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ABSTRACT

Micromachining is a foundational technology for creating miniature components measuring
less than 500 um. In today's manufacturing landscape, micromachining holds increasing
significance due to the ongoing trend of miniaturizing industrial products. Tool-based
micromachining methods, including p-turning, p-grinding, p-EDM, and p-ECM, offer a range
of advantages encompassing productivity, efficiency, adaptability, and cost-effectiveness.
Meeting the current industrial demand for high dimensional accuracy and superior surface
quality is of utmost importance. Within this domain, pu-EDM emerges as an important method
for the economical production of intricate microfeatures characterized by exceptional
precision.

The development of a dry nEDM system has significantly improved the environmental
sustainability of the machining process. A customized pulse generator, fine-tuned for uLEDM,
ensures precise control of electrical parameters. The indigenously developed electrically
isolated EDM spindle, with a runout error of less than 10 um, enables accurate microelectrode
fabrication. This setup supports dry W.EDM drilling, milling, and turning operations, and an
integrated camera enhances the in-situ measurement capabilities. Brass microelectrodes having
aspect ratios of more than 40 have been fabricated. The minimum diameter of the fabricated
microelectrode was ~85um.

However, the issue of high tool wear rates necessitates the on-machine fabrication of high
aspect-ratio microelectrodes. These microelectrodes play a crucial role in creating micro holes
and channels during LEDM drilling and milling operations. The central challenge in uEDM
lies in fabricating high aspect-ratio microelectrodes that combine high dimensional accuracy.
This study explores the realm of microelectrode fabrication through dry uPEDM, deploying five
distinct machining strategies. These strategies significantly reduce the taper issue, including
stationary block electric discharge turning (SB-EDT), moving block electric discharge turning
(MB-EDT), and their combinations. MB-EDTj creates microelectrodes with nearly zero taper
and a remarkable surface finish of 2.04 um. Additionally, the research highlights the
achievement of the highest material removal rate through MB-EDTq4, culminating in
microelectrodes with an average diameter of 428 um. The study's comprehensive approach
encompasses SEM micrographs and surface finish analyses of various parameters, such as
varying discharge currents and linear feed, on the microelectrode fabrication.

Further, a parametric study delves into the impact of non-electrical parameters on Material

Removal Rate (MRR) and Surface Roughness (Ra) in microelectrode fabrication using dry



MEDT. A robust statistical model was developed and validated within a 95% confidence
interval, offering a reliable tool for predicting and controlling the fabrication process. The
model reveals a strong correlation between the response variables and process factors, with

R ajustea Values of 94.82 for MRR and 92.55 for Rs, emphasizing its efficacy in quantifying

the relationship between non-electrical parameters and microelectrode characteristics. The
research underscores the significant influence of specific non-electrical parameters, with
dielectric pressure emerging as a primary contributor to MRR (57.78%) and Ra (42.77%).
Spindle rotation speed and block linear feed also affect these characteristics, though to a lesser
degree, providing insights for process optimization. Employing a multi-objective genetic
algorithm for optimization led to the identification of optimal parameters: a spindle rotation
speed of 412 rpm, a block linear feed rate of 7.36 mm/sec, and a dielectric pressure of 6.4 bar.
Under these conditions, the study achieved an impressive MRR of 0.0087 pum3/min and a low
Ra of 0.6138 pum, demonstrating the viability of producing high-quality microelectrodes
through dry pEDT.

The comprehensive comparative analysis delves into the influence of various gaseous
dielectrics on microelectrode fabrication, exploring compressed air, oxygen, nitrogen, argon,
and mixed dielectrics like air-argon and oxygen-argon. The research also delves into the impact
of discharge energy on surface morphology, suggesting optimal dielectric selection for distinct
machining purposes. Oxygen-argon dielectric emerges as advantageous for high material
removal rates, making it ideal for material removal processes. Conversely, argon dielectric
excels in finishing operations. Among all dielectrics, nitrogen consistently delivers a superior
surface finish, with a surface roughness as low as 1.663 um during semi-finish machining. For
fine surface quality in finish cuts, argon dielectric stands out with a surface finish as low as
0.765 um. Qualitative analysis using XMCT reveals variations in material density on
microelectrode surfaces, providing valuable insights into machined surface characteristics for
different dielectrics, such as rough, semi-finish, and finish cuts. The research underscores the
relationship between discharge energy and recast layer thickness (RLT). Oxygen-argon
dielectric exhibits the highest RLT at 6000 pJ discharge energy, measuring 65.23 pum, while
argon dielectric at 200 pJ discharge energy yields the lowest RLT at 20.33 pum. This
information aids in selecting appropriate discharge energy levels for specific machining
requirements. EDAX elemental analysis reveals a connection between oxygen in the dielectric
and increased oxygen and carbon percentages on the machined surface. The presence of O in

the dielectric contributes to oxide and carbide formation on microelectrode surfaces.



Microelectrodes fabricated with oxygen and air-argon dielectric exhibit the highest weight
percentages of O. and carbon elements. This knowledge guides dielectric selection to control
the surface chemistry of the machined surface.

A hydrophobic surface has been developed on Al-6061 alloy using two gaseous dielectric
mediums using a dry HEDM milling process. It reveals that machining in an oxygen
environment yields an uneven surface with a higher Sa value while machining in argon results
in a smoother, more hydrophobic surface with uniform micro textures. Chemical analyses,
including EDAX and XRD, show shifts in composition and the presence of hydrophilic
compounds, particularly in oxygen-machined samples with a higher oxide count. XPS analysis
highlights oxidation, with a broadened aluminum oxide peak and a shift towards higher binding
energies, contributing to reduced contact angles. Furthermore, a higher C/Al atomic ratio in
argon-machined samples suggests organic compound adsorption, enhancing hydrophobicity.
These findings collectively elucidate the critical role of machining environments and surface
chemistry in developing hydrophobic aluminum surfaces, offering valuable insights for various

applications.

Keywords: micromachining, dry electrical discharge machining, dry electrical discharge

turning, dielectric gases, microelectrode fabrication, wettability
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