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Abstract. This study presents a damage detection system using modul ated ultrasonic and fiber Bragg
grating (FBG) in Aluminum thin plate. In the system, modulated ultrasonic technology and FBG
sensing technology were combined to detect damage. Piezoelectric patches used to excite ultrasonic
and FBG were pasted on a Acrylic plate and then contacted with specimen by coupling, so the
excitation point of ultrasonic and sensing point of FBG can be modified arbitrarily. Experiment
results showed that the system can detect the damage signal more flexibly.

Introduction

Ultrasonic techniques have gained prominence for damage detection. The linear property
modification of ultrasonic waves, such as reflection, attenuation, mode conversion etc, are utilized in
conventional techniques. However, these linear features are not sensitive enough for micro
damage*? . Modulated ultrasonic technology is rapidly developed during last several years becuase it
is more sensitive to micro damage than linear ultrasonic. 459,

In recent years, fiber Bragg grating (FBG) has been expected to be a valuable aternative of
ultrasonic detector. FBG posses severa advantages over the conventional electrical sensors, such as
resistance to electromagnetic interference, high reliability, low cost and so on("&919,

In the paper, the modul ated ultrasonic technology and FBG technology were combined. In order to
make the detecting system more flexible and simpler, ultrasonic waves were both generated by
creative mobile piezoelectric patches (MPP), and the response nonlinear signal was detected by a
mobile FBG. The structure of mobile detecting system was introduced. Furthermore, the effect of
relative location of excitation points, crack and FBG was discussed.

Principle of modulated ultrasonic
When vibration wave and ultrasonic wave, at distinctive frequenciesf;, and f2 (f1<20 kHz, f2>20 kHz),
propagate through a crack in a plate-like structure in the z-direction, the total particle displacement u’
can be written as followsV:

Ut =u® +u@ +4® 1)
where, u® islinear response, u® is harmonics, and u® is modulation.

@ — i (kyz- 2pfit+q,) i (kyz- 2pfot+q,)
u o ule 1 1 1 +u2e 2 2 2

)
2 — 2i (kyz- 2pfit+q;) 2i (kyz- 2pfot+qy,)
u - uZle 1 1 1 + uzze 2 2 2 (3)
3 = i[(kpxky) z- 2p (fo f)t+(d,20,)]
u® =u_e @)

where u; and U, are the amplitudes of the linear wave at f; and f2, u21 and ux. are the amplitudes of the
nonlinear harmonics at 2f; and 2f>, and um is the amplitude of the modulation responses at f>+f1 which
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are called sideband. ki and ko, G1and 6» are the wavenumbers and phases respectively. Here,
higher-order harmonics and modulations are ignored for simplicity.

Detecting system demonstrations

A 400x400x1 mm auminum plate with a crack 20 mm long was used as test specimen.

Ultrasonic(f.=111 kHz, A>=20V) and vibration waves(f=18 kHz, A1=50V) were both excited by

signal generator and piezoel ectric patches(1 mmx=0.5 mm, material PIC155). A FBG was pasted on a

acrylic plate (50x20x0.2 mm). A FBG with 5mm grating was glued on a 50x20x0.2 mm acrylic plate

and piezoelectric patch on a 50x20x1 mm acrylic plate. The structures of mobile piezoel ectric patch
(MPP) and mobile FBG are shown in Fig.1 and Fig.2 respectively.
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Fig.1. Structure of mobile piezoelectric patch
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Fig.2. Structure of mobile FBG

The principle of ultrasonic detection using FBG has been described in Referenceg[12]. The
detecting system is shown in Fig.3. MPP and mobile FBG contacted with test specimen by ultrasonic
detecting couplant.
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Fig.3. Detecting system

Results and discussion

In order to ensure the mobile FBG and MPP have good repeatability, four measurements were done,
asshown in Fig.4. It can be found the repeatability of four groups of datawas good and it will be very
helpful to the further research and application.

In order to discuss the interaction of ultrasonic and vibration, vibration signal was fixed at Point M
al thetime. Ultrasonic signal wasimposed at point A firstly and FBG was located at point S1 and S2
and S3 respectively to record three data. Then, FBG waslocated at point S3, and ultrasonic signal was
imposed at point B,C and D respectively to obtain therest three data. Ao wasrecordedin Table 1. Aoy
and Aoz were the frequency spectrum amplitude of response signal at f1 and f2 respectively. The
positionsof M, A, B, C, D and S1, S2, S3 were shown in Fig.5
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In Table 1, it was noticed: (1) No matter where the excitation and sensing FBG were, sideband
signa can be detected. (2) For the same sensing FBG and vibration point, different ultrasonic
excitation point did not influence Aos,but acted on Ao. (3) The product of Ao; and Aoz and crack

determined Ao, and it was better to locate ultrasonic and vibration excitation on two sides of crack.

Fig.4. Multi-measurements under MPP excitation

350

300
240
200
140
100

amplitude of response/m'’

a

datal ||
datal
data3d |]
datad ||

0

100

200

300

frequency/kHz

400

A00

Fig.5. Location point of excitation and FBG

Table 1 Influence of different ultrasonic excitation and sensing FBG

Excitationand sensing | A-S1 A-S2 A-S3 B-S3 C-S3 D-S3
point

AdmV 1.259 0.968 1.808 1.718 1.574 1.947

Aol/mV 36.43 19.22 44.6 44.6 44.87 44.72

Ao/mV 13.79 17.09 28.29 29.21 12.72 33.21

Aor Ao/(mV)? 502.4 32847 | 1261.73 | 1302.77 | 570.75 | 1487.7

Ao/ (Aoi Aoz ) 0.0025 0.03 0.0014 | 0.00218 | 0.00276 | 0.0013

Conclusion

In this study, a detecting system using MPP and mobile FBG was developed. MPP was used for the
generation high- frequency ultrasonic wave, and mobile FBG was used to sense the modulated signal.
MPP made the system more flexible and made it easier to study the interaction of vibration and
ultrasonic. Mobile FBG can be located arbitrarily. In the further research, the system will be applied to
obtain many data of nonlinear sideband signal and determine the location of crack.
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