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ABSTRACT: The work aims to reveal the brittle-ductile transition characteristics of rotating ultrasonic vibration on hard-brittle
materials and the influence of processing parameter on the critical cutting depth of zirconia ceramics. Based on the fracture

experiment, the critical condition of brittle-ductile transition of hard-brittle materials processing by rotary ultrasonic vibration
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was analyzed theoretically, and the comparison testing between rotary ultrasonic vibration scratch and normal scratch was

carried out. Under the same test conditions, compared with the critical cutting depth of brittle-ductile transition on normal

scratch, ultrasonic vibration scratch has a higher value. The critical cutting depth of brittle-ductile transition can be effectively

increased by increasing the ultrasonic energy, and the critical cutting depth of brittle-ductile transition in longitudinal-torsional

resonance is higher than that in longitudinal vibration. However, the critical cutting depth of brittle-ductile transition in

longitudinal vibration is greater than that in Longitudinal-torsional resonance, when the feed speed is increasing. By comparing

different scratch conditions, the ultrasonic vibration can effectively improve the critical cutting depth of brittle-ductile transition,

increase the machining range of ductile domain, and improve the surface quality of Zirconia Ceramics.

KEY WORDS: zirconia ceramics; rotary ultrasonic machining (RUM); brittle-ductile transition; critical depth of cut; ductile
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Tab.1 Experimental conditions

Category

Content

Experiment material

Experiment machine

Ultrasonic generator

Specimen dimensions of ZrO,: 100 mmx100 mmx5 mm

B-600A-BCNC engaving and milling machine of Taikan:
Spindle speed 0~40 000 r/min, feed speed 0~10 000 mm/min, positional accuracy £0.008 mm

Universal series of YC-UTG, YC in Dongguan: Maximum power 100 W, frequency range 15~33 kHz,
automatic frequency sweep and frequency tracking

Series of YC-HSK32E (working frequency 22~30 kHz): YC-HSK32E-L (Longitudinal), ultrasonic

Ultrasonic tool

amplitude 1~10 pm, YC-HSK32E-LT (longitudinal-torsional, with chute structure of ultrasonic

transducer), ultrasonic amplitude 1~10 pum, ratio of longitudinal-torsional conversion about 1/3

Cutting tool

Detection system

HV-5 vikers diamond indenter, with apex angle136°

(1) OLS4000LSCM (OLYMPUS, Japan):
Double confocal optical system, 1~8x optical zoom and digital zoom, mobile resolution reached 10 nm,

(2) Kistler 9257B three-way dynamometer

Scratch way

Plane linear cutting, cooling with emusion

x2 IZRESHE

Tab.2 Table of process experimental parameters

No Ultrasonic energy Feed speed Spindle speed
) P/% V,/(mm-min~") n/(r-min~")
1 30,40, 50, 60, 70 30
18 000
2 50 10, 20, 30, 40, 50
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Fig.3 Effect of ultrasonic energy on critical cutting depth of brittle-ductile transition
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Fig.5 Contrast of critical zones of cutting depth for brittle-ductile transition and surface morphology of ZrO,
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Fig.6 Contrast of critical zones of cutting depth for brittle-ductile transition and surface morphology of ZrO,
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