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Nondestructive Evaluation of plate structures using the Ultrasonic Transducer OPMT
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ABSTRACT

In this work, we propose a new ultrasonic damage inspection method in plate structures. The proposed method
employs an OPMT (Orientation-adjustable Patch-type Magnetostrictive Transducer) in order to make the ultrasonic
waves focused on the specific target point. For experiments, virtual grid points were set up at every 50 mm in an
aluminum plate and two OPMTs were used for inspection. If there exists a crack in a plate, the reflected Lamb wave
from the crack is measured in addition to the direct waves from the transmitting transducer to the receiving transducer.
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Fig. 1 (a) Manufactured OPMT (b) Schematic diagram of an
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Fig. 2 Guided waves in a plate (a) Lamb wave (b) SH wave
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Fig. 3 The experimental arrangement (Function generator:
Agilent 33120A, Power Amplifier: RAMS5000, Pre-
amplifier: SR560, Oscilloscope: Lecroy LT354 ).
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Fig. 4 The location of OPMT’s (a transmitter and a receiver)
in a 3-mm thick plate with a hole (hole diameter = 8mm).
The arrows on OPMT in the figure denote the directions of
the applied bias magnetic flux.
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Fig. § The measured signal in a plate without any crack. The
locations of the transducers are the same as those illustrated
in Fig. 4.
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Vottage (V) reflected Lamb from a crack
04 — , - \
d”‘“[‘"’-‘i k ) ’J—'MSH 9
#2 0 -’\N\f ANANAENNAAN A —ae
0043 8 8 10 12
004 —r v
00— 6 8 10 12
0.04 - v
#7 0 NANAS e\
004, 6 8 10 12
004
#9 o AN
V04— 3 8 16 12
Time (sec) x 10~5

Fig. 7 The measured signals when the magnetic fluxes of the
transmitting and the receiving transducers point in the
direction of the crack. The transmitter and the receiver orient
grid point #2, #5, #7, and #9, respectively.
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Table. 1 Peak-to-Peak values of the reflected signals from

a crack
Number of node Peak-to-Peak values
#1 14.0625
#2 12.6563
#3 10.9375
#4 : 14.2187
#5 14.0625
#6 13.125
#7 9.2188
#8 10.9376
#9 15,9376

-426-



r

Ho
o

(1) Alleyne, D. N, Cawley, P, 1992, “Optimization of
Lamb wave inspection techniques,” NDT&E International,
vol. 25, no. 1, pp. 11-22.

(2) Rose, J. L., Jiao, D., Spanner, J, Jr, 1996,
“Ultrasonic guide waves NDE for piping,” Material
Evaluation, vol. 54, no. 11, pp. 1310-1313.

(3) Rose, J. L., 2002, “A baseline and vision of ultrasonic
guided wave inspection potential,” Journal of Pressure
Vessel Technology, vol. 124, pp. 273-282.

(4) Kwun, H., Light, G M., Kim, S.-Y., Spinks, R. L.,
2002, “Magnetostrictive sensor for active health monitoring
in structures,” Proceedings of SPIE, vol. 4702, pp. 282-288.

(5) Light, G. M., Kwun, H,, Kim, S.-Y., Spinks, R. L., Jr.,
2002, “Method and apparatus for short term inspection or
long term structural health monitoring,” U.S. Patent 6396262
B2.

(6) Purekar, A. S., Pines, D. J., Sundararaman, S. and
Adams, D. E., 2004, "Directional piezoelectric phased array
filters for detecting damage in isotropic plates”, Smart Mater.
Struct., vol. 13, pp. 838-850.

(7) Zhu, Wenhao., Rose, J. L., 1999, "Lamb wave
generation and reception with time-delay periodic linear
arrays: a beam simulation and experimental study”, IEEE
Trans. Ultrason., Ferroelect.,Freq. Contr., vol. 46, no. 3, pp.
654-664.

(8) Li, Jian., Rose, J. L., 2001, "Implementing guided
wave mode control by use of a phased transducer array”,
IEEE Trans. Ultrason., Ferroelect., Freq. Contr., vol. 48, no.
3, pp. 761-768.

(9) Wilcox, P. D., Lowe, M. I. S., Cawley, P., 2000,
“Lamb and SH wave transducer arrays for the inspection of
large arcas of thick plates,” Review of Progress in
Quantitative NDE, vol. 19, American Institute of Physics, pp.
1049-1056.

10) o1F%, 259, MAE, P&, 2004, AR
Y EAARAE ol 43 HBT2E S 71
2 23 AUy =83, ¥F4SAFTH
3, pp. 153-158.

(11) Cho, S. H., Sun, K. H,, Lee, J. S,, and Kim, Y. Y.
2004 “Orientation-adjustable patch-type magnetostrictive
ultrasonic  transducer for non-ferromagnetic plates,”
Proceedings of EMSA 2004, pp. T-O 6.

(12) Joule, J. P., 1847, “On the effect of magnetism upon
the dimensions of iron and steel bars,” Phi. Mag. III, 30,
pp.76.

(13) Villari, E., 1865, “Change of magnetization by
tension and by electric current,” Ann. Phy. Chem., 126,
pp.87-122.

(14) Thompson, R. B., 1977, “Mechanisms of electro-
magnetic generation and detection of ultrasonic Lamb waves
in iron-nickel alloy polycrystals,” J. Appl. Phys., vol. 48,
pp.4942-4950

(15) Thompson, R. B., 1979, “Generation of horizontalty
polarized shear waves in ferromagnetic materials using
magnetostrictively coupled meandering-coil electromagnetic
transducers,” Appl. Phy. Lett., vol. 34, no. 2, pp.175

(16) Murayama, R. 1996, “Driving mechanism on
magnetostrictive type electromagnetic acoustic transducer
for symmetrical vertical-mode Lamb wave and for shear
horizontal-mode plate wave,” Ultrasonics., vol. 34, pp.729-

- 736

(17) Hong, J. C., Sun, K. H. and Kim, Y. Y., 2004 “The
matching pursuit approach based on the Gabor pulse in
waveguide damage detection,” submitted.

-427-



