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Development of Ultrasonic Grinding Wheel for Hybrid Grinding System
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Ultrasonic grinding system is that the ultrasonic vibration by ultrasonic actuator is applied on
conventional grinding system during grinding process. The Ultrasonic vibration with a frequency
of over 20kHz can reduce grinding forces and increase surface quality, material removal rate
(MRR) and grinding wheel life. In addition, ultrasonic vibration assisted grinding can be used for
the materials that are difficult to cut. In this paper, methodology for ultrasonic tools is studied
based on finite element method, and in turn the ultrasonic tools are designed and fabricated. It is
found that the ultrasonic tool can vibrate with a frequency of 20kHz and amplitude of 25um. In
order to verify the machining performance, the grinding experiment is performed on titanium alloy.
By applying ultrasonic vibration, the grinding force and temperature are reduced and MRR is
increased compared with the conventional grinding.
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Fig. 1 Schematic of diagram ultrasonic tool assembly
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Fig. 2 Schematic of diagram ultrasonic horn and
amplitude
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Table 1 Mechanical properties of horn material

Material Steel(S45C)
Density (g/cm’) 7.85
Elastic Module (Gpa) 205
Poisson’s ratio 0.29

Table 2 Ultrasonic horn design and performance

evaluation

Diameter D10

D20 30

Horn length | 130.8mm

130.5mm 128.2mm

Frequency 20.1kHz

20.2kHz 20.2kHz

Amplitude 20pum

13um Spum

FEM
Simulation

/

Prototype
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Table 3 Mechanical properties of actuator material

Material Titanium(Ti6Al4V)
Density (g/cm’) 4.43
Young’s modulus (GPa) 113.85
Poisson’s ratio 0.31

Table 4 Ultrasonic actuator design and performance

evaluation
Diameter 10 Horn length | 130.8mm
Frequency 20.1kHz | Amplitude 25um
FEM Simulation Prototype
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Table 5 Mechanical properties of large diameter horn

material
Material Aluminum
Density (g/cm®) 2.7
Young’s modulus (GPa) 71
Poisson’s ratio 0.33
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Table 6 Large size ultrasonic horn design and

performance evaluation

Diameter D200 Horn length 120mm
. 0.5um
Frequency | 20.866kHz | Amplitude (Side point)
Prototype

FEM Simulation

(5um = opm = 1ym — Oym — 05ym ]

Amplitude (un)

2 0 4 0 0 M 0 010

] Measurement point (mum)

Fig. 3 Measurement point of large daimeter horn and

amplitude at measurement points
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