-1 - A MECHANI CAL OSCl LLATOR ACTI VATED OR DEACTI VATED BY A PREDETERM NED
CONDI TI ON BACKGROUND OF THE | NVENTI ON [ 0001] The present invention rel ates
to the dewecbesorse@nd neasurenent of corrosive or forei grCraisesosabsi43 The

i nvention may be applied generally to the detection of netal -1 oss by
corrosion and/or erosion species in single or nultiphase fluids. In
particular, the present invention relates to the on-stream detection of
nmet al -1 oss corrosion and/or erosion during an industrial production
process. In other embodiments, the invention may be used to detect unwanted
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envi ronnment may be aqueous. hydrocarbon, conbi nati on

t hereof . [0002] Corrosi ve WMB—&M&L@I on and processing
of crude oil and hydrocarbons may cause netal -1o0ss corrosion of production,

transfer, BAOCKGROUAID OFAIEINVERqQUONeENnt . Ot her types of corrosion
degradati on may al so occur whi ch do not result in nmetal |oss but which
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corrosivel erosive specres m rocar al ni ng
mat eri al s deektisfl WFntal- wsscb@rr‘dvrftasﬁdnoaﬁd/bbefm@n s@rém@mlegmg&tdreans may be

single or nmulti-phase (solids, gases). The device of the instant
i nvent i onrmzltlpb%elﬂmdst angertemdaret pmsamtrmbasteozh oelates it on-streaml

t hi ckness or ni ¢ integrity of pressure, a, bounda er ey enabl i ng
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addi tions, and reductions in unplanned capacity
may be aqueous, hydrocarbon, chemical, or a combination thereof.

[0002] Corrosive species involved in the production and processing of
crude oil and hydrocarbons may cause metal-loss corrosion of production,
transfer, sforage, and processing equipment. Other types of corrosion
degradation may also occur which do not result in metal loss but which
nonetheless affect the integrity of the material of construction. Erosive species
typically involve fluid and/or solids turbulence causing metal loss from

- mechanical actions rather than chemical. For example, these corrosive/erosive
speciés may be hydrocarbon, hydrocarbon containing materials, or aqueous, or
combinations thereof. Moreover, streams may be single or multi-phase (solids,
liquids, gases). The device of the instant invention can be used to generate an
alarm based on remaining metal thickness or mechanical integrity of pressure a

boundary thereby enabling maintenance scheduling. -

[0003] A high performance, relatively low-cost detection of a
predetermined amount of material loss or material degradation, as in the instant
invention, would enable, for example, optimization utilization of corrosive

crudes and corrosion inhibitor additions, and reductions in unplanned capacity



- 2 - loss, turnaround tinme, and inspection costs due to corrosion-induced
equi pnent failures. For exanple, the instant invention would provide a

di rect, |Iworoesise@7ar m when the corrosion all owance of Phg/USL@SA8HI43

cont ai nment has been expended. Additional value is achievable with the
instant invention by the detection of tyanp materials in a process stream
whi ch may be corrosive or problematic for the industrial production

process. Further value is achievable with the application to nonitoring
metal -1 oss corrosion in equi pment used for the extraction of crude oil from
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conpr oni sedp&ydddneseditidRaneilak id sciiepasie it the InSRRE IientidAtbycier 0Si on
sensing technol ogies, for exanple electrical resistance probes, fall far
short of dbtection fod tranme matervalb im aquocesd streamcwhihemaj deaworosiveor ncent i ves
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it is renmoved and exam ne r wei ghed to assess the anount of material

that has b@m@rémﬁdedl?rﬁliegﬂhbhﬁﬂﬂhllw&mﬁkomf this approach is the safety
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technology that may be used for this application for the material loss application

is known as the corrosion the coupon. In this case, a coupon fabricated from the
material of interest is inserted into the process stream. At a predetermined time,
it is removed and examined and/or weighed to assess the amount of material that

has been lost. A significant drawback of this approach is the safety implication



guantitative estimte of nmass |oss or deposition. Essentially, both provide
an alarmng function. The instant invention also provides an al arm ng
functi on.wOnbesksedone prior art where it is difficult toPcaltisbeoaersand
predeterm ne the range for the alarmtrigger, the instant invention has no
such anmbi guity. Once the fusing el ementyis renoved or broken, the instant

i nvention goes into alarmnode. It is not necessary to estimte a range
over which this alarmnode nmay initiate because the precise dinensions of

t he fused-el enent are known at the time of fabrication. In 2006/ 0037399 one
appr oach obinserting oyramoviogiacsaponyfrémean oparating higlotemperabgeoandor. Then
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r esonancewhidiromt fHeh S(ﬁ'bliné& theé SyhipfhehR beaciofiRafed 1 4H uhkResBrRYyi al 1 0ss to
achieve the alarmthreshold. FOor the instant invention, the chahge in

r esonanceextanded peried of high dexnosion trates thefatetoocteictine neasstes| chndree abr upt .
SUMMARY COF THE | NVENTI ON [ 0007] The present invention is a sensor (described
bel ow) t olraRleanted.specified condition in a medium This includes the
detection and neasurenent of corrosive or foreign materials. The invention

nmay be appgo3] genpawht S @,928,@7@4@%3%@@@&@& 2b0b6/093 7899 botH empisy and/ or
erosion species in single or nmultiphase uids. In particular, the present

i nvent i onrasehatoes andteach amelationship betweenitbe resonange freqe¢roynamknhassrount  of
nmet al -1 oss corragsi on_and/ or erosi on or a contam nant during an industrial

pr oduct i ofhanese ke relgmshin tayght Ry the paiorar appligs the wslidgiawn r ef i nery
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reliable inspection nethods are schedul ed on a periodic basis. The instant

i nvent i onquantitaties relatiomship icaot estatilishod bstwesn thermagriakidssgdcdrwosiesess if a
pre-established condition has been reached. This pre-established condition
ni ght necpesiuchdepasition pné thesraseasrqerpasametasn of gl ude. dreausasy, andr ocess
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process stream The actual service enviro t” may be aqueous, rocar bon,
cheni cal , requiredc @ibampthis finding nwstheviendiediigherdf, the heaching 1 the priye be
used to detect damage that affects the integrity of a material due to a -

5 - reactasnlnong emhodiment, dherinstantdneention hascutaigd that thecoretliatar can

hysi cal roperties,, without significant materi al | oss.
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[0006] The focus of US 6,928,877and 2006/0037399 is to provide a
quantitative estimate of mass loss or deposition. Esséntially, both provide an
alarming function. The instant invention also provides an alarming function.
Unlike the prior art where it is difficult to calibrate and predetermine the range
for the alarm trigger, the instant invention has no such ambiguity. Once the
fusing element is removed or broken, the instant invention goes into alarm mode.
It is not necessary to estimate a range over which this alarm mode may initiate
because the precise dimensions of the fused-element are known at the time of
fabrication. In 2006/0037399 one approach to alarming is achieved by

fabricating a hollow resonator. Then depending on the service, the alarming is



[ 0008] The sensor includes a nmechanical oscillator. In the nost general
enbodi nent, the oscillator has a vibrating el ement such as tuning fork

ti nes or wodsos/iascsgxanpl es, the cross-sectional shape ofrCrhus2eosnes4dr rods
may be circular, or rectangular. These vibrating elenments are attached to a
di aphragm There is also a fusing restrjcting tine notion that may react
with the service fluid. The vibrating tine elenent includes a base and a
tip region. Typically, the notion of the oscillator will be a maxi mum at
the tip which will be the region associated with the maxi num change to
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driven by an ‘external energy source, such as a piezoceramc driver, it is

not requi tesd td ackhientithe alasinthpesholdle Rdrehe instamdtinventioth ¢hexbangetinon can be
applied at the tinmes it is desired to jnterrqgate the corropsion sensor.

[ 0009] TheFesonrRCERYBMELEIS PRiRfidentrwith ¢he defeption thresheldese aBRIPY 1 sone
enbodi ments, the oscillator changes fromvibrating at or near resonance

frequency SUMREBSARY OF THR/INWENTEDMI th zero anplitude. In other
enbodi ment's, this change nmay be from zero anplitude to resonance anplitude.
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contaminant during an industrial production process. Application examples are

readily found in refinery environments which are intended to operate without
interruption for several years. Although on-stream inspection methods are
available to provide information on the integrity of the pressure boundary,
typically the most reliable inspection methods are scheduled on a periodic basis.
The instant invention provides an on-stream continuous monitoring method to
assess if a pre-established condition has been reached. This pre-established
condition might necessitate a full on-stream inspection, process changes, a
process shutdown to perform maintenance, etc. In some embodiments, the
invention may be used to detect a pre-determined amount of material loss and in
other embodiments the invention can detect unwanted contaminants in an
industrial process stream. The actual service environment may be aqueous,
hydrocarbon, chemical, or a combination. In another embodiment, the invention

may be used to detect damage that affects the integrity of a material due to a



[0011] Figure 2a illustrates an enbodi ment applying a fusing elenent that is
rigidly and directly attached to both tines of a tuning fork via wel dnent.
[ 0012] Fi gmoeo@nssdorust rat es an enbodi nent appl yi ng a ri gCa/uskasootd43
i mmobilizing the tines that is attached to both tines of a tuning fork via
an epoxy fusing el enment. [0013] Figure 3a_shows the result using a netallic
elenment for the rigid fuse of Figure 2a. [0014] Figure 3b shows the result
usi ng a connector of Figure 2b. The rigid connector is attached to the
tines by epoxy which is the fusing conponent. [0015]Figure 4 illustrates an
enbodi nenteaspiphyvitly the enpromnente mech as Aghangs/insmerhanieal arphiysigalt o enabl e
(or disable) the m ior% of .t.ines. In, tlE]e unexposed case, the fusing el enent
prevents RERSSHELAVIEQULSigpilicant material loss.

[0008] The sensor includes a mechanical oscillator. In the most general

embodiment, the oscillator has a vibrating element such as tuning fork tines or

rods. As examples, the cross-sectional shape of the tines or rods may be

circular, or rectangular. These vibrating elements are attached to a diaphragm.

There is also a fusing restricting tine motion that may react with the service

~ fluid. The vibrating tine element includes a base and a tip region. Typically, the

motion of the oscillator will be a maximum at the tip which will be the region

associated with the maximum change to resonance parameters. The oscillator

has a resonance frequency, f, and the quality factor associated with the

resonance, Q. The resonance factor Q is inversely proportional to the total

system damping. The mechanical excitation may be provided by the flow of the

service fluid or by active excitation at the diaphragm. As an example, this active

excitation may be provided by a piezoceramic, inductive, or magnetostrictive

driver. When driven by an external energy source, such as a piezoceramic

driver, it is not required to continuously provide the excitation. The excitation

can be applied at the times it is desired to interrogate the corrosion sensor.

[0009] There are several embodiments to the present invention. In some
embodiments, the oscillator changes from vibrating at or near resonance
frequency to essentially vibrating with zero amplitude. In other embodiments,
this change may be from zero amplitude to resonance amplitude. This change in
the oscillation is caused by a reaction of a fusing element of the instant invention
with its environment. Depending on the particular application, the fusing
element may be metallic or non-metallic. In all cases, the amplitude of
oscillation changes dramatically from essentially zero to resonance or resonance

to essentially zero. An advantage of all these embodiments is that the alarm



[0016] Figure 5 illustrates an enbodi nent applying a danping fuse el enent
that is held in contact with (or away fron) the tines via a bellows

ar r angenew.20iAE6g9es i n pressure can cause the danpi ng maTArSR@IS/00TI43OVeE
away from (or in contact with) the tines permtting oscillation.

[0017] Figure 6 shows the deposition of_ghe fuse material at the tip of the
rod oscillator B. - 7 - DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
[0018] This invention is directed to comercial tuning fork technol ogy. As
shown in Figure 1, the tuning fork consists of a two tines [40] attached to
a di aphr agonditioh. canthe set vethout sxtesnpk ¢arecttions o acpoyrtdpr ahangestinghe [ 30]
region. Variogus shapes are possible f the tines including round,

heni - cyl i ﬁﬁ?lrlé'éﬂr re%gmmae P8 rﬁ?ﬁef%?%sgai’ﬁéeﬁme@m@’ﬁ'ﬁfoém 8Yr egi on. The
exi sting conmercial applications include the on-line in-situ nmeasurenent of

fluid | evERIBFEDEHICRPTION OF THHCDRAWINGSr ocess streans in a w de range
of industries. The I nstant I nvention 1 nvolves the rreasurerrent of changes in

t he reson aranegt ers arti,cul u of a t ng fork i mrersed
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avai l abl e Héstﬁ)t r rs of frequency, Q and

anpl i tude lﬁg %}ﬁ?ét élﬂ & ensi Pﬁﬁﬁfﬁghﬂ scosity of the nmedium The
under | yi ns{;0 assunptl on in these deV| ces for rreasurl ng fluid | evel, density
and / or W&ds; ty iglrt: Ratillusizatenan emrbadiment applyingha fusing elespent that iss

mechani cal ert X n er at Anot her
assunpt i oﬁlg? élg'ea%faé:h @g?rggglg gﬁ’ ﬁﬂﬂngﬁorﬁ(ﬂ@ t‘ﬁ?‘laﬁbenf ork by the
service fluid. Sorre comerci al systens avail able include a tenperature
measur eme @012} corrﬁigmaab iilustraihaag@mbodinmhapplghig prigideleneent Mor eover,
in these comercial syst he material used faor the oscillator is
conpat i bl @n(r@bghzmgﬁh% an%mﬁeﬁ atfpgheditpdath sines of atuning; fark Nia amepeed
applicati %éog 94n'{he present invention uses the changes in the tuning
fork reso ) -

[0013] Figure 3a shows the result using a metallic element for the rigid fuse

of Figure 2a.

[0014] Figure 3b shows the result using a connector of Figure 2b. The rigid

connector is attached to the tines by epoxy which is the fusing component.

[0015] Figure 4 illustrates an embodiment applying a fusing element that
may swell (or shrink) to enable (or disable) the motion of tines. In the unexposed

case, the fusing element prevents motion of the tines.

[0016] Figure 5 illustrates an embodiment applying a damping fuse element
that is held in contact with (or away from) the tines via a bellows arrangement.
Changes in pressure can cause the damping material to move away from (or in

contact with) the tines permitting oscillation.

[0017] Figure 6 shows the deposition of the fuse material at the tip of the

r(_)d oscillator B.



paraneters caused by a corrosion/erosion mass loss. In the prior art,
gradual changes of resonance paraneters to neasure material |oss and/or the
mat eri al wossoy@t@7are considered. In contrast, the instamtus2evspmt4udN

al arms when a predeterm ned nmeasure of material is lost. Al though cited
prior art also clainms to alarmat certayn levels of material loss, the
accuracy of the alarm ng paraneter is conprom sed by changes to the
resonance conditions caused by variations in tenperature, viscosity, and
density of the service fluid. In cases mhere both 8 - deposition and
cor r osi on DEEASCED DESECRIPRION 640 1 : 3 MENdipl i cati on of
|nterpret| ng changes to the resonance par arreters The advantage of the
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material is consumed. Since thé fuse nmaterial is deposited prior to

i nst al | i ndiapheagte\[il0¢ The times are comprisédipfia tip [20¢ end @ basaddVregion.he

al arm ng nditi on can be predeterm ned. [.0020]1n th resent .i nvention,

t he resongpr?élé’“ﬁéﬁaﬂ%% PO} '«??%g‘ifs“bﬂ t{‘@sﬁ%‘b ohngd iﬁ?‘gécb’fai&n'%?é]' fhen a
pr edet er m By AT Shale MRURY B lnd tASe FEISHTIMe SN orheABAY , Nas been

renmoved from sonat or Sr T ransition invol ves
a change fp %Mdiﬁ)rﬁﬁnbm\detthé‘@nﬂHid ﬂﬂsmpnieﬁﬁn‘éhﬁ‘ﬂt B e |& %S Addnaitg Gndi/t h
resonance. conversely, the transition nmay be fromtine notioh associ ated
wi th resoonaniseosity bfiproass bteeahs imaivadeassgeohinsistriesnibhenipstaint r esonance.
Vari ous enbodi ments are enabled by the configuration of the consumabl e
fusing el dnentiontarolygs e meawrem@t pfishargesi leﬁbmesoslanhmr.amt%ra (% om
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Typically, only the fusing el ement is"not conpatible wth e service

fluid EVBaanEdfs dfHirEfuchicly, QUahdieniplithiidio dGeRhirehe@nsity and the
enbodi nent, the fuse elenment is conprised of a substantially rigid el enent
[50]. In micgméy@tsmermﬁdlum Theindeglying asymsiansingthese dpwces farhe two tines
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The fuse Another assumption is that there is no mass deposition on the tuning fork by the

service fluid. Some commercial systems available include a temperature
measurement to compensate for changes in mechanical properties. Moreover, in
these commercial systems, the material used for the oscillator is compatible (e.g.

non-corrosive) with the process fluid in the intended application.

[0019] The present invention uses the changes in the tuning fork resonance
parameters caused by a corrosion/erosion mass loss. In the prior art, gradual
changes of resonance parameters to measure material loss and/or the material
loss rate are considered. In contrast, the instant invention alarms when a
predetermined measure of material is lost. Although cited prior art also claims
to alarm at certain levels of material loss, the accuracy of the alarming parameter
is compromised by changes to the resonance conditions caused by variations in

temperature, viscosity, and density of the service fluid. In cases where both



- 9 - material (nmetallic or nonnetallic) and di nensions are determ ned by
the detection application. In Figure 2a, the fuse (the consumable material)
is the | iwk 208866971 n Fi gure 2b, the fuse is actually tireTaseo03/0p7403 . For a
corrosion/erosion application, typically the fuse material would be the
sanme material as the material of interggt. In sone case this may be the
pressure boundary material. In other cases it could be the material of

i nternal conponents. The material dinensions would be sel ected based on the
amount of material |oss that would be of interest t(‘}gg.. t he al arm point).
When cor r depositien asil cormosimearetdesufring sinpultansansly: there sxa fudherr anpl it ude
w | experience a significant ipcrease Lrom a zero or veryéjow val ue.

Moni t or i n§OMRLcAUQR RE tErRIshRgchanges to the resonanes Prigmeters: bne gduriage i gger
the alarm {. S j conditi.on . RN . ] Figure
3a provi dggBgenlnéggﬁ%ﬁ‘gen\?%éﬁgﬁﬁgﬁgﬁﬁ ”gr-"%}lsggrgﬁ?ﬁl Sp ?ﬁ{hé}lﬁ@féﬁ&gg&%ﬂégs of a
carbon st @einatérifl 10k4 thdepehddit lofith&e phr@@ktdriCh thBése 6T thenstdtel fuse

el enent was welded to the stainless steel tines. The tines and wel ded ends
of the fuseventiok, therresamatoediemicehisdusedkta alapnevieen thedusosiaserialisa 15%
hydrochl oric acid solutjon at anbjent tenperature. Since the wax is

i nper vi ou§011%m@?fg hipgedhelese materiad is depqsited Priag tp dpst lnﬂfgeﬂ%l‘%‘?dnel enent
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The out puleRimih®. fork was nonitored using the sanme piezoceramc elenent in

transcei ve node. As shown in the figure, there is no significant anplitude

until approximatel 0, 000 seconds of, acid exposure have el apsed.
Concur r enf0Q3Y ya) fﬂ)ﬁ\etmemg 1yentHn, the resgnanesRapMetiTs dForeaHSeHdP t he

change in | i a..d S t i reak, of. fuse.
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particles to promote tRe reaction. During upset conditions, these solids
may be i ndtweddfantivy trmasitiondnvwvbres tacchmnge fiom merordoectses mudticesto th&hi s

i nadvertent carry-over, may - 10 - cause_accel erated erosjon of the process
cont ai nmeHRe MOtPn @%@cm&- rejonance. LQcomisrsalythetransinn wayde f use
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al kylation”unit.
configuration of the consumable fusing element. The material of the fusing

element is fabricated from materials that are not compatible (will corrode, erode
or otherwise react) with the service fluid. The tines and the diaphragm shown in
Figure 1 are fabricated from materials that are compatible with the service fluid.

Typically, only the fusing element is not compatible with the service fluid.

EMBODIMENT WHERE THE FUSING ELEMENT IS RIGID

[0021] In this embodiment, the fuse element is comprised of a
substantially rigid element [50]. In this embodiment, a link rigidly connects the
tips of the two tines [40] (Figure 2a and Figure 2b). In Figure 2a, the link is
consumable and is welded to the tines. In Figure 2b, the link is not consumable.
The Figure 2b link is attached to the tines by epoxy, the consumable (fusing)

material. This rigid link in both cases prevents oscillation of the tines. The fuse



[ 00241Anot her refinery industry exanple is the application of the fusing
el enent as a detection for an excessive anount of chlorides. In refinery
crude di swol2besrised®7units, chlorides enter as part of thectrsdesoniss3

Al t hough nost chlorides or other corrosive species should be renoved in
advance of the crude unit by the desaltgr, this renoval process is
typically inconplete and sonetines i nadequate. Chlorides that pass through
the crude distillation process may cause acidic corrosion as the service
tenperature cools and condenses. Al though a |ow |evel of chlorides may be
t ol er abl entateria]metaliigiormommeteliis) hnd gymensionapre deaaninedzhy e datestiise of
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exanpl e, IT the process ‘contai nment naterial were carbon steel, the fusing

el ement cofiimerest. sincsome sasesthéseinay [be thhipsessaseboundary usatagak | kenether woul d
not corrode under normal operation with a | ow | evﬂeof cqri Si on, However,

it woul d eeses ikeapd bsithe matarial ofcingenal eampeneits.qdhe spateral dimensions
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this exa , the epoxy 1s the consumable fusing el enent. The corrosive
fluid, a ssdillator amgditudé trall lexpbrereox yignifican indreasecfrotom zetoea varylewnor
the stainless steel tines. As shown in Figure 3b, the anplitude of the
r esonat or Valuer deritoring the resppanse; pasemeiers (owhasamplitude a6 Qbwarld v sual

i nspectiop.confirned that .the carbon, steel ,link had sepanratied at the epoxy
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resonance notion as indicated by the anplitude increase. [0026]1n an al so
pr ef er r ed[00229di neRigur¢ Be progidds yn exampit ehefeithe fusingrelerienedf Figuref2ashi on
that provides either tension or conpression to the fuse el eg&ﬁ. Thi s
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the figure, there is no significant amplitude until approximately 80,000 seconds of
acid exposure have elapsed. Concurrent visual monitoring of the fusing element
confirmed that the change in amplitude did correspond to the physical break of

the fuse.

[0023] A few example applications are provided in the refining process
industry. Fluidized catalytic cracking units employ solid catalyst particles to
promote the reaction. During upset conditions, these solids may be inadvertently

carried over to an improper process stream. This inadvertent carry-over may



EMBODI MENT WHERE THE FUSI NG ELEMENT EMPLOYS A MATERI AL THAT MAY SHRI NK OR
EXPAND [0028] 1 n another highly preferred enbodi nent, a fusing el enent [80]
i s enpl oywo 20¢sats6avay swel | (or shrink) to enable (or di gabluspoosioersadti on of
tines. The fusing elenent is positioned by supporting structure [90]. This
enbodi ment, shown in Figure 4, is partihgularly attractive for applications
where it is desired to detect a | ow concentration of a contam nation fluid
in a process stream The rigid supports [90] are attached to the area
supporting the diaphragm For exanple, - 12 - industrial processes often
use wat er cassetdvsetevated egosivniof thepepceperontainmentie. g ske pipeckalbyelhe 1t i s

f desi.r.abl ' d b ' he b d .b h
Soéf?née;méwfa%aﬁ% e crBRioBdubs EiRaent (TR aes Bam e Dree R R ABRh of
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hydrocar beﬁarWBleJ frbﬁﬁh@%@ﬁhh@% indastry is irdvehen lidedfdastyngver efsifuricouches
the tines. [0029]In one configuration, the fusing el ement does not

i nt er f er eawidtin anhekyiatioorumf. t he ti nes when unexposed to the contani nant.
I ntroduction of the contam nant causes the fusing elenent to expand

oduct  on_ of ant cause: ent 10 expand
{ines. i o020, JASRMAFEOHLA InISr) RERpIORINEREREEM AR PO ont act

with the bienfsntRsaudiédtith fdiein’ex¥eidion aniont vieklvekie. 10 réfigerg@rtiden nant .
I ntroduction of the contam nant causes the fusing el enment to shrink,

pul | i ng adisyillatiomuniits, cliloeisles anter be pattyofahaisrudegoili Adthemghonostrihdordesect ed
configuration will be dependept upon the avail able materials for. shrinking
or 'swel | | AEOther kormaivsspesies I Ghrireraevsdn advangs O5the IR AT bedie
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preferred enbodi nent, a fusing elenent is attached to a
corrosion as the service temperature cools and condenses. Although a low level
of chlorides may be tolerable to the containment metallurgy, a small
concentration increase of chlorides or the net reduction or loss of the chemical
neutralization usually employed may cause problematic corrosion. In this case, it
may be desirable to fabricate the fusing element from a more corrosion resistant
material than the containment material. However, the fusing element is not so
robust as to resist corrosion at a desired concentration level. As an example, if
the process containment material were carbon steel, the fusing element could be
stainless steel. In this case, the fusing element would not corrode under normal

operation with a low level of corrosion. However, it would be susceptible to an

increase of chloride concentration.

[0025] Figure 3b provides an example using the tuning fork described in
Figure 2b. The example of Figure 3b uses a rigid connecting element [50]
fabricated from a carbon steel wire attached to the tines by epoxy [70]. In this
example, the epoxy is the consumable fusing element. The corrosive fluid, a
solvent, can attack the epoxy but not the carbon steel wire nor the stainless steel

tines. As shown in Figure 3b, the amplitude of the resonator increases after



bell ows. The bell ows may conpress or expand dependi ng upon the pressure of
the process fluid. As depicted in Figure 5, a danping material [100] is

att ached wo 200s2156@F71 ows [ 1101 Dependi ng upon the pressuPreT/usb@sanmunt of
bel | ows conpression will change. The danping material noves with changes in
t he amount of bellows conpression. Wienthe conpression is such that the

danping material is in contact wwth the tines, the tine notion wll be
di sabl ed. A suitable change in pressure and the bell ows conpression wl|
nove the danping - 13 - material off of the tines enabling notion. The

base case appsiximatelp300fsedamds ofexpmisurd. aViguel tnspeeiéomapnrmegthatshe e case)
may cause the danping majerial to either be.in.contact_ or separate fromthe
tines. Th&athew;stegl lﬁa%hﬁiﬁwaﬁ%fiﬁt&ﬁ FRP*t Joiptfrenaoneof T?P&ttgﬁsmﬁWH be
dependent n.Lh riLcul ar i I ML i et her the
dovi ce. 15 SHRRRD TeBchk S enBd REbhaLARGySh o5 GBI HAT™" 105118

variant mghiih@iddiasee! | ows approach is to deploy a binmetallic fixture
where the bénd is tenperature dependent. By suitable selection of the
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in Figureefenéntadis &hsich bN€ompREsIn ddnebd adievedlat the ftingé BY farRdmEioh | s not
conpatible wwth the corrosive or contamnating fluid. The tines are

f abri cat ebyfoonrprassimg ¢he tihes tvavaridcach mplari dyltensibnimgtthe tes anay fromi d. The
mass and thickness_of the fusing material js knovge and/ or neasured after

t he deposiéibather, kxiliis embhodiment gniise scashion it the enyisepraaatthabnpl i t ude,
and Q are_neasun,ed before.and after the appli i op. of the . fu mat eri al .
The dovi ceagege Himgsdn Iofi bl shEhel BoPREGSTINS Rusk tnivirt “ Whee o
prescri beghadRhht %rsr&feomﬂbwahge iR fhecRARICE] popeRticsy iRt fftkirddoraBENt  Of
the fusing material. The sensitivity or the alarmng threshold can be

adj ust ed mouldbecomanttioé ahd peovidpani dlamn for sichibar kig gt ddatioaofithe of
deposition increases the threshol d sensitivi ':% because there is |ess
mat eri al eguipgmans bsingimoniorsd niikamplestafisuch dgradation ingludgstesyri cati on of

a hydrogen fluoride (HF), detector. By, usin ass a he .f use .deposition
ot or | a0 ComeAiEn,EakKinE hiEh SRRt by ipach JAE B3 detatNTRHoR acs | o

di ssol ved by the presence of HF. In contrast to thin filmglass etching HF
sensors wh02V]cannat fusing element that attaches the rigid bar to the tines can be made

to be specific for a particular solvent, water, or hydrocarbon material. The fusing
element can also be fabricated so that it breaks above a pre-specified
concentration. As an example, a polystyrene fusing element could be put into an

aqueous stream to detect the presence of an aromatic solvent such as toluene.

EMBODIMENT WHERE THE FUSING ELEMENT EMPLOYS A MATERIAL
THAT MAY SHRINK OR EXPAND

[0028] In another highly preferred embodiment, a fusing element [80] is
employed that may swell (or shrink) to enable (or disable) the motion of tines.
The fusing element is positioned by supporting structure [90]. This embodiment,
shown in Figure 4, is particularly attractive for applications where it is desired to
detect a low concentration of a contamination fluid in a process stream. The rigid

supports [90] are attached to the area supporting the diaphragm. For example,



- 14 - be reused after exposure, the instant invention can be re-arned as

l ong as all of the glass has not been expended. The HF sensor could al so be
fabri cat eslolrgosaisséogi d gl ass fuse as illustrated in Fi gures/iBados/0014a3t hi s
enbodi ment with a rigid connector, the fuse would need to be repl aced
before reusing the sensor. [0033]. Wenjit is desired for the sensor to
alarmfroma specified anount of material |oss caused by the process fluid,
then the fuse deposition material should be selected to reflect this
application. In another agglication, it may be desired for the sensor to

al arm i n indusprialspracesses often tuseivwaier anmthecoohingrRinidyin faghigl and twube hepbeess
stream In this case, the fuse deposition terial nmust be.c atible with
he' pr oceSsChItEeh LaneIRuety depaetesiisdy drtec poiteioh B e RS
el ectroni ' ] ' | | . The
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i n the regyPpRo&ss PRIAIEIHRY CoolingdWRick ciGees the peO@RS Yluidislbothd - 15 -
CLAI M5 1. A Sensor to detect the presence of a specified condition in a
medi um coepnfasingnt. By selecting a fusing element that expands when exposed to

hydrocarbon will the oscillation to stop when the fusing element touches the

tines.

[0029] In one configuration, the fusing element does not interfere with the
motion of the tines when unexposed to the contaminant. Introduction of the
contaminant causes the fusing element to expand (swell), coming in contact with
the tines, and preventing motion of the tines. In a separate configuration, the
fusing element is in direct contact with the tines preventing their motion when
unexposed to the contaminant. Introduction of the contaminant causes the fusing
element to shrink, pulling away from the tines and thereby enabling tine motion.
The selected configuration will be dependent upon the available materials for
shrinking or swelling with the contaminant and service fluids of interest. For
example, a silicone-based polymer will have considerable swelling for aviation

grade kerosene but very little swelling for a heavier fuel oil.

EMBODIMENT USING A DAMPING FUSE ELEMENT AND A BELLOWS

[0030] In another preferred embodiment, a fusing element is attached to a
bellows. The bellows may compress or expand depending upon the pressure of
the process fluid. As depicted in Figure 5, a damping material [100] is attached
to the bellows [110]. Depending upon the pressure, the amount of bellows
compression will change. The damping material moves with changes in the
amount of beliows compression. When the compression is such that the
damping material is in contact with the tines, the tine motion will be disabled. A

suitable change in pressure and the bellows compression will move the damping



(a) a tuning fork including a diaphragmand tines having an anplitude and a
resonance frequency, (b) a fuse fixed to said tuning fork wherein the
presence wb 2se1segeci fi ed conditions will cause the fusecrwsehanga4s he
anplitude of said oscillator tuning fork to or fromthe anplitude at the
resonance frequency wherein said fuse_ijg _fixed between said tuning fork
tines to prevent notion of the tines. %.The sensor of claim1l wherein said
condition causes the fuse to change the anplitude at resonance frequency.
3. The sensor of claim 1 wherein said condition causes the fuse to change
t he anpl i maderialveff of thetin¢rcenablingtration: The basacassposition fthedampingncy.
4. The sensor of claim1l erein the specified condition is cqr.rosive
mat eri al Wt?é?lder&&%ﬁﬁn\gg?nﬂpée%s@% geeg mmay causene damping f“r?ge%%éi?i fied -
condi tion j L Ve ' ' j: ' i in) the
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of the damping material will be dependent upon the particular application and

will determine whether the device is used to alarm for an over or under pressure

condition.

[0031] A variant method on the bellows approach is to deploy a bimetallic
fixture where the bend is temperature dependent. By suitable selection of the
bimetallic materials, this strip can be configured to interfere with the tine motion

when a pre-épeciﬁed temperature limit (high or low) is exceeded.

EMBODIMENT USING A DEPOSITED FUSE ELEMENT AT THE TIP OF
THE TINES

[0032] In another highly preferred embodiment, a fusing element [120]
shown in Figure 6 is applied to the tips of the tines. This fusing element is not
compatible with the corrosive or contaminating fluid. The tines are fabricated
from a material that is compatible with the service fluid. The mass and thickness
of the fusing material is known and/or measured after the deposition. Likewise,
the resonance parameters (frequency, amplitude, and Q) are measured before and
after the application of the fuse material. The device goes into alarm mode when
the resonance parameters change a prescribed amount corresponding to the
removal of a substantial amount of the fusing material. The sensitivity or the
alarming threshold can be adjusted by the amount of fuse deposition: reducing
the amount of deposition increases the threshold sensitivity because there is less
material to be removed. An example of this embodiment is the fabrication of a
hydrogen fluoride (HF) detector. By using glass as the fuse deposition material,
the sensor will alarm when a pre-specified amount of glass is dissolved by the

presence of HF. In contrast to thin film glass etching HF sensors which cannot



6. The sensor of claim1 wherein the specified condition is a foreign
material in said nmedium 7. The sensor of claim1 wherein the specified
condi ti orwD0@56690si ve nmedi um 8. The sensor of clai m 1pemarsesns/osni4s ti nes
are under conpression. 9. The sensor of claiml wherein said tines are under
tension. - 16 - 10. The sensor of cl aipl wherein the specified condition
Is tenperature. 11. A sensor to detect the presence of a specified condition
in a nmedi um conpri sing: (a) a tuning fork including a diaphragm and
tines having an anplitude and a resonance frequency,

be reused after exposure, the instant invention can be re-armed as long as all of

the glass has not been expended. The HF sensor could also be fabricated by a

rigid glass fuse as illustrated in Figures 3a/b. In this embodiment with a rigid

connector, the fuse would need to be replaced before reusing the sensor.

[0033] _When it is desired for the sensor to alarm from a specified amount of
material loss caused by the process fluid, then the fuse deposition material
should be selected to reflect this application. 'In another application, it may be
desired for the sensor to alarm in the presence of contamination not normally
found in the process stream. In this case, the fuse deposition material must be

compatible with the process fluid contaminant.

[0034] To prevent premature alarming, electronics can be configured with
the tuning fork device of Figure 6. The electronics can be set to trigger the
alarm mode for a pre-specified change in the resonance parameters of amplitude,

frequency, and/or Q.



(b) a fuse fixed to said tuning fork wherein the presence of the
specified conditions will cause the fuse to change the anplitude of
said oscillator tuning fork to or fromthe anplitude at the resonance
frequency wherein said fuse is fixed to said tuning fork by supports
fixed to the diaphragmto prevent motilén of the tines. 12.The sensor
of claim 11 wherein said supports include expandabl e nenbers. 13. The
sensor of claim 1l wherein the specified condition is pressure. 14. A
sensor tocdaget the presence of a specified condition in a nmedi um
conpri si ng: (a) a tuning fork including a diaphragmand tines
having an anplitude and a resonance frequency, (b) a fuse
fixed to paid i f I . e i fi -
cond t ors w11 Y05 Flegt HEEEHe 0P E eARRIEREhn bt FuSBRficline
osci | | at or t unehgtuhtrgdotkoincndiip @mhidphesgangklitinadkavaig dnhenpl2sdenad ae
frequency, wherein said fuse is fixed to said tuning fork by supports
fixed to’?ﬁQQﬁ%ﬁﬁW%ﬁﬁﬁto al l ow motion of the tines. 15. The sensor
clai mof clai nbji4fabeked b Rl dnisy BRRMWHRrdink peRetR iiRGhEdfi&s menbers.

16. The sensor of claim 14 wherein the specified condition is
pr essur e. conditions will cause the fuse to change the amplitude of said oscillator tuning fork to or

from the amplitude at the resonance frequency wherein said fuse is fixed between said

tuning fork tines to prevent motion of the tines.

2. The sensor of claim 1 wherein said condition causes the fuse to change the

amplitude at resonance frequency.

3. The sensor of claim | wherein said condition causes the fuse to change the

amplitude away from the amplitude at or near the resonance frequency.

4. The sensor of claim 1 wherein the specified condition is a corrosive material in

said medium.

5. The sensor of claim 4 wherein the specified condition is a corrosive material in

said medium causing a change in the mechanical strength of the fuse.

6. The sensor of claim 1 wherein the specified condition is a foreign material in said
medium.

7. The sensor of claim 1 wherein the specified condition is an erosive medium.

8. The sensor of claim 1 wherein said tines are under compression.

Q. The sensor of claim 1 wherein said tines are under tension.



-16-

10.  The sensor of claim 1 wherein the specified condition is temperature,

11. A sensor to detect the presence of a specified condition in a medium comprising:
(a) a tuning fork including a diaphragm and tines having an amplitude and a
resonance frequency,
{b) a fuse fixed to said tuning fork wherein the presence of the specified
conditions will cause the fuse to change the amplitude of said oscillator tuning fork to or
from the amplitude at the resonance frequency wherein said fuse is fixed to said tuning

fork by supports fixed to the diaphragm to prevent motion of the tines.

12. The sensor of claim 11 wherein said supports include expandable members.

13.  The sensor of claim 11 wherein the specified condition is pressure.

14, A sensor to detect the presence of a specified condition in a medium comprising:
(a) a tuning fork including a diaphragm and tines having an amplitude and a
resonance frequency,
(b) a fuse fixed to said tuning fork wherein the presence of the specified
conditions will cause the fuse to change the amplitude of said oscillator tuning fork to or
from the amplitude at the resonance frequency, wherein said fuse is fixed to said tuning

fork by supports fixed to the diaphragm to allow motion of the tines.

15.  The sensor claim of claim 14 wherein said supports include contractible members.

16.  The sensor of claim 14 wherein the specified condition is pressure.





