0 7 DEC 2004 1 INTENSI TY MODULATED FI BER OPTI C TEMPERATURE SWU'C}HIDE@ 20[}4
| MVERSI ON PROBE FI ELD OF I NVENTION 5 The present invention relates to an
i-ntensity nodul ated fiber tenperature optic switching i mrersion probe for
renote tenperature nonitoring and sw tiching of an industrial process. The
present invention also provides a nethod for renpte sensing of tenperature.
BACKGROUND ISTEN£TTYNVEOD UDN TH0D GIBERNOPTIC TEMPE RATUREISWET CHENGDCOoupl es
and pyroneters are used to neasure and control the tenperature, but they
are not imune to hostile, cor PYMEBSIONPRQBE - magnetically noisy
environment. The novelty about this probe is the use of optical fibers in

conj uncty | Q ntai ning a chemcal and resulting in a change of
| i ght Ie@}“ﬁdﬁ]@ﬁ@pﬁ\ﬁg poi nt. This arrangenent overcones the above
ment 50N eThePp RN ifbyetfidie edlityeloy aid flenkity Riogwlattd Siteh ecrastieidreashtiznsvaghingf

renote nonitoring. The cell is opaque to |ight at room tenperature but
becomes HHBPISIOAr BIAbE doT FeRPige ey BeriEing: apd s¥pEhmenet a8t wdested of a

relay t [ _ ' r '

Creorri A%, THEPACA! RanBEPARE fioDluet Bl frteBo lIEE B pllinure.

whi ch is guided through optical fibers and is wunaffected by the presence
of electyri i S. S THE | NVENTI ON The mai n object of the
present #%@ﬁgﬁﬂﬁé Q%%ngé:\(l abl e, durable, cost-effective and

I n-gpt u @@ﬁ%ﬁfi@ﬁa&lﬁ?ﬂﬁ%&&@ﬂef@ thdrRREo s dadl FYHhStefNak RE to WhéaGhre OAAr CONES
most of the drawbacks present in conventional tenjferatur.e probes as

det ai | eccombol dhe 2empenatutee rbup they tare fot tilmupe de emstife aomosiyp 4usl electsr-ovi de a
met hod f \ Si f ' hi g .l ' :

Furt ner SeisHPRb R M ulhye. rRPRR:RY ot UL SpE R Be\ITB GUERMADE.

f or renodoajrtion With al celipenaining a lkhsthisal sad eésaltingah af dhafigd of lighin dvekatdts

non-i nductjive, non-conductive and non- corrosive, 30 Yet anqfher_ object of
the presBAYINERGWAt Tiharrangement X FrepEncs thy s gieptioRsdapeblems e?fte ¥ aensing

of §8MPEsBLIAEE HeMaddd SivaNRIgE! i emBRtnbhiRRS e, BOMARY: Gaghbo thEMb&M The
present invention relates to an intensity nodul ated fiber optic tenperature
swi t chi rigmpgBturerhret rcomepiraisparcot atreegivtnehighemtemparatues enahlisgrdtuaioard

. . . . _;-:'El X
SWi tchi nl%la())rfto %%pltﬁ'éj Hesattirnlg%lrocess or raise an alarm. There is no electric signal being guided

in this probe. It is only the light signal which is guided through optical fibers and is
unaffected by the presence of electrical‘signals.

20
OBJECTS OF THE INVENTION

The main object of the present invention is to provide a reliable, durable, cost-effective and
in-situ temperature switching fiber optic immersion probe, which overcomes most of the
drawbacks present in conventional temperature probes as detailed above.

25  Another object of the present invention is to provide a method for remote sensing of
temperature using this immersion probe.
Further object of the present invention is to provide an immersion probe for remote sensing
temperature having a chemical that is non-toxic, non-inductive, non-conductive and non-
corrosive, '

30  Yet another object of the present invention is to provide an immersion probe for remote

sensing of temperature in harsh working conditions.

SUMMARY OF THE INVENTION
The present invention relates to an intensity modulated fiber optic temperature switching

35 immersion probe for remote temperature monitoring and switching of an industrial



0 7 DEC 2004 2 process. The present invention also provides a nethod for
renote sensing of tenperature. The present invention adopts annztﬁeﬂ 2004
wherein the nmelting of point of the chem cal substance determ¥nes

swi tching node for the device. DETAILED DESCRI PTI ON OF THE | NVENTI ON 5
Accordingly, the present invention pro$ides an intensity nodul ated fi ber
optic tenperature swi tching i mrersion“probe for renote sensing of

terrperatu sal d device co | sin ' ght
gui de er%ggdesﬁ ?fﬁ %re?reé’k qven% rg)alfoeyemgW§ 4 ee?hn%%rl%? gegﬁo%e ? %Sin ne%%?‘%:é%’}éend cap
(1); (b)Theere¥eny Limdﬁtlb@\aldﬁgs& aethodewndrsin( A, meléhg aif groiatr off (HEOghensdcal

Y-coupler (3), a common 10 arm (9) and a common end cap(4); (c) a light
source &b Idé@ff’é”é‘e%%s%tﬁli‘léé%ﬁ for theysleviceynot 0- det ect or is aligned to

t he det qgtgém{;gm(:ghﬁpﬁ q?gmﬂ N he common end cap (4) of the

metal slee an evacuat ed ontaining a chemcal is attached
to tBe chmuodingpdhopreyent wegmmoasiemrmmsuy nmelnkttadgﬁhee opes Empestureg) t he
~cell havingaalurn’numc](:)lain on the oytside o & ottomsurfaceformng
a concaVAlhmsigmersign proRe fr Lgmpotp §69§H\Ee‘#éﬂn T 1?'F'eas’”d JEUCHPESEE o t he

upper  si de@(d*)’ shib%d%shéavfﬁexf l‘tﬁﬂt?ﬁfdeléﬁmgdiuﬁeﬂﬂeta%%e%’(% Qerhb@atsaak/ah sl eeve

by nmeans of 'a netallic 20 rin a power neter for the
processing ofa@tfélélpten@aﬂlpé‘l)gnal An enbodi nent of the present invention,

wher ei n th ano?@? L opti Crrelr‘#cde S @g%%%%gfﬁﬁﬁ)\)én&u&ﬁp{e\?ﬁ @%%%gt aI_I i C

sl eeve. rese tion

opt i1oal f| berarms(9)mﬁle1 @fmma@em apepiric material that is non-corrosive,
durabl e an ne to any EII ectro Magnetic Interference (EM) and RFI.
Still anot ra tCOB? eq {oh PRUES I nvent i on, wherein the |ight source

is white | ghip hotoY&étea&%aﬁ%warf@&w@é&or%mt he present invention, wherein

the detector armthat is co to a photo-detector is connected to
si gnal protdbeé Hg;ll@d%ﬁﬂs mtmthﬁ oo endcapifd) efithometalisleedy di splay. Still
anot her e dlm%

under goes hasea‘fuf1 @?@E %%%ng:){“égeﬂwgn gige r ng]UI aehg%[ga%lgnaeﬁglotf?ﬁgl ting
poi ns. guide as means for sensing ternperature;
(g) the cell having a aluminum coating on the outside of the bottom surface forming a
concave mirror; ‘
(h) the cell is covered with a glass plate (5) on the upper side;
(i) the cell is further bonded and coupled to the metal sleeve by means of a metallic
20 ring (7); and
() apower meter for the processing of electrical signal;
An embodiment of the present invention, wherein the Y-shaped optic guide is encased in a
crush resistant metallic sleeve. - '
Yet another embodiment of the present invention, wherein the optical fiber is made of
25  dielectric material that is ﬁon—corros:ive, durable and immune to any Electro Magnetic
" Interference (EMI) and RFL
Still another embodiment of the present invention, wherein the light source is white light.
Yet another embodiment of the present invention, wherein the detector arm that is coupled
to a photo-detector is connected to signal processing electronic circuitry and an oufput
30 display.
Still another embodiment of the present invention, wherein the chemical used undergoes
phase transformation from solid to a liquid phase at its melting point. '

Yet another embodiment of the present invention, wherein the chemical is selected from

oxalic acid, sodium chloride, paraffin wax and preferably acetamide.



Yet anot her enbodi ment of the present invention, wherein the c emﬁgt i2 04
selected from oxalic acid, sodiumchloride, paraffin wax and pref bl @
acetam de. 0 7 DEC 2004 3 Further enbodi nent of the present invention,
wherein the chemical is non-toxic, no&- corrosive and non-i nfl anmabl e.
Still another enbodi nent of the present invention, wherein in solid state

the chem_cal is , opaque light and emits a fixed, valuge.of optical output
and with Pﬁéer. FrEp R Ofts%teexefﬁwameeﬂ%ewl&ﬁ@m {is cheraioRk i AP R MoB-

t r anspar ptrodibdsn ISR akhRgpRN | Ncreased optical output. Yet another
enbodi nent of the present invention, wherein the phase transformation at

“the nel tStiiganotiien embbdintvet ofitheipredent mvensmsewhelem mpsolidatate thepehtermti¢rdts | s

d det ect i gnal .. f ' f .al | ay. .10 .Furt
erbod e AP fhd et GOt GofEf il ot SPeH gt YA AfE lelfabar
 tw cest heemp@sate tRNEHethiol hél® HRANBEoEes thahSfaren®ithhd gant@ithr e fipeiseent of

the present invention, wherein the optical signal propagation is secure
and wi t hogticdeptpit.oss tal k or interference problens. Yet another enbodi nent

of the pr nt.. Lnventd erein i I gn ' :t e 5 by
the pres gﬁe 3 gn%tPérg e cr}idrnﬁg% Io\f@}e&?\r % { E'%F Ii(&Fqu’ %ﬁ% eﬁle@e %h%%}#flg%%&lgﬁ&fﬂeth% resent
i nvent i omeltifiepaihnof the chehidalpinhoiesses sheugpidalfl @itputrtiedtd$ asesleassd degecddr signal
tenperat‘gre upto a_di stance of 1 km Further enbodi nent of the present

i nvent i on°f agatien Af plaen gufelpYpr obe at an increased tenperature provides an

i ncr ggse mifthé ShbGifimbit 6%@%&59&%%11%&' whMEHh thl Gerphid B hedlelll BqwiRaRR 20

tenperature. Yet another e I ment of the present 1nvention, wherein said
optical peablengtherfdbesonasve iimmrel ting tenperature of the chemical that is

in the range of, 75-85.. C. Further enbodinent. of. t he present Jinventj.on,
wher o1 n Shcgier SapogrnLtt e Phisa vt vhRFngE oRfiel S RS o
i nf | ammeky @cue@nd @giheat @iytrésk 4k bomeadnaict palblemsloi sy 25 environnents,
preferably in petrochem cal industries and %gwer pl ants. The, present

¥

i nvent i orY chRBINeH GRbasiaent obdheprgsent InVeniion, yhereimh e apticd signabisginafisetedisi t y
rmd“ﬁé"ti‘Bgtﬁ’élgﬂeée%%o{sélg&ﬁ&al_ ﬂg_ an intensity nodul ated and renote sensing
r

optic fib enperature -sw tching i nersion probe, said nethod conprising
t he st epstilf anotker embodimséntpftthe poeselteinventimn| wdweredn ¢clontad probenisviised far
tenperat lf'én%otgescler%\ll\r/lé o] erilrgelrgtiupeq.lptg (é.)dPs?alngé oP { kltnh e chemi cal;
Further embodiment of the present invention, wherein the said probe at an increased
temperature provides an increase of 6 times in the output signal over the signal at the room
20  temperature. A ,
Yet another embodiment of the present invention, wherein said optical probe operates at
the melting temperature of the chemical that is in the range of 75-85 °C.
Further embodiment of the present invention, wherein said optical probe is used in
monitoring temperature in hostile, inflammable; corrosive and electro-magnetically noisy
25  environments, preferably in petrochemical industries and power plants.
The present invention also provides a method of sensing temperature through intensity
‘ modulation of light signal using an intensity modulated and remote sensing optic fiber
temperature switching immersion probe, said method comprising the steps of:
(a) immersing the probe in a liquid container having a temperature below the melting
30 ~ point of the chemical;
(b) recording a fixed value of optical signal generated by the chemical in solid state
and at the room temperature; and |

(©) détecting the maximum optical signal generated by the chemical at its melting point
and mn liquid phase;



(b) recording a fixed value of optical signal generated by the cﬂgﬁﬁﬁl bn
solid state and at the roomtenperature; and (c) detecting thé il 4

optical signal generated by the chemical at its nelting point and in

| i quid phase; 0 7 DEC 2004 4 (d) detecting the optical signal be neans of a
phot o-detector; (e) signal processing by neans of an electronic circuitry;
and (f) enabling actuation of a relay to stop the heating process or raise

an alarm @!)d%fé&‘il%ﬂﬁ@%ti&isi&ﬁﬂb@bﬁﬁﬂﬁfaiﬂhﬁﬁﬁ&ét&iﬂor'a net hod wherein the
liquid is sélected fromthe 5 rou& consi sting of water, acetone, carbon
A

t et r achl or (el sigapibroeessisg by meansgitian elgawoe piraiBpdinflent of the present

I nventi on, t [ e C Lcal . . el ected from
oxal i ¢ aci @ esoé{lﬂg%c% (g)nrdl)f’(}er%ﬂgé? %&ﬁﬁ%&%mg&%%‘?‘g}sgﬁf@%ét am de. Still
anot her fanbobidimeit offthd presdpt vedtion| oveodorhereinnid hpdd vheleeiad friva thdheni cal

having a nelting point in the range of 75-85 C. 1Q Yet ,fi\not her enbodi nent
of the FFRDSPSiPENLOFWae, acgtong 3R piEAcRloRde ard Bapsfemer eilgnal  propagati on
|s secur ' ihnioR! a (RIHRHIRIERE B PaRRIEESs seikittd

anot her %ﬁbﬂggie%%@%t?ﬂteﬁe réegglztnl%@élnﬁ\?g’nﬂngn, a rer:g{lﬁod wherlei nstshe opti cal
si gnal ifiom sebateddiosm dxijc dchl sepliws ehloedefpasiftn tvak end pefaakdly scetymideanot her
enbodi ment. of .t he present .i.nventian met ho re.n.the sai robe is
doed  15ugRomer B ERRE oy ilel Bo et hRke iR aLp RS
enbodi mesditinf pdiften MKESSEH of BV PD. 0N, a nethod wherein the said probe at an
I ncreased teggerature provides an increase of 6 tines in the output_ signal

ovelOt helesiagether embodipent obthetrsaiset aivartion, Yemetadrisreie o gPHeH signl t he
Present o h4etdnQ8 sedArd Tl tho NS AU s AIE of NGLHRGBce pRShIGHIST aNCe that s
opaque room tenperature becormes transparent at “a given higher

t enper atStitlenethabkmbgdiaehtiof the preaéntdnveatiay, 4 metiod pvitebein tieaoptivgl pigodlass or
rai se an azla}iar The i nventi.on i.s furtger explained in the formof the

fol l owi MY YrfBfPeesency of Hlecthrdl SERRLSi nvention a fiber optic tenperature

SWi t chi NGt RRIRG emMdldfifert QP Rlcipp&entn(dntiBh, a MrethoRiwHereln BRAARIPLbE K usedi de and
a small cell containing a special chem cal/which undergoes solid to |liquid,

phas® t ferremotesansiemupto ajdianeepf i kgr poi nt. The cell has a concave mirror on
its | QV‘%BH%Q@eP&Qb@di&'eﬁP?f tgé ?Ee@er? DvenkilE a%gﬁléd%s}h%%in esa%]g{?b%aalt an
i dentified an experimente or this prdbe undergoes phase ange at a
t enper atincresaf tePeraur€proAidesah increasoofd timks inihe otpot sighal ioserfthe signal at
transferred into cell and then it is evacuated and properly
the room temperature. ‘
- Yet another embodiment of the present invention, a method wherein the chemical
20  substance that is opaque at room temperature becomes transparent at a given higher
temperature enabling actuation of a relay to stop the heating process or raise an alarm.

The invention is further explained in the form of the following embodiments.

In the present invention a fiber optic temperature switching probe, which comprises a fiber
25  optic Y-shaped light guide and a small cell containing a special chemical/which undergoes
solid to liquid phase transformation at its melting point. The cell has a concave mirror on
its lower side and a glass plate on-the upper side. The chemical identified and
experimented for th1s probe undergoes phase change at a temperature of 78-79 °C. A small
amount of the chemical is first transferred into cell and then it is evacuated and properly
30  sealed. The cell is further bonded to a metal tube, which fits tightly on to the common end
cap of the Y-guide. A metallic ring is used for coupling the cell to the metal tube. The Y-
guide has two arms, termed as a source arm and the detector arm. A white light source is
coupled to the source arm while the detector arm is aligned to a PIN photo-detector. The

electrical signal is processed and displayed by a powermeter.



30 sealed. The cell is further bonded to a netal tube, which fiﬂs?tﬁﬁﬂﬁt IZQ[M
on to the common end cap of the Y-guide. A netallic ring is used for
coupling the cell to the netal tube. The Y- guide has two arns, terned as a
source armand the detector arm A white light source is coupled to the
source armwhile the detector armis aligned to a PIN photo-detector. The
el ectric 1S S 2004
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probe. Dependi n on the identification of a suitahle fa

non- cor r 4faple, © %}ﬁlqahfq B RAbFYTOSER; tROR- Bﬂ@B’é‘éblForswdﬁcth‘io ?'Pc ’Eéﬁgﬁcﬁtt ures
can be r%ﬂd{ﬁ -51,511%5 enbodi ment of the present invention, fiber
optic lig gul ave en enployed which are made of optical, glass, a

hi ghl ¥ durabl e mat eri al be| ng non-conductive. and non-inductive in nature.
10 The s&nahoers egibatinient iof thbeprésenmimfention, efitsart gptivoiightaeided havet been ded by

the fiber. The nal propagation is thout Cross | kK or
interfer %fHE]é’Y B W Cgr?ée mpgde obppticalglass; %E&gﬁﬁéﬁ%ﬁgl%mﬁfe@ %Horbf’%%ﬁ% rises
of an i ngdi genepaldiwAduaed Y- shaped optical fiber |ight guide/bundle
encased 1n a crush-resistant netallic sleeve with its 15 ends properly
termnated into nmetallic end caps. A few granms of the commercially

avai @bl &he kensinpasighal ignimitiey fdmr of ingenfity stodvuiatedulight rguetdd Unydthe fiheeabbe

condi tions etnd t hen transf%ed i nto th celll(_[rrade frﬁﬁ a thin-walled

gl ass t eSE4! PEPABHRN 18 §PSHEG WEHP 4R % CopS RfieoT WEHEISACOPOPRESt st tube is
given a reflective alum numcoating on the outside as to realize a concave

mrror wihl ephitlf SRPSEmEAdmtS sﬁﬁé’f??f‘dﬁe"&o n@espbﬁﬁﬁ 1H<hlgél%uﬂ'ysl§rod@%ﬂ$l’ dering

the 20 i mage formatlon characteristics l'ength of "the Cell is chosen to
be twi ceshaped pptical fibenkght gunife/bumdie cnmed/m awmslareswrambpmaﬂadﬂ@yﬁwﬁs@al i ng

i s dope make cel | h the of a c-rin t he
col | 155 PREnPYPetliraingsE ohbn Eolebianehd ah Agres Bond OB ichBmlerdinn i <
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When the prqbe is inmmersed in a |iquid _container at a tenperature bel ow the

mel ting Bo#s rredd%ltquéce%mdezﬂomemévaﬂgd glags tegtdube Ths cyrved surfacs ¥ dhcor
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78-79C and thus nore |ight reac e detector resulting in an increased
out put stapsave miies whie thenuprer ehd lis covsradhwith @QIMmglaasedlseonrd@hegéhw and
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of the concave mirror. Proper adhesive sealing is done to make the cell airtight.

With the help of a metallic ring, the cell is firmly coupled onto the common end cap of the
Y-guide and in this situation, the common end rests on to the top glass cover of the cell.

25
When the probe is immersed in a liquid container at a temperature below the melting point

of the chemical, there is a fixed value of the detector signal. The chemical begins to melt as
the temperature reaches around 78-79°C and thus more light reaches the detector resulting
in an increased output signal. This continues till the chemical has melted completely and
30  the detector signal has attained a maximum value which takes place at about 83 °C. The
probe provides typically 6 times increase in the output signal as compared to the room
temperature stage. At any particular value of temperature in this range (75-85°C)
corresponding to the level of optical signal available, either an alarm signal could be
generated or the process can be shut down automatically as to stop further heating of the
35  liquid/solvent. Thus the probe can be used as a temperature switch e.g. to stop the process

from further heating at any value of temperature in this range.



probe provides typically 6 tines increase in the output signal a
to the room tenperature stage. At any particul ar val ue of tenﬂh?a@gﬁg%ﬁz

this range (75-85C) corresponding to the |evel of optical signal

avai l abl e, either an alarmsignal could be generated or the process can be
shut down automatically as to stop furg her heating of the 35

| i-qui d/ sol vent. Thus the probe can be used as a tenperature switch e.g. to
stop t he Meqeaestacilitasd sbaviddef tehfridnig tabug@nintensity enculdtienpélightisignaln t hi s
range. 0 7 .DEC 2004 6 The probe facilitates sensing of tenperature through
i nt ensi t y DBQREATH Drcess; i§ Hinateefad by 2 Irpstide Apd)plesticaHY pr¥te sy iogment

unaf f ect | ectql [ | Lonaent: ’Ymﬁ[[ﬁ@,s he
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mat eri al imeRhity &l FOAASE. WIQMneHasH HivhRkteHA! SptidMR st Frddh viiechdib@blafe and
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vari ous apdeiisaquitendureblgsand\eBectively withktendsnbaisk efidpcentosive Gnuronmeaisd whose
t enper at lérgouinfs t,0 be.r{lnrgli tflorgid the 10 optical signal reaching the

det ect or epeﬁﬁg%ﬁa?%g PP AT Bglaleeﬁffy to light provided by the cell nmedium
As the t aviparaé pesber dndeis dippged iaheailkald whévet t8rmpetatirdds e pentoritops, nie and
transparency to |ight . goes u& rapi dly thus increasi ngq]t_he det.ecqi gr si gnal .
At al@t agetical pignalgpephing the sletestor derendn on diiraaspaenGn & lighirraridet 8Y tfeni cal
has nel t egh mbiuth. | £ Ele @ptiifire glsggadw ERMiEA 4380 nlRidPbSondh ?&iﬁ{ Ror
actuate a relay/switch to shut dowi or start a process 15 at that nmaxi num
val ue of trasspprencyt tor bglithgoss wp rhpidly thes incteanipgrthe detectownisignhl. PrtabetageT e
tenmperature .switch. probe has peen experinmented.in the la tar di ppi ng
o AR e e AR IS BB AR Sh el nis Beli B RPLEH sR e

t ransf or gighal@hh b&hsedt® raisenmi Al b hiatel £ERSIsRfiteh € shiltdoivarvpetatalprecesd wat er
and other liquids is recorded with a nercury thernoneter. There has been
consi3t eAciatamaximpmaniug gt temperatare thus werkingas agemperature swifgh Probanper at ur e
within 16: Thi LGl tingy A of a
B ocess o annperahity Sufit gl Ras BBE! bifinoltll ¥ hnd MnoBhaly by ERBRA 18 D1 el'y
by ext endiatey anéeothernsplventsf suppt asc atetériep earbomrtatgachiorides thausfiimer oil etato be

quite a durable .and cost-effective device and {h .0cess _nonitorjn

oper at i oﬂmgg?f %%u &%EH%“%*H‘E%%F ﬁ?ﬁlp%u% oS ?%‘%H&B‘gi‘ ‘gﬁlst FF@O%F(igvéﬁtaqpr obe
gnld t he geRvMENiheANGhette MhRfeAhdd! eciBRRRISENY andaePetaHIBS/ inthe BEtical Supuy en

© O% with temperatl-lre within 1°C.

This probe could be beneficially used for starting/closing of a process in an industry. The
process monitoring can be carried out remotely by extending the length of optical fiber
arms of the bundle. It can be quite a durable and cost-effective device and the process
monitoring operation can be made automatic.

25 A comparison between the present probe and the conventional temperature measuring

techniques/ probes is given below:

COMPARISON CHART
S.No THERMOMETER | THERMOCOUPLE PYROMETER FIBER OPTIC
PROBE
1. No point switching No point switching No point Point switching
. switching
2. Immunity to EMI/ RFI | Not immune to EMI/ Not immune to, Immunity to EMI/
and hostile / corrosive | RFI and hostile / EMI/ RFI and RFI and hostile /
environments corrosive environments | hostile / corrosive | corrosive
; environments environments
3. No remote sensing No remote sensing Remote sensing Remote sensing
(few 10s of (upto a Km)
meters)




COVPARI SON CHART S. No THERMOVETERTHERMOCOUPL EPYROVETERFI BER CPTI& Iﬁ?E %Bﬂ\p
poi nt swi t chi ngNo- poi nt swi tchi ngNo poi ntPoint switching switch

2. Ilmmunity to EMJ RFINot i mune to EM/ Not- i mmune to, I mmunity to EM/ and
hostile / corrosiveRFI and hostile /EMJ RFlI andRFI and hostile /

envi ronnment scorr osi ve envi ronnent shodtile / corrosivecorrosive

envi ronnment senvi ronments 3. No renpte sensingNo renote sensi ngRenot e

sensi ngRIMANTAGES ng (few 10s of (upto a Kn) neters) 0 ? DEC 2004 7
ADVANTAGES; 1y vt Jé &&f u@ ?ﬁ%ﬁf)h@%&ter tﬁeaaﬁkﬂoﬁ&%hpﬂshdéﬁﬁfﬁdt he
environnent 1s an electrically noisy. 2. can nonitor the
terrperatur&ieatmaﬂiyabgsyand the process can be made automatl c. 53. Alow
cost an rabI e i 4. The i rsjon probe is a nd usef ul
v oo St b rodieE Pyt Termolily S GRS AR Re s Ao toRegFy

t enpgr aBur £ |swbds B @urabRldbwad. i ons froma remote location. The draw ngs
provided in the enclosed sheets indicate the configuration of the fiber

optic %0 Thenipuncsion prehsiis elsimple iandrusefiloleviseobichl eantkes¢mplpyed indwpshi ses of |
a Y-shaped fiber wal | ed gl ass
est ¢ ube BSRPEReth o HLrBaite e T haseBfivaiats HoeTh rtiot BRI, Lbe Pac
been given a protective reflective alum numcoating on the outside for

real i zi NHe AdvAnSP6AdEd the%cloaaa%héét§ﬁm% the Q@ﬁﬁgﬁﬁﬁ&l BEHRE IbeE ORI NS two
arns. the source armand the detector arm white gﬁ; source is coupled
to &dur tﬁénmraﬂuewféhlpgosnmgsl@upmbblIéb@ﬁmailwomnnses pﬁe keped 4ibey PRfical i gned

PI b bel ed
0 2 PR RSk O S AR el bl BARRPURRRES D) o0
Y- Coupl botten siidaewif ﬂE’lﬂstG‘iﬂhﬁ: lm‘s btehegﬁelbepro'ﬁwmdbeeﬁeculaeﬁlmhum&oﬁmgtomg on

Qut si de of the Bott Surface of the Thip-Walled G ass
the outside for real 1erng as a concave mtlrror "Hl —shaped fgber opﬁc bundle contains two

arms: the source arm and the detector arm. A white light source is coupled to source arm

15 employing suitable optics while the other arm is aligned to a PIN photo-detector.

The various parts of the probe have been labeled as under:
1. End Cap for Coupling to the Light Source-
2. Source Arm
20 3. Y-Coupler
4. Common End Cap of the Fiber Bundle
5. Reflective Coating on Outside of the Bottom Surface of the Thin-Walled Glass
Cell ’
6. Cell Containing the Chemical
25 7. Metallic Ring for Coupling Cell to the Common End Cap
8. Metallic Tube Tightly Fitting the Common End Cap
9. Common Arm ’

10. Detector Arm



Cell 6. Cell Containing the Chemcal 25 7. Metallic Ring for Coupldltg I
to the Cormon End Cap 8. Metallic Tube8lightly Fitting the Cﬂnﬁﬁi{:@nagﬁ}ap

9., Conmon Arm 10. Detector Arm8 0 7 DEC 2004 CLAIMS 1. An intensity

nodul at ed optic fiber tenperature switching i mersion probe for renote

sensi ng of GléMM¥er at ure, said device conprising: (a) a Y-shaped optical

fi-ber bundlespl beHsidH ] < §H§E{ |Cror ehegye( 8)

t erm nat ed \)viét\lh‘a mg?moﬁﬁ%‘%@@g'gb%fﬁpg%bﬁgtsh@ Y. %eergﬁgﬁré%a grsource arm
(2), detector Siarsmg_(omi)ﬁ_,\p%at\d:&:@apﬂ@wic(af&))mpa?singiommn arm (9) and a conmon end
el t the T oceling hruRBaTel Bufdleplont Bl chpRel iRl kAol oGN]
is formed by t helagve@priemninated vétbei metatjc Bndeas(1),(c) a white |ight source is
coupled to th NECE . . (d) a phot o- det i.s_aldgned, | eferector
arm (e) the @3&?3@&'?‘% ;H %nggogtﬁ?gpcgo%nrﬂr}) eﬁjg{egg% a?T) t1c())?’ ? ﬁ’ékﬁ%{% (321 éeve;
(f) an evacuat eccooehdn §i6) (Yamidaa némgon &nd lvapidy, adaid ¥-gatdeds fvedsttustedhsd hanmon
Ferl ecti ve coat 05 "BroT D lraf qhuarn AP BB Phel Mt b 08el e
mrror wth a fdbsindtewgdgitereigdameaddyitad mirtdienlterggevingffibetse cel | ; (h) the
cell is cover e lass plate n the upper side; (i) the cell is
further bondegpqa%ﬁlgeol%?adur %Pst%oé'p‘?é?%l&es ogrec\%aprﬁy nmeans of a netallic
ring(7); and (¥ apipoovdetectr & aligoed tchibe petecessinmg of el ectrical signal; 2.
The device acg¢grdi .0 &l ai i I ' [ 1S made of
dielectric rrgg'geﬁrqlé g?g*(ﬁea@gﬁ{stg}t]%énea@@ﬁérgér?dv%ﬁéﬁgfgb‘?g'leégr%a%?%%‘une to an

El ectro Magnetf) can ¢vaceattdceh(® qoRMiningam dherRical igattahed dethieceoneeoent efgr-t o

| ai m 1, wherein,t . I l ed t hot o- detector i
claim erei S%K%beag[%gﬁé %rrsgﬁ%e&t{gﬁgopeﬁurgoup e 0 a photo etector is

connected to sighal processing e onic circuitry and an out put display.
4. The devi ce (Qcbeceal hgvinpa cefichivel coaling pethe euiside hethe dattomswidaeti@enigeés

phase  transf or nayban: fiAPWRld fekiferdyt! bqlid & pase 1Akt drind Bt i ng poi nt .

(h) the cell is covered with a glass plate (5)on the upper side;

G) the cell is further bonded and coupled to the metal sleeve by means of a metallic
ring(7); and

(i) a power meter for the processing of electrical signal;

2. The device according to claim 1, wherein the optical fiber is made of dielectric
material that is non-corrosive, durable and immune to any Electro Magnetic
Interference (EMI) and RFI.

3. The device according to claim 1, wherein the detector arm that is coupled to a photo-
detector is connected to signal processing electronic circuitry and an output display.

4. The device according to claim 1, wherein the chemical used undergoes phase
transformation from solid to a liquid phase at its melting point. |

5. The device accbrding to claim 1, wherein the chemical is selected from oxalic acid,
sodium chloride, paraffin wax and preferably acetamide.

6. The device according to claim 1, wherein the chemical is non-toxic, NON-COrTosive
non- conductive and non-inductive in nature and non-inflammable.

7. The device according to claim 1, wherein in solid state the chemical is opaque to

light and emits a fixed value of optical output and with the increased temperature the



5. The device according to claim1, wherein the chemcal is selected from
oxalic acid, sodiumchloride, par affl ngwax and preferably acnet{aﬁEge 26@4
The devi ce accor di ng to claim1, wherein the chem cal is non-toxIcC
non-corrosive non- conductive and non-inductive in nature and

non-i nfl arrmalmhemiczl meite @ity ibeories arsflb pegreiitothtib agemedatingh@t éndnedsed satical st at e
t he chem cal ﬁ)?paque to light and emts a fixed value of optical output
and with the %Htteased tenperature the 9 0 7 DEC 2004 chenmical nelts and

becones tranﬁmarmtcetMSrdg@watamﬂg aRelelic theasade aphifomhationudtitbié .makingThe
devi ce accor di nrg g?\ L‘ wherein the phase transformatio
PTYRENER

nelting poi @éreaF‘Fﬁ:WSé’QHEaIPH@UUﬁ?H T HPeDET ﬁlﬁiteteﬁ?éts'gpg‘??fsed as

a detector m@n@lnofﬁ @{alamgu@tdyon of alarmor relay. 9. The deV| ce accordl ng.
to clalml erein said reflective coating on the outer s (t: su t he

cel | is anYallfi%idRuice ARG o £lgim T whared sald Eé'eﬁrvama“rtgo% ein

t he opti cal sdfgn;aéeupg apagatihen chstingecure-and W t hout any cross taI k or
i nt erferengﬁ roblems. 11, The deV| ce according to claim1, wherein tJl]
NS 2.

opti cal & devigRaPFuEingdo BN f ewh?ﬂs@stg@,egtlca\vsn@]aée{qp@g%qong? griafsan

The devi ce aq,qmrodt@g,dr@ssquldnrﬂte,f%ﬁéeepr@br@h@ said probe is used for renote
sensi ng tﬁ grature upto a di stance of km 13. The devjce (gﬁcordl ng

to claim 1 GV AECding B e At Wa?fel”n@?e%{%'é%i Tt et Anaierted Phiities an

i ncrease of q)régdmgoraet;th@agq,@n@gt S|gnal over the signal at the room
t enper at ur 4. The devi ce accordi na o claiml, wherein said optic

probe oper ige 1PV AGHRIANING 1t &P éh%?a'q H@bEH%HF%forf%?te S§”?"?9 t he

range of 75- & terfperdfure Ufte adasthes: eicoiandi ng to claim wherein said optical
probe is u nonitorin tenperature jn hosti rrosive
G el et 1 d S HERE ACRSPoG: o BB PSHee B S e 201 JErFFEDaE PBERGHY ol

i ndustries anmoyidewean pha@aise ofl 6. tirdedTet thedodtput sighabbeersthessimgal it thenquen at ur e
usi ng i ntensi Ly r’r%glyrl ated optical fiber tenperature swtching imrersion
probe as clai fed laim1l to 15, said method conprising the steps of: (a)
i mrer si ng tlheTioeddviaef adchedingy wbaainn1 a/vﬂmérqiniséidcmibaii mee hparateyg i thieemplingit ur e

bel ow the nEtIerQ%tLﬂgioP{he theHllc?al %a?ls in ﬂwe' range of 75-85 ° C.

15. The device according to claim, wherein said optical probe is used in monitoring
temperature in hostile, inflammable, corrosive and electro-magnetically noisy
environments, preferably in petrochemical industries and power plants.

16. A method for remote sensing of temperature using intensity modulated optical fiber
temperature switchihg immersion probe as claimed in claim 1 to 15, said method

' ~comprising the steps of: |

(a) immersing the cell of the probe in a liquid container having a temperature below
the melting point of the chemical; '

(b) passing the light from the white light source to the photo detector; _

(c) recording a fixed value of optical signal generated by the chemical in solid state
present in the evacuated cell and at the room temperature; and

(d) detecting the maximum optical signal generated by the chemical at its melting
point and in liquid phase;

(e) detecting the optical signal by means of a photo-detector;

(f) signal processing by means of an electronic circuitry; and

(9) enabling actuation of a relay to stop the heating process or raise an alarm.



(b) passing the light fromthe white |ight source to the photo detector;
(c) recording a fixed value of optical sjggnal generated by the{chetEal?(04
solid state present in the evacuated cell and at the roomtenperature; and
(d) detecting the maxi mum optical signal generated by the chemcal at its
mel ting poifTnThandtiocd dd caimedpmaiain 16 ewhateiheabsing ot liyht pin thaligisi poek by

means of a phgto-detector;. si gnal . SSi by means of an.elgectronic
circuitry; anﬁje(%e)ecé?fa?ﬂ"?q{ﬁegpf‘%{?‘gﬂﬂn 8? [‘%?ﬁ'gP%é}‘QWS SHEH e rﬁ%ﬁ?‘?’hfgm
process or ratsesufacaloftia chkhi€hl tohlabed0R4heldell didembedrherd of seflekridraptical n
claim 16, wherei nggas it&?dOf jﬁi{ght fthome% he I'ight source to the detector
conpri ses traf&if 8L Flegher A iuigiela® source arm reflection from

t he surfacei®fThtheetobie Bteating adtordimers, iwhdréie teelifuians sere@aedm diie g@pbect ed
optical wave thr.o,ugh the detector armto the det gct or. 18.. The nethod
according to EPEITHEE! WRIREr AR NE N POy RIAH Y IASAN IRBEF PRt he gr oup

consi sting 16, TWatdthoe€dopdiRg t& BbRPNGT WhéRmthercheRican’ defetisd Porfmkletied. 19.
The met hod ac%]ordi nﬁ to claim16, wherein the chem cal is selected from
sel ected fromPBXARNcade spdiughehleridee RpGHindex rePagieiabinasetamige pr ef er abl y
acet am de. 20 .Th&heeti®d Besbraifg & diaRg 150wkk@inMhdGhettftRl Bhving Remehedrhéiat in
having a nelting poi n{ in_,the range of 75-85 C. 21. The method according
to claimlil6, fa8P% °t frsSdpti cal signal propagation is secure and without
any cross t2 Rherméthb®bér@ng & BEPPHENFherdd thd Beticartiag mesayatom@ deeurel ai m

16, wherein the optical signal is unaffected by the presence of electrical
signal's. 23. Thd ?%t@d‘yéé‘%éﬁﬁrﬁb'”?%%é?%erﬂr‘il& Wherein the said probe is

used for reMdtihe rBeth6d RGearping ta oHirt @) &ehetdin Ihk Bpticaésigidias ndbifatedbE otedi Ng
to claim16, wherein } i robe at an increased tenperature provides

resenc Qerslaldig“
an increase of &1 R PHH&9BUPput signal over the signal at the room
t enper at ur e23.2%he mhthodeddrodiirac 6o chim g1 &, ovtedreih nthd GaidMpestel v el Ehermor!

subst ance t hat__| e.at g t enperature beconmes transparent at a
gi ven hi gher tséa}r}%réé)g?l(é%ed'sgﬁ%q (ﬁ(r)i'glm'act uation of a relay to stop the heating

process or P4iTde aethmldampgording to claim 16, wherein the said probe at an increased
temperature provides an increase of 6 times in the output signal over the signal at
the room temperature.
25. The method according to claim 16, wherein the chemical substance that is opaque at
room temperature becomes transparent at a given higher temperature enabling

actuation of a relay to stop the heating process or raise an alarm.



