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Abstract: A simple vibration sensor is proposed and demonstrated based on an optical fiber
Fabry-Perot interferometer (FPI) with an in-fiber collimator. The device was fabricated by splicing
a quarter-pitch graded index fiber (GIF) with a section of a hollow-core fiber (HCF) interposed
between single mode fibers (SMFs). The static displacement sensitivity of the FPI with an in-fiber
collimator was 5.17 × 10−4 µm−1 , whereas the maximum static displacement sensitivity of the device
without collimator was 1.73 × 10−4 µm−1 . Moreover, the vibration sensitivity of the FPI with the
collimator was 60.22 mV/g at 100 Hz, which was significantly higher than the sensitivity of the
FPI without collimator (11.09 mV/g at 100 Hz). The proposed FPI with an in-fiber collimator also
exhibited a vibration sensitivity nearly one order of magnitude higher than the device without the
collimator at frequencies ranging from 40 to 200 Hz. This low-cost FPI sensor is highly-sensitive,
robust and easy to fabricate. It could potentially be used for vibration monitoring in remote and
harsh environments.
Keywords: fiber vibration sensor; graded index fiber; Fabry-Perot interferometer

1. Introduction
The optic fiber sensors based on Fabry-Perot interferometers (FPIs) [1–7] have been attracting
significant attention into broad range of physical [8], chemical [9,10], and biomedical [1,3,11,12]
fields in recent years, due to their unique advantages, such as compact size [8,9,13], easiness for
integration [6,14], immunity to electromagnetic interference [7], and resistance to high temperatures [8].
The intensity changes in their interference spectra, caused by small spatial displacements [6,15,16],
makes these sensors ideal for detecting vibrations with high accuracy. Such sensitivity is critical
for a variety of applications, for instance, earthquake or ocean wave monitoring, structural health
monitoring for high voltage transformer, and hot fluids monitoring in aerospace engineering [17].
Several studies have reported a wide range of techniques and materials for fabricating vibration
sensors [13,18–22]. For example, Lopez-Higuera et al. proposed a mechanical vibration sensor based on
a FPI with a cantilever structure, with a sensitivity of 72 mV/g at 30 Hz [19]. This device could operate
in a measurement range of 0.2–140 Hz, but it exhibited a complex structure and required accurate
installation for proper functionality. Wu et al. reported a vibration sensor based on an optical fiber FPI.
The device is fabricated by using polydimethylsiloxane (PDMS), and the sensitivity is 0.088 mV/mPa
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This sensor includes a quarter-pitch GIF, an HCF and two SMFs. A tunable laser (Agilent, 81940A,
This sensor includes a quarter-pitch GIF, an HCF and two SMFs. A tunable laser (Agilent,
Palo Alto, CA, USA) was connected with the fiber sensor through a 1 × 2 3-dB coupler. The fiber sensor
81940A, Palo Alto, CA, USA) was connected with the fiber sensor through a 1 × 2 3-dB coupler. The
was fixed on a fiber holder and translated into the ceramic ferrule horizontally. Motion ceased when
fiber sensor was fixed on a fiber holder and translated into the ceramic ferrule horizontally. Motion
the FPI cavity section (the sensor) emerged from the front end of the ceramic ferrule. These components
ceased when the FPI cavity section (the sensor) emerged from the front end of the ceramic ferrule.
were mounted on a vibration generator while the fiber holder was mounted on a three-dimensional
These components were mounted on a vibration generator while the fiber holder was mounted on a
stage. A vertical stage and a narrow fulcrum bar were used to control the vertical displacement
three-dimensional stage. A vertical stage and a narrow fulcrum bar were used to control the vertical
displacement of the sensor, with its side-view image monitored by an optical microscope, as shown
in the inset (b) of Figure 1. A PIN photodiode (New Focus, Model 2053, Irvine, CA, USA) was used
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3.1. Divergence Angle of the Fiber Collimator
3.1. Divergence Angle of the Fiber Collimator
We analyzed the divergence angle of the quarter pitch GIF. Light propagates along an
We analyzed the divergence angle of the quarter pitch GIF. Light propagates along an
approximately sinusoidal path in the GIF [24]. The focusing parameter (G) of the GIF is defined
approximately sinusoidal path in the GIF [24]. The focusing parameter (G) of the GIF is defined as
as [24]:
√
[24]:
2∆
,
(1)
G=
r 2Δ
(1)
G= between
,
where ∆ is the relative refractive index difference
the GIF core and cladding, and r is the
r
radius of the GIF core. Hence, the quarter-pitch of the GIF is calculated by [25]
where Δ is the relative refractive index difference between the GIF core and cladding, and r is
p
1 2π
π is calculated by [25]
the radius of the GIF core. Hence, the quarter-pitch
of the GIF
L0 = = ·
=
.
(2)
4
4 G
2G
p 1 2π π
L0 = = ⋅ =
.
(2)
4 4 G 2G

Here, P is the pitch length of GIF [24]. The mode field radius ( ω ) at the end surface of the
quarter-pitch GIF can be expressed as [24]:
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Here, P is the pitch length of GIF [24]. The mode field radius (ω) at the end surface of the
quarter-pitch GIF can be expressed as [24]:
ω=

λ
,
G · π · n 0 · ω0

(3)

where λ is the wavelength of light beam, n0 is the refractive index along the GIF center axis, and ω0
is the mode field radius in SMF. The divergence angles of SMF θd0 and a quarter-pitch GIF θd are
obtained as [26]:
θd0 = π ·λω0 ,
(4)
θd = πλ·ω = G ·n0 ·ω0 .
when ∆ = 0.02, r = 31.25 µm, ω0 = 5 µm (in SMF), λ = 1550 nm and n0 = 1.491, the quarter-pitch length
L0 is equal to 245.44 µm. The divergence angle of the quarter-pitch GIF is 0.0477 rad. In contrast,
the divergence angle of SMF is 0.0987 rad.
3.2. Displacement Response of the Enhanced Fabry-Perot Interferometer
In this section we analyzed the displacement response of the sensor. The fiber is simplified as
a slender elastic bar. The reflected light intensity decreases with the displacement increasing.
As shown in Figure 2, the tail end of the fiber was attached to a fixed fulcrum bar. As a result,
the relationship between the deflection displacement h and the load F was obtained as [27]
h=

F · L2 3
,
3E· Mz

(5)

where F is the pressure load, L2 is the total length of the fiber interposed between the ceramic ferrule
and the fulcrum bar, E is the elasticity modulus, and Mz = π ·d4 /64 = 1.198 × 10−5 mm4 is the moment
of inertia along z axis of the fiber [27]. Additionally, the angle β (shown in Figure 2a) between two
reflectors of the FPI could be expressed as [27]
"

 #
L2 − L1 2
F · L2 2
,
1−
β=
2E· Mz
L2

(6)

where L1 is the FPI cavity length. The relationship between the angle β and the displacement h was
acquired from Equations (7) and (8) as:
"
 #

3
L1 2 h
L
1− 1−
β=
≈ 3· 12 ·h =µ·h.
2
L2
L2
L2

(7)

Here, when L1 << L2 , µ equal to 3· L1 /L2 2 , which is an approximation and a simplified coefficient
between β and h. Moreover, θmax , the maximum collected angle of the ray reflected from M2 (i.e., Ii2 ),
determines the maximum phase difference between the two reflected light (i.e., Ii1 and Ii2 ). It is given
by [28]:

√
π
θmax (α, h) = θd + µ·h· 2cos α +
,
(8)
4
where α is the polar angle in the XOY plane (i.e., the fiber cross-sectional plane, as shown in the inset
(b) of Figure 2), and θd is the divergence angle shown in Equation (4). The optical phase dispersion is
a measure of the range of optical path lengths taken by interfering beams at various integral angles
θ within the interferometer. ∆ϕ(θ ) is the maximum of the optical phase dispersion and could be
expressed as [21]
∆ϕ(θ ) = ∆ϕ(α, h) = ϕmax − ϕmin =

4π ·n· L1
·[1 − cosθmax (α, h)] = ϕ0 ·[1 − cosθmax (α, h)].
λ

(9)
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Here, ϕmax and ϕmin are the maximum and minimum optical phase difference of the two reflected
rays respectively,n is the refractive index of the air in the FPI cavity, λ is the wavelength of the light
source, ϕ0 equal to 4πnL1 /λ is the original optical phase along the fiber axis.
The intensity of the variable reflected light is then given by [28]:
I
I1

=

I
R· I0

 R
ϕ
1 + (1 − R)2 + ϕ00−∆ϕ ∆ϕ(1α,h) 2(1 − R)cosϕ


hR
i
Rϕ
π
= 1 + (1 − R)2 + 2(1 − R)· π1 · 0 ∆ϕ(1α,h) ϕ00−∆ϕ cosϕ(α, h)dϕdα


Rπ
[∆ϕ(α,h)]
dα,
= R + (1 − R)2 + 2(1 − R)· π1 · 0 sinϕ0 −∆ϕsin(α,h
)

=



(10)

Here, I, I1 , and I0 are the reflected light intensity from two mirrors (M1 and M2), the reflected light
from M1, and the total light intensity in the fiber, respectively. R is the reflectivity of the M1 and M2.
In summary, the transmission loss could be reduced with a decreasing divergence angle, and then the
fringe visibility of FPI can be improved. On the other hand, the fringe visibility of spectrum decreases
with a longer FPI cavity (L1 ). The greater vibration magnitude will produce larger variations of the
reflected light intensity. In addition, it could be seen from Equation (9) that the bend angle (β) becomes
larger in case L1 is increased. Hence, we chose a compatible FPI cavity length of L1 = 200 µm in the
following displacement and vibration sensing experiments.
3.3. Natural Frequency of the Device
We analyzed the dynamic response of the device based on the previous displacement analysis.
The natural frequency (NF) is calculated because of the unstable sensor performance of the device
operating at this frequency, and the NF of the sensor is expressed as [19]:

1
2
E · Mz
3.516
·
,
f =
2π
ρ · A · L3 4

(11)

where E is the modulus of elasticity, ρ is the density, A = π ·(d/2)2 = 1.227 × 10−3 mm2 is the cross
sectional area [27], and L3 is the total length of the sensor. The proposed sensor parameters included
a Young’s modulus (E) of 72 GPa, a length (L3 ) of 20 mm and a material density (ρ) 2450 kg/m3 .
As a result, the proposed FPI vibration sensor has a theoretical natural frequency of 237 Hz, and hence
is suitable for detecting vibration signals.
4. Device Fabrication
The fabrication process for this FPI with an in-fiber collimator included six steps, as shown in
Figure 3. In step 1, as shown in Figure 3a, a section of GIF (YOFC, 62.5/125GI0.275, Wuhan, China)
was spliced with an SMF (Corning SMF-28, Corning, NY, USA) using a commercial fusion splicer
(Fujikura-60S, Tokyo, Japan), and the splicer was set to a manual mode with the parameters of −35 bit
in discharge intensity and 300 ms in arc time. In step 2, as shown in Figure 3b, the GIF was cleaved
into a quarter-pitch length (245 µm) using a fiber cleaving system, which had an accuracy of ~±10 µm.
This system consisted of two precision translation stages (Thorlabs, XR25P/M, Newton, NJ, USA),
a fiber cleaver (Sumitomo FC-6S, Osaka, Japan), and an optical microscope (Sunway, Tainan, Taiwan).
In step 3, as shown in Figure 3c, an HCF was spliced with the quarter-pitch GIF. In step 4, as shown
in Figure 3d, the HCF was cleaved into a length of ~200 µm by the fiber cleaving system. In step
5, as shown in Figure 3e, another SMF was spliced to the flat end of the HCF. This splicing joint,
i.e., the HCF-SMF interface, was used as the second reflecting surface. In step 6, as shown in Figure 3f,
the fiber tail was cut to a residual length of 20 mm at an inclined angle to prevent the reflection from
the end face.

Taiwan). In step 3, as shown in Figure 3c, an HCF was spliced with the quarter-pitch GIF. In step 4,
as shown in Figure 3d, the HCF was cleaved into a length of ~200 μm by the fiber cleaving system. In
step 5, as shown in Figure 3e, another SMF was spliced to the flat end of the HCF. This splicing joint,
i.e., the HCF-SMF interface, was used as the second reflecting surface. In step 6, as shown in Figure
3f, the
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ω
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(Simulation parameters: ∆ = 0.02, r = 31.25 µm, ω0 = 5 µm (in SMF), λ = 1550 nm and n0 = 1.491,
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1.491,
R =0.04, L1 = 199.6, 191.8,
and 198.8 µm respectively, for a SMF-FPI, a quarter-pitch GIF-FPI and
and a half-pitch GIF-FPI).
a half-pitch GIF-FPI).

5. Static Displacement Measurement
We investigated the static displacement response of the quarter-pitch (245 μm) GIF-FPI with a
cavity length of 200 μm using the experimental setup shown in Figure 1. A narrow fulcrum bar was
installed on a vertical displacement stage and used to adjust the displacement of these FPI devices on
one end. The displacements could be observed and measured from the side-view images captured
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5. Static Displacement Measurement
We investigated the static displacement response of the quarter-pitch (245 µm) GIF-FPI with
a cavity length of 200 µm using the experimental setup shown in Figure 1. A narrow fulcrum bar was
installed on a vertical displacement stage and used to adjust the displacement of these FPI devices on
one end. The displacements could be observed and measured from the side-view images captured by
an optical microscope. The reflection spectrum of the quarter-pitch (245 µm) GIF-FPI was measured
using a wavelength tunable laser source and a power meter. The static displacement response was
tested by moving the fulcrum bar and monitoring the spectra evolution. The resulting displacement
was varied from 0 to 3000 µm. For comparison, the static displacement response of the SMF-FPI and
the half-pitch (490 µm) GIF-FPI were also tested using the same method.
Figure 5a–c demonstrate various reflection spectra for the quarter-pitch (245 µm) GIF-FPI device,
the SMF-FPI, and the half-pitch (490 µm) GIF-FPI at different static displacements. It is obvious the
reflection spectra for the quarter-pitch (245 µm) GIF-FPI exhibit strong dependence on the applied
displacement ranging 0–3000 µm. However, the SMF-FPI and the half-pitch (490 µm) GIF-FPI showed
a much weaker variation over the same displacement range. As shown in Figure 2b, the light spot
reflected on M2 moves up along the x axis with an increasing deflection displacement on the sensor.
As a result, part of the reflection cannot reenter the GIF core in the case of α < α0 , leading to a decrease
in the reflection
The
quarter-pitch GIF has a much smaller divergence angle than
Sensors 2019, intensity.
19, x FOR PEER
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8 of 12the SMF
and the half-pitch GIF, and hence is more sensitive to the variations in reflection intensity than the
fringe visibility than the SMF-FPI and the half-pitch GIF-FPI. So, the sensor has a larger displacement
other two
types.
response than the two others.

Figure
(a–c) Reflection
spectra
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a quarter-pitch
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Figure 5.
(a–c)5.Reflection
spectra
of of
a SMF-FPI,
quarter-pitch
GIF-FPI,
a half-pitch
with
a
cavity
length
of
200
μm
at
various
static
displacements;
(d)
simulation
results
and
static
a cavity length of 200 µm at various static displacements; (d) simulation results and static displacement
displacement responses of a SMF-FPI, a quarter-pitch GIF-FPI, and a half-pitch GIF-FPI with the same
responses of a SMF-FPI, a quarter-pitch GIF-FPI, and a half-pitch GIF-FPI with the same cavity length
Δ = 0.02, r = 31.25 μm, ω0 = 5 μm, λ = 1550
cavity
length of 200
μm. (Simulation
parameters:
of 200 µm.
(Simulation
parameters:
∆ = 0.02,
r = 31.25 µm,
ω0 = 5 µm, λ = 1550 nm and n0 = 1.491 (GIF),
n
1.491 (GIF),
L2 = 10 mm, forGIF-FPI
a SMF-FPI,
a quarter-pitch
andRa =
half-pitch
andfor0 a =SMF-FPI,
L2 = 10nm
mm,
a quarter-pitch
and
a half-pitchGIF-FPI
GIF-FPI,
0.04 ). GIFR=
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FPI,
).

The laser wavelengths were set to be 1549.10, 1552.10, and 1552.90 nm for the SMF-FPI,
6. VibrationGIF-FPI,
Responseand the half-pitch GIF-FPI, respectively. The largest displacement response
the quarter-pitch
We investigated the vibration response of the quarter-pitch (245 μm) GIF-FPI, the SMF-FPI, and
the half-pitch GIF-FPI with the same cavity length of ~200 μm. The experimental setup was also
shown in Figure 1. The laser wavelength was set as the peak wavelength of the FPI reflection
spectrum. The peak wavelength of the SMF-FPI, the quarter-pitch GIF-FPI, and the half-pitch GIFFPI were 1549.10, 1552.10, and 1552.90 nm, respectively. The laser output power was set to 6 mW to
work steadily for a long time. Amplified sinusoidal signals were applied onto the vibration generator,
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can be obtained at these wavelengths. The simulation and experimental results with different
displacements of these sensors were shown in Figure 5d. The displacement sensitivity for the
quarter-pitch (245 µm) GIF-FPI over different displacement ranges of 0 to 400 µm and 400 to
3000 µm were 2.28 × 10−4 and 5.17 × 10−4 µm−1 , respectively. In contrast, the displacement
sensitivity of the SMF-FPI over ranges of 0 to 1500 µm and 1500 to 3000 µm were much lower,
i.e., 7.86 × 10−5 and 1.73 × 10−4 µm−1 , respectively. Moreover, the displacement sensitivity of
the half-pitch (490 µm) GIF-FPI over ranges 0–1500 µm and 1500–3000 µm were 9.34 × 10−5 and
2.80 × 10−4 µm−1 , respectively. In addition, the experimental results agree well with the simulation
results. The quarter pitch GIF-FPI has a larger fringe visibility than the SMF-FPI and the half-pitch
GIF-FPI. So, the sensor has a larger displacement response than the two others.
6. Vibration Response
We investigated the vibration response of the quarter-pitch (245 µm) GIF-FPI, the SMF-FPI, and the
half-pitch GIF-FPI with the same cavity length of ~200 µm. The experimental setup was also shown in
Figure 1. The laser wavelength was set as the peak wavelength of the FPI reflection spectrum. The peak
wavelength of the SMF-FPI, the quarter-pitch GIF-FPI, and the half-pitch GIF-FPI were 1549.10, 1552.10,
and 1552.90 nm, respectively. The laser output power was set to 6 mW to work steadily for a long time.
Amplified sinusoidal signals were applied onto the vibration generator, applying vibration signals on
these FPI sensors through the fulcrum bar. The reflected optical power, which contained the vibration
signal, was detected by the PD, amplified by the TIA, collected by the DAQ, and finally sent to the PC
for signal processing and displaying. A PZT accelerometer was used to detect the real-time vibration
for use as reference. The magnification in TIA was set to 103 and the DAQ sampling rate was set
to 10 kS/s.
At first, we set the vibration frequency to 100 Hz and the vibration amplitude to 8.48 g.
Figure 6a shows the detected vibration signals in time domain by the SMF-FPI, the quarter-pitch
(245 µm) GIF-FPI, and the half-pitch (490 µm) GIF-FPI with the same cavity length of 200 µm.
Moreover, fast Fourier transform (FFT) was then applied to these vibration signals and the
corresponding
spectra
frequency domain were shown in Figure 6b. The signal-to-noise-ratios
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Subsequently, we tested and recorded the linearity of these FPI vibration sensors by varying the
amplitudes from 0.10 to 11.00 g at the same frequency of 100 Hz. And the results are shown in Figure
7. The acceleration sensitivities of the SMF-FPI, the quarter-pitch GIF-FPI, and the half-pitch GIF-FPI
were 11.09, 60.22, and 5.74 mV/g, respectively. It can be seen that the acceleration sensitivity of the

Figure 6. The time domain (a) and the frequency domain (b) for vibration response of an SMF-FPI, a
quarter-pitch GIF-FPI and a quarter-pitch GIF-FPI with a cavity length of 200 μm at 100 Hz.
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Subsequently, we tested and recorded the linearity of these FPI vibration sensors by varying the
amplitudes from
0.10 to 11.00 g at the same frequency of 100 Hz. And the results are shown in Figure
Subsequently, we tested and recorded the linearity of these FPI vibration sensors by varying the
7. The acceleration
sensitivities
ofgthe
SMF-FPI,
the quarter-pitch
the half-pitch
amplitudes from
0.10 to 11.00
at the
same frequency
of 100 Hz. AndGIF-FPI,
the results and
are shown
in Figure 7.GIF-FPI
were 11.09,
and sensitivities
5.74 mV/g,ofrespectively.
It can
be seen GIF-FPI,
that theand
acceleration
sensitivity
The 60.22,
acceleration
the SMF-FPI, the
quarter-pitch
the half-pitch
GIF-FPI of the
were
11.09,
60.22,
and
5.74
mV/g,
respectively.
It
can
be
seen
that
the
acceleration
sensitivity
of the
quarter-pitch GIF-FPI was more than five times higher than that of the SMF-FPI and the
half-pitch
quarter-pitch GIF-FPI was more than five times higher than that of the SMF-FPI and the half-pitch
GIF-FPI. The R-square value of the linear fit for the quarter-pitch GIF-FPI is 0.996, showing a high
GIF-FPI. The R-square value of the linear fit for the quarter-pitch GIF-FPI is 0.996, showing a high
linearity linearity
of the vibration
response. The other R-square values of the linear fits for the SMF-FPI and
of the vibration response. The other R-square values of the linear fits for the SMF-FPI and the
the half-pitch
GIF-FPI
are
0.94,respectively.
respectively.
half-pitch
GIF-FPI
are0.96
0.96 and
and 0.94,
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Figure 7.Figure
The linearity
of the
responses
theSMF-FPI,
SMF-FPI,
quarter-pitch
GIF-FPI,
half-pitch GIF-FPI with the same cavity length of 200 µm at a vibration frequency of 100 Hz.
half-pitch GIF-FPI with the same cavity length of 200 μm at a vibration frequency of 100 Hz.

Finally, we tested the frequency response of these FPI vibration sensors using various vibration
frequencies
ranging
40 to 500
Hz. Theof
results
in Figure
8, where
thevarious
blue, red,
Finally,
we tested
the from
frequency
response
theseare
FPIshown
vibration
sensors
using
vibration
and
green
dash-dot
lines
represent
the
SMF-FPI,
the
quarter-pitch
GIF-FPI,
and
the
half-pitch
GIF-FPI,
frequencies ranging from 40 to 500 Hz. The results are shown in Figure 8, where the blue, red, and
respectively. It is obvious that the quarter-pitch GIF-FPI sensor has higher acceleration sensitivities
green dash-dot
lines represent the SMF-FPI, the quarter-pitch GIF-FPI, and the half-pitch GIF-FPI,
than those of the other two types of FPI sensors at the same vibration frequency ranging from 40 to
respectively.
It is obvious that the quarter-pitch GIF-FPI sensor has higher acceleration sensitivities
500 Hz. The frequency response curves demonstrate that the SMF-FPI, the quarter-pitch GIF-FPI,
than those
the
other two
types
FPI sensors
at the
same
from 40 to
andof
the
half-pitch
GIF-FPI
haveofa natural
frequency
of 260,
250,vibration
and 230 Hz,frequency
respectively.ranging
A relatively
flat frequency response was obtained in the frequency range from 80 to 200 Hz. The acceleration
sensitivity decreased gradually as the vibration frequency exceeded the natural frequency. It should
be noted that the vibration measurement results are in accordance with the theoretical expectations
and the static displacement experimental results. Moreover, the higher vibration sensitivity of the
quarter-pitch GIF-FPI than that of the half-pitch GIF-FPI and SMF-FPI may result from its smaller
divergence angle. These results demonstrate that the quarter-pitch GIF-FPI is capable of detecting the
vibrational signal at frequency range of 80 to 200 Hz.

be noted that the vibration measurement results are in accordance with the theoretical expectations
and the static displacement experimental results. Moreover, the higher vibration sensitivity of the
quarter-pitch GIF-FPI than that of the half-pitch GIF-FPI and SMF-FPI may result from its smaller
divergence angle. These results demonstrate that the quarter-pitch GIF-FPI is capable of detecting the
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vibrational signal at frequency range of 80 to 200 Hz.

Figure
8. The
frequency
responsesofofthe
thevibration
vibration sensors
thethe
SMF-FPI,
the the
quarter-pitch
Figure
8. The
frequency
responses
sensorsbased
basedonon
SMF-FPI,
quarter-pitch
GIF-FPI,
and
the
half-pitch
GIF-FPI
with
same
cavity
length
of
200
µm.
Different
vibration
frequency
GIF-FPI, and the half-pitch GIF-FPI with same cavity length of 200 μm. Different vibration
frequency
ranging from 40 Hz to 500 Hz was investigated.
ranging from 40 Hz to 500 Hz was investigated.

7. Conclusions

7. Conclusions

A compact FPI fiber sensor with an in-fiber collimator has been investigated for both static
displacement
and dynamic
vibration
The device
consists
of abeen
quarter-pitch
GIF spliced
withstatic
A compact FPI
fiber sensor
withsensing.
an in-fiber
collimator
has
investigated
for both
a
section
of
HCF,
which
was
integrated
between
two
SMFs.
The
static
and
dynamic
response
ofwith
displacement and dynamic vibration sensing. The device consists of a quarter-pitch GIF spliced
the device
were
investigated.
Results showed
the
quarter-pitch
GIF-FPI
achieved response
the highest
a section
of HCF,
which
was integrated
betweenthat
two
SMFs.
The static
and dynamic
of the
−4 µm−1 , which was higher than that of the SMF-FPI
static
displacement
sensitivity
of
5.17
×
10
device were investigated.
Results showed that the quarter-pitch GIF-FPI achieved the highest static
(1.73 × 10−4 µm−1 ). The vibration acceleration
sensitivity of the quarter-pitch GIF-FPI was 60.22 mV/g
displacement sensitivity of 5.17 × 10−4 μm−1, which was higher than that of the SMF-FPI (1.73 × 10−4
at 100 Hz, which was significantly higher than the sensitivity of the SMF-FPI (i.e., 11.09 mV/g at
μm−1). The vibration acceleration sensitivity of the quarter-pitch GIF-FPI was 60.22 mV/g at 100 Hz,
100 Hz). The quarter-pitch GIF-FPI exhibited a responsibility one order of magnitude higher than
which
significantly
higher
than the
sensitivity
of the
SMF-FPI
(i.e., 11.09
mV/g
at 100sensor
Hz). The
thewas
SMF-FPI
at frequencies
ranging
from
40 to 200 Hz.
As such,
the proposed
fiber
vibration
quarter-pitch
GIF-FPI
exhibited
a responsibility
one order
magnitude
higher
than the SMF-FPI
could be used
for hot
fluid dynamics,
construction
safetyof
inspection
or the
development
of new at
frequencies
ranging from 40 to 200 Hz. As such, the proposed fiber vibration sensor could be used
energy sources.

for hot fluid dynamics, construction safety inspection or the development of new energy sources.
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