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(57) Abstract

A transmitter (100) transmitting a sensed process variable over a conductor (134A, 134B) includes a cylindrical housing (102) having
a terminal compartment (110) and an electronics compartment (108) separated by a bulkhead (106). The terminal compartment (110) used
for conductor connection is subject to moisture accumulation. An access channel (136) fully intersects an internal surface of terminal
compartment (110) such that the access channel (136) drains moisture from the terminal compartment (110) across a range of mounting
orientations. The transmitter (100) includes a circuit (104) in the electronics compartment (108) for compensating a process variable and
providing the compensated process variable via a feedthrough circuit assembly (142) in the bulkhead (106), which in one embodiment,
includes an encapsulated radio frequency interference filter (144), to terminals (1324, 132B) in the terminal compartment (110) for coupling
to a conductor (134A, 134B) that is connected to an external controller.




to a controller over cabling. For a tw wre transmtter, the

cabling is a twisted two wire cable set. The transmtter and controller are

el ectrically 30 cabled in series fornming a current [oop. The ¥
transmitter receives no external power and derives all its operating power
fromthe current |oop. Typically, the transmtter regul ates the magnitude

of current in the current. loop, as a function of the sensed PV. In WO

96/ 05483 PCT/ US95/ 09673 -2- one
standard protocol, the current ranges between 4 and 20 mA Three and four

wire transmtters use other cabling as appropriate. Transmtters commonly
have a cylindrically 5 shaped housing with a bul khead separating the
housing into two conpartnments, with each conpartnment capped by a threaded
cover. A cylinder as wused in this specification is defined a solid
bounded by a given curved surface and two parallel planes. An el ectronics
10 conpartnment houses electronics. - for sensing and conpensating the
PV, and a term nal conpartnent houses termnals to connect the conpensated.
PV to the cabling. The bul khead has an el ectronics feedt hrough between the
conpartnments. The term nal conpartnent includes an 15 externally

t hreaded access channel through which the
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tabling enters the transnmtter housing to connect to thehtranlsrn'_tter.h

Man transmtter housings have two threaded access channels in the

)i er?/n nal cOYREAHEHt for gonnecti ng to external hollow el ectPFHEFISO86Iui t .
The 20 hol | ow conduit forns a passageway between the controller and the
transmtter which protects the cabling inside. The cabling typically
contains two conductors for a two wire trapnsmtter. The | ocation of the
access channels varies on transmtter housings, ranging fromthe top to 25
the bottom of the TRANSMIGTER WITH MOOSTURETDRAINING HOUSING ters, the

: . b .
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transmtter housi ng opposite theQH RVATITON | ocat i on. AIthough

transmtters are conmonly u§g}ﬂ|3émgfogﬁergﬂg adé% sﬁgfa%hggpya Hons,

probl ems have arisen when a“transmtter I's inst gh
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and or the patent dlsclosu:e as it appears in Patent and
Trademark Office patent files or records, but otherwise
10 reserves all copyright rights whatsoever.
' FIELD OF THE INVENTION
The present invention relates to transmitters
used in industrial process control systems. In
particular, the present invention relates to a process
15 variable transmitter suitable for high humidity or wet
environmental\operational'conditions.
' BACKGROUND OF THE INVENTION
Transmitters sense process variables in a
variety of applications such as oil and gas refineries,
20 chemical storage tank farms, or chemical processing
plants. A process. variable (PV) is a sensed parameter
of a process or sensed property of a product, including
absolute pressure, differential pressure, temperature,
flow, material level, etc. One common transmitter
25 application wuses a transmitter to sense a PV
representative of a process and transmits the sensed PV
to a controller over cabllng For a two wire
transmitter, the cabling is a twisted two wire cable
" set. The transmitter and controller are electrically
30 ° cabled in series <forming a current loop. The
transmitter receives no external power and derives all
its operating power from the current loop. Typically,
the transmitter regulates'the.magnitude of current in
the current loop, as a function of the sensed PV. In
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to configure or repair as the hernetic seal is typically

In non-hernetically sealed transmtter, noisture condenses

89, sometimes filling the housing if MREI/USISA6FRJ
This noisture accunulation causes 10 el ectrical
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compensating the PV, and a terminal compartment houses
terminals to connect the compensated PV to the cabling.
The bulkhead has an electronics feedthrough between the
compartments. The terminal compartment includes an
externally threaded access channel through which the
cabling enters the transmitter housing to connect to the
transmitter. - Many transmitter housings have two
threaded access channels in the terminal compartment for
connecting to external hollow electrical conduit. The
hollow conduit forms a passageway between the controller
and the transmitter which protects the cabling inside.
The cabling typically contains two conductors for a two
wire transmitter.. The location of the access channels
varies on transmitter housings, ranging from the top to
the bottom of the housing. | For temperature
transmitters, the top is that side of the transmitter
housing opposite the mounting boss. For pressure and
other types of transmitters, the top is that side of the

‘transmitter housing opposite the - process sensor

30

* location.

_ Although transmitters are commonly used in
various rugged industrial applications, problems have
arisen when a transmitter is installed in a humid or
high moisture operating environment. With the exception

|



*90[err] in orientation, terminal conpartment 52 remains partially filled to
a waterline 58 as access channels 54 WO 96/ 05483 . : CT/US95/09673
~_PCT/ US95/ BB 4o not fully drain trapped noi sture. V\alﬂ, ,Pruc ure 60
*Within the transnitter housi ng juts out fromthe inner surfaces of
conpartment 52 sO that even when transmtter 50 i s nounted sideways,

noi sture nust accunul ate to the 5 | evel3-of waterline 58 before draining.
Moi sture can al so degrade the effectiveness of a radio frequency
interference @&RFI)hermetically feseredughdransmittarm tt enoistrorei ni m ze

the effects ofyadumlf&tidt2hhy the %ﬂﬁﬂ?ﬂisc&ﬂﬁbf@ﬂéﬁﬂt cLsP\é 190nunon

el ectronics are commonly shielded in a Farad ax cage,forned t he
transmitter HRFORIRM of &AGIREERIeSDpaPient | ra&ﬁmlﬁEEEss ‘é%%égnsand RFI

filters on 6|I@@hﬁéﬁi’éa]ﬁiﬂnabeﬁ@é&ec'tﬂﬁm‘smitftﬁy oggeel @iﬁﬁly)f &ngaday
cage i s co ff 'ﬁt g:[deswedlso ation_is gder i neffective
and  degr des R qunﬁégpb'lgnﬁﬁcﬁep?ﬁ: ?? 1SS ¢S5 ByeintPude a
nmechani cal caseypiwally a welldezlledhukt er i dn f oonsheemetgcadyRrsealeder into

the bul khead. NplSLyl e BECORES ot uleODLEHULRLL NS, FHi f | Lhe! HBRE4HB] Sture

accunul at es acfos conductor er case.
i npedance | eaksemepimes nayfidd inceat Shepethpesinge dise oPLt hedx-mned

_ periodically.  This moisture accumulation causes
10 electrical shorting between terminals in the terminal
compartment, cross talk or growth of organic or
dendritic metallic matter which degrade the
transmitter’s performance. A dendritic growth is caused
by a metallic filament formed from metal ions
15 - transported by a liquid on an insulating surface, the
filament growing under the influence of a DC voltage
bias. If the filament bridges across conductors, it can
create low impedance leakage paths. A related problem
to the condensate accumulation is intrusion of moisture
20 - into the transmitter. An unsealed or even an improperly -
hermetically sealed transmitter accumulates moisture
inside if subjected to directed moisture such as
pressure washing or driving rain. The detrimental
effects of accumulated moisture are the same as
25 condensate accumulation. In PRIOR ART FIG. 1, a
transmitter shown generally at 50, has a terminal
compartment 52 from which it is difficult to drain
accumulated moisture. A pair of access channel openings
‘54 are located at a top 56 of transmitter 50 such that
30 -any moisture entering through the access channels 54
falls to the bottom of terminal compartment 52 and is
trapped. Even if transmitter 50 is rotated and mounted
90° in orientation, terminal compartment 52 remains
partially filled to a waterline 58 as access channels 54



filter and the conductof, t hereby conprom sing the electrical isolation of
the conductor. Another problemfor the RFlI filter arises i t he
bul khead Y9 %03#88crtight. The RFI filter screws into the E@?ﬁﬁ%@@ﬂ%a
conductors exposed on each side of the bul khead, creating a seal. Fbmever
the sealing insertion force or torque required to screw in the threaded RF
filters undesirably stresses the RFl fil4ders. A stressed RFl 30 filter

may sonetines degrade the transnitter perfornance by not providing the
desired el ect rdeaot shiladiy siraimdriappest sotistushe.i nfaddsetbhgtune 6equire.

subst anti al rwﬁlmﬁ@%m&aﬂ&'ﬂ&m f§°3ats oué’\?rgﬁrﬁoﬁéérmner

PCT/ US95/ 09673 -5- Therefore, a transmtter desire onotes the
dr ai ni ng of ac%%@ﬁ%ﬁ%&ﬂr@%@nﬁ“&rﬁ% ?%lWQ%@WaWBﬁPtPé@ns%‘éFﬁér

chaL acteristi csoieiss mRfinted hd dewal@] odstureamueli abbambeadehtsugheci reuit
assombl y. SR behfa mﬁﬁﬁ«r%‘iﬁ%«? SR ettt anom tting a sensed
process variabl e over a Moistutrercamelsdedegrageither effechavenegslGf having
gmt EL;”aga' %%rp?gggggt AWty e'fﬁéPf‘éfén&é’”pi‘kﬂ“?”t SARAAt ege by a
feedthroughs in a transmitter. To minimize the effects
of an electriéally noisy process . environment, PV
10 electronics are commonly shielded in a Faraday cage
formed in the transmitter by the . electronics
compartment, . an access cover and RFI filters on ‘[
electrical signal connections. If any one element of
- Faraday cage is compromised, the desired isolation is
15 rendered = ineffective _and degrades ‘transmitter
performance. RFi.filters typically include a mechanical
case having a threaded exterior for screwing the RFI
filter into the bulkhead. Moisture becomes ‘a problem
for the RFI filter when moisture accumulates across the
20 - conductof and the RFI filter case. A low impedance:
leakage path may bg created-between_the case of the RFI
filter and the conductor, thereby compromising the
electrical isolation of the conductor. Another problem
for the RFI filter arises. in keeping the bulkhead
25 watertight. The RFI filter screws into. the bulkhead
with conductors exposed on each side of the bulkhead,
creating a seal. However, the sealing insertion force
.or torque required to screw in the threaded RFI filters
. undesirably stresses the RFI filters. . A stressed RFI
30 . filter may sometimes degrade the transmitter performance
by not providing the desired electrical isolation, and
if detected during assembly can require substantial
rework in the manufacturing process.



‘conpartnent used for conductor connection is subject to nDisture

accunul ati_on. f@n access channel fully intersects an | Ff face
of the terh®REHs4 conpartnment such that the access channe alns

“moi sture fromthe terminal conpartment across a range of nounting
orientations. The transmtter includes a circuit in the electronics
conpartment for conpensating a termnal —8ariable and providing the
conpensat ed process variable 20 via a feedthrough termnal in the

bul khead, which in one thexgfare, ianctnaesmijhtencalsudgsddedadvbichequency
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coupling to a conductqr that 15 connected to an external controller. 25
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transmtter of_the present veniion, show n na ar t nen
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PCT/U895/09673 6- invention, DI ) Nl ng potenti al and
A transmltter transmlttlng a sensed process

variable over a conductor includes a cylindrical housing
10 having a terminal compartment and an electronics
compartment separated by a bulkhead. The terminal
compartment used for conductor connection is subject to
moisture accumulation. An access channel fully
intersects an internal surface of the terminal
15 compartment such that the access channel drains moisture
from the terminal compartment across a range of mounting
orientations. The transmitter includes a circuit in the
electronics compartment for compensating a terminal
variable and providing the compensated process variable
20 via a feedthrough terminal in the bulkhead, which in one
embodiment, includes an encapsulated radio frequency
interference filter, to process terminals in terminal
compartment for coupling to  a .conductor that is
connected to an external controller.
25 _ BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a view of a terminal compaftment of
a prior art transmitter; '
, FIG. 2 is an end view of a transmitter of the
present invention, showing a terminal compartment;
30 .- FIG. 3 is a exploded sectional perspective
view of the transmitter of the present invention;
FIGS. 4A and 4B are.cutaway views of an
- upright and a side mounting orientation of the present



cabling interface in the terninal conpartnent;. FIG 4C‘is a detailed view

of the transmtter of FIG 4B, show ng anot her enbodi nent havi ng enhanced 5

drainingV@P&PMBL . FIG 5 is a perspective view of PEHES5026™nitter
shown in FIG 4A;, and FIG 6 is a sectional cutaway of the
transmtter of the present invention showng a 10 feedthrough circuit in
pl ace. DETAI LED DESCRI PTI ON OF THE PREEERRED EMBCDI MENTS In FIGS. 2 and 3,
a transmtter 100 i.ncludes a housing 102. Housing 102 has two

conpartments- smpauﬁ@ﬂ bys Witk haad stRge aarahﬁshgonpsﬁeﬁemartémt 15

108 and a terni,n co art nt .110 usi n 02 has 112, a base 114,
a threaded te??ﬁﬂlalf %%duh l_gm“g? c??’?ﬁﬁ%?“ '8 118. Base 114 of

housi ng 102 has a SUI teﬂ'ﬂ@. rduiisi agdetad ladeuwiéd@bofutie neransmtterisi ng
102. Housi ng | ntr of the
e, ' rgﬁbﬁgég Qn @&8‘@ 3‘41-1% gr?'aroun%’% %c?rﬁban C§end 118

cyl i nder shape running
and rouncﬁterdﬁmlm@mtlahhe term naI

cen

conpartient 110 is forrred by

capping termnal end 1];51cyvl thga ggvely. 12&1.;%@:@3_‘%& rggl_égs Q,(y”rpa,g%érent 108

is formed by C£I %__ el ectronics
Ter mi nal conpdr Iﬁﬂ?\’t e, shey e |3t FrlGi &R ic SRfhr t ment 108 share bul khead 106

cover

that forns the back of rEagEh ®nmppst ngnt sé&&i&iﬁl c‘ﬁltgvﬁlyrfaﬁe afhedul khead
106 in term q:al nsmr’g%:atrtnent ha%ha retaini wal | 120 forned qQn it;
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presen invention showing 'a
feedthrough circuit in place. '
DETAILED DESCRI:PTION OF THE PREFE D EMBODIMENTS
In FIGS. 2 and 3, -a transmitter 100 includes
a housing 102.- Housing 102 has' two compartments

separated by a bulkhead 106; an electronics compartment
108 and a terminal compartment 110. Housing 102 has a

"top 112, a base 114, a threaded terminal end 116 and a

threaded electronics end ‘118. Base 114 of housing 102

- has a suitable mounting boss area 126 machined into

housing 102. Housing 102 is cylindrical in shape with

- the central axis of the cylinder shape running from the

center points of round electronics end 118 and round
terminal end 116.° The terminal compartment 110 is
formed by capping terminal end 116 with a cover 128.
The electronics compartment 108 is- formed by capping
electronics end 118 with a cover 130. Terminal
compartment 110 and electronics compartment 108 share
bulkhead 106 that forms the back of each compartment
108,110. = The surface of bulkhead 106 in terminal

‘compartment hés a retaining wall 120 formed on it;
- retaining wall 120 integrally attaches to the internal

surface of the terminal compartment 110. The surface of
bulkhead 106 in .electronics compartmeht 108 has a
feedthrough mounting boss 124 disposed on it. A
feedthrough circuit opening 141 1is formed through

<

v



30 retaining wall 120 integrally attaches to the internal surface of the
termnal conpartnent 110. The surface of bul khead 106 in el ectr p

.compar t me\YO 3§R548hs a feedt hrough nounting boss 124 di spos grlgﬁ 5('19273 A
"feedt hrough circuit opening 141 is formed through WD 96/ 05483

PCT/ US95/ 09673 -7- bul khead 106 to facilitate comunication of electrical
signal s between conpartnents 108, 110. Haqusing 102 is preferably fornmed by
a die or inpression casting nmethod and then machined to bring nounting
bosses 126, 124babkhéad to6poochaciiitatéO8omtiGninabiandefi eddctolierdnce and

snoot h finish r 3 r t
129A, 131A and F ﬂ§§yﬁ|§8%§§eﬁ go ?%g gg% f%g%qggﬁB 8%ﬁ+%}%£df?g a% I nner
ri m of conpartpﬁﬁigrabsylﬁmectmy gadiie gradnpressdonncasting Bethoders 10

128,130 prOV'dSﬁdatﬁéﬁQﬂﬂéﬁlﬂ@drt8rb£9n§|ﬁaﬁn€§h8“95§sEQaEZB”QbheEnhhread
interface. _In the unlikely event of an expl osio ransmtter, the

overpressu?e f PRRGNERE AREag(d 0frdA % 1Rk B S(}r&?cht%iﬁ’é?n?%t REA t han
being forced agmebthlEinish. Covers 1EBGES30 pArdEerdbaiyr iwdludespart nent

LL0, ol tes aubSCTLABLR!R8K T5IETEAA L3k B pRRERSEY' EapRE Lol
| ntegral retaiaehgl2®)}13DW contained in an inner rim of compartments
1108,110. The particular thread interface of covers

10 128,130 provides a stronger barrier to flame pathways
than another thread interface. In the unlikely event of
an explosion with in transmitter, the overpressure
forces the threads 129A-B,131A-B into each other rather

. than being forced apart. '

15 In FIGS. 4A-B, terminal compartment 110
includes a terminal block assembly 132 for connecting a
cable 134 containing a pair of conductors 134A-B to a
controller (not shown). 1Integral retaining wall 120
divides terminal compartment 110 into a component:

20 mounting area 138 and a watershed area 140. A.pair of
access channels 136,137 enter housing 102 through the
wall of terminal- compartment 110 at base 114 of
transmitter 100. At the time of installation, conduit
158 is threaded into one of access channels 136,137

25 through an NPT connector 160 or the like and conductors
134A-B are individually connected to terminals 132A-B on
terminal block assembly 132. Watershed area 140, which
is the area below retaining wall 120, includes the
‘internal openings of access channels 136,137 and a cable

30 - guide 156.

In FIG. 3, electronics compartment 108

- includes a process variable (PV) electronics 104 of a
suitable design. Electronics 104 receive a sensed
temperature signal from a temperature sensor (not



di vides term nal conpartnment 110 into a conponent 20 nounting area 138 ¢
and a watershed area 140. A pair of access channels 136,137 enter housing
102 t hrouWP 26f08483al | of terminal conpartment 110 at base 1PETHISISNWALMi tter
100. At the tine of installation, conduit 158 is threaded into one of :
access channels 136, 137 25 t hrough an NPT connector 160 or the |ike and
conductors 134A-B are individually connegted to termnals 132A-B on

term nal bl ock assenbly 132. Watershed area 140, which is the area bel ow

retaining walbhhmn)JncIuEéecthenhubernm4(wampﬁns@teacthés<§Eﬁ§&ﬂs 108
136, 137 and a g 56 ni cs_conpar.t nent

I ncl udes a process vg(r?llra Higﬁ# %%:t r‘{"%‘ fﬁﬁegggéggui?ﬁﬁ?’é de¥i%Yn.
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sensor (not e&@k@é@géo terminal block 132. El t 04
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assenbly 142 ﬂﬁﬂchfnmtbudeslé4ghand a mounting plate 166. All

electrical signals connected to electronics 104 pass

10 through signal pins on RFI. filters 144. Electronics

compartment loé,is_protected-from the environment by
access cover 130. The feedthrough circuit assembly 142 ‘l_

- and the feedthrough circuit opening 141 are filled or

potted with an encapsulant 154 that seals the bulkhead

15 106 and elect;oniCS-compartment.110Q Transmitter 100

can be configured to provide an output representative of

other sensed process variables such as absolute

temperature, differential temperature, differential

pressure, absolute or gauge ﬁfessure; flow, pH or

20 others, when used with appropriate electronics 104.

In FIGS. 4A-B, a pair of standard mounting

arrangements are -shown with transmitter 100 being

~mounted to a bracket 162 which attaches to mounting boss

126. Bracket 162 is attached to a post 164 or the like.

25 In either mounting orientation, one of the access

channels 136,137 is connected to conduit 158 and acts as

a drain. In an upright mountihg.orientation, as shown

in FIG. 4A, either access channel 136 or 137 functions

-equally well as the drain.: As transmitter 100 is

30 - mounted in a clockwise (or counterclockwise) direction

from upright, the lower one of access channels 136,137

is the drain. FIGS. 4A-B both show a lowest point 149,

which is the point to which moisture drains within

transmitter 100 before exiting compartment 110. Lowest



‘RFI filters 144 and a nmounting plate 166. Al'l electrical signals
- connect ed %ﬁgﬁb@@&ronics 104 pass 10 t hrough signal pins g@ﬂﬂgﬁﬁ*ﬁ ers

.144. Eec conpartnent- 108 is protected fromthe environnent by

access cover 130. The feedthrough circuit assenbly 142 and the feedthrough
‘circuit opening 141 are filled or potted with an encapsul ant 154 that seals
t he bul khead 15 106 and el ectronics condartnent 110. Transmitter 100 can

be configured to provide an output representative of other sensed process
vari abl es suchPdn&pié? &@Q%ﬁ)éﬁﬁ%‘@n @St FE?Bﬁ’E‘%EFeFe%%rJeﬁ llﬂ%mte

differential prasvdiriousahothtliagobrienttatibassure, flow, . pH or

others, when used with a opriate, el ectronics 104 n Fl GS. B, pair
of standard mounting arr§ﬁ§|#§ﬁ iprq §ﬁ5Wﬁ§Hq%l?faﬁ§WQ?¥ﬁmﬂ€% %h

nounted to a binclede:62retuidhimg t wahids 120 nowatenghédsarkss. 180aanet 162

ttach t | 2 { { at
12 PSS 08 RG5! AR lal I3 5. 28y, LU a0 o oL o0
a drain. |n.ancoppagtmenturktlithganve smoathed, tos prewmide naFlcgnmquisc her

access channel L3¢ Qﬁr%&éefw%n@lfnﬁ‘a@ fn8i¥ehleaPntHGrdlidtdhe

transmtter 100 1S nDunte In a clockw se (or counterclockmnse
direction fromid@ri gtﬁ tJ@QMrs%@%s a‘(fb\é@%ncﬁaﬂﬁéﬁrmfﬁ@ 139 jare he

drain. FIGS 44iB1iesed stow ahéowﬁe Iq_&hf?oéé@ ihadth Sship€apesntarid whi ch

moi sture qraing 4hthi §ranem {1el, 190 BehangnTy LhOg FOMMANITEN s O

attach, and with the force of gravity, urge formed
droplets towards watershed area 140.

The intersections of access channels 136,137

with the inner surface of terminal compartment 110 are

15 flush with the inner surfaces of compartment 110. No

other structure inside compartment 110, such as that

shown at 60 in PRIOR ART FIG. 1, obstructs moisture from

draining out channels 136,137.' Preferably, those

sections of channels 136,137 which extend outside

20 housing 102 are declined downward to facilitate enhanced

drainage. In FIG. 4A, transmitter 100 fully drains

moisture within a- 120 degree mounting. range (i.e. 60

degrees offset in either direction from upright), as

indicated by dashed line 147. In the same drawing,

25 transmitter 100 allows a small amount of moisture to

accumulate in compartment 110, but not enough to contact

electronics or terminals, when mounted over a full 180

degrees.

A preferred embodiment of the present

30 - invention is shown in FIG. 4C, which enlarges the area

in FIG. 4B around the intersection of access channels

136,137 with the inner surface of compartment 110.

Specifically, the corners in the space indicated at 145

in FIG. 4C have been leveled and flared out, and the
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poi nt 149 changes location as transmtter 100 is nounted in_various

mount i ng ‘BP%’P@&% ons. The draining structure of conpartmeRETVEEB) udes y
retaining wall 120, watershed area 140 and 5 access channels 136, 137. All

I nternal surfaces of the conpartnment 110 are snoothed to provide a

continuous cast surface to concentrate-m@-sture into watershed area 140.

Al'l joining surfaces within conpartnment 110 are filleted for the sane

pur pose. Smomssllrdmgasuaﬁdce%moétheéttsﬂ gldiowt drhu.nagetbeenvalﬂtﬂnl e area

for droplets {@patd o %]5&{{&@ fS ?gne£t§§ﬁl¥l droplets

t owar ds Watershed area nte I ons ess c%ann 6, 137 .
with the i nnepffgetada o?lﬂéﬁ!#'n dareesipar from umoighte) 15 Thel wpper th the

i nner sur f aceg et ioATBE EHB”in‘E—éPnal '%@éi“@écéiéﬂ%f"&‘cdé’s% G ariEaar t ment
110, such. as tt.)it hown :}'31 PRI g bstructs noisture from
drai ni ng Sout ! %h&%r?elwé %1 el3I;ntern e‘!"%} bP%, °°F‘RB§§m§EEt iLdAs has

channel s 13_6 béénwfilaredx tendowetrsittie A@velhoifswagetQd ner 6 4deqlshidesh
donward to 138! AL o PRCERL 0ROl g dhnn!  HRINRY 100,
offset in ei tbépcdtl 1S iand feandugroxgt 3 328sGi adecpernabentdyhaiolviene 147.
In the same d{2aWeBd.1ine 151 and cannot be wetted by accumulated
10 moisture. All electrical connections between terminal
block 132 and conductors 134A-B are made above the
access . channels . '1'36,-137_, keeping the electrical ‘
‘connections dry. Flared areas 136A and 137A (not shown)
are formed during casting or machined thereafter, but
15 are formed in the existing wall structure without adding
material to housing 102. Flared areas 136A,137A may be
narrow channels formed in the internal wall of
compartment 110 and extending from . access channels
136,137 to lowest point 149, or widened drainage
20 flowages as shown in FIG. 4C. In all cases, flared
areas 136A,137A are blended into the internal surface of
watershed area 140- to reduce sharp edges and facilitate
moisture drainage. . :
Cable quide 156 deflects inserted twisted pair
25 conductors 134A-B towards terminal block assembly 132.
The redirection of «cabling 134 facilitates the
distribution of conductors 134A-B and prevents the
conductors from entangling. Access channels 136,137 are
-preferably located opposing each other, on the base 114
30 . of terminal compartment 110 to allow one cable guide 156
to direct cabling for both channels 136,137. Cable
guide 156 is cast or mounted on the inner surface of
~compartment 110 between access channels 136,137 and is
beveled to allow moisture flow off cable guide 156 into



¥25 transmtter 100 allows a small anmount of noisture to accunulate in
conpartnent 110, but not enough to contact electronics or t when
.mount ed oWER 9603483 | 180 degrees. A preferred enbodirent . of ?ﬁgﬂggé@m 30
“invention is shown in FIG 4C, which enlarges the area in FIG 4B around
the intersection of access channels 136,137 with the inner surface of
conpartnent 110. Specifically, the cornepg-in the space indicated at 145 in
FIG 4C have been leveled and flared out, and the WO 96/ 05483

PCT/ US95/ 09673actéssr esannebg k36 f b3z, srﬂmtdmj:cuts di34awBdexienapd ayeer a

full 180 degreSEtOftcED‘éQbﬂ%tgr'@cmﬁ’éét? oq.,f ggrﬂgg fe%.fctél?eﬁ 3N ei ther

direction fromuprig upper se e |n ernal 1ntérséction
of access chanﬁ9n§u§t°r§3€-3£37"3v\m!¥¢ tﬁﬁpiﬁﬂéﬂ-lﬂalth\ﬁalﬁamﬁ tengbhi mamd 110

has been flaredakf Eé‘ﬁﬁthBQ Wavel nafveadsesddd el ﬁsfh?"\Ql!I.”bﬁlthh%B) to
the | evel of terline 151. Term nal _bl ock 132 ,andJe 132A— are
3 abd CBlodk oli

per manent | § PRIRETL e rCIMNRFYION A PRt NFOt FRFTHA rated 10
moi sture. Al | tekrihalcdloeknedelons3betisemadecrat nal nbheebna&&t&wb

conductors, 1306 BaRiE RAF, MR e L A5G AR, Sandef, WY maafier)

conductors to be centrally distributed. The excess
lengths of <conductors 134A-B are stored within
10 compartment 110. Removing non-essential structure in
watershed area 140 and the shape of terminal block
assembly 132 allows more room in compartment 110 to.
store excess lengths of conductors, thereby obviating
shorting caused by pinched conductors when the cover is

15 - installed. |
In FIGS. 3 and 6, an interface circuit card
152 mounts into component mounting area 138 in
compartment 108, and then plastic bezel 131 is placed
over card 152 with screw terminals 132 protruding
20 through bezel 131. Bezel 131 insulates and spaces
terminals 132 and also protects electrical components on
interface circuit card 152. The case of each of the
eight RFI filters 144 is soldered into a conductive
mounting plate 166, so as to make a completed
25 - feedthrough circuit assembly 142. Assembly 142 is
‘inserted through opening 141 in bulkhead 106 and mounted
with metal screws to an integral mounting boss 124.
Mounting plate 166 also positions RFI filters 144 for
encapsulation.' The screws which mount assembly 142 to
30 -bulkhead 106 electrically ground the case of filters 144
to housing 102.  Interface circuit card 152 provides
mechanical mounts for screw terminals - 132 and
electrically connects signal pins on filters 144, some



are formed during casting or machi ned thereafter, but 15 are formed in
the existing wall structure w thout adding material to housing 102. Fl ared
areas 136WO0PEMM83ny be narrow channels forned in the interR&E 96
conpartment 110 and extending from access channels 136,137 to | owest
point 149, or w dened drainage 20 fl onages as shown in FIG 4C. In
all cases, flared areas 136A 137A are bljeaded into the internal surface of
wat er shed area 140 to reduce sharp edges and facilitate noisture drai nage.
Cabl e gui de 1o& @hithctepresentethé ompeh$ated Frocess didrtisl &/, 344 B

towards term ltl.%le ghggﬁbg?%gsmz. The redirection of cabling 134

facilitates the distr c¢onductors 134A-B and prevents the
conduct ors from ent angl Ang. eacapsulaninndlsd 136, 13intaodumeds emaiolund ocat ed

i h . 14,3011 o O L ha nt, 510 to
PP ow one. cablirouis, UeetBLY T2, Yo Cehe ekt A I RboRBAREREHE 1 1120
Cabl e gui 8e 1589ps dhsbudkhmadntldf onsPhad nker completelyr seapaoneent 110

bet ween accesgompaptflentl3érbm/ he | otheve! ed EacapsaWanRi shyge filgow of f
cabl e guide 156 i.nto WO 96/ 05483

PCT/ US95/ 0967BFeffrably.an &Rg¥Ye ROLLINY SomPYRdy, PRF sma¥4a1IBCaPE spl ayed
out to separamadeonafctamys curdlelen pottimgk cokibound. Component

mounting area 138 is filled with enough encapsulant 154
10 to rise to the level of the height of retaining wall
120. Once filled, there are no recesses or hollows
within component mounting area 138 where moisture can ‘
collect and which contribute to electrical leakage. Any
moisture which may form within are_é 138 is urged, with
15 the force of gravity, toward watershed area 140 and out
access channels 136,137. - Aside from the enhanced
draining feature encapsulant provides, encapsulant 154
provides a substantially infinite impedance between the
case and the signal pins of the RFI filters, thereby
20 substantially limiting leakage current between signals
and electrical ground. - The present invention
permanently installs RFI filters 144 without a
potentially damaging torque action, while augmenting the
. environmental isolation between compartments and the
25 electrical isolation between signals and ground. Once
encapsulant 154 cures, signal pins of filters 144 on the
terminal compartment side are connected to signal
connection points on electronics 104.
' RFI filters 144 are typically composed
30 - electrically of the m, L or C filter types for
suppression of high frequency noise. A commercially
available RFI filter 144 configuration typically
consists of a ceramic capacitor shaped as a hollow
cylinder. A conductive material on both the inside and



Conduct ors 134A-B are typically the same length, and each conductor wil II
have excesg |e inall but the 5 | ongest connecti on pat na

bl ock 132.@093 m nal bl ock bezel 131 is made of a non-corﬁé’l??%'g;%}’astic
and has a horseshoe curved shape to all ow conductors to be centrally 5

di stri but ed. The excess | engths of conductors 134A-B are stored within 10
conpartnment 110. Renovi ng non-essenti alFl$tructure in wat er shed area 140
and the shape of termnal block assenbly 132 allows nore roomin
conpart ment 1160€o Quksddecsirfagrp hoHf EBRJuSYidderhefsiynsobtite i ng

shorting cause¢apaciiteehed PREUGIHYThatesutPEcE0WE tife leylinhastalied. [N
FIGS. 3 and 6, an interface circuit card 152 .nounts into~ conponent
nounting ar ea 9?48 eﬁn 3 mHe n&Reeros, ARS+de asurfapge; PL 130 s

pl aced over carylindew fib etezﬁrleaﬂyabsnﬂéétl;aa%g Lﬁiidc}ﬁu?ibtoﬁ f’({io,t:gtlfs] bezel
131. Bezgl 1 I teS . S rm S nd_al so pr.ate

el ectrical %con%éﬁe%ﬁéh%% ii)r#lgr'fz'@gicc r%‘ﬁ?? g@?dlfgf'g ?ﬁe?i"zfsg{ t&¥ach of
the ei ght RFI fOthesrs formsi s ofol RREd fnl‘geaSE?ﬁdact alag_ il ; ude e?t;?;emz
166, so as et 88mB rpu ui .
Assenbly 142 i éﬁflr?ggfbt%éga?ﬁregggk ope.m%éaﬁéﬁl h baal %hgggﬁ_%% %‘?\%é‘hnunt ed
with metal scr&®FiL§ dRduetdyiea Parsify mr bether2nyprBunti ol gsttaticalss al so

positions RFl holicer il4ériag eleersoniicdsQn. The screws which nount

| ectricall roynd the case of filters
izzerrbl y %.%2 to 30 bul lﬂlgapnlaggn% ?.nvant%ony provides a transmitter

design that resists electrical faults due to accumulated
moisture by draining away moisture as it accumulates
.over a broad range of mounting orientations. The
transmitter of the present invention drains moisture
15 over a wide range of mounting configurations without
additional external hardware or special conduit drains.
The placement of the oppositely located access channels
136,137 at the base 114 also orients cabling 134
entering the transmitter 100, facilitating connection of
20 conductors to terminals. Encapsulation 154 provides
improved electrical and environmental isolation, while
permanently positioning RFI filters 144 and obviating
torsional stress during installation. Furthermore,
filling component mounting area 138 with encapsulant to
25 a level coincident with the height of retaining wall 120
ensures that moisture is channeled into watershed area
140 and ultimately exits the access channels.
The manner and content of the present
-invention disclosed herein is described with reference
30 .to a preferred embodiment. 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.



to housing 102. |I#nterface circuit card 152 provides nechanical nounts
for screw term naI s 132 and electrically connects signal pins on

filters WQ96AYRE ’ mﬂﬂmﬂﬂ l PCT/US95/09673
PCT/ US95/ 09673 -12- u um’nt t he corrpensat ed process variable, to

the screw terminals. An. ehca’bsu’l aft 154 is introduced around circuit
assenbly 142, on the term nal conpartrag- 110 5 si de of bul khead 106, so
as to conpletely seal one conmpartnment from the: other. Encapsul ant
154 is pref QEMN S CIAIMED J&:f i ng conpound, -but ‘may al so be made of any

curabl e pottijng corrpouindtransmg’gg?en%ﬂe uet, A’FQ‘“?{?%“&SB [ %Ifl |led with

enough encapsul ant 154 10 to rise het g TI°F%t ai ni ng
wal | 120. = OY&Fimble@verh@ebling neomprdsdagor “hol | ows within conponent

rounting area 138 whergq. nmyﬂlllﬂdi-ﬁﬁl C%é@iné‘ndh&biﬁﬁ cgntrd d0
el ectrical |eakage. Any noi stur%ll g ﬁg%[» fogrmw thin area138 |s urged,
with 15 the force of graviey 130P8PheBRar &a BaRe aRE otheiccess
channel s 136, 137. Asi de hbtmsu.hbe embammlwgammgf Qatﬂﬂz%temﬂpsm ant
provi des, encapsulant 154 pro Ll infinite | nce
bet ween the case and the si gné gﬁcri\s oﬁ%ﬁ%“éf—'ﬁ xf’e?% qﬁ.&p%ago
substantially limting | eakbydkbeadenthecsecemd schnpazs:ment tending

to receive moisture and capped .by a

cover;. e

a first access channel disposed on the housing
adjacent to the process mounting in the ‘
second compartment, the access channel
forming an -intersectibn substantially

- flush with an  inner surface of the
. second compartment, the access channel
connectable to an external piece of
electrical ‘conduit - containing ' the

_ -cabling; o '

a circuit in the first compartment
compensating the process variable, the
circuit providing the compensated
process variable to . a -feedthrough
circuit in the bulkhead; and

a pair of terminals in the second compartment
connected to the feedthrough circuit and
to a pair of conductors in the cabling,

- where the transmitter drains moisture
through the channel in a range of
. mountings. |
2. - - The transmitter of claim 1 where the first
. compartment includes a passageway connected to a sensor



“and el ectrical ground The present invention permanently installs
RFI filters 14 thout a otentlally damagi ng torque actio Eﬂ"%{
.augnent i ng WO/ Hmmﬁum I Iﬁﬂmn bet ween conpart mentsggrw @96}15
el'ectrical isolation and ground. Once encapsul ant 154
cures, signal pins of "fiTters™4d onh the ternminal conpartment side are
connected to signal connection points ofi®tectronics 104. RFl filters 144

are typically conposed 30 electrically of the [err], L or Cfilter
types . for supmisshsiscansafs rthghptoeqaenvyrﬁaabie,' wherentiee cpassygeway | abl e

REI filter g?xf&”kfﬂeg‘ére% 4 gpasghbgeaomﬁ' ghe £ aﬁ‘sﬁg{?ﬁ}%e | ns‘#tor

shaped as a h ow cylin con I've materia de and
WO 96/ 05483 3. The tranemitter of claim 1 vhereusosnobaee ofi3- the
out si de surfao@r?e qium@esdfluncafe fsdBnd f&xﬁ@&é@méﬁ has Tae %ﬁ@gﬁ@i
surface of the ¢ rounded to the case F f:ak ur face of
the cylinder | I IEOM 0 85 8 SePBRALE: b e(pu headinte gnal

pin), which rusnscbinpohengt mouin tiimey faré®r an@ her watershedofarda;l thel ter s
;:fl ega?/ndljgtcléj&?%arrl er ﬁt%t"%agfecéptefs)é%f &Fﬁ ﬂ}éo{}?e nm%gi?gr% e%"x
el ectroni cs. the watershed area concentrating the moisture into the
access channel.
4. The transmitter in claim 3 where the access
channel bilends fully with the inner surface of the
. second compartment in the watershed area such that when

the transmitter is mounted with the access channel
oriented downwards, the access channel receives
substantially all of the moisture from the watershed

area.
5. The transmitter of claim 3 where the bulkhead
has an opening in - it, and the transmitter further
comprises: -
a mounting plate having at least one RFI
filter disposed thereon; and
an encapsulant £illing the component mounting
area to a top of the integral wall.
6. The transmitter of claim 3 where a pair of
joining surfaces in the second compartment are filleted.
7. . The transmitter of claim 3 where the watershed
area has a smooth surface to facilitate draining of
moisture. _
8. The transmitter of claim 1 where a second

-access channel fully intersects the inner surface of the
second compartment, the second access channel located
substantially opposite the first -access channel.

9. : The trahsmitter of claim 8 where a surface of
the bulkhead in the second compartment has an integral



10 The present invention provides-a transmtter design that

resists electrical faults due te—aectnul ated noi sture by draini _ng,away
© ni st ur e WB96/4548% cunul at es over aul_ﬂflad range of nounting REFVESBANEBNns.

The transmitter of Hmumvm“wr“!\ i on drains noisture 15 over a wide
range of mounting ¢ S out additional external hardware or
speci al conduit drains. hé placenment ofgt he oppositely | ocated access
channel s 136, 137 at the base 114 al so orients cabling 134 entering the
transmtter N4l fforned ahergonoBoeati 66 sépaPatecohndusiDkhedd® igtdi nal s.

Encapsul ation 1 L des I npr.oved ctri.cal and enyvironnental _.isolation,
whi | e per mangant ?émgélglgif‘lgo%ﬁoﬁé%ﬁ%lgef?f%%r5594} a‘ﬂ?ig ng?i r?&etad'r sﬁ'rb?‘ual
stress duri neonpangntitnamting anderfor eiountingichprmeinalouand ng ar ea
138 with enc I | e el Wik ' _

retaining wal 12"8£me'enxtsétjhr‘%is5 aﬁ]% nol s?ﬁ%e@sﬁ?gnnﬁégj%%q&rﬁ%d area
140 and ul ti rf &the B8Gqess ha®ls: channel s. The manner and content of the
present inventgon di sclpxgdrddiditer %diﬁqdlb%mgﬁimirﬁ;erence 30 to a
preferred enbodi ment. Wrkers skilLa%iikthe arf will recogni ze that
changes may be made i n 3or mEHRFAR aRUiNeRL: TRFardSRAFIYINT « P pirit
and scope of the invention. housdfiP6/ An483 a terminal and an

PCT/ US95/ 09673 ' :

electronics compartmént, the bulkhead
having an opening therethrough and a
. retaining wall in ° the terminal :
compartment separating the bulkhead into '
a component mounting area and a
_ watershed area; ' '
a mounting plate for mounting a set of radio
frequency interference (RFI) filters,
each RFI filter having a case and a
conductor disposed along a length of the
filter, the mounting plate connected to
- the case of each of the RFI filters, the
mounting plate mounted in the opening in
the -bulkhead; and _
an encapsulant filling the component mounting
area substantially to a top of the
retaining wall, so as to sealingly
separate the compartments from each
o other. '
11. A method for assembling a transmitter housing,
comprising: -
arranging an RFI filter in a mounting-plate,
the filter having a case and a conductor
disposed along a length of the filter,
-the case of the filtef connected to the
mounting plate; o '



Y- 14- WHAT IS CLAI MED-LS:

1

Atransmtter for transmtting a

process variable over cabling, conprising: a cylindrical |
_a procesWOMOAMSy %’ﬁ@’ﬁ%’g

“first and a second- cH

mﬁﬂmmmmﬂe of the housing, the’h
g an internal bul khead, the second

avi ng
ving a

conpartnment tending to recei vé ndi sfure and capped by a cover; a first

access channel
t he second conpart nment,

di sposed on the housi ng—a@d+acent to the process nounting in
t he access channel formng an intersection

substantial ly flush w taffiningrkhe monnting pdhtehéntecamepsning ofent, t he
access channel connectable tg gRIRXEREN®h Ph8CRoAEiRLECERECBLIKkhegRIUI
' ' In  the f t

~cont ai ni ng

t he cabling;

a

circult I'rs

conpensating the process var PERREAting ckheyj ErangmitFerngintppetwo

conpensat ed process vari abl ecbmpartneftsr &g haring

.conpart nent

id rieftalimd nipilvaead; and

a pair of termnals in the second.c artnment conpected to,the feedthrough
i | fGergacerR 5 gg! Nroug

circuit and to a pair of con

reqn 89,86 séparate one
the compartments into ‘a component
mounting area and a watershed area, the

plate positioned with one end of the

conductor in one compartment and the

other end of the conductor in the other
compartment; and

filling the component mounting area with an

encapsulant so as to sealingly separate
one compartment from the other.

12. . The method in claim 11 where the encapsulant
substantially prevents moisture in one compartment from

migrating into the other compartment.

13. : A transmitter for transmitting a process

variable over a conductor, comprising:

a housing having a process mounting disposed

on a base of the housing, the housing
having a first and a second compartment
sharing an internal bulkhead, the second
compartment tending to receive moisture,
the bulkhead having an opening therein
and a retaining wall disposed thereon;

an access channel disposed on the housing

adjacent to the process mounting and
opening into the second compértment, the
access channel forming an intersection
substantially flush with an inner
surface of the second compartment, the
access channel connectable to an



where the transniLLEL_dLaFﬁS~nUT§TﬁT€ through- the channel in a range

of nountings. 2. Th ter of claim1l where the first
_conpart nm9m3udesn“\‘ i !w\zmim%nect ed to a sensor PORYBEWIAs3 .
PCT/ US95/ 09673 - 15- i Ss process vari abl e, where the passageway

and the sensor are disposed in the transmtter housing. 3. The
transmtter of claim1l where a surfacei1gF the bul khead in the second
conpartnment has an integral wall forned thereon so as to separate the

bul khead into a conponent. mexnernglarpieaad af walercthricdal eonidud tconponent

mounting area for nounting Egﬁgg?hghgikﬁea@gﬁgﬁﬁgpggershed area

concentrati'ng the noisture I'nta AcCess C 2. 74, The
transmtter in clai m3eMetronhesaccads cihhgnel fBKSHds ompariment: he i nner

surface of the second conpapt-RRRHinG e ML) SPeréééntatittet Bat avhen the
transmtter is nounted with " the accéss channel orleggﬁd downwar ds, the

access channel receives sGREPEREREEAy PIPCESE VAZ1ADI&Fure from the
wat er shed area. 5. a feddthidsudils Gilrari todiepased3intitie opleaildg, khead has

an opening init, and the t%ﬁgsnéi£gﬁiéur££§1uding an RFI filter
having a case and a signal pin disposed
along a length'of.the'filter, one end of
the conductor in the first compartment
and connected to the signal; :
an encapsulant  substantially filling the ‘[
. component mounting area to a top of the
_ retaining wall; and
a terminal in the second compartment connected
to the other end of the conductor and to
the signal pin, the transmitter draining
the moisture though the channel in a
range of mountings.



*conprises: a mounting plate having at |east one RFl filter disposed

t hereon; and an encapsulant filling th dmponent nounti ng top of
~the integr¥P oM o The transﬁifter of claim 3 whe ’ﬁ-‘%@??’%f
‘joining surfaces in the second conpartnent are filleted. 7. The
transmtter of aim3 where the watershed area has a snmooth surface to
facilitate dr ’rgnof noi sture. 8. . The transmtter of claim1l where
a second access ch#&anel fully intersects the inner surface of the second
conpart nmen t fe—Secohd—access cnanngl roga-ed——subsiaii) al | y opposite the
first acc chamer- 9.2 - ausm ™Rer—of—Ttarin 8 where a surface
of the bul khexg: +Frthefiecefd conpart femt ~ha integrlal WD 96/ 05483
PCT/ US95/ 09673 |—+6—xfal )l orned t Ner £0 0_a : : bul khead into
a conponent noymip0 A ca—zmo—a—wal ceshed—araa-\{ Ne_conpon mounting area

for mounting tHE&FerpMalis and 1 wat er shea Iare
noi sture |g@ ond.ef the 'access channels. 10.
conpri si ng¥&n .ernal | bul khead for sepgrating
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housi ng into a termnal and an electronics conpartnent, the

bul khead h@y)igg 3 openi ng t heret hrough gnd a retaining wal | I n t he
term nal. conpartmnent separating the R2uVkBead into a conponBRT/USHNNET3 ng
area and a watershed area; a nounting plate for nmounting a set of radio
frequency interference (RFlI) filters, each RFlI filter having a case and a
conductor disposed along a length of the filter, the no i ng plate
connected to the case of each of the RFI filters, the nt i pg—pkat e
mounted in the opening in the bul khead; and an encapsul ast ek

to sealingly separate the conpartnents fromeach ot her. \ A net hod
for assenbling a transnmitter housing, co \ Sing: arra §

in a nmunting plate, the filter having a case and axco
along a length of the filter, the case of.Spue filt o
nmounti ng pl at e;



Y0 96/ 05483

t he nounti %&Iéqaslft‘%gi

pul khead s

nto an openi ng s)f/
the transmtter i'n

b

PCT/ US95/ 09673 -17- affixing

bul khead i n the housi ng,
two conpartnents arRETEIHASHB6TA

t he

retaining wall forned thereon so as to separate one of the conpartnents
nting ar,g%canyfza wat er shed area, the plate positioned
|

i nto a conponent nou

. %

with one end of the condggso ong ggagar t ment [and the] ot her end of the
conductor in the other compar ] an(yﬁyb':g { he conppnent nounting area
wi th an encapsul ant s%’!%g S ' e 5@1)”6 conpprtment fromthe
ot her. 12. T ' LM P psul ant substantially
prevents noisture 1 o a L 4784/ n to] t he ot her
conpartnent. 13. ¥/ i ¥ _ gi#gMtting al process variable
over a conductor, coy_?‘b):s o) a process| nounti ng di sposed
on a base of the ho PRIS rst andl a second
conpartnment sharing i [N segond conpartnent tending to
recei ve .noi sture,_r/éo @ &%’2 W
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t he bul khead having an opening therein and a retaining wall disposed
thereon; agodg channel di sposed on the housing adjacent _to the process
sounting ang opening into the second doBpartnent, the accesBCENSAEST3
formng an intersection substantially flush wth an inner surface of

the second conpartnent, the access channel connectable to an WO
96/ 05483 PCT/ US95/ 09673 - 18- external piece of electrical
conduit containing the conductor; electronics in t he first

conpartment providing a signal representative of a conpensated process

vari abl e; a feedthrough circuit disposed in the opening, the circuit
including an RFI filter having a case and a signal pin disposed along a

| ength of the filter, one end of the conductor in the first conpartnent and
connected to the signal; an encapsulant substantially filling the
conponent nounting area to a top of the retaining wall; and




4 terminal in the second conpartment connected to the other end of the

conduct or t e signal pin, the transmtter draining the noisture
t hough the@ﬁaﬂﬁ%‘wi n a range of nountS W$ PCT/US95/09673
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