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Diamond micro-cutting of the difficult-to-cut materials using Electrolysis
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ABSTRACT

This paper presents a new cutting method, i.e. diamond cutting, aided by electrolysis, in order to cut ferrous
materials with diamond tools. Diamond cutting is widely applied in manufacturing ultraprecision parts such as
magnetic disk, polygon mirror, spherical/non-spherical mirror and copier drum, etc. because of the diamond tool edge
sharpness.

In general, however, diamond cutting cannot be applied to cutting steels, because diamond tools wear excessively
in cutting iron based materials like steel due to their high chemical interaction with iron in high temperature. In order
to suppress the diffusion of carbon from the diamond tool and to reduce increase of cutting force due to size effect,
we attempt to change chemically the compositions of iron based materials using electrolysis in a limited part which
will be soon cut.

Through experiments under several micro-machining and electrolysis conditions, cutting using electrolysis,
compared to conventional cutting, was found to result in a great decrease of the cutting force, a better surface
and much less wear tool,
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a) selective removal of non-conducting layer

¢) cutting weakened part by electrolysis

d) making oxidated area deeper

Fig. 1 Principle of diamond cutting of steel using electrolysis
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Fig. 2 Photograph of electrolysis aided diamond
cutting



Table 1 Condition for electrolysis aided
diamond cutting

Tool Artificial Diamond

Workpiece $45C

Depth of Cut| 1, 2, 4, 6, 8, 10 [tm)

Cutting Condition

Feedrate 1, 3, 5, 10 {mm/sec]

Gap 05, 1, 1,5 [un]

0.1, 0.25, 0.5, 0.8, 1

Electrolysis Time [sec]
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Fig. 3 Comparison of cutting forces versus gap
distance
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Fig. 4 Cutting forces versus electrolysis time
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Fig.5 Comparison of cutting forces between with
and without electrolysis versus depth of cut
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Fig. 6 Comparison of cutting forces between with
and without electrolysis versus feedrate
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(b) With electrolysis

Fig.7 Comparison of machined surface and tool edge
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