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Proposal 

The motivation for the development of integrated-micromachining set up is mainly for the 

growing use of extremely hard alloys and microcomponents which cannot be machined 

satisfactorily by conventional methods. The major advantages of the proposed 

micromachining set up is based on its material removal mechanism, i.e., ion by ion removal 

of metal from the workpiece with the help of anodic dissolution (Micro-ECMM) and micro 

spark generation in case of (Micro-EDM) and hence, it can be controlled precisely to achieve 

accurate microfeatures. The application areas where these advantages of Micro-ECMM can 

be effectively utilized to generate features are not only in the micro range but also in the 

nanoscopic domain. Typical applications of Micro-ECMM technologies for microfabrication of 

components are utilized in machining, finishing, as well as surface structuring applications. 

A number of investigations have been carried out to perform the non-contact type 

micromachining operations in conventional machines such as conventional ECMjEDM 

machines. Most of the researchers have suggested that micro machining needs a dedicated 

setup for achieving high accuracy and precision. There have been a few micro-machining 

systems developed either in academic j R&D institutes or by commercial companies. Some 

of them are mUlti-purpose systems. Others are dedicated systems for performing micro-ECM 

as well as micro-EDM. The systems vary to a great extent in their design and capabilities. 

Considering the different features and market price of the commercially available micro

machining set up, a new integrated micromachining set up is to be designed, developed and 

fabricated indigenously considering micro- EDM, Micro- ECM, and micro electrochemical 

discharge machining to accomplish the different micromachining operations with very high 

preclslon. 

The developed integrated micromachining set up will be utilized for fabrication of several of 

microfeatures for a wide range of microengineering applications such as fuel processing, 



aerospace, heat transfer, microfluidics, and biomedical applications. These microdevices 

have to often withstand high stresses at elevated temperatures during their service ill 

different applications such as microcombustors, electrochemical reactions required at 

elevated temperatures in microreactors, and also in microthermal devices . . For biomedical 

applications, microcomponents are to be made of biocompatible materials and microsurface 

structuring of the components also play important roles in improving functionality of 

implants during in vivo as well as in vitro conditions. To fulfill such adverse requirements of 

service conditions, microproducts are made of advance engineering materials such as nickel, 

titanium and its alloys, aluminum alloys, and stainless steel. Hence, it is important to 

fabricate microcomponents and microfeatures with these advanced materials keeping the 

original material characteristics unchanged. In this direction, the developed micromachining 

set up can fulfill all these versatile criteria of microengineering applications. 

The proposed set up consists of a CNC stage for giving X-Y motion (with resolution of IJ,.lm) 

to the work piece and Z motion (with resolution O.lJ,.lm) to the tool. The tool can be rotated 

up to the speed of 30,000 RPM along with its vertically up and down motion in Z direction. 

The tool is mounted to the collet of the spindle. To avoid the bending of the micro tools due 

to handling and eccentric rotation of the same, the cylindrical micro tools of diameter less 

than 50J,.lm is fabricated in-situ in the machine, before actual machining operation is carried 

out. A pulsed power supply will be used to supply pulse voltage of few hundred nano-seconds 

width across the electrodes. An integrated lab-VIEW program will be developed in association 

with current and/ or optical sensor/ s to monitor and control the inter-electrode gap and the 

controlled motion of the CNC stages. 

Objectives of the Proposal 

The following objectives are identified as follows: 

1. Design, development and fabrication of an integrated micro machining set up for 

carrying out a range of micro-machining operations i.e. Micro-EDM, Micro-ECM, Micro

electrochemical discharge machining (Micro-ECDM). The machine should have the 

following features . 

• Facility for in-situ fabrication of micro electrodes (tools) 

• In-process measurement for required micro-tool 

• Measurement and control of inter-electrod~ gap during machining of tool and job 

using current and/ or laser based optical sensor 



• Overall control of machine through a single program 

ii. Fabrication of micro-tools from different materials like copper, high speed steel and 

tungsten and experimental investigation of the effect of different process parameters 

on material removal during the fabrication of micro electrodes from one of these 

materials. 

iii.Experimental investigation of surface structuring, patterning, and machining of micro 

holes, microgrooves, microchannels, microcavities, and three-dimensional (3D) 

microstructures of complex shapes with a high aspect ratio such as micronozzles, 

microfluidic devices, and micromolds. 

iv.Analysis of machined surface characteristics and surface texture to understand the 

surface generating mechanism in micromachining by using scanning electron 

microscope (SEM), surface roughness measuring instrument, and atomic force 

microscope (AFM). 
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