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Analysis of Chattering Dynamics and
Surface Modifications in Hybrid
Electrochemical Brushing of 304

Stainless Steel
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Abstract

Electrochemical machining utilizing electrical and chemical energy to
process surfaces without generating heat or contact stress has been widely
used in practical applications involving difficult-to-cut materials and high
surface precision. However, the anodic dissolution in electrochemical
machining is often problematic due to its low current efficiency, leading to
the formation of oxidation and passivation reactions on the processed
surface. Moreover, the produced oxide and passive film deteriorate the
electrical conductivity and hinder the current drawn and hence interrupt the
anodic dissolution process. In this work, a novel hybrid electrochemical
brushing process was designed and presented for sustaining the anodic
solution process in a steady way. Through finite element methods, the
modal analysis has been carried out as well as the modal parameters were
calculated based on the vibration frequency and response results of the
hybrid electro-chemical brushing process. In the design of experiments, the
theoretically derived stability lobe diagram provided a basis for
determinations of preferable parametric intervals on the material removal
rate and the confirmation of the steady state from chattering. In the
validation experiment, the hybrid electrochemical brushing was carried out
with the open voltage of 15-25 V, coupling with spindle speeds of 800—
1600 rpm and feed rates of 0.014—0.35 mm/rev, on the target workpiece of
304 stainless steel. The objectives were the material removal rate, drawn

current, statistical surface roughness (S,, Rii, Rs), brushed surface



topography, residual stress, nano-indentation of surface hardness, and
physical effects associated with the parameters. Lastly, statistical analysis
methods were employed to analyze the parameter effects, interactions,
statistical significance, and parametric contributions in the hybrid process.
Analysis of residual stress, surface roughness and alternation of nano-
hardness on the machined surface in electrochemical brushing process,
were reported and discussed in detail.
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