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Characteristics of Pulse Width Modulation(PWM) Excitation of
Ultrasonic Elliptical Vibration Cutting Device
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ABSTRACT

To obtain an elliptical trajectory at the cutting edge during elliptical vibration cutting, sinusoidal voltage

excitations of two piezoelectric actuators have commonly been used. In this study, PWM excitation, which is

relatively simple to generate, was employed and its characteristics were investigated. Inexperimental and analytical

analyses, we found that for PWM excitation, the integer-multiple frequencies of the excitation voltage distorted

the shape of the elliptical trajectory, whereas at a duty ratio(DR) of 50%, the distortion of the -elliptical

trajectory was minimized due to disappearance of the firstovertone. When the magnitude of the maximum

excitation voltage was maintained at the same level for both PWM and sinusoidal excitation, PWM (DR=50%)

excitation produced a greater vibration amplitude than sinusoidal excitation but resulted in more rapid saturation

of a high-frequency power amplifier. .
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Fig. 1 Comparison of conventional cutting

andelliptical  vibration cutting in
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Fig. 3 Generation of elliptical trajectory at the
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(a) Duty ratio 25 %
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Fig. 6 Trajectory of cutting edge
with PWM excitation

(f 18kHz, Vi = 3.5V, V, = 4V)
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Table 1 Vibration amplitude variation with respect to
change of duty ratio for excitation frequency

of 18kHz
Duty Amplitude (um)
ratio(%) | Cutting direction | Thrust direction
25 0.66 0.45
50 0.91 0.52
75 0.63 0.43

(a) Duty ratio = 10%
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Fig. 7

.

(c) Duty ratio =50%

80%

(d) Duty ratio =

Variation of trajectory of cutting edge
according to duty ratio variation (£
23kHz, Vi = 4.0V, V, = 2.7V). All scales
are in zm. The Horizontal axis in figure
represents the displacement in the cutting
direction and the vertical axis represents
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8 Amplitude variation with respect to the duty

ratio for excitation frequency of 23kHz
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Table 2 Comparison between sinusoidal excitation
and PWM excitation(frequency: 23kHz, DR: 50%)

Sinusoidal PWM
excitation excitation
Overload Vi V> Vi V)
voltage(V) 9 6.5 4.7 4
Amplitude | Cutting | Thrust | Cutting | Thrust
(1) 2.40 0.98 1.85 0.68
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