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Flextensional fiber Bragg grating-based accelerometer for
low frequency vibration measurement
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The intelligent structural health monitoring method, which uses a fiber Bragg grating (FBG) sensor, is
a new approach in the field of civil engineering. However, it lacks a reliable FBG-based accelerometer
for taking structural low frequency vibration measurements. In this letter, a flextensional FBG-based
accelerometer is proposed and demonstrated. The experimental results indicate that the natural frequency
of the developed accelerometer is 16.7 Hz, with a high sensitivity of 410.7 pm/g. In addition, it has
a broad and flat response over low frequencies ranging from 1 to 10 Hz. The natural frequency and
sensitivity of the accelerometer can be tuned by adding mass to tailor the sensor performance to specific
applications. Experimental results are presented to demonstrate the good performance of the proposed
FBG-based accelerometer. These results show that the proposed accelerometer is satisfactory for low
frequency vibration measurements.
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Vibrations widely exist in nature[1−4]. The proposed ac-
celerometer in this letter mainly aims at conducting low
frequency (below 10 Hz) vibration monitoring of large
structures. For instance, the inherent frequencies of nor-
mal highway bridges and railway bridges range of 2–10
Hz. At present, piezoelectric electromagnetism class ac-
celerometers are mainly used for measuring low frequency
vibrations. However, the application of this type of sen-
sor is limited because of natural insufficiencies[5,6], such
as interference from electromagnetism and corrosion. In
comparison, a fiber Bragg grating (FBG) sensor does
not suffer from electromagnetic interference, it can be
connected easily to a network, and is capable of taking
highly precise measurements. Thus, it is very fit for
monitoring low frequency vibrations.

In this letter, a flextensional FBG-based accelerometer
is designed and manufactured. The sensing system is
based on a flextensional member and has high sensitivity
for acceleration measurements at low frequency ranges
(below 10 Hz). The dynamic vibration measurements
show that it is a good candidate for the measurement of
low frequency vibrations below 10 Hz.

The FBG with a length of 10 mm was written in a
photosensitive single mode optical fiber; it served as the
sensing element in the proposed accelerometer. The FBG
was mounted on the outboard of a flexible beam. With
this setting, the light intensity reflected by the grating
was modulated in accordance with the vibration of the
flexible beam. The accelerometer is shown schematically
in Fig. 1. Figure 2 shows the expansion graph of the elas-
tic element (flextensional member), in which the elastic
beam is uniformly distributed. The sensing grating was
attached to the middle of the elastic beam, controlling
the uniformity of the glue thickness. The elastic beam
was fixed by the spacer according to the angle of bend-
ing. Figure 3 shows the schematic diagram of the spacer.

The mechanism consisted of a cylindrical concentra-

tion inertial mass, which was supported by a flextensional
member. The mechanical stop was designed to prevent
the sensor from being broken and to ensure that the
FBG accelerometer worked properly. The external vi-
bration introduced the acceleration change on the inertial
mass in the vertical axis, this movement resulted in the
stretching or compressing of the FBG. In this way, the
external vibration can be measured through the wave-
length shift of the FBG[7]. In a realistic experiment, the
FBG accelerometer is typically installed in an environ-
ment, in which the temperature changes very slowly. In
such an environment, the wavelength shift of the FBG is

Fig. 1. Schematic diagram of the FBG-based accelerometer.

Fig. 2. Expansion graph of the elastic element (flextensional
member).
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Fig. 3. Schematic diagram of the spacer.

generally affected by temperature. However, in exper-
iment, the vibration frequency was at least dozens of
Hertzs. Thus, the wavelength shift of FBG introduced
by the temperature can be neglected. The natural fre-
quency and sensitivity of the accelerometer can be tuned
by varying the weight of inertial mass. The mechanical
model is presented in Fig. 4.

Once the FBG-based accelerometer is subjected to a
vertical acceleration, defined as a, the generated force
applied to the sensor system is ma, where m is the sum
of the inertial mass. Here, ma/3 is the reaction force,
maR/3 is the bending moment, and R is the radius of
the curved beam. Stress produced by reaction force can
be expressed as

σ1 = F/3bh, (1)

where h is the thickness of the curved beam, and b is the
width of the curved beam. Stress produced by bending
moment generates

σ2 = maRy/3Iz, (2)

where the moment of inertia of the curved beams[8] is
Iz = bh3/12, and y is half of the arm thickness.

The strain as a function of equivalent force is described
as

ε = (σ2 − σ1)/E = F (12Ry − h2)/3Ebh3, (3)

where E is the Young’s modulus of elastic structure ma-
terial. According to the basic sensing theory of optical
FBG[9], by simple derivation, the shift of the Bragg wave-
length as a function of the external acceleration can be
expressed as

∆λB = 0.78λBε =
0.78λBm(12Ry − h2)

3Ebh3
a, (4)

where λB is the center wavelength of the FBG, and ∆λB

is the shift of the center wavelength.
Equation 5 can only be used if isothermal conditions

are considered. Equation (5) indicates that the shift of
the Bragg wavelength is linear with external vibration
acceleration. External vibration acceleration can be ob-
tained by measuring the change in wavelength. From
the above analysis, the wavelength acceleration sensitiv-
ity coefficient of the sensor can be defined as

Sn =
∆λ

a
=

0.78λm(12Ry − h2)
3Ebh3

. (5)

Fig. 4. Mechanical model of the FBG-based accelerometer.

 

Fig. 5. Schematic diagram of the implemented interrogation
system.

From Eqs. (1), (2), and (6), it is known that the
sensitivity and natural frequency of the FBG-based ac-
celerometer is related to materials and the geometry size
of the flextensional member as well as the mass of m.
When the other conditions remain unchanged, the num-
bers of the arms of the flextensional member is inversely
proportional to natural frequency.

The schematic diagram of the implemented interroga-
tion system used to measure dynamic vibrations is pre-
sented in Fig. 5. This setup consisted of vibration control
system (console), including signal generator, filter cir-
cuits, and power amplifier. The exciter was used as the
input in the design. The FBG-based accelerometer and
a standard piezoelectric accelerometer were fixed on the
same exciter actuator to guarantee that their vibrations
were the same. The standard piezoelectric accelerometer
was used for comparison in the experiment. Input signal
was gained by the standard piezoelectric accelerometer,
which was used for calibrating the FBG-based accelerom-
eter. In a realistic experiment, this was installed in the
environment, in which temperature changed very slowly.
In such an environment, the wavelength shift of the FBG
is usually impacted by the temperature. However, in our
experiment, the vibration frequency was at least dozens
of hertzs. Thus, the wavelength shift of the FBG intro-
duced by the temperature can be ignored. The shaker
was used in all subsequent tests. A series of dynamic
vibration measurements was taken to verify the dynamic
characteristic of the FBG-based acceleometer. In the
proposed interrogation system, the FBG used in the ac-
celerometer was illuminated by a broadband light source
(amplified spontaneous emission source); the light from
the light source passed the optical isolator and coupler
incident to sensing the FBG. Once it was reflected by
the FBG, it became a narrow-band spectrum. Next, it
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passed the coupler and reached a photodetector, in which
the corresponding electric current signal was formed.
The current signal was changed into voltage signal by
the current-voltage conversion. Afterwards, the signal
passed through the amplifying and filtering circuits and
was converted into digital data by a USB-0166 acquisi-
tion board (National Instruments) and a data acquisition
system before reaching the computer processing system
(Labview software). We conducted a series of data pro-
cessing runs and obtained the final measurement results.
The commercial piezoelectric accelerometer was used as
a reference, and it was directly injected into the amplify-
ing and filtering circuits. The optical isolator was used
to prevent the reflected light of the FBG to affect the
stability of the light source.

We set the vibration frequencies for 6 and 10 Hz
to detect the frequency response characteristic of the
FBG-based accelerometer. The time domain trace and
frequency spectra of the output of the FBG-based ac-
celerometer are shown in Figs. 6 and 7, respectively.
The tests of different frequencies were carried out by
gain control to obtain good waveforms. The FBG-based
accelerometer was confirmed to have good frequency de-
tection performance as shown in Figs. 6 and 7.

It is very important for the accelerometer to have a
flat response over a range of natural frequency in its
practical use. The proposed FBG-based accelerometer
and standard piezoelectric accelerometer were installed
on the exciter to guarantee that their vibrations were the
same. The standard piezoelectric accelerometer was used
for reference in the experiments. A continuous sinusoidal
signal was produced by the signal generator. The input
acceleration value (1 m/s2) was unchanged in this ex-
periment. The output voltage values of the FBG-based
accelerometer were recorded to be within a range of 1–25
Hz as the input frequency scanned continuously. The
amplitude–frequency response curve of the FBG-based
accelerometer is shown in Fig. 8. The result showed
the flat response from 1 to 11 Hz at frequency less than
the mechanical resonance frequency (17 Hz), resonance

Fig. 6. (a) Time domain trace and (b) frequency spectra of
the FBG-based accelerometer with input frequency of 6 Hz.

Fig. 7. (a) Time domain trace and (b) frequency spectra of
the FBG-based accelerometer with input frequency of 10-Hz
output of the FBG-based accelerometer.

Fig. 8. Amplitude-frequency characteristic curve of the FBG-
based accelerometer.

region from 12 to 21 Hz, with the over 21 Hz as the at-
tenuation region. The working region of the FBG-based
accelerometer ranged from 1 to 11 Hz.

The free vibration response waveform in the absence
of external damping of the FBG accelerator sensor is
shown in Fig. 9. The measurement principle is as follows.
Firstly, give an initial deflection of the accelerometer by
hand; secondly, the hand is removed quickly; finally, we
obtain the resulting response waveform. From Fig. 9, we
can see that the response waveform of the FBG-based ac-
celerometer is a damped oscillation curve. Through the
experimental analytical result, the natural frequency of
the sensor (16.7 Hz) was obtained. In practice, we should
avoid the vibration frequency, which is close to the natu-
ral frequency in order to prevent the resonance that can
damage the accelerometer.

The frequency of the input sine wave was 4 Hz, and
the acceleration varied from 1 to 5 g. The input acceler-
ation value was obtained from the standard piezoelectric
accelerometer; the voltage value was read from the com-
puter with LabView software. The acceleration and out-
put voltage showed a linear relationship; the sensitivity
of the FBG accelerometer was 362.3 mV/g, while the lin-
earity was 0.9996 (Fig. 10). The frequency influence on
the sensitivity of the FBG accelerometer can be studied
in future work.
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Fig. 9. Free vibration response waveform of the FBG-based
accelerometer.

Fig. 10. Sensitivity curve of the FBG-based accelerometer.

In conclusion, a flextensional FBG-based accelerometer
is proposed. The dynamic vibration measurements show
that it has the following advantages: (i) broad range of
flat response (works from 1 to 10 Hz); (ii) high sensitivity
(about 410.7 pm/g) with a large measurement range of
0.5 g; (iii) and the natural frequency and sensitivity can
be tuned by the addition of the mass. The greatest dis-
advantages of the FBG accelerometer, however, are its
small size under the same sensitivity[10], transverse di-
mensions is limited under well and beam structure may
not be available in measuring within vertical acceleration
situations. For structural health monitoring of large-scale
engineering structures, an array of the FBG-based ac-
celerometer should be provided[11].
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