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. Abstl.acJ, The paper intfodLrces a simp]e systell based ol1 a bendable ilu-se
nlode area (LMA.) fibe1 meant fbr. a sensirig ac;uracy of the nticro]rs order. Tlle
sinl ulariorl shows that tbr a I . . ..1 nr leogth ;f acti\, e iiber the I pLm jifi-".e,rce infihcr berrdirrg radirrs is qrrite rvell discer.ned. A porier variarion ot.rh<
rundamelltat lnode lr e\cess of lU rrW I _2U dB.m) rtD lo-lg nW I)a. been
obtained. The signal was 1550 Drn (typical), alrd the pump havele'ugth 9g0 rlnr.
also typical for telecotllrlulicarion Inks. I.tre perttrurar,c* rs oliiinizecl byyarying the bending radius, indexidoping profiie, zurd the LI\IA fiber core
diarrreter.

. .11"y.*9{! fiber optic sersor; bending loss: EDF.A (Erbiun Doped Fiber
Allplitier); \DFA (Ytterbiuru Doped Fibir Anplifier); LMA (Large X4ode
Area)t highly doped fiber.

1. Introduction

.. The technology of optical sensors presents ilself as advantageous lor a
diverse range of uses - from on-site nonitoring selsors to distributecl sensor
arrays. Its_great adaprability to today's competitive incluslrial lanclscape is
achieved by irnproving the technological base of nunulacturing anrl also
* 
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satislying the requireneflts for energy efficiency arld recluction of porver
per ci.cuit\tirnction. opticar fiber sensor technology ol1'ers conclusive sorutions
to monitoring and evaluation ol extreme parameters associated with safetv a,d
security applications. Novel and irutovative stt.uctures and materials, o. ,*ll u,
security application requirements ol'fer a mulber of'advantases in using fiber
sensor: increasecl sensitiviq/ over existing tecl.niques, g.o.atii" versatility due
to arbitrary shape configuration, sensing various physical pefurbation, stressing

111,i19nrn1nt ggeration and compatibitiry with opric;l fibeitelemetry technolog!
(Giallorezi. 1982).

- This paper describes a power-amplitrde sensor. clesigned to operate as a
bending positioning tra.rmducer with accuracy of the orclelr of uricrons. The
sensor can be designed with a sensitivity that can be set at a specillc value
according to the requirements ofthe measurement conclition. Displacement and
position sensing by means of fiber optic teclnology is achievid by neans of
obtainilg a variation in near-total internal reflection of ]ight accepted at the
input along tlle Iellgth of the fiber. Corutected with iiultipleied sensing
plocessing schellres. the distributed sensor anay may fincl an applicatiofi in the
reai-time tronitor.ine and datrage detection of latge antl critical engineeliug
stt-LlctLltes.

The svstcn designed has been guided to obtain a lorv_cosl sensor based
on LMA iiber. The sinrulation taking in account the nacrobencling et-t'ect shorvs
that for a short lens:th of the active fiber. depencling dilect pr.oporrionally with
the dopant corcentration, the lpm diffelence in fiber bend-ing r.adius ii quite
well discerned. The distortion can be appried to tibers r,vith core diarneters in trre
range of 1.7 ltm up to 100 pLn. Lt the fil.st range (1.7 pun...2 1rm) takes into
account tradirional step-index single n.rode EDFA operation. Larger core fibers
are essentially urultirnode. with a conpetition of all mocles ai the flber is
an.rplifying. It was studied the multimode fiber with core greater than 20 !.m
using parabolic index and doping profile ancl different tloubli-clacl inclex profile
fbl diametels greater than,10 pm up to 100 pm, used to help with higherl-order
mocles attenuation- The effective area (MFD) values are stucliecl ulder tlle
bending elfect.

2. Sensor Modeling

The sensot prhciple ofoperation relies or the schematics showl in
Fig. 1.

It was chosefl an Erbium Doped liber with

i.;",,"1= I-550 mr, p,,n,,"1 = I mW and 1.,,,,,.p = 9g0 nrrr, pp,",,! = 100 n)W. (I)

These palarteters are typical for telecommunication links.
The potver distribution among the fundamental mocle for clit-lerent
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region. Fig. I depicrs the
dopant concenffatiot for a

clepressed-cladding EDFA index profile ancl used
100 pm LMA. to study the fibel'bending inlLrence.

! i)t))t .ti .i? n!r] oar 0$ i ali

Bandirig radi{E. l'!l

Fjg. 3 - Conlparative results lbr different vah.res ofthe step ilrdex, EDFA'S core radius.

Fig. 4 Depressed clad shape index prolile, and dopant concentration for EDFA
(Liekki, LAD 4.0 (Hotoleanu er a/., 2007)).

A seven modes operating system is obtaired. with a MFD - 54 pm lbr a

100 pm wide core. hlteractive modifying the index prollle, concuirently with
doping profile, a substantial attenuation ofthe higher order rnodes was obtained.

A larger opcrating window is obtained for the same LMA fiber. For the
1 pnr dilference a power var;ation of the llndamental mode increases.
co[rparative with the step index fiber. in excess of 48prW.
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(Voiculescu. 2009: Saliai & KirnLra. 1998).
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Fig. 6 - Comparative iesults, u,ith \DFA (Voiculesclr.2009).
Ltsirg tlte safie paralreters of interest

:1. Conclusions

This paper reports the simulation results obtained using lcrire
mononrode and LMA. EDFA fiber, acting as an optical bendilu sensor, The
results point out that such a kind ofhigh resolution sensor may be very usefll in
applications telated to safery, automatic control, where the precision of I pm
belrding radius difference t'teed to be quite tvell discemed. Different bending
operation windows are obtained by plal,ing with the index profile, clopant
concentlatior, core radius (Large Mode Ar.ea liber.). iu application that olI'ers
compatibility rvith telecorl operating window. at 1,550 nnr. EDFA slrows better

* EDFAf a,ooo
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resr ts thar 1DFA sensor. The main advantage ol designed bending seusor is
lepreser'rted by the 1'act that jt has a rvide range ol uses especially in distributed
sensor applicatiolts.
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SENZOR CII FIBRA OPTICA PENTRU MASUN,INEA INCOVOIPzuI
(TRADUCTOR DE POZITIE)

(Rezum:r1)

S,- prezinta u[ sistem sinrplu, bazat pe libre optice de tip LN,IA (Lalge Mode
Area) (Hotoleanu et q1.,2007). caracter izate de rl11 diaffetru util de pann Ia 80 urr (iD
practic[), chiar 200 uln (aflate in studiu) (Voiculescu. 2009), care poate fi utilizat cu
success ir proiectarea ruot ttaductori de pozitie avAl1d o acuratele de ordillul micronilor..
Rezulatatele sirnulirilol arati ci pentu o fibri activi, dopata cu Er+. de lunginli
cuprilse intre I qi -j m. in funclie de concentralia dopantului, se obtine ul seDsor cat.er
pentru o dilerenti de I pm a razei de intloire a fibr.ei, pr.oduce ia fotodetector o variatie
de minimurn l0 p\\. ( ?0 dB.ru), uqor detectatrili fir un wattntetl u obignuit. Sisteillul
propus furclioneazi i[ tranda de comunica.tii optice Ia 1550 nm (tipic), hxrgirlea de
undi dc' pompaj utilizati flind de 980 mn. Optirnizarea pcribrmatlei selzoruLluri s-a
leaiizat variintl indicele de plofil al fibr.ei active. corcent.atia dopantului Er+ 9i
diametl ul nliezului librei LN{A.


