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Surface and Subsurface Damage Measurements in Zerodur Glass-Ceramic
Grinding Process and their Correlation with Surface Roughness

Amir Esmaeilzare’, Hamed Gholipour, Hamed Adibi, Seyed Mehdi Rezaei

Department of Mechanical Engineering, Amirkabir University of Technology, Tehran, Iran
*P.0.B. 141671167 Tehran, Iran, a.esmaeilzare@gmail.com

ABSTRACT

In this work, surface and subsurface damages due to grinding process using diamond cup grinding wheel with metal band on Zerodur glass-
ceramic have been studied. The surface roughness resulted from the grinding process affected by three parameters including: feed rate,
depth of cut and cutting speed is investigated. In order to study the material removal mechanism and measuring the depth of subsurface
damages, the method of angular polishing is used. In order for polishing, cerium oxide abrasive particles were used due to their chemo-
mechanical behavior, they make no surface and subsurface damages. Scanning electron microscopy images of the samples’ surface are used
to measure the depth and distribution of cracks lengths in various depths from the sample’s surface. Fast, accurate and nondestructive
measurement of subsurface damages depth is one of the important objectives of this research. For this purpose, the relationship between the
surface roughness and depth of subsurface damages has been used. The reason for importance of accurate measurement of the depth of the
subsurface damages is the reduction in time and cost of the secondary processes (i.e. polishing) to remove the damaged layers. The
Lambropoulos model is applied to predict the depth of the subsurface damages in the grinding process of Zerodur glass-ceramic in which the
amount of surface roughness resulted from depth of lateral cracks and the depth of subsurface damage have been assumed to be equal to the
depth of medial crack. This model is developed based on machining parameters, the parameters of the grinding wheel and mechanical
properties of the ground surface. It have been shown that there is a direct nonlinear relation ( ) between the surface roughness and depth of
subsurface damages. The experimental results revealed that the surface roughness and then depth of subsurface damages increases by an
increase in feed rate and depth of cut but decreases by increasing the cutting speed. Generally, feed rate, depth of cut and cutting speed had
the most influential effect on the surface roughness, respectively. By comparing the developed statistical model and the experimental results,
the developed model has an acceptable accuracy in predicting the depth of subsurface damages.

Keywords: Brittle Grinding, Diamond Cup Wheel Grinding, Subsurface Damage, Surface Roughness, Zerodur Glass-Ceramic.
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