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Development of the accurate defect detection system using an antiphase pulse in
mechanical analogue domain
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It is difficult to detect the near surface defect with ultrasonic pulses
because the reflected pulse from the surface is superimposed on the reflected pulse from the defect.
The reflected pulse from the surface obscures the pulse from the defect. In this study, we
decreased the reflected pulse from the surface using its antiphase pulse which was a reflected pulse
from the boundary between the delay line and the air. The reflected pulse from the surface was
reduced by less than a half by the proposed method in a basic experiment. Using the proposed method,
the detection sensitivity of the near surface defect was improved. The numerical simulation showed
that this improvement of the detection sensitivity came from relative increase of the reflected
pulse from the defect to the reflected pulse from the surface.
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1 Proposed sensitivity improvement using the antiphase pulse provided from the delay line.
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1 Material properties of the mediums.

Density p (kg/md) Sound velocity € (m/s)
Methacrylate 1190 2730
Aluminum alloy 2690 6420
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2 Schematic view of the two experiments.
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3 Testing equipment with atest object. 4 Incident pulse for the experiments and the
numerical simulation.
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5  Schematic view of the simulation.
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6 Reflected pulses from the healthy surface.
7 7(a) (b)
p=1
p=0.6
7(a)
7(b) p=06 p=1
3.7us
10 pm 50 um
8 p=1
p=0.6 8(a)
7(a)
8(b) 3.7us 7(b)
37 39us
9 w (t)

u, (t)



u, (t) U (1) us(t) U(t)  us(t) u, (t)
u, (t) U4 (t)
u, () u, (t)

p=1

— Healthy
- Defective
p=0.6

— Healthy
.... Defective

(b) " Time (us)
7 Comparison of the proposed method and the conventional method: (a) waveform, (b) instantaneous
frequency.
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8 Simulation result of the proposed method and 9 Simulated u,(t) in the case of
ponventional method: (@) waveform, (b) an application of the proposed
instantaneous freguency. method to the block with asmall

defect.
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