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In recent years, in the manufacturing industry, factors such as quick delivery and increased price competitiveness
have become critical owing to high-mix low-volume production. Therefore, attempts to improve machining efficiency
for cost reduction are being prioritized.

Electrolytic in-process dressing (ELID) grinding is a highly efficient machining method. In ELID grinding, dressing
is performed automatically by setting the ELID grinding wheel as the positive electrode, maintaining the negative
electrode in the vicinity, and supplying voltage between the grinding wheel and negative electrode to selectively remove
only the metal bonds of the grinding wheel in use. In this process, as grinding can be performed stably without clogging,
this method is applied widely to various grinding processes, ranging from high-performance roughing to mirror surface
finishing. Therefore, as electrolytic dressing of the grinding wheel is performed via the grinding fluid, we have focused
herein on the grinding fluid and studied the processing technology using fine bubbles (FBs) for high-performance
grinding.

An FB is an air bubble with a diameter of less than 100 um. It has been demonstrated that, for FBs, a decrease in
the rising speed in the fluid follows a decrease in the air bubble diameter, and an increase in the pressure inside the air
bubble occurs with decreasing air bubble diameter. These effects enable easier dissolving of the air inside the bubble.
Therefore, the fluid characteristics can be controlled by using various gases and by changing the grinding atmosphere. In
addition, an FB has a negative zeta potential; thus, it is attracted to the grinding wheel, which is the positive electrode,
during ELID grinding. Furthermore, the zeta potential of an FB is influenced by the pH value; thus, the higher is the pH
value, the higher is the zeta potential. Consequently, in a grinding fluid with low alkalinity used for ELID grinding, the
zeta potential is expected to have a large negative value. The use of grinding fluid containing FBs for ELID grinding is
believed to result in concentration of gases on the grinding wheel surface, thereby providing functionality to the grinding
wheel surface and enabling high-performance grinding.

Based on this background, the objectives of this study are to: (1) investigate the effect of grinding fluid containing
FBs (FB coolant) on the grinding process; (2) clarify the effect of applying FB coolant to ELID grinding; and (3) propose
a novel processing method combining a conductive rubber-bonded grinding wheel and ELID grinding using FB coolant
for the finishing process from an engineering perspective.

This thesis is organized as follows:

Chapter 1 presents an introduction including the background and objectives of this study.

Chapter 2 describes the basic properties of the FB during the grinding process. The FB condition, which contributes
to the suppression of clogging, was clarified through grinding tests using FB coolant with an adjusted air intake volume.
In addition, it was clarified that the use of FBs during grinding is expected to reduce the wear and clogging of the grinding
wheel surface owing to the reduction in grinding force. Furthermore, it was possible to adjust the grinding fluid
characteristics by using the FBs of various gases, and the wear of the grinding wheel was reduced using AirFB, CO,FB,
and NoFB relative to normal grinding.

Chapter 3 describes FB-ELID grinding, which is a technique involving combination of FB coolant and ELID
grinding. The behavior of FB during ELID grinding was examined, and the attraction of FB to the anode during ELID
was verified. In addition, through grinding tests involving FB coolant and ELID grinding, it was clarified that FB-ELID



grinding can suppress the clogging of the grinding wheel surface. Moreover, as a way to improve the function of FB-
ELID grinding, CO,FB-ELID processing, which combines CO,FB coolant and ELID grinding, was proposed. The results
of the friction test demonstrate that the friction coefficient can be reduced through the effect of FBs, and the ability to
remove the workpiece can be improved by the effect of CO,FB. Furthermore, through the grinding experiment, it was
clarified that stable machining can be performed, and that a significant amount of the workpiece can be removed by
suppressing the wear of the grinding wheel.

Chapter 4 describes the finishing technology combined with a conductive rubber-bonded grinding wheel and FB-
ELID grinding. A novel grinding system using O>FB coolant was proposed to realize high-performance ELID grinding
using a conductive rubber-bonded grinding wheel. It was found that the O,FB coolant increased the amount of dissolved
oxygen in the grinding fluid significantly. In addition, the O,FB in the fluid was drawn to the conductive rubber-bonded
grinding wheel, which is the positive pole, during the ELID. These effects are considered to enhance the dressing
performance of conductive rubber-bonded grinding wheels. In the grinding of pure titanium using the proposed grinding
system, mirror surface finishing was achieved while increasing the amount of workpiece removed, as compared to the
cases when ELID was not employed and when ELID grinding was performed using a normal coolant. The effects of
ELID grinding on surface modification were also observed, leading to confirmation that the proposed grinding system
involves formation of a thick oxidized film on pure titanium. Moreover, the mechanism of the singular phenomenon in
CO,FB-ELID grinding using a conductive rubber-bonded grinding wheel with lubricity was investigated. Through the
grinding tests employing a grinding wheel with different rubber materials and adjusted acrylonitrile (AN) content, the
amount of removed workpiece was increased in the case of a butyl rubber-bonded grinding wheel under ELID grinding.
In contrast, when a nitrile butadiene rubber (NBR) grinding wheel with adjusted AN content was used, a large amount of
AN resulted in a larger amount of workpiece removed under ELID grinding. Consequently, it was clarified that the
expression of functionality in ELID grinding using a conductive rubber-bonded grinding wheel with lubricity results from
gas permeability.

Finally, Chapter 5 presents the conclusions and summarizes the results obtained in this study.
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