rt Wt Hitrdasitraglrbvely &28ilenisubler pduek a challenge

when the form fagiehaha HRKIGE AMtshBE MREMIZS ol beNdeEdab bYW ESHRBRCONMIMMBIEAIRIE adapter to
be used in explosion- 15 proof installations, it must be explosion-protected itself and it must provide an

explosion-proof GXMRY YR MIESSHRA o hEREbRIREHNS Msrtdye phymicahiRngIn e installation,

the wirelessscommg MgeiiR ReSikeatEy M&Qﬁéﬂﬁiﬂﬁ%l%ﬁ%@@%&ﬁﬂi&he ability to attach such an
adapter to any device also drives the form factor. Industrial devices, such as field devices, can be

installed 20 in many coAfiftPstidMReAE 2RRrBHRnTatib i KRR WEntS paltmsier ardety dLSLitAms a small
and unobtrusive ig@sigially ssfieus ibispitiehengliciRliotmanieprRaabe bytenrig the wireless

communication adapter and for the circuit board size to be minimized. This complicates design for

installations that¥0qURE S5tsBF e RIS dheeFiFERRIASo PTG BATHS At rGIRCATRIHC
25Providing a wigslapsreamsnakigiien asopienior sigde de\vireveiitatisinglativaly sreall énddinobtrusive

yet still able to facilitate compliance with explosion-proof certifications and intrinsic safetf/ (\ivould
ed.

advance th¥art Steshrslsedoddesheahgfmrristdyy electronic components is also control

Making the electronics of a device intrinsically safe tends to drive up the
number of components as well as increase circuit board size. This also poses a
challenge when the form factor of a device must be minimized.
In order for a wireless communication adapter to be used in explosion-
15 proof installations, it must be explosion-protected itself and it must provide an
explosion-proof barrier at the connection between the two devices. For an
intrinsically safe installation, the wireless communication circuitry must be
intrinsically safe as well. The ability to attach such an adapter to any device also
drives the form factor. Industrial devices, such as field devices, can be installed
20  in many configurations and are often disposed in tight spaces. This necessitates
a small and unobtrusive design. To achieve this, it is beneficial for the antenna
to be integral to the wireless communication adapter and for the circuit board
size to be minimized. This complicates design for installations that require either
explosion-proof certification or intrinsically-safe certification.
25 Providing a wireless communication adapter for field devices that is
relatively small and unobtrusive yet still able to facilitate compliance with
explosion-proof certifications and intrinsic safety would advance the art of

wireless process communication.

30



-4- SUMMARY A wireless process communication adapter is provided. The adapter includes a
housing having a plurality of openings. An end cap is coupled to a first opening of the plurality of
openings. AWiRI800RAd&SBoupling is disposed at 5 the second of the pluralitf 6T3{SeMYe36he housing,
end cap and field device coupling define a chamber therein. At least one circuit board is disposed
within the chamber, the circuit board has wireless coffimunication circuitry disposed thereon and is
coupleable to a field device through the field device coupling. In one aspect, substantially all remaining
volume in the chamber is filled with a 10solid material. In another aspect, an explosion-proof barrier is
provided in the field device coupling. CombinatignavgftAR gspects are also provided. BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 is a diagrammatic view of a process-wired field
device operably 15 couffleWf5!f5e RIRSESSs CUMRHfRHEBN24aR St iSnEekiietn d8SyAF 3R Embodiment

of the present inugIHi@&s a honkingZnaavsaAptiFuliiesk Gpssmactionandewpiadialsevice and
wireless process communication adapter in accordance with an embodiment of the present invention.

20FIG. 3 is a crolSRRERIALIithy Al Hporneyirifelddersscennimng HdigBasediabter in
accordance gvithtpe @ieherisnend phihginreFesdmRlidhe housing, end cap and field device

coupling define a chamber therein. At least one circuit board is disposed within
the chamber, the circuit board has wireless communication circuitry disposed
thereon and is coupleable to a field device through the field device coupling. In
one aspect, substantially all remaining volume in the chamber is filled with a
10 solid material. In another aspect, an explosion-proof barrier is provided in the

field device coupling. Combinations of the aspects are also provided.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a diagrammatic view of a process-wired field device operably
15 coupled to the wireless communication adapter in accordance with an
embodiment of the present invention.

FIG. 2 shows a simplified cross-sectional view of a field device and
wireless process communication adapter in accordance with an embodiment of
the present invention.

20 FIG. 3 is a cross-sectional diagrammatic view of a wireless process
communication adapter in accordance with an embodiment of the present

invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
25 Embodiments of the present invention generally provide a wireless
transmitter that may be attached to a wired field device that is either explosion-
proof or intrinsically safe without compromising approval ratings of such field
device. The wireless communication adapter is configured to provide explosion

protection and also preferably contain intrinsically safe electronics. The adapter



DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 25 Embodiments of the present
invention generally provide a wireless transmitter that may be attached to a wired field device that is
either exploNORYYBTGPIntrinsically safe without compromising approval ratfrf¥SA08EMHzId device.
The wireless communication adapter is configured to provide explosion protection and also preferably
contain intrinsically safe electronics. The adapter -5-preferably includes an explosion-proof barrier at
the connection point to the wired device and includes electronics that are fully encapsulated. FIG.
1 is a diagrammatic view of a process-wired field device 12 operably coupled to a wireless

communication faRiapAilbladeP HrREpIVEIbrapréotBRAEMAN R thaiassntgorrnipmVhile field
device 12 is illustrated in FIG. 1 as a process fluid pressure transmitter, such as that sold under the

trade designatio®’ Nfsdsvies1ad IRelHdeteeIrSPRIGA due ilysensarsutshient of Chanhassen,

Minnesota, any suitablerfigld daviGe mayrhaniasd. viyRicallya dieddsdaviraimrdusaseaisenspr module,
such as sensor module 16, and an electronics 10 module, such as electronics module, 18. Further, as

set forth above, RBRIAPLY tRREIO ASKIERLETS ST HEMISRANR Fithfe I RASOR MOy Bhtions.

Further, the desigRif@ipeiiuTieswikBHislf eavbee Watafdle erecorgaptuiithaanintigsic safety
requirement, such as one or more of the portions of the standard promulgated by Factory Mutual

Research in Octob@t PoBEPessHiBYIA HBeseivm (ransmiier SARRDAN thal Neid Apder dha-FradepaARATUS

AND ASSOCIATd=E ARITNRIIbEE? BOHT $)SEv kbl Aol Bimbdya | brbYdskS Kedhdo et RPOUS
(CLASSIFIED) LOCATIONS, CLASS NUMBER _3610. Field device 12 typically includes_a sensor, such

as a pressure seﬂ%‘i‘,hﬂ??é‘n%l“ﬂ?éﬂaea% Wi AR Ardce v bedsHlid vrstiSaEsld such as

pressure, and 2Qpvdddasladee e etigat indgaloRirhthatsprose asotuld 18liakiede alesteiies module
18. Electronics module 18 then communicates process variable information over a process

communication IBYSHEcHY A alRFEonine aduieolf: Jarieraas sTb&rturhay e fielsbdevitsg
advantageous tolpravisfeeadidiiigned 25rcuniplidicatiohabiliiesiof o craguisbiRss dPRMH)ication
ability, to process wired, field devices. By providi ireless_process communication adapter, such as
process commuﬁkﬁaﬂsﬂ%ﬂaﬁéﬁﬁt&?'aaaiwawé?opfgaf?#%‘ftﬁ%%&ﬁ@ﬁ % SRS Y Briththat

transmitted throughitiiecydesstedlieshtannasion Sucbrinioraafitit payibes Rt dhifated to a
separate monitog?gnﬁflgi?% t?)? tIi?%ctory Mutual Research in October 1998 entitled APPROVAL
15 STANDARD INTRINSICALLY SAFE APPARATUS AND ASSOCIATED
APPARATUS FOR USE IN CLASS I, II, AND III, DIVISION 1
HAZARDOUS (CLASSIFIED) LOCATIONS, CLASS NUMBER 3610. Field
device 12 typically includes a sensor, such as a pressure sensor, in sensor
module 16 which transduces a process fluid characteristic, such as pressure, and
20 provides an electrical indication of that process fluid variable to electronics
module 18. Electronics module 18 then communicates process variable
information over a process communication loop which typically couples via
input 20.
As described above, it is becoming advantageous to provide additional
25  communication abilities, such as a wireless communication ability, to process
wired field devices. By providing a wireless process communication adapter,
such as process communication adapter 14, additional digital information can be
conveyed beyond that transmitted through the process wired connection. Such
information may be communicated to a separate monitoring or diagnostic

30  system or application for analysis. Further, the simple provision of an additional



30system or application for analysis. Further, the simple provision of an additional -6- communication
resource, such as adapter 14, also allows for redundant communication. It is important for process
communicali? 874 to be coupleable to field devices without advers®TARENAGBRassembly's
ability to continue to meet explosion-proof and/or intrinsic safety requirements. 5 FIG. 2 shows a
simplified cross-sectional view of field device 12 and Wireless process communication adapter 30 in
accordance with an embodiment of the present invention. Field device 12 is coupled to process
communication loop 22 through input 20 and conduit 11. Examples of process communication loops

include the HighysmadeassablrRantete s SducRIaprth RIKD) NEetosmd o abe thflundant

FOUNDATIONTm Fieldhus protocol. However, other wired process_communication#)rotocols are

known. In the exSRAPTEBIA b cds Sy HRBATRH A RERSE S P IERACEE IR AR B otebs variable

sensor 50 whichdsupetiee RO dNEASEES MERbGITEaVEY SIS ISP fNGEBEB /abididlEtol ransmitter
circuitry 54 is configured to receive the process variable and 15 communicate the process variable

onto the two-wiré PFIREE LOIBRE BN IOB-BIRE AL HHEEIMSARS YHRINERINFAES 12 couples to two-wire

process congrol loop 22pfgowgkheaing Ginip ek oS- WHRIAsE ¢y Tiehli e deanteragd couples to
two-wire process control loop 22 through connection block 106 and is mounted to the housing of field

device 12, for exXHHPRSS tPROTRSA SRPRENCIN D AARE0AL FDaCSATARRS YHY eREROGIMf wireless

process commuiCeio prastaptaiv3atish) esdadani @lertrigad dipedt e proess edrhthahiialgdodevice 12
through wire 108. Field device 12 includes two-wire process connection block 102 which, couples to

connection 112 AR Qe Fuds oA SARELA L FREPS5. M RICHS S STUPWHERISE process

communication asiaenciQdekicHhwa AR II6 Rétth € Tuie ey (FRISRT @) prisvaniIation
circuitry of the wireless process communication adapter 30. A radio-frequency (RF) transparent end

cap 124 calPbe #BEAR5 SEARBH IR 1o ActiShts PIBRGUAPHSEMISHISh BrTEH: SIHaRs
therethrough. In sbmarianaeoieProtion iark|navivarelgRiriealmprnettionsracesproxidiaieto the
Connection. 7 ESBTEHgh Ll oQENS PR IR Vie) PRI RERGES SroCHEeimonication
adapter in accordangewith @n aiehadiment ofidaipsesent tovantasurdsdlysisates indrifbie3, wireless
process communicalon adapler PETeIgbl Mgkes A cNdIcRl el SiEles g AR il aree
opening 150
15 communicate the process variable onto the two-wire process control loop 22
using known techniques. Field device 12 couples to two-wire process control
loop 22 through connection block 106. Wireless communication adapter 30
couples to two-wire process control loop 22 through connection block 106 and is
mounted to the housing of field device 12, for example, through threaded
20  connections 123 and 109. The chassis of the wireless process communication
adapter 30 couples to an electrical ground connector 110 of field device 12
through wire 108. Field device 12 includes two-wire process connection block
102 which couples to connection 112 from wireless process communication
adapter 30. Housing 120 of wireless process communication adapter 30 carries
25 an antenna 126 which couples to wireless communication circuitry of the
wireless process communication adapter 30. A radio-frequency (RF) transparent
end cap 124 can be used to sealably couple to housing 120 to allow transmission
of RF signals therethrough. In the arrangement shown in FIG. 2, five electrical
connections are provided to the radio-frequency adapter, which include four

30  loop connections along with an electrical ground connection.



5 at one end to accommodate radio-frequency transparent radome or end cap 124, and a relatively
small opening 152 at the other end to accommodate field device coupling 122. Electronics 154 reside
within cavityMBaPeRFEBly on a pair of printed circuit boards 132, 134. ThePEEESMIEEPIerably
include wireless communication circuitry to allow WireJéess process communication adapter to 10
communicate in accordance with one or more wireless communication protocols. Examples of suitable
wireless process communication protocols include: wireless networking technologies (such as IEEE
802.11b wireless access points and wireless networking devices built by Linksys of Irvine, California);

cellular or digital networKigg teehnplewassstidhas dHsrapuists) e Soharisvirerssnysisadigns Inc. of

San Jose, California); ultra wide band, free space optics, Global System for Mabile Communications

(GSM), General FPIURSANRT SHIRRLET (HPRSLTEYNS DIHEi AT MRS RERL L (&5 MASSEPread

spectrum technolegntibiiares naswawicaliFIGeThRiaeRss PYbodssheshMrssasiog Saspiee/text
messaging); a known Bluetooth, Specification, such as 20 Bluetooth Core Specification Version 1.1

(February 22, 2007 E5ca0L ARFLUASH A FE BTG L FREIERHT B UL ST ArAres-oPameng/atbss

HART@ Specificating publisheddnytoddrarhGomenidieat aadspaReaiavdRr sxans Resevant
portions of the Wireless HART@ Specification include: HCF_Spec 13, revision 7.0; HART
Specification 65 2\ &RIaLYsh Spall opsaine brridhsnther Ende asammaedrin Beld Fe¥if& Data Link

Layer SpecificatigsupliRd/FepefErecteohibe1Bivisisiad\viliiie ACRYSEID prdRdrabpe efiGaiai 8% - Network
Management Specification; HART Specification 155 - Wireless Command Specification; and HART
Specification 208 e BN RAES shzifbtion MHESSIEeRERiPLSFraXn RIS YRS, 134 are

preferably mounigehgtumithispacingiarg waddhem vaneleetpierssthedsiitihansds atagagiliate flow of a
-8- potting compound. With the enclosure sealed, a potting 136 is injected into chamber 130 through

passagewal 156 ORI A cIBE LASSETRANCR Ny AltaMtE pRtifBoLD mBBEITSSc AP BEYBIRI0: it is
important for theppettagsnassabilee b sapgblhewkariepaiissof tomappioyabagsrtrlyvhich

well 25 other reldVSHE o SHFRESrs TRUETAIEE 5 LURBER 8 4R Hal CAbieL BoTFEFL22 provide
a weather-tight sieitdorgeotiin gddowireldsic laeti@uikengodplitgsl Baipr dydesnkspetbodafiagaching
directly to field d%\gﬁﬁ)}nzlé)l;:%gl ltﬁlg;) gggi%lst% Elnett)lxo]fﬁi(r)l Egct r%lfcl))éi%lss?s&%vaes 1crac>%urst® by
15 Aeris Communications Inc. of San Jose, California); ultra wide band, free space
optics, Global System for 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); a known Bluetooth Specification, such as

20  Bluetooth Core Specification Version 1.1 (February 22, 2001), available from
the Bluetooth SIG (www.bluetooth.com); and the Wireless HART®

Specification published by the Hart Communication Foundation, for example.

Relevant portions of the Wireless HART® Specification include: HCF_Spéc 13,

revision 7.0; HART Specification 65 — Wireless Physical Layer Specification;

25  HART Specification 75 — TDMA Data Link Layer Specification (TDMA refers

to Time Division Multiple Access); HART Specification 85 — Network

Management Specification, HART Specification 155 — Wireless Command
Specification; and HART Specification 290 — Wireless Devices Specification.

The electronics on each circuit board 132, 134 are preferably mounted

30  with spacing around them, and between the circuit boards, to facilitate flow of a



10 explosion-proof barrier at the connection point. If flammable gases enter the enclosure of the field
device and ignite, feedthrough assembly 140 will contain the explosion. Wire leads 158, 160 pass
through fee YR 3MIAHEISEMbly 140. The interior of the coupling-is filled withP4 BORANIHESeHIe of
withstanding explosive pressure. The interior of the cqupling includes a shoulder 166 that helps retain
15 the potting in the coupling. Field device coupling 122 can also include a union and/or elbow to
provide adjustability, as desired. In one embodiment, the explosion-proof barrier is provided by running
wires 158, 160 through a cemented joint 164 in feedthrough assembly 140. This cemented joint 164 is

created by fillingdeerihrestapoanacriin 140 Wi anettirgisara %tﬁﬁéov@@%aﬂﬂé@&@mkgsive
pressure. In another embodiment feedthrough assemblt}é 140 can be constructed from a thermoset

epoxy hollow cyfiaebes3 30 theeugbapassaegieay b riuightesirnsdeosies isviilln v shitahle with

potting 164. Thefegiih camgpbassabbeidesslasintofplsiaayits apifthdRandthrigegulder 166 of
field device 25 coupling 122 bearing against a surface 168 of feedthrough assembly 140. The outside

diameter of cylintriCaFFEBenFEAEREREE 9l tiro Ik iReRNS EhnTansho faRirBeti@6upling 122
as well as the legpémafpedsiaemdig iyraantealRgate na Nainsidandldptaahis t@ﬂfﬁe@mre@,rrow

enough to extinguish any burning gases trying to engaé)e. The outside diameter of feedthrough 140

30also preferablfSn¥fibids QMEE fivlp1a® BramateimBatone didty. enslosurgyidle s Beldss

communication fRIEERDIHISIREROVIE HSeSatRFansishian RRdadaptasion of a feedthrough
assembly to provide explosion and envirgnmental protection and to reduce the spacing required

between electronic compBifeARY s FRPLRSsHnPIBIdSidnmshnkielsaieshasadiser By dquirements

are less stringenfiyieadiieespaceeimasn dhe Losmpmgentisfitadniih RREINGVES Aflows the entire
device to be miniaturized more_effectively. Encapsulation achieves explosion protection by excluding

flammable HhseS AR BRalhILTEh Risthe FRENSSE R oeaidt: Inflammeallfo gases sendisre

completely surrogtivlieshizydfatingaadivrsie e igintecteeiireon ghcassriioymantwifl chhtpiastic and
potting each have strengths and weaknesses and are used together to compensate for the

weaknesses of tH¥ 6iHRIPsieRe Wilgdeadsd 88 do8passiuonehforgitianst asrembiX A4 B flame

resistance that agerraatieiening RAHIAPHIIE £petaadRAp T8 PAHIRG MR Bgpliasipastic from
within, thereby improving its impact resjstance. The potting provides chemical 15 resistance required

for agency apprdVSTSHfio TRH FHEIATOH K6 IR BE RS Rt SRAMGSTOE: that RelpsiFtaily impossible

for water angl dugid@seachithenelestisiitigs Fldie peviegsplmakies hie elRetiapieaVi tualby immune to
vibration and the tighter intrinsic safety spa jn%ﬂeﬂdlqws for smaller circuit boards. This design results in
P

a compact pack&9/RitF'BAK) dAePIRpIdSiGH] It ffndrsired. In one embodiment, the

explosion-proof barrier is provided by running wires 158, 160 through a
cemented joint 164 in feedthrough assembly 140. This cemented joint 164 is
created by filling feedthrough assembly 140 with a potting capable of

20  withstanding explosive pressure.
In another embodiment feedthrough assembly 140 can be constructed
“from a thermoset epoxy hollow cylinder 162. Wires 158, 160 are run through
cylinder 162, which is then filled with potting 164. The feedthrough assembly
140 slides into field device coupling 122 with a shoulder 166 of field device
25 coupling 122 bearing against a surface 168 of feedthrough assembly 140. The
outside diameter of cylindrical feedthrough assembly 140 and the inside
diameter of field device coupling 122 as well as the length of both are tightly
controlled to maintain a gap 170 that is long and narrow enough to extinguish
any burning gases trying to escape. The outside diameter of feedthrough 140

30  also preferably includes an O-ring 172 for environmental sealing.



20 the leads exit process communication adapter 30. Antenna 126 is kept within the device, precluding
the need for an external antenna with the explosion protection that entails. Although the present
invention ha¥ ®e¥N/dEEEAbed with reference to preferred embodiments, woPerd/8KiN@Q%# e art will
recognize that changes 25 may be made in form and detail without departing from the spirit and scope
of the invention. - 10 - WHAT IS CLAIMED IS: 1. AWireless process communication adapter
comprising: a housing having a plurality of openings; 5an end cap coupled to a first opening of the
plurality of openings; a field device coupling disposed at the second of the plurality of openings;

wherein the housing, englisaiesang Rl deviceneamplinsndefing @chmbgithpreivralijeasiene circuit
board disposed within the chamber, the circuit board 10having wireless communication circuitry and

being Coup|eab|§%agsulatlon and adaptation of a feedthrough assembly to provide explosion

and environmental protection and to reduce the spacing required between

electronic components for intrinsic safety protection. Intrinsic safety spacing

5  requirements are less stringent when the space between the components is filled

with potting. This allows the entire device to be miniaturized more effectively.

Encapsulation achieves explosion protection by excluding flammable gases

entirely._ The electronics of wireless process communication adapter 30 are

completely surrounded by potting and therefore protected from the environment.

10 The plastic and potting each have strengths and weaknesses and are used

together to compensate for the weaknesses of the other. The plastic can be used

to provide a rigid shell and ultraviolet and flame resistance that are not available

from most potting compounds. The potting supports the plastic from within,

thereby improving its impact resistance. The potting provides chemical

15  resistance required for agency approvals and renders the watertight and dust

tight ratings moot, as it is virtually impossible for water and dust to reach the

electronics. The potting also makes the electronics virtually immune to vibration

and the tighter intrinsic safety spacing allows for smaller circuit boards. This

design results in a compact package with only one explosion-proof joint where

20 the leads exit process communication adapter 30. Antenna 126 is kept within the

device, precluding the need for an external antenna with the explosion protection

that entails.

Although the present invention has been described with reference to

. preferred embodiments, workers skilled in the art will recognize that changes

25  may be made in form and detail without departing from the spirit and scope of

the invention.



field device through the field device coupling; and wherein all remaining volume in the chamber is filled
with a solid material; and wherein the field devicg %(ggpling includes an explosion-proof barrier that
15includes a pressure-blocking feedthrough at a connection point. 2. The wireless process
communication adapter of claim 1, wherein the wireless communication circuitry is intrinsically safe. 3.
The wireless process communication adapter of claim 1, wherein the solid 20material is an epoxy. 4. The
wireless process cogymuniqaiiondaetsn of claim 1, wherein the housing in shaped cylindrically. 255.The
wireless process communication adapter of claim 1, wherein the housing is constructed at least in part

from metal. 6.The wireless process communication adapter of claim 5, wherein a chassis  of the

wireless process communinaipriasapiesdss eaHmMR RN ErPRIgRSE6RIprising:

a housing having a plurality of openings,

5 an end cap coupled to afirst opening of the plurality of openings;
afield device coupling disposed at the second of the plurality of openings,
wherein the housing, end cap and field device coupling define a chamber
therein,
at least one circuit board disposed within the chamber, the circuit board
10 having wireless communication circuitry and being coupleable to a
field device through the field device coupling; and
wherein all remaining volume in the chamber is filled with a solid
material; and
wherein the field device coupling includes an explosion-proof barrier that
15 includes a pressure-blocking feedthrough at a connection point.
2. The wireless process communication adapter of claim 1, wherein the

wireless communication circuitry isintrinsically safe.

3. The wireless process communication adapter of claim 1, wherein the solid

20 material isan epoxy.

4, The wireless process communication adapter of claim 1, wherein the

housing in shaped cylindrically.

25 b The wireless process communication adapter of claim 1, wherein the

housing is constructed at least in part from metal.

6. The wireless process communication adapter of clam 5, wherein achassis
of the wireless process communication adapter is coupleable to an electrical

30 ground of the field device.



30ground of the field device. -11- 7. The wireless process communication adapter of claim 1, wherein
the at least one circuit board includes a plurality of circuiigoards disposed parallel to one another and
separated by a gap that is filled with the solid material. 5-8. A wireless process communication adapter
comprising: a housing having a plurality of openings; an end cap coupled to a first opening of the plurality
of openings; a field device coupling disposed at the second of the plurality of openings; 10wherein the
housing, end cap and field device coupling define a chamber therein; at least one circuit board disposed
within the chamber, the circuit board having wireless communication circuitry and being coupleable to a

field device through fhe fielNEViRAESS BERFRSS COMABALALPIR 3Rl i SLARB dp WHFTE B SfigLred to include
an explosion-proof }ekaeify ¢t board includes a plurality of circuit boards disposed parallel to

one another and separated by a gap that isfilled with the solid material.

8. A wireless process communication adapter comprising:
a housing having a plurality of openings,
an end cap coupled to afirst opening of the plurality of openings;
afield device coupling disposed at the second of the plurality of openings,
10  wherein the housing, end cap and field device coupling define a chamber therein;
at least one circuit board disposed within the chamber, the circuit board having
wireless communication circuitry and being coupleable to afield device
through the field device coupling;
wherein the field device coupling is configured to include an expl osion-proof
15 barrier; and
wherein the explosion-proof barrier includes a pressure-blocking feedthrough at a

connection point.

0. The wireless process communication adapter of claim 1 or 8, wherein the
20 explosion-proof barrier includes a pressure-blocking feedthrough.

10.  Thewireless process communication adapter of claim 9, wherein the
pressure blocking feedthrough includes a surface that bears against a shoulder of
the field device coupling.

25
11.  Thewireless process communication adapter of claim 9, wherein the
pressure-blocking feedthrough has an outer diameter that cooperates with an inner
diameter of the field device coupling to form a gap sized to extinguish burning
Qasses.

30



wherein the explosion-proof barrier includes a pressure-blocking feedthrough at a connection point. 9.
The wireless process communication adapter of claim 1 gr 8, wherein the 20explosion-proof barrier
includes a pressure-blocking feedthrough. 10. The wirel€ss process communication adapter of claim 9,
wherein the pressure blocking feedthrough includes a surface that bears against a shoulder of the field
device coupling. 25 11. The wireless process communication adapter of claim 9, wherein the

pressure-blocking feedthropg e a8 préesdiasnpiriibal GoangiRies withan dpecesipmeter of the field

device coupling to form a gap sized to extinguish burning gasses. - 12 - 12. The wireless process
communication adafRSPRSIILAN L3NG dseOReRREPELB HEIAGRA S FRIPERSbosed about the field device

coupling. 13. The wireless process communication adapter of claim 1 or 8, wherein the 5explosion-proof

barrier includes a cemented joint passing conductors therethrough. _ _
13.  Thewireless process communication adapter of claim 1 or 8, wherein the

5 explosion-proof barrier includes a cemented joint passing conductors
therethrough.





