Jordan Journal of Mechanical and Industrial Engineering (JJMIE)

JJMIE is a high-quality scientific journal devoted to fields of Mechanical and Industrial Engineering. It is published
by Hashemite University in cooperation with the Jordanian Scientific Research and Innovation Support Fund,

Ministry of Higher Education and Scientific Research.
EDITORIAL BOARD

Editor-in-Chief
Prof. Moh'd Sami Ashhab

Assistant Editors
Dr. AhmadAlMigdady
Dr. Mohannadireissat

Editorial Board

Prof. Tariq A. ALAzab
Al Balga Applied University

Prof. Mohamad Al-Widyan
Jordan University of Science and Technology

Prof. Mohammad Al-Tahat
The University of Jordan

THE INTERNATIONAL ADVISORY BOARD

Abu-Qudais, Mohammad

Jordan University of Science & Technology, Jordan

Abu-Mulaweh, Hosni
Purdue University at Fort Wayne, USA

Afaneh Abdul-Hafiz
Robert Bosch Corporation, USA

Afonso, Maria Dina
Institute Superior Tecnico, Portugal

Badiru, Adedji B.
The University of Tennessee, USA

Bejan, Adrian
Duke University, USA

Chalhoub, Nabil G.
Wayne State University, USA

Cho, Kyu-Kab
Pusan National University, South Korea

Dincer, Ibrahim

University of Ontario Institute of Technology,

Canada

Douglas, Roy
Queen’s University, U. K

El Bassam, Nasir

International Research Center for Renewable

Energy, Germany

Haik, Yousef
United Arab Emirates University, UAE

EDITORIAL BOARD SUPPORT TEAM

Language Editor
Dr. Baker M. Bani-khair

SUBMISSION ADDRESS:

Prof. Moh'd Sami Ashhab, Editor-in-Chief

Jordan Journal of Mechanical & Industrial Engineering,
Hashemite University,

PO Box 330127, Zarqa, 13133, Jordan

E-mail: jjmie@hu.edu.jo

Publishing Layout
Eng. Ali Abu Salimeh

Prof. Jamal Jaber
Al- Balqa Applied University

Prof. Mohammed Taiseer Hayajneh
Jordan University of Science and Technology

Prof. Ali M. Jawarneh
The Hashemite University

Tzou, Gow-Yi

Yung-Ta Institute of Technology and Commerce, Taiwan

Jubran, Bassam
Ryerson University, Canada

Kakac, Sadik
University of Miami, USA

Khalil, Essam-Eddin
Cairo University, Egypt

Mutoh, Yoshiharu
Nagaoka University of Technology, Japan

Pant, Durbin
Iowa State University, USA

Riffat, Saffa
The University of Nottingham, U. K

Saghir, Ziad
Ryerson University, Canada

Sarkar, MD. Abdur Rashid
Bangladesh ~ University of Engineering &
Technology, Bangladesh

Siginer, Dennis
Wichita State University, USA

Sopian, Kamaruzzaman
University Kebangsaan Malaysia, Malaysia


Administrator
Typewritten Text

Administrator
Typewritten Text
Dr. Ahmad AlMigdady
Dr. Mohannad Jreissat

Administrator
Typewritten Text

Administrator
Typewritten Text

Administrator
Typewritten Text

Administrator
Typewritten Text

Administrator
Typewritten Text

Administrator
Typewritten Text


Hashemite Kingdom of Jordan Hashemite University

Jordan Journal of

Mechanical and Industrial Engineering

JIMIE

An International Peer-Reviewed Scientific Journal

Financed by Scientific Research Support Fund

Volume 15, Number 5, December 2021

http:/fjjmie.hu.edu.jo/

ISSN 1995-6665



eXtreme
Typewritten Text


Jordan Journal of Mechanical and Industrial Engineering (JJMIE)

JJMIE is a high-quality scientific journal devoted to fields of Mechanical and Industrial Engineering. It is published
by Hashemite University in cooperation with the Jordanian Scientific Research and Innovation Support Fund,

Ministry of Higher Education and Scientific Research.

Introduction: The Editorial Board is very committed to build the Journal as one of the leading international journals in mechanical and
industrial engineering sciences in the next few years. With the support of the Ministry of Higher Education and Scientific Research and
Jordanian Universities, it is expected that a heavy resource to be channeled into the Journal to establish its international reputation. The
Journal's reputation will be enhanced from arrangements with several organizers of international conferences in publishing selected best
papers of the conference proceedings.

Aims and Scope: Jordan Journal of Mechanical and Industrial Engineering (JJMIE) is a refereed international journal to be of interest
and use to all those concerned with research in various fields of, or closely related to, mechanical and industrial engineering disciplines.
Jordan Journal of Mechanical and Industrial Engineering aims to provide a highly readable and valuable addition to the literature
which will serve as an indispensable reference tool for years to come. The coverage of the journal includes all new theoretical and
experimental findings in the fields of mechanical and industrial engineering or any closely related fields (Materials, Manufacturing,
Management, Design, Thermal, Fluid, Energy, Control, Mechatronics, and Biomedical). The journal also encourages the submission
of critical review articles covering advances in recent research of such fields as well as technical notes.

Guide for Authors

Manuscript Submission:
High-quality submissions to this new journal are welcome now and manuscripts may be either submitted online or email.

Online: For online and email submission upload one copy of the full paper including graphics and all figures at the online, submission
site, accessed via http://jjmie.hu.edu.jo. The manuscript must be written in MS Word Format. All correspondence including notification
of the Editor's decision and requests for revision, takes place by e-mail and via the Author's homepage, removing the need for a hard-
copy paper trail

Submission address and contact :

Prof. Moh'd Sami Ashhab

Editor-in-Chief

Jordan Journal of Mechanical & Industrial
Engineering, Hashemite University

PO Box 330127, Zarqa, 13115, Jordan
E-mail: jjmie@hu.edu.jo

Types of contributions: Original research papers and Technical reports

Corresponding author: Clearly indicate who is responsible for correspondence at all stages of refereeing and publication, including
post-publication. Ensure that telephone and fax numbers (with country and area code) are provided in addition to the e-mail address and
the complete postal address. Full postal addresses must be given for all co-authors.

Original material: Submission of an article implies that the work described has not been published previously (except in the form of
itstan abstract or as part of a published lecture or academic thesis), that it is not under consideration for publication elsewhere, tha
publication is approved by all authors and that, if accepted, it will not be published elsewhere in the same form, in English or in any
other language, without the written consent of the Publisher. Authors found to be deliberately contravening the submission guidelines
on originality and exclusivity shall not be considered for future publication in this journal.

Withdrawing: If the author chooses to withdraw his article after it has been assessed, he shall reimburse JIMIE with the cost of
reviewing the paper.

Manuscript Preparation:

General: Editors reserve the right to adjust style to certain standards of uniformity. Original manuscripts are discarded after
.publication unless the Publisher is asked to return original material after use. Please use MS Word for the text of your manuscript

Structure: Follow this order when typing manuscripts: Title, Authors, Authors title, Affiliations, Abstract, Keywords, Introduction,
Main text, Conclusions, Acknowledgements, Appendix, References, Figure Captions, Figures and then Tables. Please supply figures
imported into the text AND also separately as original graphics files. Collate acknowledgements in a separate section at the end of the
article and do not include them on the title page, as a footnote to the title or otherwise.

Text Layout: Use 1.5 line spacing and wide (3 cm) margins. Ensure that each new paragraph is clearly indicated. Present tables and
figure legends on separate pages at the end of the manuscript. If possible, consult a recent issue of the journal to become familiar with
layout and conventions. All footnotes (except for table and corresponding author footnotes) should be identified with superscript Arabic
numbers. To conserve space, authors are requested to mark the less important parts of the paper (such as records of experimental results)
for printing in smaller type. For long papers (more than 4000 words) sections which could be deleted without destroying either the sense
or the continuity of the paper should be indicated as a guide for the editor. Nomenclature should conform to that most frequently used in
the scientific field concerned. Number all pages consecutively; use 12 or 10 pt font size and standard fonts.



Corresponding author: Clearly indicate who is responsible for correspondence at all stages of refereeing and publication, including
post-publication. The corresponding author should be identified with an asterisk and footnote. Ensure that telephone and fax numbers
(with country and area code) are provided in addition to the e-mail address and the complete postal address. Full postal addresses must
be given for all co-authors. Please consult a recent journal paper for style if possible.

Abstract: A self-contained abstract outlining in a single paragraph the aims, scope and conclusions of the paper must be supplied.

Keywords: Immediately after the abstract, provide a maximum of six keywords (avoid, for example, 'and', 'of'). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible.

Symbols: All Greek letters and unusual symbols should be identified by name in the margin, the first time they are used.

Units: Follow internationally accepted rules and conventions: use the international system of units (SI). If other quantities are
mentioned, give their equivalent quantities in SI

Maths: Number consecutively any equations that have to be displayed separately from the text (if referred to explicitly in the text).
References: All publications cited in the text should be presented in a list of references following the text of the manuscript.

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors can be referred to, but the reference
number(s) must always be given.

List: Number the references (numbers in square brackets) in the list in the order in which they appear in the text.

Examples:
Reference to a journal publication:

[1] M.S. Mohsen, B.A. Akash, “Evaluation of domestic solar water heating system in Jordan using analytic hierarchy process”. Energy
Conversion & Management, Vol. 38 (1997) No. 9, 1815-1822.

Reference to a book:
[2] Strunk Jr W, White EB. The elements of style. 3rd ed. New York: Macmillan; 1979.

Reference to a conference proceeding:
[3] B. Akash, S. Odeh, S. Nijmeh, “Modeling of solar-assisted double-tube evaporator heat pump system under local climate
conditions”. 5th Jordanian International Mechanical Engineering Conference, Amman, Jordan, 2004.

Reference to a chapter in an edited book:
[4] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith RZ, editors. Introduction to the
electronic age, New York: E-Publishing Inc; 1999, p. 281-304

Free Online Color : If, together with your accepted article, you submit usable color and black/white figures then the journal will ensure
that these figures will appear in color on the journal website electronic version.

Tables: Tables should be numbered consecutively and given suitable captions and each table should begin on a new page. No vertical
rules should be used. Tables should not unnecessarily duplicate results presented elsewhere in the manuscript (for example, in graphs).
Footnotes to tables should be typed below the table and should be referred to by superscript lowercase letters.

Notification: Authors will be notified of the acceptance of their paper by the editor. The Publisher will also send a notification of receipt
of the paper in production.

Copyright: All authors must sign the Transfer of Copyright agreement before the article can be published. This transfer agreement
enables Jordan Journal of Mechanical and Industrial Engineering to protect the copyrighted material for the authors, but does not
relinquish the authors' proprietary rights. The copyright transfer covers the exclusive rights to reproduce and distribute the article,
including reprints, photographic reproductions, microfilm or any other reproductions of similar nature and translations.

Proof Reading: One set of page proofs in MS Word format will be sent by e-mail to the corresponding author, to be checked for
typesetting/editing. The corrections should be returned within 48 hours. No changes in, or additions to, the accepted (and subsequently
edited) manuscript will be allowed at this stage. Proofreading is solely the author's responsibility. Any queries should be answered in
full. Please correct factual errors only, or errors introduced by typesetting. Please note that once your paper has been proofed we publish
the identical paper online as in print.






























































https://doi.org/10.1016/j.mechmachtheory.2018.05.004
https://doi.org/10.1016/j.mechmachtheory.2021.104484
https://doi.org/10.1016/j.mechmachtheory.2017.01.009
http://jjmie.hu.edu.jo/vol%2010-3/JJMIE-137-15-F-1.pdf
https://doi.org/10.1051/matecconf/202032703006
http://jjmie.hu.edu.jo/files/v5n2/JJMIE-47-11%20Revised%20Adawan(10).pdf
http://jjmie.hu.edu.jo/files/v5n2/JJMIE-47-11%20Revised%20Adawan(10).pdf
https://doi.org/10.1002/rob.1017
https://doi.org/10.1115/1.1563632
https://doi.org/10.1177/0954405420911299
https://doi.org/10.3390/sym12030357
https://doi.org/10.1016/j.mechmachtheory.2010.06.009
https://doi.org/10.1016/j.mechmachtheory.2011.11.004
https://doi.org/10.1177/1687814019889776



https://doi.org/10.1016/j.apm.2017.06.012
https://doi.org/10.1016/j.rcim.2013.03.002
https://doi.org/10.1016/j.rcim.2014.06.002
https://doi.org/10.1017/S0263574714001520
https://doi.org/10.1007/s13042-011-0040-1
https://doi.org/10.4028/www.scientific.net/AMM.52-54.759
https://doi.org/10.1007/s11431-010-4239-2
http://doi.org/10.1177/1687814016646936
http://doi.org/10.3901/CJME.2010.04.468
http://doi.org/10.1007/978-981-10-5532-4
http://doi.org/10.4028/www.scientific.net/AMM.215-216.293
http://doi.org/10.4028/www.scientific.net/AMM.215-216.293
http://doi.org/10.1088/1742-6596/1575/1/012104
https://doi.org/10.33142/me.v1i2.1656




























































https://www.researchgate.net/journal/0954-4054_Proceedings_of_the_Institution_of_Mechanical_Engineers_Part_B_Journal_of_Engineering_Manufacture
https://www.researchgate.net/journal/0954-4054_Proceedings_of_the_Institution_of_Mechanical_Engineers_Part_B_Journal_of_Engineering_Manufacture
















© 2021 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved - Volume 15, Number 5 (ISSN 1995-6665) 455

3.1. Analysis of variance for MRR and TWR

ANOVA is a statistical method used to interpret
experimental data to make the necessary decisions,
concerning the parameters that affect the performance of the
process. Based on this, parameters can be categorized into
significant and insignificant machining parameters. Each
parameter’s influence on MRR and TWR are estimated and
assessed in terms of percentage contribution (%P). ANOVA
results were presented in Figure 5 for both MRR and TWR
with 95% (a=0.05) confidence level. The contribution of
individual parameters to the values of MRR and TWR are
evaluated and shown in Tables 7 & 8 respectively. If p value
is less than 0.05, it has significant effect on the performance

measures. It is observed that all parameters are significant,
but particle size and peak current are most significant
(44.40% and 30.59%) for MRR. In case of TWR, all
parameters are also significant, but particle size and peak
current are most significant (28.92% and 25.52%). Both the
MRR and TWR are significantly influenced by the
parameters PS, IP, TON, %WC and CP. In continuation,
experimental analysis viz. SEM studies for structural
analysis at micro level, for Chemical analysis EDX is used,
for phase analysis were carried out by XRD on the work
surfaces made under optimum conditions and also on as
received work pieces as presented below. The optimality
of each parameter influencing the MRR and TWR are
presented below.

Main Effects Plot (data means) for SN ratios
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Table 7. ANOVA for MRR

. . - %
Source DF Seq SS Adj SS Adj MS F Probability contribution
POL 1 0.4512 0.4512 0.4512 22.93 0.003 3.43
IP 2 4.0269 4.0269 2.0135 102.33 0.000 30.59
TON 2 0.7719 0.7719 0.3860 19.62 0.002 5.86
PS 2 5.8436 5.8436 2.9218 148.5 0.000 44.40
%WC 2 0.4803 0.4803 0.2401 12.20 0.008 3.65
CcP 2 1.4703 1.4703 0.7351 37.36 0.000 11.17
Error 6 0.1181 0.1181 0.0197
Total 17 13.1624
Table 8. ANOVA for TWR
%
Source DF Seq SS Adj SS Adj MS F Probability contribution
POL 1 2.1356 2.1356 2.1356 6.87 0.040 5.70
IP 2 9.4033 9.4033 47017 15.13 0.005 25.08
TON 2 3.4658 3.4658 1.7329 5.58 0.043 9.25
PS 2 10.8400 10.8400 5.4200 17.44 0.003 28.92
%WC 2 6.0833 6.0833 3.0417 9.79 0.013 16.23
CP 2 3.6925 3.6925 1.8462 5.94 0.038 9.85
Error 6 1.8644 1.8644 0.3107
Total 17 37.4850

a) Polarity: It is noticed that positive polarity generates
high MRR. Therefore, to exploit usage of positive polarity,
Anode (discharge spot) and Cathode will be work piece and
tool respectively. As a result, huge amount of particles of
tool is transferred to work surface thereby resulting high
MRR. In this case, the TWR is more than the MRR. The
reason is being that WC has more density than copper, both
of which emanate from the tool and WC is flushed out due
to the flushing pressure of the die electric medium. It has
been found that work material with low thermal
conductivity would absorb less quantity of heat during
machining, leading to low MRR. The low thermal
conductivity coupled with high melting temperature of
workpiece resulted in poor MRR, which led to increased
TWR.

b) Peak Current: With the increase in the peak current,
the MRR increases, and the thermal conductivity also
increase. The reason is attributed to the availability of more
energy when the current increases, thereby causing a
stronger spark impact. Due to the increase in the thermal
conductivity, there is a mild decrease in the MRR due to the
decrease of availability of heat between the gap of electrode
and work material. The result of availability of less heat
leads to low MRR and high TWR.

¢) Pulse on-Time: The current and pulse on-time have
the direct relationship on the MRR and TWR. The outputs
increase with increasing current and pulse on-time. The
highest MRR obtained with the P/M electrode is 9.90
mg/min with the peak current of 13A and pulse duration of
12 ps. The rate of tool wear is higher compared to the
material removal from the workpiece. The maximum value
obtained for TWR is 20.70 mg/min which is also higher than
the maximum MRR obtained under the same machining
conditions because the following reasons/attributes are
responsible for reducing MRR viz. (1) Reduction of WC
and Cu particle size, (2) Thermal conductivity of WC
increases, (3) surface to volume ratio changes and (4)
shielding effect of nanoparticles [10]. Hence any of the
attributes that makes such type of electrode is apt for work
piece surface modification.

d) Particle Size: The NP electrode composite has
resulted low values of MRR and TWR. In EDM process,
with the increase in density of NP electrode, the amount of

WC & Cu particles dropped from the electrode should
increase. The smaller particles would be eroded first owing
to their reactive surface area being much higher than that of
the coarser ones. It is reported that EDM electrodes made
with nano particles would have higher MRR and lower
TWR than micro sized electrodes [12]. The use of sintered
electrode increases the wear due to the fact that the thermal
conductivity of composite material is greater than that of
raw material [11]. It is observed in the present investigation
on MRR and TWR increase and if nano particles are used,
the reactive surface increases (over micron size particles
[12] and [13]) leading to more erosion of material and
increased MRR. The MRR is considerably low in case of
nano-sized particles over micron sized particles.

e) Significance of %WC Composition: The density of
WC is very high over Copper. The thermal conductivity of
the composite tool electrode is improved in presence of low
or high weight percentage of WC as it becomes denser. It is
evident to observe that MRR is high, at 40% of WC due to
the transfer of percentage of Copper particles from tool to
work surface. Hence, the tool erosion rate at 60wt% of WC
is low over the 40 & 50wt% compositions of WC.

f) Compaction Pressure: In general, low thermal
conductivity, low melting temperature of Inconel 718
results in poor heat absorption due to this poor removal of
work material in EDM [13]. Therefore, because the tool
electrode has high thermal conductivity, more heat
absorption capacity, and high melting point, it causes more
material to transfer from tool to work surface. But it is
observed that lower compaction pressures show high MRR
and TWR. At lower value of CP, the particles bonded
loosely on the tool do not withstand shock and higher
temperature produces more heat absorption during
machining causing more removal of material on the work
surface.

3.2. Confirmation experiment

Based on the earlier evaluated combinations of specific
factors and levels, an experiment for confirmation is
performed. A new experiment is worked out finalizing the
optimum conditions where in machining parameters of
optimum level are considered. Finally, the prediction and
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4, Conclusions

The influence of input parameters on the performance
characteristics of EDM process with Cu-WC mixed ceramic
compact sintered electrode was investigated using MRR
and TWR as the basic criteria. The following conclusions
are drawn from the results.

1. Material removal rate at most favorable condition (i.e.
A1B3C3DI1E1F1) is increased with increases of IP,
TON and decreased with increase in the PS, %WC and
CP. Itis noticed that MRR is directly proportional to the
IP and TON.

2. Tool wear rate at optimum condition (i.e.
A1B1C1D3E1F3) was increased with decreases of IP,
TON, %WC and increased with increase in the PS, and
CP. It was noticed that TWR was inversely proportional
to the IP, TON and %WC.

3. The experimental analysis shows that POL, IP, TON,
PS, %WC and CP have significantly influenced MRR
and TWR. The parameters, Particle size and peak current
would be more contribution to MRR and TWR, when
compared to other input parameters.

4. At optimal combinations of parameters, the MRR and
TWR values obtained are 9.90mg/min and 13.23
mg/min respectively. The use of NP electrodes in the
present study has considerably reduced the MRR values
when compared to TWR. i.e., the surface modification
was done by the small particle sizes.
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