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Design of Ultrasonic Axial Vibration Drilling
Device for Micropores

ZHANG Jian,ZHANG Minliang, YUE Yaobo, WANG Hui
(School of Mechanical Engineering,Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract; Aiming at the defects existing in the traditional drilling machine in drilling micro holes, and based on the
principle of vibration drilling, a set of ultrasonic axial vibration drilling device was designed, which could be used for
vibration drilling of micro holes. The FEM software ANSYS was used in the simulation of the the horn’s dynamic
characteristics. The natural frequency and vibration mode of the horn were calculated and achieved the amplitude of the
free end of the horn in the resonance state, and the amplitude amplification ratio and the other parameters were
obtained. A high amplitude amplification horn was designed. The ultrasonic vibration drilling device could be directly
installed in the radial drilling machine spindle for the micro hole drilling process, and the high quality of the micro hole
was gotten. This design overcomes the shortcomings of traditional drilling.
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Figure 1  Diagram of ultrasonic vibration
drilling device
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Figure 2 Principle diagram of ultrasonic generator
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Figure 3  Traditional shape of horn
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Figure 4 Conical transitional stpe composite horn
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Table 1 Material properties and structural parameter
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Figure 5 Finite element model of

conical step composite horn
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Figure 6 Ninth order vibration mode
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Figure 7 Tenth order vibration mode
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Table 2 Axial displacement value

. fEAinga (s . - AE [haise)
W W
H/mm {H/mm B/ mm {H./mm
1 0.00 0.010 00 8 80.50 -0.009 45
2 11.10 0.006 32 9 102.15 -0.020 57
3 22.20 0.003 35 10 113.25 -0.022 74
4 33.30 0.002 62 11 124.35 -0.027 00
5 44.40 0.001 36 12 135.45 -0.038 85
6 60.50  -0.002 73 13 141.00 -0.04 230
7 70.50  -0.005 39
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Figure 8 Displacement distribution curve
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Figure 9  Several common piezoelectric transducers
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