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and chem cal processes and the like. Typically, the
control system perforns thesd-functions using field
devices distributed at key locations in the industrial
process and coupled to the control circuitry in the
control roomby a process control |oop. The term
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Typically, a voltage
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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
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
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
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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
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how t o propagate a wi rel ess signal through an
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size to be minimized. This complicates design for installations that require either
explosion-proof certification or intrinsically-safe certification.
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.
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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
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field device. The wirel ess comuni cati on adapter is
configured to provide expl ost’en protection and al so
preferably contain intrinsically safe electronics. The
adapterpreferably includes an expl osi on-proof barrier

at the connection point to the wired device and
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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
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

system or application for analysis. Further, the simple provision of an additional
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such as process comuni cati on adapter 14, additi onal
digital information can be cerveyed beyond t hat
transmtted through the process wired connection. Such
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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
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

loop connections along with an electrical ground connection.
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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
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portions of the Wreless HART(r) Specification

i nclude: HCF Spec 13, revisieft 7.0; HART Specification
65 - Wreless Physical Layer Specification; HART
Specification 75 - TDVA Data Link Layer Specification
(TDVA refers to Tinme Division Miltiple Access); HART
Spmtiiig cempound3 5Vith Nbe woclosiinseglede at pd@peg i 186 catingented into

E%@E% 53 Caté{ﬂﬂ SRR (345 it A6 EReIogee is fiyl- g guitable

indli A tbeQied, IR it€ls SMpbAMISr iR [RAGAL Miafefidi ftself
board 132 134 are preferably mounted with spaci n

arteumeett HhenTequitempeis vefe thet Aeprovalcagancissamdch fuslude suitable
e{méa‘?trgswft&qc\é/ &femallﬁgtr{dhﬂﬁlci§gﬁ oun n(fo ogaraF mneg 6emperatures,

enc osure sea

chanen at3@hérhredaight pa&my\aRad&ﬁe uni) kndlbir&neboand Field
is full. Any suitable ottlng conpound can be used,

budevige couplingoby prayide grweatherdight shedl frapettingll 36 sel f t o
tt §
"ol ude gl i EERRRECl 22 PRORRRTE NRRREE Bl fehing W&y o

enfikld adweceatl 2h Heedthtbuph| dssefbiyatli40g piefemblyatlso eservésS as an
mell as other rel evant paraneters, Radone 124
mneprfgé barzie af ithg qornegtier POBpfli ﬂgnmblepgaées gatep, the

Weéﬂci'b%ﬁretdfgﬁé fi %f&ledléwéeoz{nd&g%lﬁ%ggo@t ?g a E.J)e‘fh V4§ %v1 1 contaln

coupling 122 provides a I ng dlrec
t athé expldsideviVore 1d42ls 158 ctithpass @troagsﬁwblhyo@@ssembly 140 The

b | -
DG BbMEBETIBTE BATRE W= Po R B I Be R hSFRERE Fplosive
enstasH, Q"h@flnt'éHSr bf ﬁfed:o‘ﬁﬁﬁh% Shchitiés a0dhohiRier 166 Qﬁaﬁ rh@l-ﬁﬁl'}etam

assenbly 140 will contain the explosion. Wre | eads
158¢ p%@lgpaébe chélugthbbdc‘hem@phagﬁéﬁrmay alspOinciie a union

|nt |or he co e otti.n

c oot o Rt AR abicts o ik o B s iment, he
i rex@ldswn-m)of hﬁrrf@ui%' pR@idedc badﬁﬁmﬂlgs Ratek dEss, 166 thdtigh a
hel ps retain the pottlng in the coupling. Fi el d device
coEprentRg jemt 1o4ningfesdthrayeh asserablynl 49 Twsdropendedinint 464 is

Pr Quide l%g{ﬁgﬁh%bfee Sags%ﬁ{brlygrov' ﬁ?b% Q n%m&i)able of

t he expl roo

Wi withsstdrisitng é:@(lbsﬁ\hrpmg;hrea cenented joint 164 | n

feedt hrI?lua%poﬂ%Srse?nn{)Ool m%éofee&%§u£eggé§1§l é?d ggn ]Bg4coin§tructed
“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
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

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



created by filling feedthrough assenbly 140 with a

potting capabl e of w thstandi ng expl osive pressure. hi
warp@vhetsenbodi ment feedt hrough assenbly 140 cR@I/082009/003621

constructed froma thernoset epoxy hollow cylinder

162. Wres 158, 160 are run through cylinder 162,

which is then filled with potting 164. The feedthrough

assenbly 140 slides into field device coupling 122

with a shoul der 166 of field device coupling 122

bear i ngWargdiss s progessucomoainic@8ont adapeatt B0otigls assferably uses

L R R B PO b, BB i
coihal emdrohddentd pRtdctidn dduetd ebalie afe &%cﬁga&é‘ql,ﬁﬂeghﬁét%een

controlled to naintain a gap 170 that i's Iong and
nagleatkgnen QQ!ghomfmt%iqn mgpinssh Sdngy puotarting. Qasasc tsafdty gpacing
to_esc ter of., feedt

5 e EaRTE 451 iR EnER TR b5 e sbonents i filed

enyith po gt arhlssael@lwsrtﬁe Wil ®Rvicetb Beas i f0APRIIMeRS EffEttively.
adapter 30 thus preferably uses encapsul ati on and

ad%mamqlﬁwrbﬂctaev@e@sMw% Ipretsetian |by exclpding | fammable gases
el?lltlgpago'i”h@néiec%\ﬁ ds© W}e?elss pﬂ’r?(t,e% o&mﬁﬂgat 091 a %H?é%ez.o are

t he r equl red t ween ‘e ron conponen

| ndomipletely mfoah&ecmppcﬁﬁhg and thefefore mtecta@fﬁetryths RACirskgnent.
requi renents are | ess stringent when the space between

10 t he conp¥astic angd Hqtv%@mmaﬁe ﬁm&thﬁgandm%msqsp%md angaised
étﬁerdt%\’doﬁf?ehglahp ?orrfhg R&%Eﬁd{ésge%%f L Sth%f f’lql%t%ys%lcycan be used

Enc psul atio I eves expl osion protection
e xtolpmdwdg afrigadvstecbll andgds@golensnd Barge reBistarek et rammi&valﬂable

W €SS process co i on ada ter 3

ol arar g GomPatDy Do REE SRR e flom within
PrfEReY CnprofRat e SRPAdt O RiRMnce. TP hd&ingC p%\qdes chemical
potting each have strengths and weaknesses and are

15 usr@dstlaogeerfmelrred dor @gmsmpemfadﬂ amch eend@ask theswetsrteght tamd dust
oth r.. The stic¢ can used e afi
O TS Rpfoh 6 Sl et Pieblol o Rt B geach the
nOélecﬂi'tﬂxhdsa’l)h@pémﬁg]alﬁaﬁﬁal&@ftﬁel dEctRORNRLREE Y HlifuRObtvibtdtion
supports the plastic fromwthin, therebé |nprOV|ng

i tand; thg dightorcigiriisimneatety Tpacipstallowg for swiallerscistuinboaids. This
"Bl AhAEA BULNES YLondenik, SRTAY U EERIRE where
20 Vi the lendb ¥xit proesss donembmicativat Llapten 80.0Arsteniiz0] 76eid kept Whin 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.



el ectronics. The potting al so makes the el ectronics
virtually inmmune to vibration and the tighter
wo paopitsssc saf ety spacing allows for smaller cPEDUB1009/003621

boards. This design results in a conpact package wth
only one expl osi on-proof joi+4l0-where the | eads exit
process conmmuni cati on adapter 30. Antenna 126 is kept
within the device, precluding the need for an external
antenna with the explosion protection that entails.

Al MIAGHS ORAIMERABt | nvention has been described with
reference to preferred enbodi nents, workers skilled in
the art will recognize that changes nmay be nade in

f or.m ang wigdlads!prids eorthmiaRaién Mhpler @Gl H@ln%ﬂ rit and
scope of the invention. VWHAT IS CLAI MED [ S: A

wirel ess @#Sm%lwllaﬁ)mlﬁaléhpfgpﬁmpt er conpri SI ng a

Coup el S BB G EE N i

openi ngsfield devRleodiLCdisscred bi the sedonl @% &t Rtralifeof
second of the plurality of openings; wherein the

housi ng, endokﬁﬂﬁgﬂuifield devi ce coupling define a
chanber

i thi m hahOhofing B8 kaf B fLphl e RO HRER Sarber
communi cat i othegdimi;cui try and bei ng coupleable to a

field device throu field device
wher ei n3ldEA5E PRMEIT 'I%Paé‘f fisp i“ﬁﬁ'ﬁ‘b e‘i’ Hletcﬁ@‘“t board
chamber is flJigdwifelds BofRuhaii® &Fdry ard béﬂ? coupleable to

W rel ess process communi cation adapter of clal
wherei n t he afiekl cm(s:edbmughltlteaﬁelddev;pc canptling; arsi

intrinsi | Th I . .
cormun: Yagielt BN 9 Ferhing yStiendi mbes i fied with
material is @golaPRM4driaf. The wirel ess process

comuni cation adapter of claim1, wherein the
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 material is an epoxy.

4, The wireless process communication adapter of claim 1, wherein the
housing in shaped cylindrically.

5. 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 communication adapter is coupleable to an
electrical ground of the field device.

7. The wireless process communication adapter of claim 1, wherein the
field device coupling includes an explosion-proof barrier.

8. The wireless process communication adapter of claim 7, wherein the

explosion-proof barrier includes a pressure-blocking feedthrough.



housing in shaped cylindrically. 5. The wrel ess

process conmmuni cati on adapter of claim1l, wherein the
whomsitigso s constructed at |east in part from PEL/EE2005003621

The wirel ess process conmuni cati on adapter of claimb5,

wherein a chassis of the w rélless process

comruni cation adapter is coupleable to an el ectrical

ground of the field device. 7. The w rel ess process

comuni cation adapter of claim1l, wherein the field

dei ce Tarupireless pmocéssdemmamicatiph edapser-qfrodadin §avheran the

A e LR

Pras sidldeddvice@ouplngd. eedt hrough. 9. The wirel ess process
conmuni cati on adapter of claim8, wherein the pressure
bl Bt ki nbhe waehess pragtss icagimpesatign gdarftercad cldin 8, ydwrain the
agal I f ot field device.coupling. 10
THE e PofURY s Bl i i Bl B ol

whahe diath&er §f 188 Fieldeddvi ecdoupling REefdth raQiagliided $o axtinuishr
di aneter that cooperates with an inner dianmeter of the
f i RIrANg&P$s€& coupling to forma gap sized to

ex{ li. ng %ﬁéqwﬁ'gfeg%égc&@%ﬁmqn}cjaﬁog Eﬂ&zg#dfcﬁl lfr%ﬁleg; 28§ $tther

comuni cat 1 on adapter o aim

C aspiprisingoareciriag [dispgsedi aboasthe fizhbddvideh@uplieg.d devi ce
coupling. 12. The wirel ess process conmunicatiqn .

adept er [RfF WEFIGSTRTPoesHsemBIRiqatian a¢snterqsiaipy o gfherein the

baghi &for- bPQ%‘%iePinEﬁﬂ@Qﬁ@ign&%@}oi §§if§ cORibgioEe or s

t her et hr ough. The W rel ess process nmuni cat i on
adhgtetdroggh.cl aim 1, wherein the at | east one circuit
bogyd ipcl ude

S8 1_pI urality of t.ci rgui t Q&o r.ds giYJ'%?OS d ¢
subst ant TS e RPFSSICOM AR afthLer ol Tl AEran i
a 19 oh&drciifbddrd rRTudek bp1irABy T icieuifBb s alsposkd- A
W rel ess process conmuni cation adapter conpri si ntlg: a
howbstantislbipane led topng atlothey and sepacatedby a gap that is filled with the
solid material.
14. 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;
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 a field device
through the field device coupling; and
wherein the field device coupling is configured to include an explosion-proof
barrier.

15.  The wireless process communication adapter of claim 14, wherein the

explosion-proof barrier includes a pressure-blocking feedthrough.



an end cap coupled to a first opening of the plurality

of openings; a field device coupling disposed at the
waeewonsh7ed the plurality of openings; wherei n PEEUS2009/003621

housi ng, end cap and field device coupling define a

chanber therein; at |least ond2¢circuit board di sposed

within the chanber, the circuit board having wreless

comuni cation circuitry and being coupleable to a

field device through the field device coupling; and

whir-ei nThehwirelesd progess |ce@rrww|npn gdapteradielaiguiSetvhersin the

|nclude ex Qn barri Wi I.e
T B0 R REA PO AS SrBle i bear Sedif & ORer of
exmbgﬁldodbvw‘amﬁpm@g rier | ncI udes a pressure-bl ocking
f eedt hr gugh, 16. The wirel ess process conmuni cati on
adh7pt er TR WHEISSSIroSess pRBHRINCa R aganiersafickaim) ke Rhgggin the

0 r t

rB L P R ATD L A anifer iherBARG RS ith an
W ihatradismpienceths fiethdevidecaupling ﬁdbph%rgapfsiz%ﬂad) Bxtirffguish
wherej n the pressure-bl ocking feedthrough has an outer
di '&Wﬁ’t"érgafsler%t cooperates with an inner dianeter of the

d‘?ﬂ%&g ob&g ct)ﬁuﬂlﬁﬁ iBn %&»téﬂ A%hifC14, and further

extlngU|s urni’ng gasses. he "W rel ess process
c mnmpnsug anootriag almpesedﬁbout tlme rﬁekﬂdeva;mobcmphngle r

ris 0- r|n i sposed abo t .the |eId devi ce
1 Py Eess droisapabereR edinsts {4 perci me
é&ﬁ&ﬂomﬁmsmérﬂhllﬂmmﬁﬁ BérflerttB®]dtiPassih O Borfue ks
barrier includes a cenented jOIn{ passi ng conductors

t hiseesthrpeghyh.



