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pathway for transmitting microwave energy from a

microwave source through an explosion proof/flame proof

process seal interface to an antenna. This device is

particularly wuseful in instruments that determine
10 product levels in tanks.

Radar level gauges are in wide use Ffor
measuring the level of products in tanks. Process
fluids contained in tanks range from benign products to
severely corrosive or abrasive compounds. The operating

15 restriction that is present is that the product
contained in the tank must have a dielectric constant
high enough to cause microwave signal reflection which
can be received by the gauge. Antenna and waveguide
assemblies that are used alsoc have to be capable of

20 containing the process pressures in the tanks in order
to isolate the gaﬁggneléafibnics from the process vapors
and fluids.

It ig important that the level gauge waveguide
contain process pressures both in terms of preventing

25 damage to the gauge electronics and in terms of
preserving the tank’s ability to contain process
pressures. An additional design constraint for
microwave level gauges used in process applications that

are considered to be hazardous locations are explosion

30 proof/flame proof certification requirements. These
- requirements come from standards developed by various
representatives of industry, government, and certifying
agencies. The need for containing an internal explosion



25 damage to the gauge electronics and in ternms of preserving the
tank's ability to contain process pressures. An additional design
consfraint for mcrowave |evel gauges used in process applications that
are considered to be hazardous |ocations are explosion 30 proof/flane
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specifically, the wavequide of,Ratingy fPMERS ShAGAN Gar¥tacturing
processes and the addition of high precision components.
This results in greater labor and material costs to be
placed on an instrument already significantly
10 constrained by microwave performance criteria that must
be met for proper gauge operation. More specifically,
the waveguide or pathway from the electronics or
microwave source must include an explosion proof/flame
procf seal as well as serve as a microwave signal
15 pathway.

One existing solution to the problem includes
separating the gauge into two assemblies: one being the
antenna/microwave sensor assembly and the other the
electronics assembly. puring installation of this

20 gauge, the antenna/microwave sensor assembly is
assembled to the tank with a separate process seal. ' The
electronics assembly contains the circuitry for power
regulation, signal processing, communications, and the
level and volume calculations and corrections. The

25 antenna/microwave sensor assembly is a very low power
device that transmits and receives microwave signals.
The spacing between the components used in the
antenna/microwave sensor assembly electronics and the
low power level permit the assembly to meet the

30 requisites for intrihsically safe instrumentation.
However, even with the separated level gauge components
there is still a need for the process seal between the
sensor and the potentially aggressive products inside
the tank.
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probl.em i ncl udes separating the gauge into two assenblies: one being the
ant enna/ m crowave sensor assenbly and the other the el ectronics assenbly.

‘During insta] ég@i n of this 20 gauge, the antenna/m crowave sensor
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el ectronics assenbly contains the circuitry for power regulation, signal
processi ng, communications, and the |evel and vol une cal cul ati ons and

corrections. The 25 antenna/m crowave sefisor assenbly is a very |ow
power device that transmts and receives mcrowave signals. The spacing
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antenna must be small or the additional epoxy required
and extensive housing modifications would make the gauge
design quite expensive. When the antenna is
encapsulated inside epoxy, the customer has two mounting
10 options, namely the microwave level gauge can be mounted
directly on the tank or the gauge can be mounted on a
"window" covering an opening or port in the tank. Both
the window and the gauge must be designed to meet
material, safety certification, microwave performance,

I ncl ude an expl osi on proof/flame proof seal as well

15 and process seal requirements.

However, the need still exists for a low cost,
effective, and high performance process sealed waveguide
assembly that fulfills the microwave signal transmission
requirements, acts as a process seal, and meets the

20 explosion proof/flame proof certification requirements.

SUMMARY OF THE INVENTION

The present invention relates to a microwave
signal transmission device for transmitting microwave
energy from a source through an opening or port in a

25 tank or other vessel, and is comprised of a process
sealed waveguide acting as a microwave transmission line
at the working frequency and power output of the gauge
and which serves as a mechanical barrier for preventing
pressure leakage. .

30 The process sealed waveguide is characterized
by part geometry which provides impedance matching with
the antenna to avoid reflections, resonance, and similar
microwave signal problems. Impedance matching reduces
inefficiencies, losses and false target returns.
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propagation. This reduction in size allows for the
creation of a physically small, microwave transparent
mechanical barrier that can be secured in the waveguide.
10 The cross sectional area of this barrier is sufficiently
small enough that for a given material the ability of
the waveguide to withstand process pressure loads is
significantly increased. The primary process sealed
waveguide is formed by securing a barrier in a correctly
15 sized waveguide aperture placed in a flange that covers
a port or opening of a vessel or tank. A waveguide that
is circular in cross section is preferred and is easier
to manufacture with regard to tolerance control of size,
particularly in the securing hub or joint area of the
20 barrier.

The mechanical joint supporting the barrier in
the waveguide is made sufficiently strong to withstand
the process pressures without failure so that the
process pressure is maintained in the tank or vessel and

25 is sealed from the electronic microwave source. The
barrier also has to withstand the operating temperature
requirements as well as being resistant to any corrosive
process fluids they might contact. The barrier
preferably has a tapered end, formed conically, as

30 shown, to aid in impedance matching. The tapered end
can be truncated rather than sharp, or the barrier can
be a full cylinder, except reflection is a problem with
flat surfaces.
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pressure testing as a routine manufacturing step. In
the embodiment shown, there is an adapter plate or
housing to flange transition between the microwave
source and the flange, which has a waveguide aperture

10 for receiving a second barrier forming a secondary
process seal that in this case is identical to the
primary seal, but inverted so that the tapered portion
of the barrier is facing the other direction in the
waveguide.

15 In order to meet the most stringent of the
certification requirements on the microwave gauge, the
embodiment shown also includes a non-flame propagating
pressure relief joint or vent path area between the
mechanical barriers. This vent path is carefully tested

20 by certification agencies to insure that in the event of
a primary mechanical barrier failure in the waveguide,
pressure is relieved before it reaches the secondary
barrier without flame propagation in either direction;
out of the gauge or into the tank.

25 The length of the taper or transition section
of the mechanical barrier indicated is on the order of
one waveguide wavelength in | length, while more
conservative design estimates indicate the taper length

. should be as long as two wavegquide wavelengths if

30 possible.

Materials useful for construction of the
mechanical barrier include tetrafluoroethylene, low
dielectric constant and 1low dissipation factor
thermoplastics, quartz, glass and ceramic materials.



significantly increased. The primary process seal ed waveguide is forned
by securing a barrier in a correctly 15 si zed wavegui de aperture pl aced
in a flange that covers a port or opening of a vessel or tank. A waveguide
that is circular in cross section is preferred and is easier to manufacture
w th regardwe@okgbar ance control of size, particularly in poeuvsessieing hub
or joint area of the 20 barrier. The nechani cal joint supporting the
barrier in the waveguide is made sufficiently strong to withstand the
process pressures without failure so that the process pressure is

mai ntai ned in the tank or vessel and 25 F6~-seal ed fromt.he electronic

m crowave source. The barrier also has to withstand the operating
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satisfactory and a mechanical barrier made of this

material can be brazed in place to form a very good

process sealed waveguide. 99.5% pure through pure
10 (synthetic sapphire) alumina oxide has been used.

The present invention provides a redundant
barrier design, and creates a pressure relief joint or
venting region between the primary and secondary
barriers in the process sealed waveguide, to satisfy the

15 most difficult of the certification requirements. An
explosion proof/flame proof process sealed waveguide is
thus provided.

] F_DESCRI W

Figure 1 is schematic representation of a tank

20 in which a microwave tank level indicator having a
process sealed waveguide made according to the present
invention is installed; '

Figure 2 is an enlarged cross sectional view
of a microwave source and antenna coupled through a

25 process sealed waveguide made according to the present
invention;

Figjure 3 is an enlarged sectional view of a
process sealed waveguide made according to the present
invention; _

30 - Figure 4 is a plan view of the flange mating
surface of an adapter plate taken along line 4--4 in
Figure 2;



process sealed maveQU|de S achleved by careful control of flanepaths and

the-process 5 seal ed vvavegw de w II be subj ect ed to hydrostatlc
_pressure testing as a routine manufacturing step. In the enbodi ment shown,
‘there is a [%iﬁ’g; r plate or housing to flange transitionﬁ he

m crowave g‘(')urce 1gnd the flange, which has a wavegui de ap W%S for
recei ving a second barrier forming a secondary process seal that in this
case is identical to the primary seal, but inverted so that the tapered

portion of the barrier is facing the othectydirection in the waveguide. 15
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in length, Wwhilthe "% of the tank, and is sealed relative thereto.
The microwave level sensor transmits microwave energy
through the port, along a waveguide and will receive

10 reflected energy from the liquid surface 13 to provide
an indication of the level of this liquid within the
tank. The electronics that are used for transmitting
the microwave energy, and receiving the reflections are
well known, and are shown only schematically.

15 Referring to Figure 2, the wmicrowave level
sensor assembly 14 is illustrated.

It is mounted onto a standoff pipe 20 fastened
to the top of the tank 10 (see Figure 1) around port 16.
Fastened to standoff pipe 20 is the tank flange 22.

20 A level sensor assembly mounting flange or
support 24 is secured with bolts to tank flange 22 and
is sealed with a suitable gasket. The mounting flange
24 is used for supporting both the housing to flange
adapter 40 and the electronice housing 26 which includes

25 microwave source circuitry of conventional design shown
at 34. The microwave source circuitry 34 provides
microwave energy through a coaxial connection indicated
generally at 28 that is coupled to a coaxial to
rectangular waveguide adapter 30 within the electronics

30 housing 26. The coaxial to rectangular waveguide
adapter 30 is secured with screws to a raised boss 36 of
the housing flange adapter 40 via the coaxial to
rectangular waveguide adapter mounting bracket 32.



conservative design estinmates indicate the taper length should be as |ong
as two wavegui de wavel engths if 30 possi ble. Materials useful for
construction of the mechanical barrier include tetrafluoroethylene, |ow
dielectric constant and |ow dissipation factor thernoplastics, quartz,
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seal ed wavegui 8e, 68 sS®icugky ttilee the mounting flange 24, with bolts of

selected size and torqued to a level selected to permit

some elastic yielding if pressure between the secondary

barrier 62 and primary barrier 54 exceeds a

predetermined level. Waveguide aperture 46 in the

10 center of mounting flange 24 aligns with waveguide

aperture 38, so that microwave energy transmitted

through the waveguide adapter 30 is transmitted through

the aligned waveguide apertures. Waveguide aperture 46

is in the form of a downwardly expanding circular cone.

15 A suitable antenna 48 is mounted on the bottom

side of the flange 24, and is positioned within the port

le6. The antenna 48 is of conventional design and

includes a central aperture 50 at an upper end that

aligns with waveguide aperture 46 in the flange 24, and

20 thus aligns with the waveguide aperture 38 in the
adapter plate 40.

In order to provide a barrier for vapors or
liquids that are in the interior of the tank 10 (see
Figure 1) and to prevent the vapors from being

25 discharged to the exterior, a low dielectric mechanical
barrier 54 is suitably secured in the waveguide aperture
46 and forms a primary wmechanical, pressure tight
barrier. The low dielectric mechanical barrier 54, as
shown in Figure 2, is an elongated barrier member hav:.ng
30 a generally cylindrical base or hub end shown at 58, and
a conically tapered or pointed transition and impedance
matching section 60 (see Figure 2). When made of
tetrafluorocethylene, the base end 58 of the 1low
dielectric mechanical barrier S4 can be formed with an
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DESCRI PTI ON OF THE DRAW NGS Figure 1 is schematic representation of a tank
20 in which a mcrowave tank | evel indicator having a process seal ed
‘wavegui de nade_according to the present invention is install g@ Eiqure 2 is
an enl argecfvg%&z"sectional vi ew of a m crowave source angcﬁ’?f Hﬁ?qcoupl ed
t hrough a 25 process seal ed wavegui de nmade according to the present

i nvention; Figure 3 is an enlarged sectional view of a process seal ed
wavegui de made according to the present invention; 30 Figure 4
is a plan view of the flange mating surface of an adapter plate taken al ong
line 4--4 in Figuricxdgular\¥uPfdde?2blaid in providing a solid mechanical
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Referring to FlgurJe , a proce ndi cat e erally at 10|s§illed
with a liquid 12, aperture 46 and the base end 58 of the barrier when the

barrier is epoxied in place in the waveguide aperture 46

‘ 5 of mounting flange 24. When the low dielectric
mechanical barrier 54 is made of aluminum oxide, then
the base end 58 does not require the irregular shape and
it can be brazed in the waveguide aperture 46 of
mounting flange 24.

10 The portion of the aperture 46 holcing the hub
end 58 of the barrier 54 may be slightly tapered in
upward direction. This will result in pressure from the
tank tending to urge the hub to seat more tightly in the
aperture.

15 Referring to Figure 2, the tapered or pointed

" end section 60 of the low dielectric mechanical barrier
54 forms a transition section for impedance matching
with the air or vapor filled antenna 48. The length of
the low dielectric mechanical barrier tapered section 60

20 is measured from the base end 58 to the outer tip of the
tapered end section 60 and should conservatively be in
the range of two waveguide wavelengths long, the lengths
on the order of one waveguide wavelength have been used
successfully. If the low dielectric mechanical barrier

25 54 is made of 'tet:rafluoroethylene, an epoxy or other
bonding material will be used in the hub or joint area
between the base end 58 of the low dielectric mechanical
barrier and the surface of waveguide aperture 46 to hold

_ the mechanical barrier 54 sealed in position and

30 therefore blocking the transmission of gasses or ligquids
through the waveguide aperture 46. Brazing an aluminum
oxide mechanical barrier into the waveguide aperture 46
also provides a secure mechanical barrier as needed.



t he height or level of which is to be determ ned 5 utilizing a mcrowave
| evel sensor assenbly 14. The |evel sensor assenbly 14 is nounted on a
tank port 16 at the top of the tank, and is sealed relative thereto. The

m crowave | evel sensor transmits m crowave energy through the port, along a
“wavegui-de awoomidiireceive 10 reflected energy fromthe pdgdeshsby f ace 13
to provide an indication of the level of this liquid within the tank. The
el ectronics that are used for transmtting the mcrowave energy, and
receiving the reflections are well known, and are shown only schematically.
15 Referring to Figure 2, the¥-<rowave | evel sensor assenbly
14 is illustrated. It is munted onto a standoff pipe 20 fastened to the

top of the tank 10 (see Fi Jtt®el®dy %Gﬁarbﬁﬂecﬁanéét@‘ﬁFQ’bsét%ﬁﬁ%ﬁf pi pe
20 is the tank flangeifi@ry 2@echanical barridevadaisets o ranseEyionmmmt i ng

fl ange or supporty fsS geayaed aaehatggksfst@g&ggréé t2onPank Sy geal ed

with a suitable g The nounti ng ange use or supporting both
t he housing to fl %P(%’EPeIlMO and the el ectronics housing 26 which -
i ncludes 25 5mcrowave sSo@r secondClov Kietbcepiy amidhandlcadebagpiehosm at

34. The m crowavg, ﬁﬁgjraC%e%'gﬁﬁgé ??éa %%%%@e?;gé\g\éf?eﬁg%wdr{g@ugh a

coaxi al connection I ndicate coaxi al
to.rectangul ar V\/a:\-/‘égl‘f?éfégﬂﬂ@@t é\PeEGuWFt & Phe '-'é'leeclﬂ?‘ﬁﬂ-fés to flange
adapter plate 40. It is wmade identical to 1low

dielectric mechanical barrier 54, but the whole barrier

10 is inverted so that the tapered end section 64 is
flipped relative to the low dielectric mechanical
barrier 54. The second low dielectric mechanical
barrier 62 has a base end 61 and a tapered or pointed
end 64 similar to that shown at 60, but is directed

15 upwardly into waveguide aperture 38. The tapered end is
close to the coaxial to rectangular waveguide transition
30 in the electronics housing 26 which houses the
microwave energy source 34. This tapered or pointed end
section 64 forms a transition section to aid in

20 impedance matching with the air-filled coaxial to
rectangular waveguide adapter 30. The base end of low
dielectric mechanical barrier 62 and the base end of low
dielectric barrier 54 concentrically abut for waveguide
continuity, but they are not fastened together.

25 , The tapered end sections of the barriers may
be truncated to have flat ends, or can be cylindrical
for the full length of the barrier, if reflections that
occur with flat surfaces are not problem.

The low dielectric mechanical barriers 54 and

30 62 forming primary and secoridary process sealed
waveguide wmechanical barriers are made of a low
dielectric material, such as tetrafluorcethylene, or a
low dielectric constant and low dissipation factor
thermoplastic, quartz, glass and ceramic materials. The



30 housi ng 26. The coaxial to rectangul ar wavegui de adapter 30 is
secured with scrouws. tg g raised boss 36 of t-he—heustAg—F+ange—adapter—40

via the coaxial to rectangul ar wavegui de adapter nounting bracket 32. WO
97/ 122_13 PCT/ US96/ 15297 -8- A

‘wavegui de aperture 38 is forned in adapter plate 40 and is ' i th
adapt er~ 30. %V%Wﬁﬂl de aperture 38 is in the formof an upﬁgpgg{;ﬁg%?gandi ng
circular to rectangul arly shaped hole. Adapter plate 40 5 is secured to

the.nmounting flange 24, with bolts of selected size and torqued to a | evel
selected to permt sone elastic yielding i fipressure between the secondary
barrier 62 and primary barrier 54 exceeds a predeterm ned |evel.

Wavegui de apert ur eddémener hef 1the magitagvicel hauniers) dndatde ¥3vepEr§fAsswith

wavegui de aperture 38,¢§Pek Nl pimhPYRY BcRBemirel ) BBLh! €k Wakeuehgthe
wavegui de adapter §§ |rs t?ansmptted ?ﬁ?ou h theeallfy]ned vequi d g
f

apertures. Wavegui 88 apif t FRETREAVE if BEHIDr CX3HERARAT Ifnt;%xp‘éﬁ%li ng
circular cone. 15 dielectric cénstantalife thet banuies natemiditsed on t he
bott om si de_ of gt he fl ange 24Asa”£;i %,&q%jlbi oged phé hiderdd¥@nonti ctbwave The
antenna 48 is of canventional design an .
formulas that apply to waveguides and antennas, the
following formulas indicate how beam width is a function
of the frequency of the signal, and the antenna diameter
(using metric units):
10 A =c/ff
Beam Width = 70 * \/¢
= 70 " (c/f) /¢
Where A = wavelength of the microwave signal, f =
frequency of the microwave signal, c = speed of light (3
15 * 10®* m/s), and ¢ = the diameter of the antenna.
Another important equation is the relationship
between the radius of the waveguide (a), the longest
wavelength (\.) that can be transmitted by the
dielectric filled waveguide, and the dielectric constant
20 (¢) of the barrier material:
A =Ve * (2 * 7 % a)/1.841
{(using metric units)
The interface formed by the mating surfaces of
the housing to flange adapter 40 and the mounting flange
25 24 as shown in Figures 2 and 4 forms a long vent path
from the central waveguide apertures by appropriately
designing the outer diameter of the housing flange
adapter 40 to create the long vent pathway. The mating
surfaces between the housing to flange adapter 40 and
30 the mounting flange 24 form a sufficiently long pathway
from the process sealed waveguide aperture 46 to the
atmosphere for venting gasses or vapors without allowing
flame propagation in either direction. The secondary
process sealed waveguide barrier 62 prevents flame



i ncludes a central aperture 50 at an upper end that aligns with waveguide
aperture 46 in the flange 24, and 20 thus aligns with the wavegui de
aperture 38 in the adapter plate 40. In order to provide a barrier for
vapors or liquids that are in the interior of the tank 10 (see Figure 1)
"and to -prevemszagmivapors from being 25 di scharged to thecoudoens0f, a | ow
dielectric nechanical barrier 54 is suitably secured in the wavegui de
aperture 46 and forns a prinmary nechanical, pressure tight barrier. The | ow
di el ectric mechanical barrier 54, as shown in Figure 2, is an el ongated
barrier nmenber having 30 a general ly cylil®drical base or hub end shown at
58, and a conically tapered or_pointed transjtion_and inpedance chi ng
section 60 (see I#rgq.ﬁazqaf)l.on IHR TR PBFFEIWF%e{Ez?Pgn e HFase
end 58 of the |owidits edigdteomichahdesind#6.i eTh4deangheof dronsing tto an

WO 97/ 12211 flange adapter 40 can be adjustedPed W l&dMbosidn
ol nt "bet ween t he

I rregul ar surface to i_.n _providing a solid nmechanical
surface of the up&&o‘%&l@fnwgagiﬁgr | T EeIHYEERE HSse end 58 of
the barrier wien the barri elti shepbdilssl riotegd ahati lahe peopagatdompaer t ure
46 prevented in two paths, past the secondary process
sealed waveguide barrier 62 and between the facing
surfaces of the housing to flange adapter 40 and
mounting flange 24. The flames are also prevented from
10 propagating from the exterior, such as from the
electronics housing 26 into the antenna opening or from
the exterior of the mounting flange 24, inwardly.
As shown in Figures 2 and 4 the mounting
flange 24 and housing to flange adapter 40 are
15 configured with an O-ring interface that is designated
to as pressure ingress protection, but permits hot or
pressurized gasses to escape through the vent pathway
that occurs at the interface between the mating surfaces
of the housing to flange adapter 40 and the mounting
20 flange 24.
The mounting flange 24 has an annular recess
70 that defines a concentric ring 71 in its center. The
housing to flange adapter 40 has a raised concentric
ring 74 that fits within the annular recess 70 of the
25 mounting flange and includes a concentric O-ring groove
76 in which an O-ring 78 is placed, and the O-ring 78
compressed onto the upper surface 71A of the mounting
flange concentric ring 71.
As shown in Figure 4, the O-ring groove 76 has
30 a pair of lcbes 76A and 76B, which create widened areas
in the O-ring groove 76. In the event of a failure of
the primary process seal 54, pressure will cause the O-
ring 78 to expand into the 1lobes 76A or 76B at
predetermined low pressures. When that happens the O-



5 . of nDuntlng fl ange 24. When t he Iom1d|electr|c mechani cal

b :

t he |rreguIar shape and |t can be brazed i n the wavegui de aperture 46 of
mounting flange 24. 10 ' The portion of the aperture 46 hol di ng

the hub end e barrier 54 may be slightly tapered in upward
direction. ﬁ%ﬁ&ﬁlp result in pressure fromthe tank tendi "t’s(?“’&'fz&% t he
hub to seat nore tightly in the aperture. 15 Referring to
Figure 2, the tapered or pointed end section 60 of the |ow dielectric
mechani cal barrier 54 forms a transition segts-on for inpedance matching
with the air or vapor filled antenna 48. The length of the low dielectric
mechani cal barrier tiaperdl tyectalen stE£20ient by nés wree b lfesaom tHee dugee ofnd 58

to the outer tip ofg "F&ﬁq’ t| 6G,an¢as n?g_r}s | ybe
in the range of two l\%\%\E/.izaltgur e%g ng, %g’d P‘en S)h on te\rég%ort er
one ‘wavegui de mravel%ﬁfﬁﬁ?%a@@been%d“@ﬂé@@%%f l}IeP-?aSFF tHe VBRESI é‘l”@ctrl c
nmechani cal barrier gifessure to thelmatingesurdddey oetine elonsing epdiange

ot her banding, g ey ol aobentiSsluedie 21 0Hle e | Ohfle BEBBRLE YERR S he

base end 58 of elec rrc nec arrier and e sur
wavegui de apertur e B {SRERAT 1P PRRFAINIZRA Haiquids SN SRIALY R5F&P® i on
and 30 therefore grhasignghe heldtARelySEond dibtgAces afetiedn fhédsentral

process sealed wavequide apertures and the outer edge of
the housing to flange adapter 40. This path is
10 represented in Figure 2 by a dark line 80.

Bolts or capscrews 82 which are used for
fastening the housing to flange adapter 40 in position
are kept at a known predetermined low torgque so that the
plate will elastically stretch the bolts 82 and permit

15 the venting separation to occur. The separation is
controlled to be only a thin space to quench flames
before the flames reach the atmosphere.

Referring to Figure 3, if the process sealed
waveguide barriers 54 and 62 are epoxied into the

20 waveguide apertures 46 and 38, the length of the epoxy
joint at the base ends 58 and 61 must be greater than
ten millimeters to meet certification requirements, and
irregularities should be formed on the hubs 58 and 61.
The epoxy selected must meet mechanical and operating

25 temperature requirements for the gauge as well as
matching the electrical and microwave parameter for the
waveguide. At the certification agencies the epoxy must
pass flammability, aging and chemical compatibility
testing. When quartz and ceramic materials are used for

30 the primary and secondary mechanical barriers, the
joints between the barriers and waveguide apertures can
be a combination press fit and shrink fit, and then
brazed, or simply only a brazed joint. Placement of the



t hrough the wavegui de aperture 46. Brazing an al um num oxi de nechani cal
barrier into the wavegui de aperture 46 al so provides a secure nechani cal
barrier as needed. WO 97/ 12211

PCT/ US96/ 15297 -10- The | ow dielectric nechanical barrier 54 forns a

" prinmary necwemsrazil barrier agai nst transm ssion of vapors,pdrnsegisszerr

mat eri al s under pressure fromtank 10 (see Figure 1). 5 A
second | ow di el ectric mechanical barrier 62 forns a secondary nechani cal
barrier and is positioned i n wavegui de aperture 38 of the housing to fl ange
adapter plate It is nmade identicht- to |low dielectric nmechanical

barrier 54, but t evx/nol rrd g s.lnyerted h the ta ered end
section 64 is flippa&reY a‘ﬁ{Feél{ 3% ﬁzgnfzaw%?%lte%t%oi:e}% %&ﬁl &ﬁFe% %Y er 54.
The second | ow dlefet;hmmpmiﬁmm ocw@tchangi er 62 has a base end 61 and a
tapered or pointed end 64 Spyd | @rltggn%[hagnéhg\glgeﬁ\gl§0,oputth|es dirggied 15
coaxi 2l 1o 1 ect anBRPAPHA RAHIG SEERER (YO ACHS PR THRF LIS COPQRPRRC Hifisi ng
26 which hous8s t fitanger 24aVer cheusing cur dilae ddaptéapplatie o40poamted end -
inserting the ceramic mechanical barrier into the
corresponding waveguide aperture which has been expanded
by the application of heat. An initial interference fit
is provided during insertion of the barriers into
10 apertures of the heated mounting flange 24 or housing to
flange adapter 40, and when the flange or plate cools,
it shrinks even more tightly onto the ceramic mechanical
barrier, which has a lower coefficient of thermal
expansion. Brazing at the base end of the ceramic
15 mechanical barrier then finishes the assembly process.

In selecting the material for the low
dielectric mechanical barrier, the lower the dielectric
constant is preferred as long as consideration is also
given to the material strength properties. Assuming a

20 24 GHz signal, a lower dielectric, low dissipation
factor material permits construction of a larger
diameter waveguide while minimizing losses due to
impedance mismatching, discontinuities and the like. As
dielectric constants increase the diameter must decrease

25 to maintain the same frequency performance and creates
manufacturing difficulties due to small physical size
and tightness of waveguide component tolerances.

‘The venting provided by permitting the O-ring
78 to extrude into lobes 76A and 76B (see Figure 4), and

30 allowing a separation gap between mounting flange 24 and
housing to flange adapter 40 as the capscrews or bolts
stretch must occur at a lower pressure than the pressure
that caused a failure of the primary mechanical process
seal 54. For example, if the primary process seal 54



section 64 fornms a transition section to aid in 20 i npedance mat chi ng
with _the _air-filled —coaxal—to—i-eetangtar—revegutde—atdapter—36— The
base, end of |ow dielectric nmechanical barrier 62 and the base end of |ow
di electric barrier 54 concentrically abut for wavegui de continuity, but

‘they are not fastened together. 25 The tapered_end sections of
t he barri er?%{}zﬂé truncated to have flat ends, or can beP‘EEIP?’ﬁ’a?’PEaL for
the full length of the barrier, if reflections that occur with flat

surfaces are not problem The low dielectric nechanical barriers 54 and 30
62 formng primary and secondary procggs sealed wavegui de nechani cal
barriers are nade of a low dielectric material, such as

tetrafl uoroethyl emiler ag@ Low Psel pxdddss paeskapt, atke vnudins beaween

factor ther mopl asthl, odHALLy Bl 310288 AN AES! ERbiae Wooter B

97/ 12211
di aneter of the mehwaddcarcrnurat & subptankitalky dQUPYRI PN tdan; 100
primarily determ ged by pestedteneoyeteididy ekbal herdi eheveywEl Sigral obei ng
transmtted and the 0\ Gl eeld GaaaRakant N9 atkk *tndR! Bh?biocass
As an exanpl®e o tthe " genera m ¢cr owave
pressure is safely released along a 1long, flame
quenching path before the secondary barrier releases or
fails.
Although the present invention has been
10 described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from

the spirit and scope of the invention.



formulas that apply to wavegui des—aﬁd—-am-enms"fﬁ’e' foll owi ng fornul as

I ndi cate how beamwi dth is a funct ency of the signal, and
the antenna dianeter (using netri “ﬂm ‘Ijﬁmn

[err] = c/f Beam Wdth = 70 [err err] VWere [err] =

wavel ength owattg2aticr owave si gnal , frequency of the m pepHvevéas®y gnal ,

c = speed of light (3 15 * 10[err] nis) and [err] = the dianeter of the
antenna. Anot her inportant equation is the rel ationship between the radius
of the waveguide (a), the longest wavel ength ([err]) that can be
transmitted by the dielectric filled waveguid®e, and the dielectric constant
20 ([err]) of thw [err] =[err] * (2 * [err] * a)/1.841
(using netric unit rmed by the mating surfaces of the
housi ng to fl ange adapter 40Aanpndeessousealgdf | azayeg?ﬁde 24esvsi.cehoviioa n

Figures 2 and 4 for n{lctqﬁ %&@bﬁvérgﬁéfﬁgf% %ousr &%{I; &SARELd ures

by appropriately designing th outer | anmet er ange adapter
40 to create the Ioﬂﬂ’gR}%‘?ﬁ ) 2PhRaSUPEE REFPRY %‘Brr"’?’h@@§eB§FV\E’éﬁ°‘# theusi ng
to flange adapter 4faveghidiez denvieeppootprigiiggnge 24 forma sufficiently
| ong pathway from the procesg %@egqi&@vgg&aer@pﬂt%g é@pﬁ&é h@oupled
: to the microwave source and antenna; and
a low dielectric constant waveguide barrier
in said aperture comprising a hub sealed
to surface portions defining the
aperture and supported in said aperture
comprising a solid wmaterial waveguide
barrier elongated in direction from said
hub portion in direction toward the
antemna.
2. The process sealed waveguide device of claim
1 wherein the support is a flangé and including a
process sealed housing to flange adapter between the
microwave source and the flange, the adapter having a
second aperture aligned with the first mentioned
aperture, and a second waveguide barrier in the second
aperture having a hub portion adjacent the hub portion
of the first mentioned waveguide barrier and an
elongated portion extending from the hub toward the
microwave source.
3. The process sealed waveguide device of claim
2 and an O-ring seal supported to surround the first
mentioned aperture, a retainer groove for the O-ring
having a section positioned to permit the O-ring to move
to a non sealing position to vent pressurized fluids
between facing surfaces of the flange and adapter.
4. The process sealed waveguide device of claim
3, wherein the facing surfaces between the flange and
the adapter plate create a pressure vent by separation

Th1s Sheet Has Been Re
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atrmsphere for venting gasses or vapors wi t hout al | ow ng fIarre propagatlon

e0 Wl

prevents fl ame VO 97/ 12211

PCT/ US96/ 15297 -12- propagation |3||!ullluﬂu!“‘ﬂ Ejulﬂﬂoaperture 38 and
therefore i troni cs housin f housi l.ange
adapter 40 ?g(g gleﬁgldj usted to neet expl osi on proof/flame pP%g#’g"];ISﬁQ
certification requirenents. 5 It should be noted that fl ame
propagation is prevented in two paths, past the secondary process seal ed
wavegui de barrier 62 and between the facingssurfaces of the housing to
fl ange adapter 40 and nounting flange 24. The flanmes are al so prevented
from 10  propagatefgthé r bacinhesurfaeas of yom spréssures f copatedeon an

el ectronics housi %L@uia”&@déhﬁi en&%gwe%agfp&n d QHHtQ&aﬁﬁéﬁrﬂeQ"ngOf the
nmounting flange 2?} é own Fi res he nount i ng
flange 24 and hou 'E'r?‘tj{| fIf ﬁ@@nﬁ’ﬂ%pt‘:@Ptmﬁ ycé’ri‘fel]étrﬁﬂ RSN
Oring interface tdegarasidesofnthe dfacings sp.uréasese i ngress protection, but
permts hot or pregsurized Qﬁésﬁa?%éébse%%dt WaOEGh: dd Cadipitte REE *E&%)imt hat

occurs at the interface between e matin f aces
1, wherein sa1 wave 1 comprises a generally

cylindrical cross section hub secured to a surface
defining the aperture, and a tapering portion extending
toward the antenna to form an impedance matching
portion.

6. The process sealed waveguide device of claim
5, wherein said waveguide barrier comprises a material
selected to have a dielectric constant substantially
lower than the dielectric constant of the support
material in which the first wmentioned aperture is
formed.

7. - The process sealed waveguide device of claim
1, wherein the waveguide comprises a ceramic material
having a dielectric constant substantially lower than a
material forming the support in which the first
mentioned aperture is formed.

8. The process sealed waveguide device of claim
7, wherein the length of an impedance transition of the
waveguide barrier is less than two wavelengths of the
microwave energy.

9. The process sealed waveguide device of claim
7, wherein the ceramic material comprises aluminum
oxide.

10. The process sealed waveguide device of claim

1, where:.n the wavegulde is made of material having the
properties of tetrafluoroethylene and the hub is secured
in the aperture with a separate bonding material.

11. The process sealed waveguide device of claim
4, wherein the adapter has the second aperture

is Sheet Has Been Replaced
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of the housing to flange adapter 40 and the nounting 20 fl ange 24. The
nmounting flange 24 has an annul ar—recess—70that—defi nes a concentric ring

71 in its center. The housing to f|l has a rai sed concentric
ring 74 that fits within the annug’ﬂmgﬂﬁ ﬁntﬂm Lhe 25 nounting flange
and i ncludeswosmpegntric O ring 0 : ' an O ri pgyiSeehsop! aced,

and the Oring 78 conpressed onto the upper surface 71A of the mounting

fl ange concentric ring 71. As shown in Figure 4, the Oring groove 76 has
30 a pair of |obes 76A and 76B, which create w dened areas in the Oring
groove 76. In the event of a failure of thelﬁr'l mary process segl 54,
pressure will cause the O 3& 78 to ex ang lr_} he | obes 76A aor %68 at
predet er mi ned | ow ﬁ°e$§st&|°é’§’d ot PREEIARPBENE ?h@ Prer FYSHANES

PCT/ US96/ 15297 - 13-the nipdighd rsaudiacesufdaparane| yof dortmo aclmasdure ewge of

the flange concent idfadd RRenfla?Mbdio He‘iBQeEoﬁuﬁﬁéélérQ éékﬁﬁc?x;egh]ﬂe“befo?%' S

novenment rel eases oOr vents the pressure to ting sur es of
housi ng to flange FeaFIPG aBoedd8 RbuHRe rﬂji%téﬁge 24. The process vapors,
12. The process sealed waveguide device of claim

4, wherein the separation of the interface surfaces
occurs at a pressure less than the pressure at either
the first mentioned or second waveguide barriers release
from their respective apertures.
13. The process sealed waveguide device of claim
4, wherein the separation of the facing surfaces is
maintained at a close spacing sufficient to quench
flames prior to the time the vented fluids enter the
atmosphere.
14. The process sealed waveguide of claim 1
wherein the waveguide barrier comprises a material
selected from the group consisting of
tetrafluoroethylene, and low dielectric constant and low
dissipation factor thermoplastic, quartz, glass and
ceramic materials.
15. A process sealed microwave waveguide for
transmitting microwave energy from a source through a
mount on a tank to a microwave antenna on an opposite
side of the mount from the microwave source and open to
contents of the tank, comprising;
said wount having a microwave waveguide
aperture aligned with the microwave
source and with a second aperture of the
antenna for transmission of wmicrowave
enérgy through the waveguide aperture;
and
a barrier in said waveguide aperture
comprising a solid, low dielectric
member having a hub portion secured to a
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hot gasses, or pressurized liquids can safely escape through the relatively
| erg—e-stanee—between—the—eenpt+at—process seal ed Vavegti-te—apertures—and

t he outer edge of the housing to f This path is 10
represented in Figure 2 by a dark limgﬁ HMB capscrews 82 which are
used for fa !the housing to I n p05|t|’l%n are kept at

a known preakﬁern1ned | ow torque so that the plate w || el XEL stretch
the bolts 82 and permt 15 the venting separation to occur. The
separation is controlled to be only a thin space to quench flanmes before
the flanes reach the atnosphere. Referring.i{e.Figure 3, if the process
seal ed wavegui de barriers 54 and 62 are epoxied into the 20 wavegui de
apertures 46 and 38, the |ength ghrEheee@orimimt theawavbgubaecapartus and

61 nmust be greater than ten mII| ters t c i tic quiLrements,
and irregularities should be for qg oén t%g’eggg 9:?3‘!&% qéﬂ’e?%l{ipgé d
sel’'ected nust neet mechani cal an8@m@peeht iaRPsEs5 Se‘t"e‘*rﬂé"era%urae d%é%ﬁﬁ#cmrents
for the gauge as well as matchi ngwhg}e erent raid a® NporeYoMe MEd anwi er

1 armmbi 1 Ty aging and cher cal CABRERLPB | LEYSEdst RS, ISPt 2

ceramic materials are used for 3darrigs heinmehaped e aeduseyinpedandeal

barriers, the joints between th&laﬁgfbsrﬁea;ggﬁ\@w%dggapgétéﬁgﬁw

and the second aperture of the antenna.

16. The process 8sealed waveguide of c¢laim 15
including an adapter between the microwave source and
the mount, the adapter having an adapter aperture
aligned with the waveguide aperture, and a second solid
material barrier secured in the adapter aperture.
17. The process sealed waveguide of claim 16,
wherein the mount and adapter have mating surfaces which
are clamped together with elastic fasteners, the
fasteners elastically yielding to permit the mating
surfaces to separate and to create a pressure vent area
from excessive pressures created on the antenna side of
the mount which causes the first mentioned barrier to
fail and to permit the pressure from the antenna side of
the mount to act on the facing surfaces of the mount and
adapter plate.
i8. The process sealed waveguide of claim 17,
wherein said barriers both comprise a solid material,
generally cylindrical cross section hub secured to
surfaces defining the respective aperture, and tapered
portions extending away from the hubs and each
terminating in a sharp point.
1s8. The process sealed wavegu:.de of claim 18,
wherein the solid material of the barriers comprises
aluminum oxide.

This Sheet Has Been Replaced




be a conbination press fit and shrink fit, and then brazed, or sinply only
a brazed joint. Placenent of the . \ND Q7/12214

PCT/[US96/ 15297 -14- braze is carefully controlled to protect the integrity
aof the inpedance matching. The fitting and assenbly of the ceranic
‘mechani cal barriers can be done by heating the nounting 5 %#ﬁgﬁél & (or
housi ng to‘ﬁ)amﬁglhdapter pl ate 40) and inserting the cer XATE ani cal
barrier into the correspondi ng wavegui de aperture which has been expanded
by the application of heat. An initial interference fit is provided during
insertion of the barriers into 10 apertures of the heated nounting fl ange
24 or housing to flange adapter 40, and when the flange or plate cools, it
shrinks even nore tightly onto the ceram c nechani cal barrier, which has a
| ower coefficient of thermal expansion.!/3 Brazing at the base end of the
ceram c 15 mechani cal barrier then finishes the assenbly process. In
sefecting the material for the low dielectric nmechanical barrier, the |ower
the dielectric constant is preferred as |Iong as consideration is also given
to_the material strength properties. Assumng a

FIG. |

o,




20 24 GHz signal, a lower dielectric, |owdissipation factor materi al
permis construction-of—a | ar geich-aiiai-ar—nav-e-gtH-de—whait-e—-rr-z-hrg—toesses
due t.0 i npedance m smat ching, discontinuities and the like. As dielectric
constants increase the dianeter nust decrease 25 to nmaintain the sane
frequency pe e and creates nmanufacturing difficulties, due to small
physical'sizékﬁﬁgﬁﬁ?ghtness of wavegui de conponent tolerangggﬁﬁ$ﬂgngénting
provi ded by permtting the Oring 78 to extrude into | obes 76A and 76B (see
Figure 4), and 30 al l owi ng a separation gap between nounting flange 24
and housing to flange adapter 40 as the capscrews or bolts stretch nust
occur at a |lower pressure than the pressure that caused a failure of the
pri mary mechani cal process seal 54. For exanple, if the primary process
seal 54 WO 97/ 12211 2/3 PCT/ US96/ 15297
-15- fails at 100 psi process pressure, the venting between the nounting

fl ange 24 and housing to flange adapter 40 should occur at a substantially
| ower pressure than 100 psi to protect the secondary seal fromthe ful
forge of 5 the process pressure. This insures that the process pressure
Is safely released along a long, flane
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quenchi ng path before the secondary barrier reIeases or falls Although t he

enbodi nent s, workers skilled in the art mnll recogni ze that changes may be
made in formand detail wthout departing fromthe spirit and scope of the
invention. 1 VWHAT |S CLAIMED | S: 1. A process

wavegui de d@QPygnttor transmtting m crowave energy ?rontjmﬂW§$@&ﬁ8e
source supported on a support nmenmber to an antenna through the wavegui de
devi ce, conprising;, a wavegui de aperture in the support coupled to the

m crowave source and antenna; and apsavequi de barrier carried in said
aperture placed between the m crowave so g%f the antenna having a hub
portion seal ed and secured in said apert a conpression joint
between  surface portions defining the3gerture andgghe hub portion. 2.
The process seal ed wavegui de devi ce of cljaim

40
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1 wherein the suppert—i-s—a—flange and including a procesfs'“?gi S/“P5Q9"
e

| ange adgp@ bet ween t he m crowave source and the flange, 't adapter

i ‘having a se ﬂ"HﬂﬂH gned with the first mentioned Ws P'Q;
,! sl the second aperture having 4 h portionwsF 9’

ssecond wave
adj acent the hub portion of the first nentioned wavegui de barrier and an
el ongated portion extending fromthe hub toward the m crowave source. 3.
The process seal ed wavegui de devi ce of -¢baim 2 and an elastic ring seal _
supported to surround the first. aperture, a retainer groove for the elastic
ring havi ng aWHAF: L&NCBAEMEDOAEY to pernit the elastic ring to nove to a

non-sealing pprtion to xenbﬂygggguigggléauiQ%Jgaﬁggg1f&g@ggeswg es of
t he support flagge and, fl ange adapter. 4. e process Seale
wavegui de deVFERULFRLIEL ARG, BLCKRWANE e Fack ¥R str RASEIVBEEWSONTC®e f | ange

and the adaptsuppbatedcorad esuprtes Menbateio R seR¥nAE @Aroughl heof the
facing surfaces fro€§$r§ssures created.on an antenna side of the flange,

the flange anif adap BT hGS heF A By Pa8Féners that elastically yield to

permt a waveguide aperture in the support coupled
to the microwave source and antenna; and
a waveguide barrier carried in said aperture
placed between the microwave source and-
the antenna having a hub portion sealed
and secured in said aperture with a
compression joint between surface
portions defining the aperture and the
hub portion.
2. The process sealed waveguide device of claim
1 wherein the support is a flange and including a
process sealed housing to flange adapter between the

C)

microwave source and the flange, the adapter having a
second aperture aligned with the first mentioned
aperture, and a second waveguide barrier in the second
aperture having a hub portion adjacent the hub portion
of the first mentioned waveguide barrier and an
elongated portion extending from the hub toward the
e ‘microwave source. '
~ 3. The process sealed waveguide device of claim
2 and an elastic ring seal supported to surround the
first aperture, a retainer groove for the elastic ring
having a section positioned to pérmit the elastic ring
to move to a non-sealing portion to vent pressurized
fluids between facing surfaces of the support flange and
flafige adapter.
. T4, The process sealed waveguide device of claim
3, wherein the facing surfaces between the flange and
the adapter plate create a pressure vent by separation
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‘separation of -the facing surfaces. 5. The process sPRUSBayi4d 529

device of .claim 1 wherein the conpression joint is formed by an ,
“interference f,,t,"mnmelmu,' r"iMf ace portions defining the‘ewse ﬁSEP 97
hub portion. 6.0 8RN NN ss seal ed wavegui de device clarm

wherein the interference fit is created by a press fit between the surface
portions defining the aperture and the hub portion. 7. The process

seal ed wavegui de device of claim1, where?n the wavegui de barrier conprises

a ceramc naterial having a dielectric constant substantially lower than a
material forniQfy £he AaPAI surfiaces thnonf i pressenes onedated tok €ahs

fornmed. 8. - ? a V eghih | Lm 7, .wherein
tﬁe ceramc ?nﬁeéimgi%ﬁggztggttgﬁgﬁf on pgﬂﬁé %%gjgggb% raﬂé?‘ﬁgedance
transition O?E}i%éi egtR%eSPRFF | &hatndehastisadivalyiekdt ttd epermiin t wo

wavel engt hs ofsdpm:aﬁmmVW&lféleﬁaGdin@-surfa¢e?frhe process isea! ed wavegui de
device of claign7, wherein the ceramc erial conprises alum num oxi de.
10. The 5B°1r ocess sedal P RERRRIIRA R TRVeIFutie deviconef erhaine

wavegui de bar i ewheseriade thle mebmprassiav ngotihe piepetbi@edofby an

fet il | uor et e HUhdd ' Sl bd e iR ke TSH 18 "3 seParate
the aperture and the hub portion.
6. The process sealed waveguide device of claim
5 wherein the interference fit is created by a pfess fit
between the surface portions defining the aperture and
the hub portion. '

™ 7. The process sealed waveguide device of claim
1, wherein the waveguide barrier comprises a ceramic
material having a dielectric constant substantially
lower than a material forming the support in which the
first mentioned aperture is formed.
8. The process sealed waveguide device of claim
7, wherein the ceramic material includes a transition
portion that forms an impedance transition of the
waveguide barrier and has an axial length less than two
wavelengths of the microwave energy.
9. The process sealed waveguide device of claim

7, wherein the ceramic wmaterial comprises aluminum

~ oxide.
10. The process sealed waveguide device of claim
1, wherein the waveguide barrier is made of material
having the properties of tetrafluoroethylene and the hub
is secured in the aperture with a separate bonding
material.
11. The process sealed waveguide device of claim
4, wherein the adapter has the second aperture
positioned in a portion of the adapter such that when
the facing surfaces separate to form {8 pressure vent
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-mat erial. 11. The process seal ed wavegui de device rqt.,TMnsﬂlb ﬂh}rﬁlagﬁ

the adapter has the second aperture positioned in a portion of éﬁe apter, .
Ysuch that ngum ' [ faces separate to forma prEFAﬁu ntl:f §EH897
gases vente Iﬂu mmum[lstion'terrper ature before re I'ng an edge of

the adapter. *12°f ' ™ The *process seal ed wavegui de device of claim 4,
wherein the separation of the facing surfaces occurs at a pressure |ess

than the pressure at which either one ol8the first and second wavegui de
barriers release fromtheir respective apertures. 13. The process

seal ed waveguIdReHeVPRESG: COP, i%e,°WMﬁ9 YA RN SePEPAFRBHY B PEFSTRaci ng
surfaces i s neeathingdantedge! ofetipasdagtauificient to quench flames prior
to the tinme t vent ed [ er th t nosphere, 14. . The .process
seal ed mavegd?%é of c%%€ﬁ$§38€%%r%?ﬂf?ﬁew ggﬁﬁgae&ﬁXFFFePfCSRﬁF es a

mat eri al sel ekt otherein dthe separatiay efpthe €andingt sugfacesf occurs

tetrafl uor oetdy | LRtesttitd 2Wsdl ChAA'EAS SHUSEEAL ANGrliH diBleR?bhen factor

t her nopl astic, qu ] gtass i _
of the first and second waveguide barriers release from

their respective apertures. i
13. . The process sealed waveguide device of claim
4, wherein the separation of the facing surfaces is
maintained at a close spaéing' sufficient to quench
flames prior to the time the vented fluids enter the
atmosphere.
14. The process sealed waveguide of claim 1
‘wherein the waveguide barrier comprises a material
selected from the group consisting of
tetrafluorcethylene, and low dielectric constant and low
dissipation factor thermoplastic, quartz, glass and
ceramic materials. _
15. The process sealed waveguide device of claim
1 wherein the surface portions defining the aperture and
hub portion are substantially smooth.
16. The process sealed waveguide device of claim
1 wherein the compression joint comprises a braze
., ' between the surface portions defining the aperture and
- the hub portion.
17. The process sealed waveguide device of claim
11 wherein the braze is formed at the base end of a
second low dielectric mechanical barrier.

- 18. A process sealed microwave waveguide for
transmitting microwave enérgy from a source through a
mount on a tank to a microwave antenna on an opposite
side of the mount from the microwave source and open to
contents of the tank, comprising;

)
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‘@eram' € materials. 15. The process seal ed wavegui dmm ?‘éﬁga1f5297

wirerein the surface portions defining the aperture and hub portio

o e AT on 55 oF" Sormr sod < or e hepERIIS i sep 'GP

portions deffnihg h& aperture and the hub portion. 17. The process
seal ed wavegui de device of claim 1l wherein the braze is fornmed at the base
end of a second | ow dielectric nmechani cdl®-barrier. 18. A process

seal ed m crowave wavegui dg  for transmtting m crowave energy fro._m a source
through a nount on a taf@ifo FONREr oRBVANGNt énndisirovavisppesvegwide of the

nmount from the m crowave souapergigeOReRring &Na&AEY Alerdtt ta‘i'lﬁned .
conpri si ng; -19- said muntﬁgla\r:t_;rgg a.nm crowave wavegui de aperture having
o]

an axial length aligned with"t RFE O¥BYFc SAMECTI PR YiEBn@
aperture of the antenna for seapadi sapertafeni ofowahe ecagtevinahr gegh t he

wavegui de aperture; and transmission of microwave energy through
the waveguide aperture; and
a first barrier in said waveguide aperture
comprising a solid, 1low dielectric
member having a hub portion sealed and
secured to a surface defining the
waveguide aperture along an axial 'length
thereof with a compression joint.
19. The process sealed waveguide of claim 18
including an adapter between the microwave source and

(.

the mount, the adapter having an adapter aperture
aligned with the waveguide aperture, and a second solid
material barrier secured in the adapter aperture. '
20. The process sealed waveguide of claim 19,
wherein the mount and adapter have mating surfaces which
are clamped together with elastic fasteners, the
fasteners elastically yielding to permit the mating
surfaces to separate and to create a pressure vent area
from excessive pressures created on the antenna side of
the mount which causes the first barrier to fail and to
e permit the pressure from the antenna side of the mount
to act on the faci—ng surfaces of the mount and adapter.
21. The process sealed waveguide of claim 20,
wherein said first and second barriers both comprise a
solid material, generally cylindrical cross section hub
secured to surfaces defining one of the first and second
apertures, and tapered portions extending away from the
hubs and each terminating in a point.
22, The process sealed waveguide device of claim
18 wherein the compression joint is formed by an
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a first barrier in said waveilui de aperture conprising a

PETUS

dielectric mﬁﬂbﬁ“ﬂj'&"jlu HuFor-tion seal ed and secure urface
>defining the ncdL L along an axial length th mh !
tonpression joint. ‘19' * The ‘process seal ed wavegui de of clai mﬁ% SEP 97

“including an adapter between the mcro source and the nmount, the

adapt er having an adapter aperture ali fwith the wavegui de aperture, and

a second solid material barrier secur t he adapter aperture. 20.

The process seal ed wavequi de qf claim19, wherein the pount and adapter

have mati ng sltﬂatfea’i:dfe%r ' hgat? 3’%‘?"&‘?%0‘5 SFHRERCS PPt aRs @ef4BiBHers, the

fast eners el &dte apestyre|alidiche e pdrtiwn mati ng surfaces to separate .

. and to create-sa pressur | ve.pressures created on the

antenna side 2f the rrpu'ﬁ%é/ [%%{%u%éeaglr%{é’?ﬁ?sﬁl%grﬁ LS of ieTatig 1o

pernit the prssihereinnthecinterfiprencecfdt tlse areatied dwycd presse faci ng

surfaces of tig BatWee trai¥ace bortions H@fﬂ{ﬁg%ft?%o &fypyegui de

of claim 20, erein s%;dfir_s.t and second barriers rrse a solid
material, ge Itl?'SF RAGEA cr oss section hub secured to surfaces

defining one2af. the fi e PrbcERE HLaARA Wi vRiquiE dAPRFE bPAELAHRS

extending avgy QNP (WO s8PFad8 Pkl ha% et nihe® HY Nperture

and hub portion are substantially smooth.

25. The process sealed waveguidé device of claim

15 wherein the compression joint comprises a braze

between the surface portions defining the aperture and

~~ the hub portion.

hd 26. The process sealed waveguide device of claim
- 25 wherein the braze is formed at the base end of a

second low dielectric mechanical barrier.
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29.

por ti ons defi ni ng the. aperture and the hub porti on.
seal ed wavegui de device of claim22 wherein the interference dgs
by a press fit between the surface portions defining the aps

hub porti on.
wherein the sumg; por

The process seal ed wavegui de device of claim 18 wherein the

ccinn |n| npt.is formed: Im]: a4
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(84) Title: MICROWAVE WAVEGUIDE FOR TANK LEVEL SENSORS

(57) Abstract

A level sensor assembly (14)
is mounted o a flange (24) sur-
rounding a port (16) of a tank (10),
and has a waveguide adapter (30,
40) for transmitting microwave en-
ergy from a source of microwave
energy to an aperture (50) of an an-
tenna (48) on the interior of the tank
(34). The waveguide includes aper-

36

tures (38, 46) that carry microwaves
to the antenna (48). A mechani-
cal barrier (54) in a portion (46) of
the aperture (38, 46) prevents escape
of a fluid under pressure or liguid
from the interior of the tank (10),
and also serves to reduce impedance
mismatch between the air, vapor,
or liquid filled waveguide and an-

24

P

/i

tenna apertures (38, 46, 50). The
adapter (30, 40) includes an adapter
plate (40) having a second wave-
guide aperture (38). The aperture
(38) has a process sealed mechan-
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ical barrier (62) mounted coaxially
with the mechanical barrier (54).
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