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PODER 

341 Poder con certlflcada consular p&;ia patites, modelos de 
utilidad, diseffus Industriales, marcas do Ubrlca, 
nombres comerclales, enselias, lemas comerciales, licencias 
y nombres de domlnio do Interact. 

Power-of-Attorney with consular certificate for patents, utility 
models, Industrial designs, trademarks, commercial names 
trade emblems, slogans, licenses and Internet domain names. 

POWER-OF-ATTORNEY 

Yo (nosotros), abajo tlrntado (a)! (we), the undersigned 

domlclliado(s)cnlof _Av. Repb1ica do Chile, n9 65 

RIO DE JANEIRO, BRASIL 

poreIrvsenteno bramOsaEMILIOFERRER,O,lpa. 31929;GONZALO 

PERIOMO, ipa. 831; LUZ CLEMENCIA DE PAE4 tpa. 23555 y 

GER1ANCAVELIER, bps. 832, domiclllados en Ia Cancra 4’ N" 72-35. 

Bog4 Colombi elprlmero comopnclpalylosdemÆscomsuplontes, 

en si ordcn y onfiero (conferimos) poder a los abogados arriba 

nombados pars. otener la protâcctdn demi (auestra)propledad industrial 

yconia lacompenciadesleal, acuyoeibcto autorlzo(amos)a los dichos 

apodendos pars. no me (nos) representeD ante cuolesqulera cntidades 0 

pers4 elamanlo no jurisdiccion. capothimente ants Ins del orden 

adniiristmtIvo, c?ntencioso.administmtivo y judicial, asf como los 

u1lesdcarblt’’mcnto,euthdo locoueernlentealossiguientesasuntos: 

a) Obneidn do I atentes do lnvenciôn, modems do utilidad y diseftos 

induskales; ci rgis1ro do marcas do fabrica, colectivas, defensivas. do 

servio, lanes ctmercia1es, nombres coruerciales, enseSas, vasiedades 

vege9Ies 
y 

acne 

noznbc o domic 

use d esos dam 

deldor, 

ulids 

6n do  

vos 

cciotinot
 

cam  de nomt 

an adzFinistrncId 
putdah snatitufr 

y do 
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y 

nacionesdeorigen; an renovación, traspaso, canibjo do 

0. cancelaciön voluntaria y ci registra do licencias do 

os b) Las acciones do competencia dcskal, protecclón 

oslcioorsuobservaclones,cancthct6n administrativa 

medidas cautelares coaccslón ddilcenclas, Iannel to 

tosinduses,yen general losJulclosclvUes,poodles, 
contcncloso-adminislraltvos relaclonados con cabs 

I y procóos quo promovamos o so nos pronluevan; c) 

re do dominio do Internet, an renovaciOn, traspaso, 

,caniblo do domiclilo y dems actos zulacionados con 

do hereby appoint EMILIO FERRERO, tpa. 31929; GONZALO 

PERDOMO. tpa. 831; LUZ CLEMENCIA DE PAEZ, tpa. 23555 and 

GERMAN CAVELIER, tpa. 832, domiciled at Carrcra4’ N’ 72-35, Bogota’, 

Colombia, the first as principal and the others as alternates, in the order of 

their appointment, as my (our) attorneys-at-law so that they may obtain the 

protection ofmy (our) Industrial property and against the unfair competition, 

for which purpose I (we) authorize the said attorneys to represent me (us) 

before any authoriticaorpersons, with orwlthoutJuri sdiction, specially those 

administrative, administrative contentious and judicial, as well as before 

Arbitration Court, In all matters concerning the following: a) 

Obtainment of patents, utility models and industrial designs; 

the registration of trademarks, collective, defensive and service marks, 

slogans, commercial names, trade emblems, vegetal varieties and 

denominations of origin; its renewal, assignment change of name or 

domicile, voluntary cancellation; and the registration of licenses of use of the 

above righls b) Actionsof unfair competition, protection to the consumer, 

oppositions or observations, administrative Court cancellation, nullity, 

infringement, granting of licenses, the action for writ mandamus, the 

protection ofirade Secrets, and in general the civil, penal, and administrative 

suits relating to those rights, actions and suits instituted by me (us) or against 

me (us) c) registration of Internet domain names, renewal, assignment 

change of name or domicile and any other activity related their management. 

And that In all the above matters they may substitute this Power of Attorney, 

compromise, conciliate, admit the facts of the case, desist, cancel, receive, 

Y para quo on todos los asuntos arriba determinados, resign, act as administrative andf or payment contacts and ratify acts done 

c mandato, transigir. conciliar, adntith los heebos dcl I by representatives without a power of attorney. 

ace]ar, recibir, renunciar, scrcontactos administrativos  

Ina actos do agcntes oficlosas.I’- 

Dade y flrniado hoylfliven signed ft 
2005 

Septber 06, 2000
 

Plo de Janeiro 1" 
par/by CARIRS SOLI(D CiMERINI  

Firma I I - Signature 

INGLES OTROS PAISES 
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CONSULADO GENERAL DE COLOMBIA 

CONSULADO DE COLOMBIA 
No. 70/00. 

El Suscnto COnsul General de Colombia en Rio de Janeiro, visto los 
documentos presentados por los interesados, CERTIFICA: Que la Seæora 
MARIA ANTONIA DE JESUS CORREIA, quien como Escribiente Sustituta 
de la Notarla 22°. de Rio de Janeiro, Brasil,  autenticO la firma del signatario 
del poder precedente, ejercla en la fecha las funciones indicadas y su firma 
corresponde a la registrada en este Consulado. 

Que la Compaflia PETROLEO BRASILEIRO S.A. - PETROBRAS, es una 
sociedad constituida de acuerdo con las leyes del Brasil y cumple su 
objetivo conforme a las mismas. 

Que el Seæor CARLOS SOLIGO CAMERINI, quien en su caracter de 
SUPERINTENDENTE GENERAL DEL CENTRO DE PESQUISAS V 
DESARROLLO de la citada Compaæla, confiere el poder precedente y cüya 
firma fuØ autenticada ante la Notarla 220. de Rio de Janeiro, Brasil, es su 
representante legal en este pals. 

El COnsul no asume responsabilidad por el contenido de este documento. 

Rio de Janeiro, 14 de septi&Nre de 2000.  
t1Taf FCOjP
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TRAIUCCION OFICIAL NO. 200928 de un documento escrito en PortuguØs, el cual, 
parau identificación  se sella con el sello de Maria Eugenia Sanint, Traductora Oficial 
Ctriii DcfI.u,4Arl ISJ,.. O1 41 M;... 1...i....... 

LEGALIZACIONES 

Escris en PORTUGUES, al pie de un PODER escrito en ESPAfOL, otorgado por 

PETR15LEO BRASILEIRO S/A-PETROBRAS, a EMIUO FERRERO y otros. 

NOTPRIA 22- NOTARIO WILHAMI DE OUVEIRA 

Notarla 22 - Matriz - Notano: Wilhami de Oliveira 

Rua E enador Dantas, 39 - Rio de Janeiro- No. 190259 

Reco ozco por semejanza la firma de: GARLOS SOUGO CAMERINI -785/28 

Rio de Janeiro, 12 de septiembre de 2000 -11:30:26 

En fe de lo cual firmo el jresente 

(FimIlebie) 

MARLk AN 1 UNIA DE JESUS CORREJA -Suplente - MAX 
-1F1

 VC, 

:... 

Wlidcll cinicamente con el sello de Control - Total derechos: 2,47 

Sello de la Corregidurla General de)usticia 110GO 

SELL( DE CONTROL 

No. BY w 94837 ... �. 

Sello del Notarlo 

EN E1PANOL, la legalización de la firma anterior por el Consulado Genera[d Colombia 

en Rio de Janeiro, bajo el No. 70/00 de fecha del 14 de septiembre de 20GOrY 

EN 

ES T 

Trad 

PAfOL, la legalización de la firma anterior por el Ministerlo deRelaciones 

res de Colombia, bajo el No. 438547 de fecha del 20 de septiembre d000. 

DUCCION FIEL Y COMPLETA.
 

tora: Maria Eugenia Sanint 

, 25 de septiembre de 2000 o T
. 
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OPTICAL TRANSDUCER AND METHOD FOR THE SIMULTANEOUS 

MEASUREMENT OF PRESSURE AND TEMPERATURE IN OIL AND GAS 

IELD OF THE INVENTION 

5 The present invention relates to an optical transducer for the simultaneous 

measurement of pressure and temperature in oil and gas wells, more specifically, 

) ,an optical transducer that uses, for such measurement, at least two Bragg 

ratings in a same optical fiber, at least one of such fibers being attached onto an 

lastic membrane. The invention relates still to the method for the simultaneous 

10 rieasurement of pressure and temperature in oil and gas wells using the 

bed transducer. 

ROUND INFORMATION 

Among the commercially available sensor technologies useful for downhole 

ring of pressure, temperature and other parameters are the Permanent 

15 9ownhole Gage (PDG’s) using quartz crystal technology and the Strain Gage the 

features of which are: require on-board electronics, are active sensors, show low 

iability and higher than 3 psi/year drift in the measurement. Such equipment 

dergo electromagnetic interference, do not allow distributed installation 

(nultiplexed) and are costly. For applications required to outweigh such 

20 specifications, the optical technology is the most recommended to overcome such 

ems. 

In view of the high cost of well intervention and production interruption, the 

m installed in the well should have a high reliability (of at least twenty years). 

optical sensors technology makes possible to attain such requirement. 

25 1 Optical fibers bear some features such as: they can withstand high 

30 

eratures (silica up to I ,000°C), showing high transmission rates and low 

s at high distances (relating to the attenuation of transmitted/received signal), 

well as electrical insulation and no electromagnetic interference. 

That is why it is stated that optical sensors have several benefits relative to 

mercially available sensors, such as low hysteresis, repeatability, 

Dducibility, mechanical strength, twenty years working life (high reliability), 

;ive technology, that is, no need of on-board electronics for operation, 

ness of implementation at large distances (longer than 20 km) without any 
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ed of a repeater for automation systems (simple telemetry at large distances), 

ing immune to EMI/RFI noise, are of small size, operate at high temperatures 

id are naturally explosion-proof (low intensity laser beam approximately lower 

than 100 mW). 

5 Among the available optical sensors technologies the state-of-the-art 

technique known as Fiber Bragg Gratings (FBG) is interesting in view of the 

ossibility of combining a huge variety of transducers (pressure, temperature, pH, 

iksition, flow rate, etc) in a single fiber. 

Fiber Bragg gratings are fairly suitable to be used as sensing elements. 

10 hen a Bragg grating receives a broadband (Cl + C2) beam of light (laser), it 

eflects a narrow light band in a certain wavelength. However, the mensurands 

physical parameters), such as the change in strain induced by a change in 

ressure or in the outer temperature, yield a change in the refractive index 

temperature) and in the geometric spacing of the grating, which leads to a change 

15 1 n the wavelength values of the light reflected by the gratings. The magnitude of 

he mensurands is directly related to the wavelength reflected by the Bragg grating 

and can be determined by detecting the wavelength change of the reflected light. + 

Optical fiber sensors are optical sensors using fibers as the connecting 

edium for light between the mensurands (temperature/pressure) and the 

20 neasurement region. 

Thus, the principle for the measurement of pressure and temperature using 

31 fiber sensors involves injecting light using a broadband laser source 

gh the optical fiber up to the grating and at the outlet, evaluating the main 

res of the returned light/wavelength and intensity that have been altered by 

25 the medium. 

Among the measurement technologies, Fiber Bragg Gratings (FBG) is the 

ne of highest potential for multifunctional and nearly distributed sensor systems 

or applications in the permanent downhole and reservoir monitoring. 

The concept at the basis of the FBG technique is that upon designing a 

30 grating in a certain region of the fiber, typically of I to 10 mm length, 

,according to a pre-defined wavelength, a certain wavelength of the incident light is 

ffected (FBG filter). As a result of the medium perturbations, a change is caused 
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the absolute value of the wavelength, directly related to the physical parameters 

the origin of such change. 

Optical sensors represent a breakthrough relative to state-of-the-art 

s, as have been the� present quartz (PDG) sensors relative to the first 

5 train-gauge sensors during the evolution of such systems. 

The main feature of the optical sensor is the fact that it is completely 

sive, that is, it does not need any on-board electronics for the transduction of 

measured parameter, needing only a mechanical element coupled to the FBG 

which is the fiber itself. All the electronics and optical source are placed 

10 at the surface, being easily replaced in case of failure or updated without any well 

k-over. The increased reliability of downhole sensors means, besides the 

nomical advantage, the viability of other technologies, such as smart 

pletion, reservoir monitoring (HtxHp - High temperature, high pressure wells) 

d artificial lift. 

15 Optical sensors can be classified as extrinsic and intrinsic. In the first 

20 

125 

30 

are those where the fiber is used just to guide the light and the optical 

to be measured occurs out of the fiber. In the second case the fiber serves 

so as the medium where the coupling between the mensurand and the fiber 

curs, this rendering this category of sensors mechanically more attractive. 

Sensors can also be categorized as for the optical effect to be measured, 

cluding a change in intensity, in the polarization, in the spectrum or in the phase 

the light wave. 

The main features of the optical-technology sensors are: 

� Interferometric: those are made up of mechanical systems (microoptics), 

being susceptible to high intensity mechanical vibrations; do not allow multi-

point installation nor high vibrations, have low reliability and high cost. 

� Single point FBG: do not allow multiplexing, rendering difficult downhole 

installation because of the number of required penetrations, are not 

temperature limited (above up to 1500C). 

� The multi -point FBG technology, besides the above features, encompasses 

the possibility of placing multiple kinds of sensors connected to a single 

fiber (multiplexed) and placed at specific points, and further having lower 

cost as compared to state-of-the-art sensors. 
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The recent patent literature points out a few relevant documents on the 

oint FBG technology. 

Thus, US patent 6,016,702 teaches a pressure sensor with temperature 

compensation for a point where an optical fiber is attached onto a compressible 

5 bellows in a location along the fiber and to a rigid structure at a second location 

1along said fiber, with a Bragg grating contained in the fiber between these two 

iber attachment locations, the grating being under tension. As the bellows 

ructure is compressed as a result of a change in the outer pressure, the tension 

on the fiber grating is reduced, this causing a change in the wavelength of the light 

10 deflected by the grating. However, temperature compensation should be carried 

c,iut by isolating the temperature-monitoring grating in a pressure-isolated 

hamber, this adding costs to the equipment. 

The proposed sensor can be used as a one single or a plurality of sensors, 

serially connected along a single optical fiber. Upon mounting the sensors in 

15 series, the optical fiber crosses a passage at the end of a bellows structure for 

iterconnection to the following pressure sensor. The several pressure and 

tmperature signals from the multiple pressure sensors can be differentiated using 

iavelength division multiplexing (WDM). Thus, each Bragg grating operates at a 

central wavelength A within a wave amplitude w that is not superimposed to the 

20 amplitude of the other Bragg grating sensors. Therefore, optical signals for the 

temperature and pressure of each of the sensors serially connected can be easily 

differentiated on the basis of the received wavelength. TDM (Time Division 

14ultiplexing) techniques can also be used to differentiate among optical signals of 

clifferent Bragg grating sensors. However, the sensor of said US patent does not 

25 qescribe nor suggests the transducer proposed in the present application, said 

transducer using two Bragg gratings in a same optical fiber and having at least 

ne of the gratings attached onto an elastic membrane. 

The fiber grating pressure sensor technology taught in US patent 6,278,811 

rises a pressure-detection device that can be elastically strained as a 

30 fUnction of the applied pressure, and an optical fiber that is wrapped at least once 

’und said device and where at least a portion of its length is fused to the device, 

that the elastic deformation of the device generates a corresponding axial strain 

long a longitudinal axis of the fiber caused by the applied pressure. 
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The shape of the device may be a solid cylindrical shape or either has an 

al orifice formed therein. The fiber contains at least one grating impressed 

rein. The grating has a characteristic wavelength that changes with the applied 

s The device is made of silica or quartz. The technology described in said 

iatent can be used as a single sensor or as a plurality of distributed or multi-point 

US patent 6,519,388 teaches a Bragg grating configuration that allows the 

rating to be used in compression without requiring optical pins or a mechanical 

10 upport structure and/or that is suitable for reducing the core to cladding coupling. 

According to the technology taught in this US patent, a tube-encased optical fiber 

ontaining a Bragg grating comprises an optical fiber having at least one Bragg 

rating embedded therein, and a tube, the optical fiber and the Bragg grating 

being encased therein along a longitudinal axis of said tube, the tube being fused 

15 t at least a portion of the fiber in a location where at least a portion of the Bragg 

rating is located. The tube is made of a glass material and fused to the optical 

f ber on opposite axial sides of the Bragg grating. The encased grating allows the 

rating to be compressed without buckling the fiber. 

US patent application 2002/0194917 Al refers to a pressure fiber grating 

20 ?ensor including an optical sensing element which includes an optical fiber having 

Bragg grating impressed therein which is encased within and fused to at least a 

ortion of a glass capillary tube. A temperature Bragg grating can be used for the 

ieasurement of temperature and allow the temperature-corrected pressure 

The sensor can be suspended in the interior of an outer cladding by 

25 fluid, spacers or other means. 

US patent 6,439,055B1 teaches a pressure sensor assembly for assessing 

tie pressure of a fluid in a harsh environment including a pressure sensor 

uspended within a fluid filled housing. The assembly includes a pressure-

ansmitting device, which transmits the pressure of the fluid to sensor and keeps 

30 toe fluid within the housing in a void free condition. The pressure sensor assembly 

ntains the sensor in a near zero base strain condition and further protects the 

sor from shock and vibration. The pressure sensor assembly further includes 

mpers that limit the movement of the sensor within the housing. 
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US patent application 2003/0094281 Al teaches a monitoring system and 

thod for monitoring a predetermined set of physical characteristics associated 

Lh a structure using the monitoring system. The system is distributed in the 

ucture and comprises a distributed optical sensing device, further comprising a 

er optic cable; a light source operatively in communication with the fiber optic 

ble; a light detection device, operatively in communication with the fiber optic 

ble, for measuring the light received at the light detection device from the fiber 

tic cable; and a data processor capable of using the light measured to calculate 

predetermined set of physical parameters describing the predetermined set of 

10 rhvsical characteristics. 

However, in spite of the existing developments in the technologies of single 

and multi-point pressure transducers using Fiber Bragg gratings, there is still the 

need of an optical transducer for the simultaneous measurement of downhole 

??essure and temperature, said transducer comprising at least two Bragg gratings 

15 the same optical fiber, wherein one of the gratings, which is compatible with the 

temperature, is attached onto an elastic membrane, the attachment 

ing that the membrane conveys efficiently to one Bragg grating the strains 

rgone by such membrane resulting from pressure and temperature changes, 

the other Bragg grating is attached or not to the membrane, such transducer 

20 being described and claimed in the present application. 

MMARY OF THE INVENTION 

Broadly, the invention is directed to an optical pressure and temperature 

acer for the simultaneous measurement of downhole pressure and 

said transducer being part of a system that comprises a light emitter 

25 ?ropagating along the core of an optical fiber containing Bragg gratings impressed 

ip the same, until the light meets a Bragg grating that reflects a portion of said 

said transducer comprising a predominantly cylindrical body, including an 

membrane for attaching at least one Bragg grating, and at least one more 

grating impressed on the same optical fiber, and wherein said body is: 

30 ) Bored along the main axis in order to allow the passage of an optical fiber and 

assure access to both ends of the said optical fiber; 
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Provided with two symmetry planes in order to facilitate to be installed and 

serially connected with other sensors of the same kind or other optical fiber 

transducers and sensors; 

Provided with a central access and respective sealing, perpendicular to the 

5 11 main axis of said body, on the opposite side of said membrane, to allow the 

attachment of at least one Bragg grating to the membrane; and 

) Provided with sealing means against the outer pressure, at the inlet and at the 

outlet of the optical fiber and in the central cylindrical bore, whereby 

ie elastic membrane conveys the strain that is proportional to the pressure and 

10 temperature conditions to which is submitted the transducer having at least one 

ragg grating, the portion of non-reflected light by the Bragg gratings following 

long the remaining length of the optical fiber, where said fiber can be utilized to 

I terrogate other sensors and transducers connected along the same optical fiber 

r in one or more optical fibers coupled to said one. 

15 And the method for the simultaneous measuring of borehole temperature 

and pressure using the inventive transducer comprises providing an optical fiber 

containing at least two Bragg gratings sensitive respectively to temperature and 

ressure; causing a change in the refractive index of the gratings and strain in the 

lastic membrane resulting from the temperature and pressure conditions to which 

20 ip submitted the transducer through the elastic membrane; conveying the change 

refractive index of the grating caused by the change in the outer temperature 

d the strain caused in the grating by the change in outer pressure; from the 

asurement of the changes in the values of Bragg grating wavelength, 

25 curve. 

the value of the pressure and temperature by means of a calibration 

Thus, the invention provides an optical transducer for the simultaneous 

cement of downhole pressure and temperature that utilizes two Bragg 

ngs contained in the same optical fiber. 

The invention provides further an optical transducer for the 

30 ?imultaneous measurement of downhole pressure and temperature where at least 

ne Bragg grating impressed on an optical fiber is attached on an elastic 
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The invention provides further an optical transducer for the 

simultaneous measurement of downhole pressure and temperature where the 

portion of light not reflected by the Bragg gratings of said transducer follows along 

t  ie remaining of the said optical fiber, for interrogating other sensors and 

s tansducers connected along the same optical fiber or to one or more optical fibers 

cbupled to the same. 

The invention provides still a method for the simultaneous 

measurement of downhole pressure and temperature using the described 

ptical transducer. 

10 01RIEF DESCRIPTION OF THE DRAWINGS 

FIGURE IA attached illustrates a top view of one mode of the optical 

transducer according to the invention where a Bragg grating is attached 

onto the elastic membrane and the other Bragg grating is out of the 

membrane. 

15 FIGURE 1 B attached is a cut along the BB axis of the same transducer. 

FIGURE 1 C attached is a side view of the same transducer. 

FIGURE 2A attached illustrates a top view of another mode of the optical 

t ansducer of the invention. 

FIGURE 2B attached is a cut along the BB axis of the same transducer. 

20 FIGURE 2C attached is a side view of the same transducer. 

FIGURE 2D attached illustrates one mode of the same transducer where 

t, e two Bragg gratings are attached onto the elastic membrane. 

FIGURE 6 attached illustrates a graph of the calibration of the 

ventive transducer for the temperature grating. 

25 FIGURE 7 attached illustrates a graph of the calibration of the 

ventive transducer for the pressure grating. 

1ETAILED DESCRIPTION OF THE PREFERRED MODES 

The invention refers therefore to an optical transducer for the 

imultaneous measurement of downhole pressure and temperature 

30 omprising a predominantly cylindrical body, bored along the main axis to 

110w the passage of an optical fiber, said transducer having two symmetry 

lanes and a central cylindrical bore for attachment of at least one Bragg 
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rating, and sealing means against the outer pressure at the inlet and the 

utlet of the fiber and in the central cylindrical bore. 

The main feature of the sensor construction is the way of mechanical 

tansduction of the physical parameters pressure and temperature into wavelength 

5 change. Such transduction is carried out by means of the mechanisms of 

tp,mperature and pressure. 

In the present specification, the following terms have the meaning as 

detailed below. 

Transducer, according to the metrology vocabulary, should be understood 

10 s the element that effects the transduction (conversion) of a physical parameter 

iiito another (Pressure/Temperature into Wavelength Change of the Optical 

ignal) 

According to the same glossary, sensor means the element that undergoes 

the change/transformation as a function of the change in any physical parameter. 

15 One aspect of the invention is an optical transducer for the simultaneous 

easurement of pressure and temperature under downhole operation conditions, 

seful for single point configuration. 

Another aspect of the invention is an optical transducer for the simultaneous 

measurement of pressure and temperature under downhole operation conditions, 

20 ueful for multi-point configuration. 

The transducer of the invention uses the FBG technology. 

The Bragg gratings are designed so as to produce a periodic modulation in 

t e refractive index of the optical fiber core along the length of said fiber. The 

grating reflects a range of wavelength whose value at the peak of the spectrum, 

25 2J, corresponds to nearly three times the value of the spatial period A of the index 

riodulation, according to XB = 2n A, with n,0.5 being the refractive index of the 

otical fiber core. 

The behavior of the Bragg gratings is similar to that of a resonating filter 

s,stem, that is, the wavelength values satisfying the resonance condition are 

30 affected while the remaining are ignored. 

The Bragg gratings useful for the purposes of the invention comprise the 

gratings prepared prior to their installation in the pressure and temperature 

ucer. 



The Bragg grating is prepared by locally exposing the optical fiber core to 

interference pattern of two ultraviolet light beams so oriented relative to the 

tical fiber longitudinal axis that, for the grating, the maxima and minima of the 

erference pattern extend along a small portion of the optical fiber in directions 

5 rrmal to the longitudinal axis and that the periodicity is that desired for the 

rticular grating. 

The sensor is made up of a monomode optical fiber usually for a 

ngth in the range of 1,300 nm to 1,550 nm containing the FBG impressed in 

fiber core at any position along the fiber. 

10 1 The FBG mechanically coupled to the transducer is interrogated using an 

tical system made up of a source of light - that can be a broadband (Cl + C2) 

a tunable laser or either a source of light with a broad emission band such as a 

0 or an ASE source - coupled to the fiber core, and a Bragg wavelength 

measurement system - that can be a spectrum analyzer or a wavelength 

is neasurement system, or either through intensity change (convolution of the FBG 

nal with that of the fixed filter of same wavelength at the surface). 

For measuring the signal, transmission or reflection can be used. For 

ihole applications or any difficult access equipment, the measurements are 

in reflection. Based on the measurement of the Bragg wavelength of the 

20 gating, the desired mensurand value is recovered through a calibration curve that 

d be drawn in the laboratory prior to installing the sensor in the field. 

The optical pressure and temperature transducer uses as sensor element 

both parameters, optical fibers containing Bragg gratings (FBG). The relevant 

emeter to be measured is the spectral position of the reflection peak for 

25 dtermining the wavelength of the return signal characteristic of each sensor, such 

signal depending in a known manner on the strain condition and temperature to 

th is submitted the FBG. The pressure is obtained by measuring an optical 

r containing an FGB, attached onto a membrane designed to be strained within 

elastic limit of the metal used to make it, and at the operation range designed 

30 for the transducer. Such sensor is submitted to the effects of pressure and 

perature, with the second effect being necessarily compensated so as to 

the portion relative to pressure. 
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According to the invention, the optical transducer for the simultaneous 

asurement of downhole pressure and temperature using an optical fiber 

taining two Bragg gratings where at least one of such gratings is attached on 

elastic membrane comprises two modes. 

5 Thus, a first mode comprises one of the gratings attached onto the 

riembrane, generally at the center of the membrane, while the other grating is 

ced out of the membrane. In this way, the grating, which is out of the 

mbrane, is submitted to the effect of temperature only. When the outer 

iressure increases, the membrane is strained and stretches the fiber in the region 

10 if the Bragg grating, causing a strain along the main axis of the optical fiber. This 

i 3 what it is desired to measure. The change in the Bragg grating wavelength is 

roportional to the strain and is also proportional to the temperature. If there is 

nly one grating it is not possible to determine how much of the wavelength 

change is due to the temperature and how much is due to the pressure. 

15 Therefore the option is to have a second grating, which would not depend 

n pressure but on temperature only. In order to make it work, the temperature at 

20 

locations of the sensor should be the same. 

The equation describing such a system is equation (1) below. 

AA1=fi(P)+gi(T) (1) 

A A2 = g (T). 

However, mainly when there are transitions from one temperature to the 

the temperature values in the two gratings are different. The temperatures 

II be the same only after being evened. 

One of the drawbacks to implement such mode is the calibration, which can 

25 e slow until attaining the temperature evenness in the two gratings. The 

inembrane is very thin, and the stabilization brought by the outer temperature is 

ker. The temperature grating is more distant from the outer medium and takes 

er to stabilize. The temperature is measured by means of another FBG 

?6to
echanically decoupled from the transducer body. This second sensor is attached 

30  a small metallic anchoring part. 

In order to try to overcome the drawback of the temperature evenness a 

mode of the optical transducer of the invention comprises attaching both 

gratings to the membrane. 
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The attachment by means of an adhesive or any other device should be 

arried out so that one of the gratings is at the center of the membrane as in the 

1rst mode, while the second grating is necessarily placed out of the center. Both 

ratings undergo the effect of pressure, only at different intensities. However, the 

5 ffect of the temperature is the same for both gratings. 

The equation of the second mode of the optical transducer is equation (2) 

10 

IXA1=fi(P)+g(T) (2) 

A A2 = f2 (P) + g (T) 

As can be seen from equation (2), the difference between A As depends 

from P, and a f3(P) will be obtained, which is determined through calibration, 

the substitution being made in A1 or A2. 

Such approach assures that both gratings are always at the same 

temperature, this allowing the correct simultaneous measurement of pressure and 

15 emperature. Even if the parameter "g" were not the same for both equations, the 

rnathematical solution would be possible, but "g" being the same makes the 

olution easier. 

The behavior of Temperature and Pressure according to this mode is 

outlined below. 

20 Temperature: the FBG grating responsible for the temperature 

measurement can be coupled according to two ways: (I) encapsulated in a metallic 

ube housed in the interior of the sensor body, in close proximity to the membrane. 

he metallic tube performs the thermal coupling between the temperature of the 

edium and the temperature of the grating; (ii) attached onto the membrane 

25 together with the pressure grating. 

This latter configuration improves the thermal coupling between the 

emperature sensing grating and the measurement of pressure of the outer 

edium, such measurement being required to correct the measurement of 

ressure transduction (pressure vs. change of the pressure grating wavelength). 

30 Such configuration effectively corrects (cancels) the effects of the 

emperature change on the pressure grating. 

Pressure: The FBG grating is responsible for the transduction of the 

ressure change of the outer medium, which results in a membrane strain, the 
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nbrane in turn conveying such strain to the pressure grating. Such strain on 

grating shifts the wavelength in a way that is related to pressure strains. Since 

thermal effects affect the wavelength, measurements should be corrected in 

it of such effects (thermal changes) undergone by the pressure grating. 

5 Processing of the temperature measurement is carried out by means of the 

leasurement of the wavelength change, since the value of the wavelength 

measurement impressed under ambient temperature conditions is known. 

herefore the changes are computed and corrected using a simple algorithm for 

?Iculates
 

nsforming the wavelength changes into temperature degrees. Such algorithm 

10  the temperature on the basis of the constants of the temperature 

bration of the sensor. 

Processing of the pressure measurement is carried out by measuring the 

ngth change, since the value of the wavelength measurement impressed 

tinder ambient temperature and atmospheric pressure conditions is known. 

15 1herefore the changes are computed and corrected using a simple algorithm that 

rrects the temperature changes in the wavelength by measuring the changes in 

Lvelength as a function of the pressure/strain of the outer membrane (indirect 

easurement). This algorithm calculates the pressure on the basis of the 

)nstants of pressure calibration (membrane construction) of the sensor 

20In both modes described below for the pressure and temperature 

t ansducer, the elastic membrane is a thin membrane, the thickness of which is a 

nction of the measurement range of the mensurand. The thickness of the elastic 

embrane is homogeneous. Alternatively, the thickness is variable throughout the 

25 I The invention will be described below with reference to the attached 

30 

Figure IA illustrates an upper view of one mode of the optical transducer 

ording to the invention where one Bragg grating is attached on the elastic 

mbrane and the other Bragg grating is out of the membrane. This mode of the 

it transducer, generally designed by numeral 100, comprises a body 10a, 

along the main axis to allow the passage of an optical fiber 30 so as to 

access to both ends of the said optical fiber 30. 
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The body lOa is provided with: (i) two symmetry plans for making easier for 

sensor to be installed and serially connected to other sensors of the same kind 

other transducers and optical fiber sensors; (ii) an elastic membrane 50 and 

on said membrane, at least one Bragg grating 60 contained in the optical 

5 jiber 30; and (iii) a longitudinal passage 31 for the optical fiber 30 throughout the 

ucer body lOa. 

The elastic membrane 50 is a thin plate in the transducer body lOa. 

Alternatively, the elastic membrane 50 is not an integral part of the body 

Oa of transducer 100 and is attached onto said body by means of any known 

10 gevice. 

The sealing means for effecting the sealing in the cross-section direction of 

the optical transducer 100 is a circular stop or sealing 70, illustrated in Figure lB. 

For the setting up of transducer 100, the Bragg grating 60 contained in 

Iptical fiber 30 is attached onto elastic membrane 50 by means of any attaching 

15 ?evice and then the stop 70 is screwed in body lOa to achieve the sealing. Thus, 

top 70 generally makes easier the setting up of the optical transducer 100. 

Figure IC is a side view of the same transducer, with the longitudinal 

31 for optical fiber 30. 

The interior of the body lOa is fitted with a chamber 80 for accommodating 

20 raling means (not represented), designed for sealing transducer 100 from the 

ter medium. In transducer 100, the optical fiber 30 crosses said sealing means 

nd the longitudinal passage 31 of the body lOa, so that at the end of the setting 

p, transducer 100 with the optical fiber 30 containing the Bragg gratings 60 is 

ght. Alternatively, if transducer 100 is used without being connected to any other 

25 tansducer, one of its ends is completely sealed by a cap (not represented). 

Figures 1B and 2B are BB cuts that illustrate modes of the transducer 100, 

00 of the invention with a Bragg grating 60b designed for the measurement of 

attached onto the elastic membrane 50 and another Bragg grating 60a 

for the measurement of temperature being not attached onto the said 

30 rembrane 50. In this mode grating 60a is protected by a metallic shield 61, which 

increases the effect of temperature experienced by grating 60a. 
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Alternatively, metallic shield 61 is dispensed with and fiber 30 is 

ncapsulated in a protecting tube (not represented). 

Figure 2A illustrates an upper view of another mode of the optical 

ansducer of the invention. The transducer, generally designed by numeral 200, is 

5 Łnade up of a cylindrical body lOb. 

Figure 20 is a side view of the same transducer 200 with the passage 31 of 

optical fiber 30. Figure 2D illustrates a mode of the said transducer where both 

ragg gratings are attached on the elastic membrane. 

Figure 2D illustrates one mode of transducer 100 having both Bragg 

10 j3ratings 60a, 60b contained in the same optical fiber 30 attached onto elastic 

embrane 50. In this mode, one grating 60a is attached at the center of the 

membrane 50 and another grating 60b is attached so as to be out of the center of 

embrane 50. 

Transducers 100 and 200 differ only by the configuration to be coupled to 

15 puter sealing means. 

Figures 3 and 4 refer to the calibration of transducer 100 of the invention. 

roadly, it is observed that the change in reflection wavelength for transducer 100 

hows a linear behavior of the wavelength change as a function of the physical 

arameters (temperature and pressure) when one of the mensurands, pressure or 

20 emperature, is changed while the other one is kept constant. 

Figure 3 illustrates a graph of the calibration of the inventive transducer for 

he temperature grating. This Figure illustrates the dependencies of the 

wavelengths of the pressure and temperature sensors. Excellent linearity is 

bserved, besides a higher sensitivity for the sensor attached onto the membrane. 

25 his is due to the addition of the effects of higher refractive index of the fiber, 

resent in both sensors, and the thermal expansion of the membrane material. 

Figure 4 illustrates a graph of the transducer calibration for the pressure 

rating based on a measurement system employing the measurement of the 

Lavelength change. 

30 The values of wavelength change making up the graph illustrated in Figure 

include measurements carried out at 25, 34, 45 and 76°C using a measurement 

based on wavelength change. Thus the illustrated data demonstrate that 
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cer 100 did not show any hysteresis and that its response is linear, the 

;itivity being independent of temperature. 

The configuration of sensors 100, 200 illustrated in Figures IA, I B, IC and 

213, 2C and 2D allows a plurality of said transducers 100, 200 having at least 

5 One Bragg grating 601b attached onto an elastic membrane 50 to be serially 

nnected by means of the commonly shared optical fiber 30 so that multiple 

essure and temperature sites can be measured in the mode of distributed 

nsors. Any multiplexing techniques can be employed for distinguishing the 

ignal of one sensor from the signal of another one, such as wavelength-division 

10 rbultiIexin (WDM) or time-division multiplexing (TDM), or any other multiplexing 

tchniques. In this case, the grating 60a, 60b in each sensor can have a different 

wavelength. 

S 

10 
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CLAIM: 

� An optical transducer for the simultaneous measurement of downhole pressure 

and temperature, said transducer being inserted in a system comprising a light 

emitter, the emitted light propagating along the core of an optical fiber 30 

containing Bragg gratings 60a, 60b, until said light meets a Bragg grating 60a1 

60b able to reflect a portion of said light, wherein said transducer comprises a 

predominantly cylindrical body 10a/10b, including an elastic membrane 50 for 

attaching at least one Bragg grating 60a/60b, at least one more Bragg grating 

60b/60a contained in the same optical fiber 30, and wherein said body lOa/lOb 

is: 

a) Bored along the main axis to allow the passage of an optical fiber 30 via 

longitudinal passage 31 so as to secure access to both ends of said optical 

fiber 30; 

b) Provided with two symmetry planes in order to facilitate to be installed and 

serially connected with other sensors 100, 200 of the same kind or other 

optical fiber transducers and sensors; 

C) Provided with a central access and respective stop 70, perpendicular to the 

main axis of said body lOa, lOb, on the opposite side of said membrane 

50, to allow the attachment of at least one Bragg grating 60a, 60b to said 

membrane 50; and 

d) Provided with sealing means against the outer pressure, at the inlet and at 

the outlet of the optical fiber 30 and in the central cylindrical bore, whereby 

elastic membrane 50 conveys the strain that is proportional to the pressure 

temperature conditions to which is submitted the transducer having at least 

25 cine Bragg grating 60a, 60b, the portion of non-reflected light by the Bragg gratings 

lowing along the remaining length of the optical fiber 30. 

An optical transducer according to claim 1, wherein one Bragg grating 60b is 

attached to elastic membrane 50 while the other Bragg grating 601b is out of 

said membrane. 

30 1. An optical transducer according to claim 2, wherein Bragg grating 60b attached 

to elastic membrane 50 is the grating designed for pressure measurement. 

An optical transducer according to claim 2, wherein Bragg grating 60a out of 

the elastic membrane 50 is the grating designed for temperature measurement. 
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� An optical transducer according to claim 4, wherein a metallic shield 61 

protects the temperature Bragg grating 60a. 

An optical transducer according to claim 4, wherein alternatively a protecting 

tube encapsulates the temperature Bragg grating 60a. 

5 . An optical transducer according to claim 1, wherein both Bragg gratings 60a, 

60b are attached onto the elastic membrane 50. 

An optical transducer according to claim 7, wherein the effect of temperature is 

the same for both Bragg gratings 60a, GOb attached onto the elastic membrane 

50. 

10 G . An optical transducer according to claim 1, wherein the Bragg grating(s) 60a, 

601b are attached onto the elastic membrane 50 by means of any device. 

10.An optical transducer according to claim 9, wherein the Bragg grating(s) 60a, 

60b are attached onto the elastic membrane 50 by gluing with a polymeric 

adhesive. 

15 11. An optical transducer according to claim 1, wherein the body 10a, 10b, 

comprises symmetrical chambers 80, designed to accommodate sealing 

means against the outer pressure. 

An optical transducer according to claim 1, wherein the thickness of elastic 

membrane 50 is uniform. 

20 13. An optical transducer according to claim 1, wherein the thickness of elastic 

membrane 50 is variable. 

An optical transducer according to claim 1, wherein elastic membrane 50 is 

integral to body ba/lOb. 

15.An optical transducer according to claim 1, wherein elastic membrane 50 is 

?25 coupled to body I Oa/110b. 

30 

16.An optical transducer according to claim 1, wherein said transducer is used in 

the single mode. 

An optical transducer according to claim 1, wherein a plurality of said 

transducers having at least one optical fiber 30 containing a Bragg grating GOb 

attached onto an elastic membrane 50 is serially connected through the 

common optical fiber 30 in order to effect measurement of multiple pressure 

and temperature locations in the mode of distributed sensors. 
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8.An optical transducer according to claim 17, wherein said transducer is serially 

connected to other transducers and sensors of the same kind. 

9.An optical transducer according to claim 17, wherein said transducer is 

connected in series to transducers and sensors of different kinds. 

5 *O.An optical transducer according to claim 1, wherein the connection in series is 

carried out through the same optical fiber 30. 

An optical transducer according to claim 17, wherein the connection in series is 

carried out through other optical fiber(s) 30a, 301b, 30n coupled to said optical 

fiber 30. 

10 22.An optical transducer according to claims 17, 18, 19, 20 and 21, wherein 

15 

II 

25 

WDM/TDM multiplexing techniques are used to distinguish the signal of one 

sensor from that of another sensor. 

A method for the simultaneous measurement of downhole temperature and 

pressure with the aid of the optical transducer according to claim 1, wherein 

said method comprises: 

a) providing an optical fiber 30 containing at least two Bragg gratings 60a, 

GOb, said gratings being sensitive respectively to temperature and 

pressure; 

b) causing a change in the refractive index of said gratings 60a, 601b and a 

strain in said elastic membrane 50 resulting from the temperature and 

pressure conditions to which is submitted said transducer; 

c) through said elastic membrane 50, conveying the temperature 

(refractive index) change and strains (spatial geometry of the grating) to 

said Bragg gratings 60a, 60b; 

d) from the measurement of Bragg wavelength changes, recovering the 

temperature and pressure values by means of a calibration curve. 



ABSTRACT 

OPTICAL TRANSDUCER AND METHOD FOR THE SIMULTANEOUS 

EASUREMENT OF PRESSURE AND TEMPERATURE IN OIL AND GAS 

WELLS 

5 1 An optical transducer 100, 200 for the simultaneous measurement of 

ole pressure and temperature in a single- or multi-point configuration is 

)ed, said transducer comprising a predominantly cylindrical body lOa!lOb 

including an elastic membrane 50 onto which is attached at least one Bragg 

jrating 60a/60b, and at least an additional Bragg grating 60b/60a contained on the 

10 tame optical fiber 30, and where said body lOaIlOb is: a) bored along its main 

xis; b) provided with two symmetry planes designed to make easier to install and 

eriaIly connect said transducer with other transducers 100, 200 of the same kind 

to other optical fiber transducers and sensors; c) provided of a central access 

respective sealing 70, to allow the attachment of at least one Bragg grating 

15 00a, 60b to elastic membrane 50; and d) provided of sealing means against the 

pressure. In transducer 100, 200, the elastic membrane 50 conveys the 

proportional to the pressure and temperature conditions to which is 

ubmiUed said transducer to at least one Bragg grating 60a/60b, the portion of 

ight not reflected by the Bragg gratings 60a, 60b following along the remaining of 

20 I-.he optical fiber 30. The invention encompasses still the method for the 

iiultaneous measurement of downhole pressure and temperature in a single- or 

ulti-point configuration with the aid of the described optical transducer(s). 
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