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Compressive Prestress Indentation Experiments of Engineering Ceramic Under

Ultrasonic Virbration
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Abstract: To explore the machining damage mechanisms of engineering ceramics under the effect of the external loads.
Ultrasonic assisted indentation experiments of engineering ceramics under compressive pre-stress which performed with the
materials of ZrO2, 95% Al203 and SiC ceramics were proposed. Experimental results show that the machining damages
of three materials present different forms during the indentation process without compressive pre-stress, respectively,
such as radial crack, edge fracture and micro cracks. However, in the indentation process under compressive prestress, the
machining damages are restrained when the sample manufactured with the same condition. Meanwhile, the normal forces
increase and the indentation depths decrease. Moreover, in the ultrasonic assisted indentation process under compressive
prestress, the normal forces decrease effectively and the indentation depths increase due to the effect of ultrasonic vibration.
Hence, this machining method can make the engineering ceramic manufacture with high efficiency and a few machining
damages retained.
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Table 1 Physic properties of 3 types of engineering ceramics

Physical properties ZrO2  95%AL0;  SiC
Density/(g-cm ) 6.05 3.7 2.3
Hardness/HRA 88.5 =86 =90
Elastic Modulus/GPa 210 300 420
Poisson's ratio 0.3 0.2 0.14
Compressive strength/MPa 2000 2500 2000
Bending strength/MPa 950 =300  500-800
Fracture toughness/(MPa-m'?) 10 3.5 3.5
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Fig.1 Microstructures of 3 types of engineering ceramics
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Table 2 Parameters of indentation experiments for engineering

ceramics under pre-stress

Parameters Values
Load time/s 20
Depth/um 20,25,30,35
Normal load/N 40,60,80,100,120

Pre-stress/MPa 0,100,200,400
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Table 3 Parameters of ultrasonic assisted indentation experiments

for engineering ceramics under pre-stress

Parameters Values
Load time/s 20
Depth/um 2-20

Pre-stress/MPa 0,100,200,400

Ultrasonic vibration parameters A=3 pm,f=20 kHz
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1 —Transducer, 2—Horn, 3—Dial indicator, 4—Ceramic test piece,
5—Kistler dynamometer, 6—Guide, 7—Ultrasonic generator, 8—XYZ
fine tuning platform, 9—Vickers diamond indenter, 10—V-clamp, 11—
Prestressed fixture, 12—Computer, 13—Workbench
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