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Electrochemical machining (ECM) has advantages such as no residual stress, good surface quality
and no tool wear because of the non-contact machining method using electrolytic reaction.
Therefore, it is promising for generating shapes of difficult-to-cut metals. However, in some
difficult-to-cut metals such as titanium alloys and tungsten carbide, an oxide film is formed on the
surface of the workpiece, which hinders further dissolution of the material. Surface passivation due
to the oxide film occurs in the low current density region, but especially when the tool moves
parallel to the workpiece with ECM, the film is coated by the stray current before the current
density becomes sufficient for material elution.

Therefore, the purpose of this study is to investigate the cause of non-uniform machining of
titanium alloys and to realize uniform machining in scanning ECM even for the materials such as
titanium alloys that are prone to form a passive film.

This paper is composed of 7 chapters, and the outline of each chapter is as follows.

Chapter 1 "Introduction" outlines ECM and summarizes related research reported to date.

Chapter 2 "Scanning ECM Characteristics of Various Materials with Electrolyte Suction Tools"
summarizes the electrolyte suction tool and the scanning ECM systems of this study, and the
scanning ECM characteristics. The electrolyte suction tool is excellent in that the electrolyte is not
scattered or exposed, and it is expected to improve the machining accuracy because it physically
limits the area where the current flows. Scanning ECM of titanium alloy with an electrolyte suction
tool has the problem of sparse surface and non-uniform machining.

Chapter 3 " Material dissolution model of titanium alloy in scanning ECM" showed the current
density distribution and a model of non-uniform machining phenomenon in scanning ECM of
titanium alloy.

Chapter 4 shows that it was clarified that the cause of non-uniform machining is that the
workpiece is exposed to low current density before and after machining, which forms a film and
hinders material elution.

Chapter 5 shows the effects of passivation films produced by anodization were investigated. It is
important to shorten the film formation time for uniform scanning electrolysis of titanium alloy.

In Chapter 6, based on the results so far, A tool design method to realize scanning ECM was
presented. In addition, a new tool was actually made and scanning ECM of titanium alloy was
realized.

Chapter 7 summarizes the findings obtained through this study.




