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Experimental Study on Electrical Performance of Ultrasound Vibrator Based on Load Change
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[ABSTRACT] Aiming at the phenomenon of amplitude attenuation and amplitude instability in ultrasonic machining,
studying the influence rule of the axial and radial processing load force on the electrical characteristics of the ultrasonic
vibrator was analyzed, and studying the mechanism of the influence of the change of the electrical parameters of the ultrasonic
vibrator on the ultrasonic amplitude, through the static loading experiment of the ultrasonic vibrator. The results showed that,
the electric parameters of the ultrasonic vibrator have similar changing trend under the radial load force and the axial load
force. The dynamic resistance increases unidirectionally with the increase of load force. Dynamic inductance and dynamic
capacitance have opposite changing trend, and they cause the resonant frequency increases with the increase of load force
together. The static capacitance fluctuates within a certain range. The low-frequency resonance point of the ultrasonic vibrator
will disappear, when the cutting force of the ultrasonic vibrator increases to a certain value. According to the theoretical
analysis and experimental results, the measures to improve amplitude attenuation and amplitude instability are proposed.
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Fig.1 Equivalent circuit of ultrasonic vibrator under loading
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Fig.2 Connection diagram for impedance analyser
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Table 1 Electrical parameters under axial loads

SN R F/Hz SR F/Hz | #aSHEA C/F | FilSAs Co/nF | S R/Q | S HUE L,/mH

0 29107.30 29593.25 10.3913 0.26455 22.14 113.47

5 29215.20 29735.78 12.0981 0.28706 19.00 103.89
10 29238.73 29754.57 11.4913 0.27656 21.79 107.28
15 29313.00 29850.38 11.9867 0.27829 24.70 106.48
20 29347.17 29884.67 11.5935 0.27653 26.17 109.02
25 29353.82 29886.83 12.0420 0.27729 31.63 106.76
30 29435.20 30042.98 11.8715 0.26727 42.81 106.05
35 29495.07 30094.97 11.6388 0.26165 57.37 114.17
40 29486.02 30247.20 12.1955 0.27812 62.11 105.43
45 29518.57 30015.82 11.6178 0.24486 69.17 115.09
50 29537.75 30385.88 11.9969 0.28115 69.58 103.70
55 29543.53 30032.23 11.3965 0.25089 68.47 112.95
60 29609.78 30178.08 11.1968 0.26863 73.51 108.28
65 29626.27 30451.45 12.2713 0.27394 69.52 112.28
70 29632.78 30391.85 11.9734 0.30075 76.02 106.50
75 29642.68 30247.13 11.5093 0.22975 73.52 128.86
80 29754.52 30332.45 11.1723 0.23652 80.38 128.36
85 29751.25 30371.10 11.1461 0.22772 103.18 121.47
90 29836.65 30757.80 12.0640 0.28086 109.04 103.71
95 29860.85 30827.90 11.4443 0.24324 115.12 111.25
100 29873.47 31278.88 12.3320 0.25675 111.45 115.66
105 29861.42 31091.12 12.3017 0.22466 112.53 130.96
110 29895.32 30913.33 12.0688 0.29302 119.31 109.50
115 29894.83 31057.78 12.3374 0.24640 116.64 116.58
120 29912.93 31013.33 12.2523 0.26208 126.09 107.87
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Fig.4 Variation curves of electrical parameters of ultrasonic vibrator under different axial loads
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Table 2 Electrical parameters under radial loads

TSI /N | IEIRIE F/Hz SRR F/Hz | ESHAS C/nF | ZISHAE C/nF | SISHFL R,/ Q B L, /mH

0 29112.90 29608.70 8.5704 0.24829 24.16 120.38
2.5 29139.30 29644.87 10.4025 0.27836 17.87 107.26
5 29157.33 29691.33 10.1384 0.27776 20.30 107.47
7.5 29155.37 29658.70 10.3041 0.27743 19.54 107.52
10 29155.83 29665.37 10.1071 0.26597 17.02 112.29
12.5 29187.93 29761.97 11.6016 0.28370 25.56 106.05
15 29205.07 29757.53 9.0064 0.26132 24.87 113.67
17.5 29213.60 29814.00 9.3064 0.27364 29.61 108.73
20 29248.77 29833.90 10.1799 0.28142 34.03 105.28
22.5 29259.83 29858.60 9.7612 0.29057 39.60 102.04
25 29267.50 29848.00 9.9006 0.27748 38.57 106.60
27.5 29276.73 30062.40 11.9536 0.28436 41.51 106.68
30 29303.37 30030.13 11.8592 0.26446 40.03 111.59
325 29322.93 29897.07 10.0010 0.24926 37.07 119.09
35 29322.97 30128.67 10.0178 0.26037 46.32 113.28
375 29327.97 30091.10 11.5151 0.27798 45.96 105.95
40 29365.40 29948.50 9.9783 0.24779 55.29 118.90
42.5 29366.83 31041.10 12.1997 0.29560 54.00 99.59
45 29363.33 30388.90 10.2744 0.22328 62.07 118.47
47.5 29387.67 30912.33 11.8083 0.28249 62.45 104.26
50 29402.37 31123.33 11.7497 0.30378 71.34 96.77
52.5 29410.90 30565.00 10.0607 0.24255 90.35 132.74
55 29411.00 30675.00 10.0209 0.26831 101.79 132.13
57.5 29439.00 31050.00 12.2441 0.37100 105.43 78.84
60 29415.00 30775.00 11.4605 0.25524 108.88 136.27
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Fig.6 Variation curves of electrical parameters of ultrasonic vibrator under different radial loads
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Fig.7 Equivalent characteristic curve of ultrasonic vibrator
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