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Development of Acoustic Resonance Evaluation System to Detect the Welding Defects

Woo Jung Yeom', Jin Young Kim’, Yeon Chan Hong', and Joonhee Kang™"

Abstract

We have developed an acoustic resonance inspection system to inspect the welding defects in the mechanical parts fabricated
using friction stir welding method. The inspection system was consisted of a DAQ board, a microphone sensor, an impact ham-
mer, and controlled by a PC software. The system was developed to collect and analyze the sound signal generated by hitting

the sample with an impact hammer to determine whether it is defective. In this study, 100% welded good samples were com-
pared with 95%, 90%, and 85% welded samples, respectively. The variation of the completeness in welding did not affect the
visual appearance in the samples. As a result of analyzing the natural frequencies of the good samples, the five natural fre-
quency peaks were identified. In the case of the defective samples, the frequency change was observed. The welding failure

detection time was fast enough to be only 0.7 seconds. Employing our welding defect inspection system to the actual industrial

field will maximize the efficiency of quality inspection and thus improve the productivity.

Keywords: Acoustic Resonance, microphone sensor, Natural frequency, Nondestructive test
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Analog
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Fig. 2.

Fig. 3. ADC circuit diagram of the DAQ. (a) Analog Input circuit.
(b) ADC circuit.
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- Ethernet:

. Photograph of the DAQ PCB board. The board in compact
design had the size of 110 mm X 110 mm.

Fig. 5. Snapshot of the main screen of the software. The software
was designed to be user friendly for the production line workers.
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Fig. 6. Block diagram of the FFT converting algorithm of the soft-
ware.
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Fig. 7. The image of the test sample. The smooth welding line is
shown. There was no visual appearance difference between
the good welded and the ill welded parts.

Fig. 8. Photograph of the setup to test the welding quality of the
welded part. A manually operated hammer was used with a
microphone located near the test sample.
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Fig. 9. The frequency spectrum of the test result for the sample with
100% welding.
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Table 1. Peak positions of the 7 frequency orders for the samples
with various welding qualities. The f;, f, f;, f; are the res-
onance frequencies of the 100%, 95%, 90%, 85% welding
samples, respectively.

- may orders fo fi fo-fi f, fo-f> f; fo-f3
T snan Hz) Hz) Hz) Hz) Hz) Hz) (Ho
™ Frequancyt) 1 14,653 14,648 5 14,646 35 14,548 105
Fig. 10. The frequency spectrum of the test results for the sample 2 15,295 15,329 -34 15317 78 15367 -72
with 100%, 95%, 90%, and 85% welding in the frequency 3 18,796 18,885 -89 18,876 -18 18,850  -54
range of 13.6 kHz — 15.7 kHz. Note the frequency shifts 4 19,415 19257 157 19,562 -147 19,668 -254
near 14 kHz and 15 kHz for the ill welded samples. 5 19862 19564 298 19562 300 19.668 194
6 20,543 20315 228 20,631 -88 20464 79
19,257Hz (95%) 19,562Hz (90%) 19,670Hz (85%)
7 21,043 21282 -239 21,107 -64 20,765 278

\ \ |
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Frequency(Hz)

Fig. 11. The frequency spectrum of the test results for the sample
with 100%, 95%, 90%, and 85% welding in the frequency
range of 17.5 kHz — 20 kHz. Note the frequency shifts near
18.8 kHz, 19.4 kHz for the ill welded samples.
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Fig. 12. The frequency spectrum of the test results for the sample
with 100%, 95%, 90%, and 85% welding in the frequency
range of 19.7 kHz — 22.4 kHz. Note the frequency shifts
near 21 kHz for the ill welded samples.
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