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Temperature Independent Strain Measurement
with a Fiber Grating Tapered Cavity Sensor
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Abstract—A novel fiber grating tapered cavity sensor used  meident spectrum, broad-band E:vity
i in i i ila i i Grating 1 > e Grating 2
for encoding strain into its spectral profile independently and its o N deBe oo
experimental demonstration are presented. The sensor possesses

two spectral peaks within its main reflection band and the el IS 11111111 N 1111111

normalized power difference between the two peaks changes L& L Ie o L ] e
. . : ; S K | | >
linearly with applied strain while it is independent of temperature Refloctod specinum, o pecks Conventional
variation. The accuracy of this particular sensor in measuring ' cavity
strain is estimated to be+29 u= in a range of 1200uc. (@)

Index Terms—Fabry—Perot (FP) cavity, fiber Bragg grating, Fusing
temperature independent strain measurement. Wilinmloer L rered

v cavity section

IBER Bragg grating (FBG) sensors are small and, hence, i\
suitable to be embedded in or attached on some structures :']ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ:\immﬂﬂﬂﬂ_
RV —

for internal/surface strain measurements [1]. One critical limi- o
tation of the sensors is that they are sensitive to both strain and ¢
temperature simultaneously, which leads to difficulty in the in- ()

dependent measurements for these two measurands. A number, i i ) . ) )

. .. .. FIg. 1. Structures of a fiber grating cavity comprising (a) conventional cavity
of techniques have been reported to overcome this limitatiofag (b) slightly tapered cavity.
such as the reference FBG method [2], dual-wavelength FBG’s
method [3], FBG combined with long-period grating method , , ,
[4], FBG superimposed with polarization-rocking filter method_Fi9- 1(@) shows the structure of the fiber grating cavity
[5], and dual-diameter FBG method [6]. However, most dfGC) sensor, which contains two identical FBG’§ W|tr_1 a
them are based on the measurement of two characteri&/@39 wavelength of\z, separated by a short cavity with
wavelength shifts related to two different types of grating& l€ngth ofLc along a single fiber. If the reflectivity of the
It is highly desirable to measure parameters other than ¥ FBG'S, Ba(}), is small, the reflection spectrum of the
wavelength shift, such as the power or spectral profile of lightGC Sensorirac(A), is approximately given by
reflected from one single FBG sensor, which can be used _
to encode the change in strain or temperature independently. Rarrc(A) = CRa(NI(9) @)

However, the spectral profile of a conventional FBG sens@here( is a constantf’ = 1+ A cos(¢())), is a cosinusoidal
usually remains unchanged, though the whole spectrum shiigerference function of the phase differengt\)) between
due to the variation in strain or temperature. the light reflected by the two gratings, ardis a visibility of
In this letter, we will report a spectral-profile-encodingnterference fringes. The phase difference is given by
scheme for temperature independent strain measurement based
on a novel all-fiber grating structure, i.e., fiber grating tapered ¢(A) = dnncLe/A 2)
cavity (FGTC) sensor. The sensor possesses two spectral , , o ) i
peaks within its main reflection band and the normalizefherenc is the effective refractlve index of the caylty secﬂo_n.
power difference M) between the two spectral peaks Chang@erefore, t_he speqral profile of the_ F(’SC sensor is determined
linearly with strain while it is independent to temperature®y the relative positions on the grating’s spectréim(A) and
Therefore, the strain can be determined directly by measurifitf cavity's interference spectrui(). _
the change inVZ, and then the temperature is also determined If @ minimum of (A) (at Awin) occurs within the grating’s
by measuring the peak wavelength shift. main reflection band, the FGC spect_rum is split |n't0 two peaks
around\,,,in. ONce subject to a straifx) along or increased
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Fig. 2. (a) Measured reflection spectra of the FGTC sensor under different b
temperature. (b) Relationship betwekh peak wavelength, and temperature. (b)

Fig. 3. (a) Measured reflection spectra of the FGTC sensor under different
. o strain. (b) Relationship betweeW, peak wavelength, and strain.
whereg; and«; are the strain and temperature coefficients of

the grating(< = 1) and cavity(¢ = 2) sections, respectively. ] )
As shown in Fig. 1(a), the grating and cavity sections afdowever, the average strain suffered by thg tapered cavity
made of the same fiber so th&f = B and a1 = ao. (ec_) becomes larger than that at the grating sect{_@h
Thus, there is no relative movement between the two specifdich is given byec = pe, wherep is an average ratio of
Re(X\) and F()), resulting in that the spectral profile 0fcross—sectlc_mal areas between the grating and cavity sections.
FGC sensor remains unchanged while the whole spectrumlhe relative movement betwedr(A) and R () remains
shifts with increasing strain or temperature. However, if th&r0 when the temperature changes, therefore, the spectral
grating and cavity sections have different strain or temperat€°file is only sensitive to the strain applied along the sensor:
responses, €./ < (2 or a; < a9, then Ay, moves AXp/Ag = fre + a1 AT )
faster thanAg. Thus, A,,,;u may become closer to the right .

side of the grating’s main reflection band, resulting in that Amin/Amin = pfhe + 1 AT
peak 1 at left grows up and peak 2 at right falls down. In our experiment, a FBG with a length of 5 mm was written
Therefore, it is possible to encode the two measurands inoa standard single-mode fiber (Corning-28) with ldading

the changes in the two spectral peak powers of light reflectedder a uniform phase mask using a Kréxcimer laser (at
from a FGC sensor. In our previous study [6], we glued wavelength of 248 nm). The central reflectivity was about 15%
thin aluminum tube to the cavity section so that > (5, at 1550.7 nm. A tapered cavity at the middle of the FBG was
and oy < «o. The normalized power difference betweerreated by a fusing-and-pulling treatment with a manual fiber
the two spectral peaksly( and I5), which was defined as fusion splicer. The width of the arc-fusion spot was about
M = (I, — I,)/(I1 + I,), showed a linear dependence upo.6 mm and the high temperature under fusion erased the
both strain and temperature. Combining the measurementgadting in the region. A grating tapered cavity structure with
the peak wavelength shift and the changejify the two one grating (1.9 mm long) at each side and a short cavity
measurands could be determined simultaneously. Howev@pproximately 1.6 mm long) in the middle was fabricated by
this aluminum tube structure compromised the integrity @épeating the fusing-and-pulling treatment for two times. The
the sensor, which may limit its use in some applicationaverage diameter of the cavity section was reduced about 13%
Fig. 1(b) shows a new and improved structure, i.e., a fibby controlling the pulling distance when making the tapered
grating tapered cavity sensor, in which the cavity section ¢avity. Two spectral peaks were observed within the main
tapered slightly. The maximum change of diameter at theflection band after the cavity was formed.

cavity section is smaller than 15%, hence, no obvious changesVe tested the responses of a FGTC sensor to tempera-
in transmission and mode effective reflective-index are inducede and strain separately. Fig. 2(a) shows the result of an
[7]. The tapered cavity section possesses the same stexperiment in which temperature changes from°20 to

and temperature coefficients as those of the grating secti®B.°C without additional applied strain. The profile of the

Strain, pe
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reflection spectrum remains almost the same while its whad¢ A/ (4 0.014) due to the temperature change or variation in
spectrum shifted with increasing temperature. The normalizéte spectrum of the light source [Fig. 2(b)] may introduce an
parameterM and the peak wavelength shifts are plottedrror for measuring strain, which is estimated to-b29 pe.
against temperature in Fig. 3(b). The maximum deviation éfence, the maximum change M and the measurable range
M among all the spectral profiles shown in Fig. 2(a) is 0.01ef strain are determined by the structural parameters of the
from the average horizontal lind/ = 0.144, which might cavity sensor such as the grating’s reflectivity and bandwidth,
be due to un-smooth spectrum of light emitted from theavity’s length and tapered angle. Optimization of these struc-
broadband sources used in the experiment. The temperatural parameters is critical to obtain larger measurable range
coefficient is then determined to ke =13.8 pmFC. for strain and maximize the change &f.

Fig. 3 shows the experimental results of the FGTC sensor’sin conclusion, we have reported a spectral-profile encoding
strain response when the temperature was fixed &20he method and preliminary experimental result of a novel fiber
evolution of the sensor’s reflection spectrum indicates pealgflating tapered cavity sensor for temperature independent
(or peak 2) grows up or falls down periodically with increasingtrain measurement.
strain. Within one period}/ and peak wavelength shifts show
linear relationship with strain, which are plotted in Fig. 3(b).
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