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Experimental Study on Ultrasonic Assisted Scratching Process of
Engineering Ceramic under Compressive Prestress

ZHANG Gao-feng®, WANG Zhi-gang®, ZENG Yi-jiang”

(a.Engineering Training Center, b.School of Mechanical Engineering, Xiangtan University, Xiangtan 411105, China)

ABSTRACT: The work aims to explore the surface damage characteristics of the workpiece in the compressive prestress ma-
chining process of engineering ceramics in combination with ultrasonic vibration machining method. An engineering model of
ultrasonic vibration assisted machining process of engineering ceramics under compressive prestress was established. Based on
the discrete element simulation results and experimental results of Al,O; ceramic scratch process, the machined surface was ob-
served by scanning electron microscope, and the scratch force was measured by three-dimensional dynamic piezoelectric dyna-
mometer. The fracture of groove profile showed a periodic trend during the ultrasonic vibration under compressive prestress and
the materials pilling up on the edge of the scratching-groove were constrained. When the prestress was 200 MPa and scratching
depth was 10 pm, the actual scratching depth and groove width of normal scratching process were 7.58 um and 107.5 pm, re-
spectively, while those of ultrasonic assisted scratching process were 8.55 um and 143.5 um. With the simulation results, the ul-

trasonic assisted scratching process could decrease the number of radial cracks, but increase the depth. What’s more, the tangen-
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tial forces of the both scratching processes showed obvious discrepancy. The ultrasonic assisted scratching process had the lower

tangential force which fluctuated more steadily. Ultrasonic vibration assisted machining process can reduce the cutting force in

the prestress machining process of engineering ceramics and improve the machining efficiency of materials.
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Fig.1 Tool trajectory of the ultrasonic assisted scratching
process under prestress: a) translation of the tool relative
to the workpiece, b) tip amplitude is less than depth of cut,
c) tip amplitude is greater than depth of cut
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Tab.1 Physical property parameters of Al,O; ceramic

Parameter Value
Density/(g-cm™) 3.7
Hardness(HRA) =86

Elastic modulus/GPa 300

Poisson's ratio 0.2
Compressive strength/MPa 2500
Bending strength/MPa =300

Fracture toughness/(MPam”z) 3.5
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Tab.2 Parameters of scratching experiment

Experiment parameter Parameter value
Scratching speed/(mm-s™") 2

Scratching depth/pum 2,5,10,15

Prestress values/MPa 0, 100, 200, 400

Ultrasonic vibration parameters A=3 um, /=20 kHz
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Fig.3 Experiment apparatus of ultrasonic vibration
assisted scratching process under prestress
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Fig.5 SEM images of scratching grooves under prestress (200 MPa): (a)normal scratching; (b) ultrasonic assisted scratching
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Fig.6 Simulation results of A1,O; ceramic with PFC*® (200 MPa): (a) normal scratching; (b) ultrasonic assisted scratching
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Fig.7 Cross-section profiles of scratching grooves (200 MPa): (a) normal scratching; (b) ultrasonic assisted scratching
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Fig.8 Transient tangential force of Al,0O; ceramic
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Fig.9 Average tangential force of Al,O3 ceramic: (a) normal scratching; (b) ultrasonic assisted scratching
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