Lecture Notes in Mechanical Engineering

Golam Kibria
B. Bhattacharyya Editors

Accuracy
Enhancement
Technologies

for Micromachining
Processes

@ Springer



Lecture Notes in Mechanical Engineering



Lecture Notes in Mechanical Engineering (LNME) publishes the latest develop-
ments in Mechanical Engineering - quickly, informally and with high quality.
Original research reported in proceedings and post-proceedings represents the core
of LNME. Volumes published in LNME embrace all aspects, subfields and new
challenges of mechanical engineering. Topics in the series include:

Engineering Design

Machinery and Machine Elements

Mechanical Structures and Stress Analysis
Automotive Engineering

Engine Technology

Aerospace Technology and Astronautics
Nanotechnology and Microengineering

Control, Robotics, Mechatronics

MEMS

Theoretical and Applied Mechanics

Dynamical Systems, Control

Fluid Mechanics

Engineering Thermodynamics, Heat and Mass Transfer
Manufacturing

Precision Engineering, Instrumentation, Measurement
Materials Engineering

Tribology and Surface Technology

To submit a proposal or request further information, please contact the Springer
Editor in your country:

China: Li Shen at li.shen@springer.com

India: Dr. Akash Chakraborty at akash.chakraborty @springernature.com

Rest of Asia, Australia, New Zealand: Swati Meherishi at

swati.meherishi @springer.com

All other countries: Dr. Leontina Di Cecco at Leontina.dicecco@springer.com

To submit a proposal for a monograph, please check our Springer Tracts in
Mechanical Engineering at http://www.springer.com/series/11693 or contact
Leontina.dicecco @springer.com

Indexed by SCOPUS. The books of the series are submitted for indexing to
Web of Science.

More information about this series at http://www.springer.com/series/11236


mailto:li.shen@springer.com
mailto:akash.chakraborty@springernature.com
mailto:swati.meherishi@springer.com
mailto:Leontina.dicecco@springer.com
http://www.springer.com/series/11693
mailto:Leontina.dicecco@springer.com
http://www.springer.com/series/11236

Golam Kibria - B. Bhattacharyya
Editors

Accuracy Enhancement
Technologies

for Micromachining
Processes

@ Springer



Editors

Golam Kibria B. Bhattacharyya

Department of Mechanical Engineering Department of Production Engineering
Aliah University Jadavpur University

Kolkata, India Kolkata, India

ISSN 2195-4356 ISSN 2195-4364  (electronic)

Lecture Notes in Mechanical Engineering

ISBN 978-981-15-2116-4 ISBN 978-981-15-2117-1 (eBook)

https://doi.org/10.1007/978-981-15-2117-1

© Springer Nature Singapore Pte Ltd. 2020

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, expressed or implied, with respect to the material contained
herein or for any errors or omissions that may have been made. The publisher remains neutral with regard
to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721,
Singapore


https://doi.org/10.1007/978-981-15-2117-1

Preface

Research challenges and developments in the direction of micromanufacturing of
macro- and micro-components for successful applications in the fields of biomed-
ical, microelectronics, optical, automotive, and aerospace are increasing day by day
due to the demand of fulfillment of such components with specific surface features,
dimensional accuracy, tolerance, and complex shapes. For this, a lot of research
activities in micromachining, as well as the development of micromachines, are
needed across the globe. Achieving desired surface finish, intricate profiles with
accuracy and tolerance, and geometrical dimensions is always a challenging task for
the manufacturing technocrats and research scientists. Since inception, a lot of
micromachining processes have been developed for achieving the mentioned
requirements for the products. However, due to the lack of complete understanding
of the physical phenomenon behind the processes, such degree of precision, geo-
metrical features, and surface characteristics have not been attained even today. The
development of materials with enormous material properties is also playing the
influencing factor of these deficiencies. A few research activities have been per-
formed by research scientists to implement novel strategies in micromachining for
augmenting these features related to quality, dimensional accuracy, and produc-
tivity. Some of the strategies have also been successfully employed in several
micromachining techniques.

The present book entitled Accuracy Enhancement Technologies for
Micromachining Processes attempts to collect research activities in different con-
ventional as well as non-conventional micromachining processes implementing
various novel machining strategies for improving the accuracy and features of
components. Chapter “Accuracy Improvement in Tool-Based Micromachining”
describes the methodologies of accuracy improvement in tool-based micromachin-
ing processes such as micro-turning, micro-drilling, and micro-milling for achieving
defect-free components and desired surface finish and accuracy. In chapter
“Strategies for Improving Performance of Ultrasonic Micromachining Process,” the
details of technologies of accuracy improvements in ultrasonic micromachining are
described with several developments in the process mechanism itself such as rotary
USM, workpiece vibration for the intention to achieve a high degree of accuracy and
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surface profile. In chapter “Accuracy Improvement and Precision Measurement on
Micro-EDM,” the details of micro-electrical discharge machining with its perfor-
mance and operating parameters are described upon which the accuracy of
machining depends on. Further, this chapter also deals with discussions on several
factors that cause inaccuracies in micro-EDM. Chapter “Improvement of Profile
Accuracy in WEDM—A Novel Technique” deals with accuracy improvement
techniques in wire electrical discharge machining process for cutting different
complex profiles. Authors developed a new method of detection of wire lag phe-
nomenon and proposed mathematical models to compensate for the inaccuracy in
profile cutting. Chapter “Laser-based Fabrication of Micro-channels” deals with the
description of possibilities of inaccuracies during the generation of micro-channels
utilizing high-power laser beam. Authors have also discussed the underwater laser
micro-channeling process and techniques to improve the profile accuracy. Chapter
“Pulsed Nd:YAG Laser Cutting: Accuracy Improvement and Parametric Influences”
describes the possibilities of accuracy improvement during Nd:YAG laser cutting of
a variety of materials ranging from metals, non-metals, ceramics, composites, etc, for
establishing the reliability of Nd:YAG laser cutting process. Chapter “Improvement
in Surface Finish and Geometrical Accuracy by Laser Micro-turning” describes the
novel technique to improve the dimensional accuracy and surface finish during
micro-turning process utilizing pulsed Nd:YAG laser. Authors have carried out
detailed experimental investigation and analysis to improve surface features of laser
micro-turning components made of alumina ceramics. “Accuracy Improvement
Techniques in Electrochemical Micromachining (EMM)” describes the details of
accuracy improvement techniques for micromachining using electrochemical phe-
nomena. Authors have proposed several novel strategies to augment the geometrical
accuracy and surface features. Microtool insulation, IEG control, design, and
development of microtool have been proposed by the authors. In chapter “Surface
Micromachining—Advances and Advanced Characterization Techniques,” the
accuracy issues in various surface micromachining methods such as photolithog-
raphy, reactive ion etching, deep reactive ion etching, as well as some advanced
methods of micromachining such as focused ion beam fabrication, electron beam
lithography, are discussed. Chapter “Generation of Nano-level Surface Finish by
Advanced Nanofinishing Processes” presents details of several advanced nano-
finishing techniques such as abrasive flow finishing, magnetic abrasive finishing,
and magnetorheological abrasive flow finishing for the in-depth understanding of the
processes as well as for improving surface characteristics in nano-finishing
techniques.

Therefore, the present book offers a comprehensive overview of various
micromachining techniques and accuracy improvement techniques/strategies for
increasing the value addition of micro- and macro-products. This book will defi-
nitely draw innovative and valuable reference to engineers and R&D researchers
attached to micromachining processes. Moreover, the book can be used as a ref-
erence book for final-year undergraduate engineering courses and a course of
micromachining processes at the postgraduate level. Furthermore, this book can
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serve as a useful reference for academics, researchers, mechanical, manufacturing,
industrial and materials engineers, professionals in micromachining processes, and
related industries.

The editors acknowledge Springer for providing this opportunity and for their
enthusiastic and professional support. Finally, the editors would like to thank all the
chapters’ contributors for their availability to complete this work.

Kolkata, India Golam Kibria
B. Bhattacharyya
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