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Fig. 1. Schematic diagram of a fan-shaped sensor cluster.
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Fig. 2. Schematic diagram of initial forecast results: (a) Pre-

diction of an actual DOA of 80°% (b) the prediction of an
actual DOA of 5°.
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Table 1.  Material parameters of aluminum plate.
EUR EY¢IE
HE p /(kgm™?) 2700
HAL o 0.33
B E/GPa 70
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3 2 mm JEER AR RE AR 2
Fig. 3. Phase velocity dispersion curves of an aluminum

plate with a thickness of 2 mm.
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Fig. 4. Group velocity dispersion curves of an aluminum

plate with a thickness of 2 mm.
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Table 2.  Coordinates of sensors.

(RS pRIL AR /mm fERGSARIE AA%R/mm
S (-10.00, -50.00) Se (-10.00, 50.00)
Sy (0.00, —50.00) S; (0.00, 50.00)
S3 (10.00, —50.00) Sg (10.00, 50.00)
Sy (7.07, -42.93) Sy (-7.07, 57.07)
Ss (7.07, -57.07) Sio (-7.07, 42.93)

. 500 mm
y
g G
£ /yL‘(%U_ﬂﬂa
E s >
2 TSan e
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Y

K5 07 AR R A R m B
Fig. 5. Schematic diagram of sensors layout in the simula-

tion.
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Table 3. Simulation localization results and errors.
- SB35 ?ﬁé{é!ﬁm&%ﬁ’ﬁ% E’jﬁﬁ{éﬁ’?%ﬁﬁ%
TROIBAT AL b /mm 1%2% /mm TPUHAF A bR /mm %25 /mm
D1 (46.00, 123.00) (45.93, 125.16) 2.16 (46.29, 125.73) 2.75
D2 (-90.00, 20.00) (-75.34, 11.45) 16.97 (-94.02, 24.28) 5.87
D3 (130.00, 60.00) (133.83, 70.07) 10.77 (133.48, 64.39) 5.61
D4 (30.00, —100.00) (34.30, -107.32) 8.49 (32.96, —105.08) 5.88
D5 (-60.00, —60.00) (-54.31, -63.35) 9.27 (-54.58, —56.65) 6.37
D6 (105.00, —10.00) (93.94, -6.28) 11.67 (105.19, —6.87) 3.14
D7 (-35.00, 115.00) (-35.72, 118.03) 3.11 (-33.22, 113.27) 2.48
D8 (100.00, —45.00) (84.55, —-33.09) 19.51 (97.29, -44.28) 2.80
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Fig. 6. Wavefield snapshot at ¢t = 70 ps (the damage is loc-
ated at (100, —45)).
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Fig. 7. (a) Damaged signal and the healthy signal received
by the S; when the damage is located at (100, —45); (b) the
differential signal obtained by subtracting the healthy sig-

nal from the damaged signal received by the sensor S;.
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Fig. 8. Schematic diagram of simulation localization results:
(a) Localization results of T-shaped sensor cluster; (b) local-

ization results of fan-shaped sensor cluster.
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Fig. 9. (a) Photo of the experimental setup; (b) OLYM-
PUS 5800 pulse signal transmitter; (c) the signal received
by the oscilloscope in the experiment; (d) AE144S sensor.
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Table 4. Experimental localization results and errors.
B B TIE A% % AL AR
G LB ARAR /mm - - ‘ - \
TR 54 4R /mm 22 /mm TR G348 4% /mm 2 /mm
D1 (46.00, 123.00) (42.39, 115.11) 8.68 (43.22, 114.82) 8.64
D2 (-90.00, 20.00) (-106.88, 22.25) 17.03 (-96.76, 20.04) 6.76
D3 (130.00, 60.00) (141.36, 66.56) 13.12 (124.69, 56.48) 6.37
D4 (30.00, —100.00) (29.52, -97.61) 2.44 (31.51, -103.49) 3.80
D5 (-60.00, —60.00) (-65.45, —60.33) 5.46 (-65.40, —60.12) 5.40
D6 (105.00, —10.00) (94.63, —12.02) 10.56 (111.13, -14.78) 7.7
D7 (-35.00, 115.00) (-36.40, 121.49) 6.64 (-40.94, 119.23) 7.29
D8 (100.00, ~45.00) (90.54, —33.69) 14.74 (106.07, —47.88) 6.72
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Fig. 11. Schematic diagram of experimental localization res-
ults: (a) Localization results of T-shaped sensor cluster;
(b) localization results of fan-shaped sensor cluster.
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Abstract

Plate structures are widely used in large-scale engineering fields such as aerospace, hull manufacturing, and
construction. However, the plate structure is easily damaged during long-term service or when it is impacted by
foreign objects. Such a damage may lead to serious safety accidents.

Beamforming and L-shaped sensor cluster (LSSC) localization method can be used to locate the damage on
the plate. However, when using beamforming method or LSSC localization method to locate the damages on
plate-like structures, there exists blind area.

In this paper, by combining the beamforming method and LSSC localization method, a fan-shaped sensor
cluster localization method is proposed through arranging five sensors in a fan shape, which can effectively
reduce the blind areas. The positions of damages in the plate can be accurately detected by using two groups of
fan-shaped sensor clusters and one sensor for transmitting the excitation signal. The feasibility of the fan-shaped
sensor cluster localization method is verified through numerical simulations and experiments, and the results are
compared with those obtained by using the T-shaped sensor cluster. The results show that the fan-shaped
sensor cluster localization method can more accurately identify the damages at different positions. Both
simulation and experimental results indicate that the fan-shaped sensor cluster localization method can reduce

the blind area and improve the accuracy of damage location.
Keywords: damage localization, fan-shaped sensor clusters, T-shaped sensor cluster, beamforming
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