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Abstract
During contact, deformation, and fracture of surface asperities between the friction surfaces

of materials, acoustic emission (AE) waves are generated as the strain energy is released. By

detecting the AE waves during friction using an AE sensor, the state of friction, wear, and

lubrication between the friction surfaces can be measured and evaluated with high sensitivity.

In this study, in order to establish the writing performance evaluation of ballpoint pens by AE

sensing, the measurement method was examined and the AE signal waveforms were analyzed.

As a result, it was found that AE sensing can detect phenomena that do not appear in the change

in frictional force during writing. In addition, from the results of frequency analysis of the

AE signal waveforms, it was found that there is a possibility that the difference in writing

performance depending on the ink type of the ballpoint pen can be evaluated and interpreted.
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Fig. 1 Experimental setup for evaluating writing per-
formance of a ballpoint pen by AE sensing.
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Fig. 2 Schematic diagram of the friction system in
a ballpoint pen and the AE sensor position.

Table 1 Summary of the AE measuring condition

AE sensor
(Frequency band)

Wideband-type
(0.5-4.0 MHz)

AE amplification factor 100 dB

HPF: 50 kHz

AE band-pass filter LPF: Through
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Fig. 3 Observations of a straight line drawn on the paper
using the ballpoint pen with different ink type.
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Fig. 4 Changes in the frictional resistance for different
ink type.
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Fig. 5 Changes in the AE signal amplitude for different
ink type.
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Fig. 6 Typical frequency spectra of the AE signal
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Fig. 7 Typical frequency spectra of the AE signal

waveforms for special oil-based ink.
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Fig. 8 Changes in the frequencies of the AE signal waveforms at various times during writing.
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Fig. 9 Relationship between the AE mean value and
the coefficient of friction.
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Fig. 10 Comparison of the AE mean value for different
ink type: (A) common oil-based ink; (B) special
oil-based ink; (C) water-based ink; and (D) gel
ink.
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