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Abstract

The capability of electric discharge machine (EDM) to machine intricate shaped products
without any physical damage to the part makes it one of the popular machine tools in
fabrication industry. Prior to manufacturing an intricate shaped product, the EDM tool needs
to be fabricated with the desired shape. Copper is a material that is widely used as an EDM
tool due to its outstanding thermal and electrical properties. The rapid manufacturing (RM)
techniques offers fabrication of parts with shape complexity within short time duration.
Since, direct RM methods used for consolidation of copper parts results in poor quality
products. Therefore, in present study, rapid tooling (RT), an indirect RM process along with
pressureless microwave sintering was employed to fabricate complex shaped EDM tool.
The investigation focused on exploring the impact of microwave sintering machine
parameters - sintering temperature, heating rate, and holding time on density, volumetric
shrinkage, and electrical conductivity of the tool. The dominance of the sintering
temperature on responses was revealed over the heating rate and holding time. Using genetic
algorithm (GA), a multi-objective optimization was conducted to achieve an optimized set
of microwave sintering machine parameters, aiming for maximum density, electrical
conductivity, and minimum volumetric shrinkage. A density of 7.32 g/cc, volumetric
shrinkage of 8.36 % and electrical conductivity of 73.88 % IACS was obtained from samples
sintered at optimized sintering parameters. The dimensions of the fabricated tool and
machined cavity were compared with the computer-aided design (CAD) model. The results

revealed an efficient process for fabricating complex shaped EDM tool.

Copper's low melting point led to high tool wear, necessitating the use of materials
having higher melting points. Recently, graphene has emerged as a significant reinforcing
material because of superior electrical, thermal properties and high melting point. Therefore,

an investigation was conducted to identify the correct quantity of graphene to be included



into pure copper to improve tool performance. Four weight percentages of graphene (0.25
%, 0.5 %, 0.75 % and 1 %) were considered for study. Tool with 0.25 wt% of graphene
outperformed other combinations in terms of machining performance and surface integrity.
Additionally, upto 89% improvement in material removal rate, upto 14 % reduction in tool
wear rate and upto 28 % in surface finish of the workpiece was obtained. Further, study was
conducted to obtain an optimized set of EDM process parameters for copper-graphene
composite tool having 0.25 wt% of graphene. The most influential process parameter was
found to be discharge current majorly governing the responses. An optimized set of EDM
process parameters obtained using multi-objective optimization were 6 A discharge current,
180 ps pulse on time and 75 % duty factor. The responses obtained were 1.81 mg/min tool
wear rate (TWR), 97.35 mg/min material removal rate (MRR) and 1.42 % dimensional
deviation (DD). A dimensional comparison of machined cavity obtained after machining of
D2 steel workpiece using the composite tool was performed with the CAD model and

obtained dimensional deviations were within acceptable range.

High tool wear associated with copper owing to its low melting point results in
increased tooling cost which ultimately enhances the final product price. To overcome this,
one of the solutions is to provide the cooling assistance to the tool for dissipating the
accumulated heat. However, this cooling mechanism need to be optimized to avoid the
overuse of the coolant which again adds to the final product cost. Therefore, a multiphysics
based study was conducted to obtain peak temperature attained by the copper tool during
EDM of D2 steel workpiece. Single spark analysis was performed, and peak temperature
attained by the standard tool was 1458 K. Further, the study was extended to the tool with
cooling channels. The selection of cooling channel was made based on its cross-sectional
shape, dimension and channel layout inside the tool. Peak temperatures reached by the tool

for different cases were identified from the study. Four primitive cross-sectional shapes



(circle, square, ellipse and semi-circle) were considered. Among all the cases considered
during study, the circular profile with 3 mm diameter was observed to provide maximum
drop in the peak temperature by 28.25 % compared to the standard tool. Additionally,
different channel layouts incorporated within the tool domain successfully reduced the peak
temperature and maximum drop of 31.5 % was obtained by the profile involving channel of

maximum length.

The complex shaped composite EDM tool fabrication was attempted using rapid
tooling and pressureless microwave sintering. Tool was fabricated at optimized sintering
machine parameters. To incorporate channel profile, the tool was fabricated in two halves
which were then brazed with each other. The machining performance in terms of TWR,
MRR and surface roughness (SR) was studied. TWR was found to be reduced by 38 % using
cryogenic assistance. Additionally, less surface cracks, debris and globules on the machined
workpiece surface and better shape retention of the complex features on the tool was
observed after machining. An improvement in surface roughness of the machined surface
by 58 % was obtained after machining with cryogenic assisted tool. A minimum dimensional
deviation was obtained on comparing the feature dimensions generated on steel workpiece

using tool with cooling assistance.
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