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It gives meimmense pleasure to witness amajor milestone for usall - the publication of the Proceedings

of the “National Conference on Latest Developments in Science, Engineering and Management
organized by the Department of Mechanical Engineering, ACET Amritsar.

Research in all the fields of Engineering and Technology has to be undertaken earnestly, with the
objective of original findings in new realms. | am particularly happy to know that Department of
Mechanical Engineering of ACET, Amritsar is carrying forward the legacy of PTU by organizing such an
event with a clear agenda for researchers to provide solutions to the myriad of problems in the field of
Science, Engineering and Management that continue afflicting the Industries & Society.

| am sure that the Conference will not only provide a useful forum to the participants to share their
expertise in their respective fields but will also be professionally beneficial to them.The Conference is
being held in Amritsar, which is the place of spiritual importance in Punjab and | hope the delegates
will have a comfortable stay and they will enjoy the traditional hospitality offered by the Institute.

| compliment the organizers of LDSEM-2014 for holding this event and wish all success to the

conference.

Dr. Rajnish Arora

Vice Chancellor

Punjab Technical University
Kapurthala
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I am glad to know that a National Level Conference on “Latest Developments in Science, Engineering
and Management (LDSEM-2014)" is being organized by Department of Mechanical Engineering of
Amritsar College of Engineering and Technology on March 28-29, 2014.

This is indicative of the achievements of the team concerned not only in academics but also in various
other fields such as research and developments, extracurricular activities, project developments and
the list is much more long.

Technology in world is going through a tremendous flux. The Conference aims at bringing together
Researchers, Scientists, Academicians and many others to interact and exchange their experiences,
which in turn would help the students and faculty to gain immensely at the Professional front. | believe
that the conference will serve its objectives and will provide the necessary impetus in setting forth
a dynamic process of continuous interaction amongst the researchers, teachers and professionals of

the country.

| also take the opportunity to congratulate the Department of Mechanical Engineering for organizing
this event and convey my greetings to the organizers and wish a grand success in the endeavor for
the event.

Advocate Amit Sharma
Chairman & CEO
ACET Amritsar
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It gives me immense pleasure to note that a National Level Conference on “Latest Developments
in Science, Engineering and Management (LDSEM-2014)" is being organized by Department of
Mechanical Engineering of Amritsar College of Engineering and Technology on March 28-29, 2014. It
is a timely step in sharing new innovations and transmitting the same to its consumers at a very fast
pace. Learning is a continuous and unending process and such conferences unveil the treasure of

knowledge. It creates the talent, creativeness and professional skills of an individual.

This Conference will spread the light of awareness about the latest and upcoming fields and research
areas in Engineering and Technology. While praying for the institute to accomplish its mission, | send
my best wishes and congratulate the students and the staff of the department for organizing this
event.

I am very confident that, we all are going to gain a highly rewarding and learning experience through

this conference. | further extend warm wishes and good luck to this endeavor.

| on behalf of ACET, Amritsar wish all academicians and professionals for fruitful interaction and
future direction in this significant field. | congratulate the Department of Mechanical Engineering for
organizing this Conference.

Dr. Om Kumar Harsh
Group Director
ACET Amritsar

(8) e P !l ISBN No: 978-81-924867-1-0

SR T




PROCEEDINGS OF PTU SPONSORED NATIONAL CONFERENCE ON ¥
LATEST DEVELOPMENTS IN SCIENCE, ERING & MANA MARCH 28-29, 2014 Q LDSEM

/ Neasage

On Behalf of Amritsar College of Engineering and Technology, | welcome all the participants to National

Level Conference on“Latest Developments in Science, Engineering and Management (LDSEM-2014)".

The main aim of our Institute is to educate young minds to be equipped for the future challenges.
Our mission is to groom students in accordance with latest Technologies. | am proud to say that our
Institute is working tirelessly to make students ready to march towards these challenges. | wish that
this conference would serve our agenda for improvements in our teaching curriculum so that students

successfully match the market requirements in the global scenario.

| am sure that this conference will pave the way for providing a forum to the researchers, academicians
and students to express their innovative and creative research skills. This event will spread the light of

awareness about the latest and upcoming fields and research areas in Engineering and Technology.

| pray for the institute to accomplish its mission. | congratulate the students and the staff of the
department for organizing this event. | also wish that such events should be a routine feature.

Dr.V.K. Banga

Principal
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It is a matter of great pleasure for me that Department of Mechanical Engineering of our college is
organizing a National Conference on“Latest Developments in Science, Engineering and Management
(LDSEM-2014)" on March 28-29, 2014.

It is outcome of indeterminable efforts put by the organizers in planned manner within a stipulated
period. This conference is an effort to meet the surging technological challenges in topical themes
and areas of Science, Engineering, Management & other related areas, which is very important for
national development.

The Conference will provide the ideal forum to stimulate ideas and establish collaborations and to
initiate intense discussions about latest developments in the area of Science and Technology. It is not
an easy job for the organizers of this national conference of such a magnitude, and | would like to
thank all the members of the organizing committee for their hard work.

| wish the conference a great success.

Dr. H.S. Gill
Principal, ACHMT
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| feel Proud that the Department of Mechanical Engineering is organizing a National Level Conference
on “Latest Developments in Science, Engineering and Management (LDSEM-2014)" on March 28-29,
2014.

In today’s era new developments are occurring almost on daily basis. These developments are
changing the shape of the society. Considering the fast pace of globalization and dynamic nature of
Trends in Science, Engineering and Management, the need of the hour is to provide a platform where
experts on respective subjects may share the latest developments and trends.

The conference received an overwhelming response from various professionals across the country.
We have received around 120 papers covering various areas of Science, Engineering, Management
and other related topics. The papers received in this conference have been reviewed by reviewer
committee and editorial board depending upon the subject matter of the paper. After the review
process, the submitted papers were selected on the basis of originality, significance, clarity for the
objective of the conference.

I am confident that the deliberations during the Conference will enrich all the participants in particular
and institute in general. This will become an occasion for academicians, professionals, researchers
and students to acquire latest knowledge in their respective fields.

| hope that the sincere efforts, zeal and vigor of the members of Mechanical Engineering Department
of ACET would be prolific enough in making this event a grand accomplishment.

I wish this Conference a grand success.
Gaurav Tejpal
Organising Secretary
LDSEM-2014

Nechanical Engineering ISBN No: 978-81-924867-1-0
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It is a matter of great pleasure for me that our department is organizing a National Level Conference
on “Latest Developments in Science, Engineering and Management (LDSEM-2014)" on March 28-29,
2014. This Conference is going to be an important event in the process of unfolding many new ideas.

This Conference aims at exploiting the ideas through enlightened deliberations and their fruitful
implementation both in industries and academics curricular activities. Experts will deliver keynote
lectures during the conference for value addition to the professional skills of conference delegates.

| believe that organizing such events is a must for enabling professionals, scientists, scholars and
educators to analyze the future needs and to keep themselves updated with the latest advances in
the field of science and technology. This event too is an effort to meet the surging technological

challenges in Research & Development areas, which is very important for National development.

| also take the opportunity to thank the Management, Principal and staff of ACET for their
encouragement and continuous support without which this event would not have taken shape.

| extend my personal kudos to the all organizers of this National Conference and wish them to make
this Conference and event, very hard to forget and long to cherish.

Best Wishes.
Amandeep S. Bhui

Convener
LDSEM-2014
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The urge to look for Advancements in Research and Experimental Techniques today is felt in almost
every domain of Science, Engineering and Management. Different spheres of Engineering starting
from makers and suppliers around the world increasingly rely on research and experimental studies,
for both component and systems level analysis. They can’'t move the product to the market without
experimentation.

National Conference on “Latest Developments in Science, Engineering, and Management (LDSEM -
2014)"is a platform where research scientists and practicing engineers can share their experiences
and ideas. The plenary sessions incorporating presentations and discussions by experts will certainly
create awareness of the intricacies of the subject among the professionals, technologists’and research
scholars.

It would be a matter of great satisfaction, not only to the organizers but the whole research community
in the country, if some useful thoughts and directions for prospective developments can come out of
the deliberations of the conference.

As you all know organizing a conference is a large task. | have been able to accomplish this with
the will and cooperation of my numerous colleagues and seniors of ACET. | would like to express
my gratitude to all those who have contributed towards this. | am thankful to all the authors whose
papers are accommodated in the proceedings of the conference and also to those who could not find
space. | hope they will understand my predicament.

We would like to make this conference a memorable event by offering sufficient opportunities and
hope that you will enjoy the hospitality.

Amandeep Sharma

Convener

LDSEM-2014
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Abstract—Objective- The main objective of this paper is to
examine the impact of information technology (IT) on the buyer-
supplier relationship, second to judge the level of the usage of IT
in Indian Industries, third to analyze the level of benefit of
Information Technology; and finally to develop a context-
dependent, and multilevel concept called ‘Usage of IT® at
different nodes among supply chain members. The field related
to usage of Information Technology among supply chain partners
has historically been collected through studies in micro
functional areas. While some effort towards producing a broader
organizational perspective has been made, nonetheless, IT in
SCM continues to be largely eclectic with little consensus on its
conceptualization and research methodological bases. This paper
seeks to clarify aspects of this emerging perspective.

Design/methodology/approach — A total of 117 responses of
questionnaire were collected and analyzed.

Findings — A number of key findings emerged: Although
researchers have recognized that IT is an enabler of supply chain
management (SCM) activities, there has been limited research
that has directly, associated the usage of IT to partner
relationships; usage of IT is very well correlated to partners
relationship: usage of IT, in operations & in delivery affect the
vendor relationship, the most; Applying multiple regression
analysis, the study indicated that a higher level of usage of IT in
supply chain leads to better relationship among partners of
supply chain. This research is essential in order to ascertain the
impact of usage of IT to vendor relationships, particularly in the
Indian industry.

Practical implications — This paper proposes a model that
assesses the usage of information technology (IT) tools at three
different nodes sourcing, operations, delivery, its impact to the
vendor relationships, and level of usage to the level of benefit in
the SCM in the Indian industry.

Originality/value — This paper is one of the first to focus on the
level of usage of IT in sourcing, in operations, and in delivery for
partners relationship in supply chain across Indian Industries.

1. INTRODUCTION

During the past ten years, use of information technology in
supply chain management has attracted much attention from
both practitioners and researchers. As the use of information
technology has increased. firms tend to become more
integrated. Therefore. integrating effective supply chain
practice with effective information sharing becomes critical for
improving relationship among supply chain partners’. Supply
chain practice focuses on material movement (Chopra and
Meindl, 2001). while information technology focuses on
information flow (Premkumar and William, 1994). In this
study, use of information technology in three different
functions of supply chain practice have been considered:
supply chain. sourcing. production and delivery practice.
Buyer-supplier relationship is another focus of this study.
Information technology has had remarkable impact on supply
chain practice. This study focuses on all three aspects for the
use of  information technology n sourcing,
production/operations, and delivery. along with the level of
benefit to supply chain in terms of better buyer-supplier
relationship.

The purpose of this study is to investigate (1) the
relationship between the use of information technology in
sourcing, operations and delivery and buyer supplier
relationship. (2) the relationship between the level of usage of
IT to the level of benefit to the supply chain, (3) the impact of
information technology on buyer-supplier relationship, (4) to
judge the level of the usage of IT in Indian Industries, and (5)
to develop a context-dependent. and multilevel concept called
“Usage of IT” at different nodes among supply chain members.
The next section covers. review of literature for different tools
used for IT, usage of IT in supply chains and hypothesis
formulation. In Section 3. the research methodology and
measurement scale development are presented. In Section 4.
the results of testing the relationship among use of IT in
sourcing, operations and delivery and vendor relationship. level

Keywords— — Supply ~chain  management, Information ¢\ ¢a0c of IT in supply chain and its benefit are given. Section
Technology, vendor relationship, level of benefit. T : AW a3 M A
: 5. 6 and 7 provides the discussion. managerial implications &
limitations of the study. Finally, Section 8 highlights the
conclusions of the study.
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II. LITERATURE REVIEW

A. Usage of IT Tools

Use of IT 1s defined as IT used to facilitate SCM practices
(L1, 2002). In this study, usage of IT 1s defined as the use of IT
to facilitate inter-organization activities, because this study
focuses on the buyer-supplier relationship. Many researchers
have extensively examined the role and impact of specific
types of IT tools m the supply chain field (Lee & Whang 2001
Sanders. 2005).

The common IT tools, which are being used in managing a
supply chain, are: Electronic Data Interchange (EDI), Supplier
relationship management (SRM), Internet & Extranet,
Distribution Requirement Planning (DRP). Data Warehouse
(DW).

1) Electronic Data Interchange (EDI)

EDI enables the transfer of data in an agreed electronic
format, such as invoices, bills. and purchase orders between
companies. Cited the benefits of EDI from literature are
implementation as quick access to Information & better
customer service. EDI improves performance of supply chain
through enhancing supplier delivery performance. (Lee &
Whang 2001). Yu, Yan, and Cheng (2001). found that using
EDI to support a Vendor-Managed Inventory (VMI) strategy
not only eliminates the bullwhip effect but also enhances the
overall performance of the supply chain. VMI is an inventory
planning and fulfillment technique in which a supplier is
responsible for monitoring and restocking customer inventory
at the appropriate time to maintain predefined levels. The
vendor here is given access to current customer inventory and
forecast and sales order information to initiate replenishment as
required.

2) Supplier rvelationship management (SRM)

SRM is the management of information flow between
suppliers and purchasing organizations and the integration of
supplier information in the buyer's procurement process. The
use of SRM has a positive impact on cost reduction as well as
on improving procurement and providing real time visibility
across the supply chain (Wisner et al., 2005). SRM supports
solutions to assist in planning, execution and optimization of
the supply chamn. SRM mostly mcludes planning, demand
management, supply management. fulfillment
planning/execution,  warehouse  management,  delivery
management and so on.

3) Internet & Extraner

Internet is relatively fast and cheaper with no incremental fee
associated with the frequency and length of information
transfer. Internet technology has significantly enabled VMI,
Electronic Fund Transfer (EFT), collaborative planning.
forecasting and replenishment (CPFR) (McCormack & Kasper,
2002). EFT allows the electronic transfer of money or funds
across the supply chain without the exchange of paper money.
facilitating rapid transfer of goods and supplies between the
buyer and the seller. The Internet or extranet also enables the
integration of supply chains with lower cost, the availability of
rich content, and support for linking supply chain partners
located at long distances from each other. The Internet provides

direct connectivity to anyone over a local area network (LAN)
or Wide Area Network (WAN) or Metropolitan Area Network
(MAN) through Internet Service Providers (ISPs). Whereas, an
extranet uses Internet world wide web (www) to disseminate
information from within an organization to a predefined group
of users outside of the organmization, typically customers,
suppliers, or business partners. Sanders (2005) indicated that IT
has a significant direct impact on a firm’s performance. Large
volume of information can move smoothly and inexpensively
i real time along the supply chain. Thus, IT enables supply
cham members to optimize effective strategies. indispensable
to the success of the supply chain (Kulp, Lee. & Ofek. 2004).

4) Distribution Requirement Planning (DRP)

In addition to smoothening the coordination of cash flow in
the supply chain, IT is required in managing the movement of
physical goods along the supply chain. IT tools such as
Distribution Requirement Planning (DRP) provide a linkage
between warehouse operations and transportation requirement.
DRP links demand forecasts to inventory and transportation
capacities.

5) Data Warehouse (DW)

Usage of a Data Warehouse (DW) provides a linkage
between many different databases in the entire enterprise,
which helps management in the decision-making process. The
system channelized the effective management of information
from various sources towards a single location. Organizations
which use DW are able to access a wide variety of data. For
example. information regarding sales or trend reports at a
particular location or region can be obtamed. The stored data
can then be used for making report and mformation analysis.
Hence, DW provides speed and cost effectiveness in meeting
management mformation requirements.

In short. 1n order to react quickly to supply cham uncertainty
while maintaining the good relations with buyers and suppliers.
organizations need to develop capable information systems to
gather and exchange information with supply chamn partners
(Bowersox et al.. 2000).

B. IT on SCM

There has been a continuous growth in the number of studies
of Information Technology’s (IT) effect on supply chain and
inter organizational relationships, [Grover (2002)]. A popular
belief is that IT can increase the information processing
capabilities of suppliers. thereby enabling or supporting greater
relationship in addition to reducing uncertainty [Subramani.
(2004)]. IT reduces transaction costs between buyers and
suppliers and leads to better cooperative governance structure,
for closer buyer-supplier relationships Bakos & Brynjyoolfsson
(1993). The review of literature revealed that the role of IT in
SCM may be divided in to three categories as role of IT in
procurement, operations and delivery process, which 1s further
described as follows:

1) Role of IT in Procurement

The review demonstrates that the major use of IT in
activities like procurement, is negotiating the price quotes with
vendors, releasing the purchase order. queries from vendors.
providing vendors with information. the processing of
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returning the damaged goods, term agreements etc., Olsen and
Ellram (1997). The other popular use of IT in supply chains is
in order processing applications. Information Technology 1s
most frequently used in placing orders and checking order
status. This has dramatically reduced the costs of order
processing. The error rate involved in it.

2) Role of IT in Operation

The most important use of IT in supply chain is the
management of inventory. This is taken care of use of IT in the
communication of stock outs by customers to vendors. or the
notification of stock outs by companies to their customers. IT
has affected inventory management most dramatically in the
ability of firms to be proactive in managing the inventory
systems. By the use of IT, organizations have become more
transparent in terms notifying the customers about delays in
order shipping and inventory emergencies. Production
scheduling has traditionally been the most difficult aspect of
SCM. IT has minimized the difficulty to manage production
scheduling by improving the communication between vendors,
firms and customers. The literature review showed that some
of the firms use IT to coordinate their JIT programs with
vendors. In addition, some of the firms have started using IT to
coordinate their production schedules with their vendors.

3) Role of IT in Logistics

Transportation typically 1s the highest cost component mn a
supply chaimn, according to literature review. The research
showed that the monitoring of pickups at regional distribution
centers by carriers 1s the most popular application of IT in this
area. This 1s particularly mmportant for a company, since
tracking shipments to regional depots provides the firm with
the data on reliability performance of the carriers, it 1s using.
The use of IT enables transportation managers to make sure
that the delivery system delivers the right kind of finished
goods, mn right amount, at the right location well mn time.
ensuring that they are meeting their committed arrival times.
The use of IT in logistics has equipped managers with the
capacity to inform about carriers of shipment delays as they
occur, Fasanghari et al. (2008).

C. Hypothesis:

Vendor relationship has received increased attention, in the
recent past for the effective management of a supply chain.
Many authors have discussed the issue, which contribute to
improved buyer-supplier relationship. For example, Orshesky
(2003) has observed mmproved collaboration and greater
responsiveness in the supply chain that may be achieved by
greater level of shared imformation and communication among
partners. This observation is supported by many researchers
who observed that for the smooth functioning of these
relationships an information sharing mechanism among
partners of supply cham is essential, Subramam (2004).
Otherwise, one partner in a supply chain i1s so dominant over
other partners that it may unilaterally dictate to them own terms
and conditions. The dominant stakeholder may take some of
the decisions without consulting others (smaller partners).
Smaller partners may later be forced to comply with these
decisions, Subramani (2004). Top management of all partner

organizations in a supply chain may play important role in
developing the policies. which may lead to healthy and
collaborative relationship between the buyers and the suppliers
(Sanders, 2005; Bowersox et al., 2000). Further, the
commitment of top management towards SCM. such as
improved buyer-supplier relationships and mformation sharing,
1s a key component for the successful adoption of SCM,
Grover (2002). These observations lead to the formulation of
the hypothesis for this study.

Hypothesis 1. Use of Information Technology significantly
affects the vender relationship in supply chain.

Hypothesis la. Use of Information Technology in
procurement process significantly affects the relationship with
suppliers.

Hypothesis 1b. Use of Information Technology in
operations process significantly affects the relationship with
suppliers.

Hypothesis lc. Use of Information Technology in delivery
process significantly affects the relationship with suppliers. .

Hypothesis 2. Extent of IT usage determines the level of the
benefit from IT in supply chain.

III. METHODOLOGY

A. Research Model

The This research draws upon the work of Fasanghari et al.
(2008). which is focused on assessing the impact of
Information Technology on Supply Chain Management
because this study focuses on the buyer-supplier relationship:
adaptations have been made by focusing on inter-
organizational relationships.

B. Research Methods

Questionnaires were used to collect the required data from
manufacturing companies located in the northern region of
India over a period of three months. A total 685 questionnaires
were distributed through e-mail and post mail and to the
purchasing directors, managers. executives, and buyers In
manufacturing companies who had direct contact with
suppliers. The lists of possible companies were generated from
CII directory. 2012. A total of 127 questionnaires were
collected from respondents, a response rate of approximately
18.5%. However. of the 127 questionnaires. only 117
questionnaures could be used. Four respondents answered the
questionnawes incompletely and another six questionnaires
were rejected due to improper answers.

C. Measurement and validation

The questionnaire in this study was derived from the
literature, either through adoption or slhight modification to
make 1t relevant to this study. The pilot test was conducted to
improve the overall quality of the questionnaire. Pilot test was
performed by distributing the questionnaire to purchasing
managers among four organizations and two academic
organizations to solicit feedback on questionnaire design.
Based on their feedback, several minor changes were made to
tailor the questionnaires as per/keeping view the target
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agdlgncq. Tbe quesuonn.a_lres‘ were deemed ready for Compiter Pragucts 15 12.10
distribution after these modifications.

D. Research instruments Others 08 o7

A total of 21 questions were constructed to measure the Years in Industry

level of use of IT in sourcing, operations & logistics. 10

questions were asked related to the use of IT in sourcing. S 15 08 6.90
related to the operations, & 6 related to the use of IT in

delivery. Further a total 12 questions were asked to know the 5:1-10 12 t0:34
level of use of IT in supply chain and 20 questions were asked 0115 20 2ais
to know the benefit of using IT in supply chain. [Questions WL i

.' : Y 1 2 gy
were adapted from F'as(mgl.]an et al. (,_00.8), rest were 15.1.20 06 517
developed from the various discussions from literature]. A 5-
point rating scale, ranging from "1= strongly disagree" to "5= 20 years 5 43.10
strongly agree." was adopted to measure the use of IT in
sourcing, operations, delivery, level of usage of IT and lastly Number of Employees
the benefit of using IT to facilitate the supply chain.

100 & below 15 12.97
IV. RESULTS
10-500 20 17.24
A. Respondent Profile

2 s : 501-1000 8 6.90

Before Table T shows that 46.0% of respondents are senior
executives. while 26.6% of respondents hold middle level Above 1000 74 62.90

managerial positions; another 25.64% of respondents hold

higher level managerial positions.

TABLE I. RESPONDENT PERSONNEL PROFILE

TABLE TII. CORRELATIONS AMONG THE ITS, ITO, ITL & VR

Variable (Job Title) Frequency Percentage VR ITS 1To ITL
Director/Senior 5 Pearson SGoTEE - BTHTER
Manager 30 25.64 Correlabion 1 299(**) | .690(**) | .517(**)
Mmfﬁﬁf;ii' i 53 46.00 VR Sig. (2-tailed) 001 000 .000
Section Head/Senior 31 26.6 . - -
Executive 3 26. N 117 117 117 117
Others 03 1.76 Pearson 2Qg(## S A(54
Correlation s : A7) AL
ITS Sig. (2-tailed) .001 .000 .203
B. Respondent Organization Profile
Define The majority of the respondents come from Original N 117 17 17 117
Equipment Manufacturers (OEM), ie. 77.56%., and 22.44% Pearson
from the supporting Industry. 43.10% of the organizations have Comelation | -590C°") | 424(*%) 1 380(**)
been operating for more than 20 years; furthermore, 62.9% of » _
companies have employed more than 1,000 people (Table IT). ITO | Sig. (2-tailed) 000 000 000
TABLE II. RESPONDENT ORGANIZATION PROFILE N 17 17 17 17
Pearson - . »
Variable Frequency Percentage Cotislabion S17(*Y) 119 380(%%) 1
OEM 90 77.56 ITL Sig. (2-tailed) .000 203 .000
Supporting Industry 27 22.44 N 117 117 117 117
Primary Business ** Correlation is significant at the 0.01 level (2-tailed).
Automobile 43 36.74 ITS: Use of IT in Sourcing
ITO: Use of IT in Operations
Electronic/Electrical 33 28.36 ITS: Use of IT in Logistics
VR: Vendor relationship
Metal Products 18 15.80
SUBTI st —r ISBN No: 978-81-924867-1-0
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Table TIT shows three things. First, the table shows the
value of Pearson’s correlation coefficient between every pair of
variables (eg. We can see that the use of Information
Technology 1n operations had a large positive correlation with
vendor relationships. 1=.690). Second, the two-tailed
significance of each correlation 1s displayed (eg. The
correlation 1s significant, p<.05). Finally the number of cases
contributing to each correlation N=117 is shown.

You might notice that along the diagonal of the matnx the
values for the correlation coefficients are all 1.00 (i.e. a perfect
positive correlation). The reason for this is that there values
represent the correlation of each vanable with itself, so
obviously the resulting values are 1. Table III is extremely
useful for getting a rough 1dea of the relationship between
predictors and the outcome.

If we look only at the predictors (ignore vendor
relationship) then the highest correlation is between the use of
IT in sourcing and the Use of IT in operations which is
significant at a .05 level (r=424, p=.000). In table TV you
should note that there is only one model, which refers, when all
three predictors are used to find out the effect of all together on
the outcome 1.e. vendor relationship. Table TV concludes that
all three predictors use of IT in sourcing, operations and
delivery (logistics) n order contribute 55.2% in vendor
relationship.

To check the co linearity, VIF value and tolerance were
checked. For our model the VIF values are all well below 10
and the tolerance statistics all well above 0.2: therefore, we can
safely conclude that there is no co-linearity within our data.

It (table V) provides us with some very important
information about the model: the value of R, R* and the
adjusted R? The table also tells us that what was the nature of
the dependent variable and predictors in each of the two
models. In the column labeled R. are the values of the multiple
correlation coefficient between predictors and the outcome
when only use of IT in operation is used as a predictor. this is
the simple correlation between use of IT in operations and
vendor relationship (.690). The next column gives us a value of
R?, which 1s a measure of how much of the variability in the
vendor relationship, 1s accounted by predictors. For the first
model 1ts value 1s .476. which means that use of IT
operations accounts for 47.6% of the variation m vendor
relationship. However, when the other predictors (use of IT mn
delivery) are included as well (model 2), this value increases to
552 or 55.2% of the wvariance n vendor relationship.
Therefore, if use of IT 1 operations accounts for 47.6%. we
can tell that use of [T 1n delivery (Logistics) accounts for 7.6%.
The adjusted R” gives us several ideas of how well our model
generalizes and 1deally we would like its value to be the same.
or very close to. the value of R”.

So looking at the difference

476 - 471 = .005

552 - 544 = 008

We can conclude that model 2 shrinkage means that if the
models were derived from population rather than a sample it
would account for approximately .8% less variance in the
outcome.

TABLE IV. SumMARY FOR SINGLE MODEL
Change Statistics
Model R R Square | Adjusted R Sqnare | Std. Ervor of the Estimate
R Square Change | F Change | df1 | df2 | Sig. F Change
1 .743(a) .552 540 40552 552 46.472 3 113 .000
a Predictors: (Constant). ITL. ITS. ITO
TABLE V. MODEL SUMMARY
Change Statistics
Model R R Square | Adjusted R Square | Std. Exrror of the Estimate
R Square Change | F Change | dfl1 | df2 | Sig. F Change
1 .690(a) 476 471 43496 476 104 401 1 115 .000
2 .743(b) 552 544 40395 076 19.336 1 114 .000
a Predictors: (Constant), ITO
b Predictors: (Constant). ITO. ITL
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Table VI shows the next part of the output, which contains
an ANOVA that tests whether the model 1s significantly better
at predicting the outcome than using the mean as a “best
guess”. Specifically, the F-ratio represents the ratio of the
improvement in predicting that results from fitting the model,
relative to the naccuracy that still exists in the model. The
table shows the value of sum of squares for the model, the
value 1s generally represented as SSy and represents the
improvement i predicting resulting from fitting a regression
line to the data rather than using mean as an estimate of the
outcome. Table VI also shows the residual sum of squares
(SSp), it represents the total difference between the model and
the observed data. Degree of freedom (df) 1s also shown in the
table VL.

For the residual sum of squares it i1s the number of
observations minus the number of coefficients in the regression
model. The first model has two coefficients (One for the
predictor and other for the constant) where as the second model
has four (one for each of the three predictors and one for the
constant). Therefore model 1 has 115 degree of freedom where
as model 2, has 114. The average sum of squares (MS) 1s then
calculated for each term by dividing the SS by the df. The F
ratio 1s calculated by dividing the average improvement in the
prediction by the model (MSy) by calculating the average
difference between the model and the observed data (MSg) 1f

the improvement due to fitting the regression model i1s much
greater than the accuracy within the model then the value of F
will be greater than 1. For the accepted model 2 the value of F
70.192 which 1s also highly significant (p<.001). So far we
have looked at several summary statistics telling us whether or
not the model has improved our ability to predict the vendor
relationship through the use of IT in sourcing, operations and
delivery. The next part of the output 1s concerned with the
parameters of the model.

Table VII shows the parameters for all three models, but we
will be concerned only with the parameters for the final model
(in which all predictors were included). The multiple
regression models take the form of equation

Yi:b0+b1Xll+b2Xi3++ ————— +b_‘X4)+€1

In the above equation there are several unknown qualities
(the b-values). The first part of table VII gives us estimates for
the b-values and these wvalues indicate the individual
contribution of each predictor to the model. If we replace the
b-values in the equation, we find that we can define the model
as follows:

VR =1.476 + .502ITO + .214ITL

TABLE VI. ANOVA(c)
Model Sum of Squares daf Mean Square F Sig.
Regression 19.752 1 19.752 104.401 .000(a)
1 Residual 21.757 115 189
Total 41.509 116
Regression 22,907 2 11.453 70.192 .000(b)
2 Residual 18.602 114 163
Total 41.509 116
a Predictors: (Constant), ITO
b Predictors: (Constant). ITO. ITL
¢ Dependent Variable: VR
TABLE VII. COEFEICIENTS(A)
Unstandardized Standardized 95% Confidence Interval Collinearity
Coefficients Coefficients for B Statistics
Mo B Std. Error pete ' e Love Lpper Tolerance VIF
o Bound Bound '
(Constant) 1.810 212 8.538 .000 1.390 2.230
! ITO 601 059 .690 10.218 2000 485 718 1.000 1.000
(Constant) 1.476 211 6.994 | <.001** 1.058 1.894
2 1ITO 502 .059 577 8.508 | <.001** 385 619 856 1.168
ITL 214 .049 .298 4397 | <.001"* 118 311 856 1.168
a Dependent Variable: VR
(6) v e e ISBN No: 978-81-924867-1-0
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The b-values tell us about the relationship between vendor
relationship and each predictor (use of IT, in Sourcing,
Operations and delivery). If the value 1s positive, there is
positive relationship between the predictor and the outcome,
whereas a negative coefficient represents a negative
relationship. For these data no predictors have negative
relationship. So. as use of IT increases in operations, Vendor
relationship improves; similarly as ITL increases, so do VR.
Other than this b-values tell us more than this. though. They
tell us to what degree each predictor affects the outcome if the
effects of all other predictors are held constant. Use of IT m
operations (b=.502): this value mdicates that as use of
mformation technology i operations increases by one unit,
vendor relationship increases or improves by .410 units. This
terpretation 1s true only if the effect of use of IT in delivery 1s
held constant. Use of IT m delivery (b=214): This value
mdicates that as the use of [T in delivery mcreases by one.
vendor relationship increases by .214 units. This interpretation
1s true only if the use of IT in operations 1s held constant. Each
of these beta values has an associated error indicating to what
extent their values would vary across different samples, and
these standard errors are used to determine whether or not the
b-value differs significantly from zero. A t-statics can derive
that tests whether a b-value 1s significantly different from 0. In
simple regression, a significant value of t indicates that the
slope of the regression line 1s significantly different from
horizontal. but in multiple regression. it is not so easy to
visualize what the value tells us. Well. it is easiest to
conceptualize the t-test as measures of whether the predictor is
making a significant contribution to the model. Therefore. if
the t-test associated with a b-value is significant (it the value in
the column labeled sig. is less than 0.05) then predictor is
making a significant contribution to the model. The smaller the

value of sig. (and the larger the value of t), the greater the
contribution of that predictor. For this model. the use of IT in
operations (%(114)=8.508), p<.001), and use of IT in delvery
(4(113)=4.397, p<.001) are significant predictors of vendor
relationship. From the magnitude of the use of IT in operations
has larger impact on vendor relationship than on use of IT n
delivery (ITL).

Table VIIT shows three things. First, the table shows the
value of Pearson’s correlation coefficient between pair of
variables. As we can see that the usage of Information
Technology had a large positive correlation with the benefit
received from the usage of IT (1= .518). Second, the two-tailed
significance of correlation 1s displayed (e.g. The correlation is
significant, p<.05). Finally the number of cases contributing to
each correlation N=117 is shown.

Table IX provides us with some very important information
about the model: the value of R. R* and the adjusted R® The
table also tells us about the nature of dependent variable
(outcome) and the predictor was in the model. The column
labeled as value of R, which is a measure of how much of the
variability in the benefit from the usage of IT, is accounted by
predictors. For the model its value 1s .268, which means that
level of use of IT in supply chains accounts for 26.8% of the
variation in benefit from the usage of TT. The adjusted R? give
us 1deas of how well our model generalizes and ideally we
would like its value to be the same, or very close to, the value
of R*.

So looking at the difference

268 - 261 = .007
We can conclude that model shrinkage means that if the model
were derived from population rather than a sample it would
account for approximately .7% less variance in the outcome.

TABLE VIII. CORRELATIONS AMONG LEVEL OF USAGE OF IT & BENEFIT

Level of Usage IT Level of Benefit
Pearson Correlation 1 S518(**)
Level of Usage IT Sig. (2-tailed) .000
N 117 117
Pearson Correlation S18(%*) 1
Level of Benefit Sig. (2-tailed) .000
N 117 117
** Correlation 1s significant at the 0.01 level (2-tailed).
TABLE IX. MODEL SUMMARY FOR USAGE OF IT & 1TS BENEFIT
Change Statistics
Model R R Square | Adjusted R Square | Std. Error of the Estimate
R Square Change | F Change | df1 | df2 | Sig. F Change
1 518(a) 268 261 43415 268 42.068 1 115 000
a Predictors: (Constant). Level of Usage IT
(&) yarw st e i ISBN No: 978-81-924867-1-0
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TABLE X. ANOVA(B)

Model Sum of Squares df Mean Square F Sig.
Regression 7.929 1 7.929 42.068 .000(a)
1 Residual 21.676 115 188
Total 29.605 116
a Predictors: (Constant). Level of Usage IT
b Dependent Variable: Level of Benefit
TABLE XI. COEFFICIENTS(A)
TUnstandarlized Standardized 95% Confidence Collinearitv Statistics
Coefficients Coefficients Interval for B u 5 o
Model Beta t Sig. I U
B Std. Error ower, oper Tolerance VIF
Bound Bound
(Constant) 2.662 170 15.704 000 2.326 2,998
1 > -
el & 300 046 518 6486 | <001** | 208 391 1<.001%* | 1<.001%*
Usage IT
a Dependent Variable: Level of Benefit

Table X shows the next part of the output, which contains an
ANOVA that tests whether the model 1s significantly better at
predicting the outcome than using the mean as a “best guess”.
Specifically, the F-ratio represents the ratio of the improvement
in predicting the results from fitting the model, relative to the
maccuracy that still exists in the model. The table shows the
value of sum of squares for the model, the value is generally
represented as SSy and represents the mmprovement in
predicting resulting from fitting a regression line to the data
rather than using mean as an estimate of the outcome. Table X
also shows the residual sum of squares (SSy). it represents the
total difference between the model and the observed data.
Degree of freedom (df) 1s also shown in the table X.

For the residual sum of squares 1t is the number of
observations minus the number of coefficients in the regression
model. The present model has two coefficients (One for
predictor and other for constant) where as the third model has
four (one for each of the three predictors and for the constant).
Therefore model has 115 degree of freedom. The average sum
of squares (MS) 1s then calculated for each term by dividing
the SS by the df. The F ratio is calculated by dividing the
average improvement in the prediction by the model (MSy) by
the average difference between the model and the observed
data (MSg) if the improvement due to fitting the regression
model 1s much greater than the accuracy within the model then
the value of F will be greater than 1. For the model the value of
F 42.068 which 1s also highly significant (p<.001). So far we
have looked at several summary statistics telling us whether or
not the model has improved our ability to predict the benefit of
IT through use of IT mn supply chamns. The next part of the
output is concerned with the parameters of the model.

As per the explanation mentioned earlier for the present
table XI equation may be derived as:

Level of benefit = 2.662+.3 usage of IT in Supply chain

V. DISCUSSION

The results show a significant co relationship between
usage of IT in all functions of supply chain management and
buyer-supplier relationship. This is because structured and
standardized routines of procedures tools are unable to cater to
business cases that require real time sharing of information for
doing business. Thus, IT tools are required at all nodes for
sharing real time information, in order to keep pace with a
changing business environment and to cope with new business
strategies and practices, organizations must constantly mvest in
upgrading its existing IT system in order to meet any
circumstantial needs (Orshesky, 2003).

Though the usage of IT in all the functions of SCM was
correlated to vendor relationship, yet it is found that the use of
IT in sourcing is not affecting buyer-supplier relationship
significantly. Tt is found that use of IT in operations and
delivery  were affecting  buyer-supplier  relationship
significantly. Information Technology in operations were
affecting by 47.6%. In other words we can say that 47.6 %
variation in Vendor relationship 1s by use of IT in operations.
Multiple regression resulted in to a model VR = 1476 +
S502ITO + 214ITL. Simularly 1t was found that usage of TT has
strong correlation with benefit to the SCM. Also it was found
that it 1s causing 26% variation in benefit of IT in supply chain.
Model proposed for this is the level of benefit= 2.662+.3 usage
of IT.

While summarizing, the findings indicated that the impact
of Usage of IT in operations and delivery is more important
than usage of IT in sourcing on buyer-supplier relationship.
Also that level of benefit of IT in supply chain is directly
proportional to the extent of usage of TT.

VI. MANAGERTAL IMPLICATIONS IN SUPPLY CHAINS

The findings of this study raise several implications for
buyer-supplier relationship in supply chains. The mindset that

(53 MBS couese .
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heavily mvesting in IT tools will automatically improve buyer-
supplier relationship needs to change. Successtul SCM is the
result of human interaction that can only be supported by IT,
not replaced. The relational factors of the use of IT in
operations and delivery were found to be positively
impacting/affecting/influencing  buyer-supplier relationship.
Level of usage of IT, which 1s central to successful partner
relationships, and overall benefit to the supply chain.

Thus, supply chains who demonstrate higher levels of
usage of Information Technology will perform better in terms
of better and smooth working patterns between partners. The
results of this study suggests that management should
strengthen the investments i usage of information Technology
tools 1n operations and delivery to make supply chain practice
better during operations and delivery, and to make best
relationship with their supply chain partners.

VII. LIMITATIONS

This study was confined to the northern region of India, and
therefore. the findings from this study cannot be generalized to
all manufacturing companies in India. Additionally. the survey
response rate was low (18%). which may indicate non-response
bias. Because the number was small, we could not perform a
non-response bias test. Studies using larger sample sizes should
be performed on all Indian manufacturing companies to
evaluate whether the findings of this study truly retlect the
reality. Second. we only used a single respondent within each
organization as our source of information. This may have
resulted in some bias, but many researchers have argued that
this bias is not a serious issue. Moreover, this study only
focuses on inter-organizational relationships. However. SCM
encompasses a spectrum of activities, both internally and
externally. To have an effective supply chain. good internal
collaboration 1s required in order to facilitate external
collaboration. Future research should examine how both inter
and intra- collaboration impact buyer-supplier relationship.
There are also many other variables which can influence buyer-
supplier relationship. Thus. future research may include other
variables identified in the literature to extend the model of
research.

VIII. CONCLUSION

Currently, SCM has become the main focus of many
organizations. SCM 1s viewed as an essential part of business
success. Organizations should not isolate themselves from
SCM if they want to compete in the marketplace. To survive,
organizations must strengthen the support from the entire
cham. Collaboration with the entue supply cham 1s critical to
achieve an excellent relationship with all its partners. Based on
the results of this study, usage of IT in all dimensions of SCM
are found to be positively related to buyer-supplier
relationship. However, usage of IT in operations is affecting
the vendor relationship the most out of usage of IT in other
dimensions of supply chain management. Study validates its

entire hypothesis except 1 (b). Hopefully. these findings will
provide impetus for local companies to invest in IT more
strategically if they wish to mmprove upon their inter-
organizational relationships. Also that if any organization
wants to receive the benefit from the usage of the IT, then the
management of the organization must realize it can be achieved
only through more imvestments 1n it.
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Abstract: In this paper we describe the behavior of Metal
matrix composites. A lot of work has been done on aluminum
based metal matrix composite with different types of
reinforcements, different sizes and manufactured techniques
either by stir casting or by spray casting technique and then
subjected to study the wear behavior. Alloy composition and its
condition influence the wear rate. With increase in weight % of
reinforcement in the matrix the wear resistance of composite
increases. The hardness will also increase with increase in weight
% of reinforcement. As we know that these metal matrix
composites are used mostly in liberty ships, aerospace,
automotive, and nuclear. In the present paper the study on sharp
show off activities of Aluminum metal matrix composite
reinforced with Alumina slag, SiC and AI203 has been carried
out. There are various production technique offered where the
value fraction of Strengtheners could be inflamed and are likely
to vary the wear performances of the composite. Composites
posses excellent Strength and Stiffness and this describes that
these are very light Materials. So this paper describes that these
possess high resistance to oxidization, chemicals and other
weather agents. In this paper, the combination of waste as
reinforcement and matrix is Al alloy 6061 was used with the help
of simple and cheaper technique called stir casting technique.
Other reinforcements are also used in place of waste such as
silicon carbide and aluminum oxide varying from 2.5 to 10% by
wt. in Al alloy 6061 and studied the effect of all these
combinations on macroscopic and microscopic behavior such as
wear rate, wear loss, hardness, microstructure and XRD etc.

Keywords-Alumina slag, SiC,ALO;.
I. INTRODUCTION

A composite material 1s a material composed of two or more
constituents. The constituents are combined at a microscopic
level and are not soluble in each other. Generally. a composite
material 1s composed of Strengthener (fibers, particles/
particulates, flakes. and/or fillers) embedded m a matrix
(metals, polymers). The matrix holds the Strengthener to form
the desired shape while the Strengthener umproves the overall
mechanical properties of the matrix. When designed properly.
the new combined material exhibits better strength than would
each individual material. The most primitive man-made
composite materials are straw and mud combined to form
bricks for building construction [1. 2]. Composites posses
excellent Strength and Stiffness. They are very light Materials
and they possess high resistance to corrosion, chemicals and
other weathering agents. They have High strength to weight
ratio (low density high tensile strength). High creep resistance.

High tensile strength at elevated temperature and high
toughness.

For many researchers the term metal matrix composites is
often equated with the term light metal matrix composites
(MMCs). Substantial progress in the development of light
metal matrix composites has been achieved in recent decades.
so that they could be introduced into the most important
applications. In traffic engineering, especially in the
automotive industry, MMCs have been used commercially 1n
fiber reinforced pistons and aluminum crank cases with
strengthened cylinder surfaces as well as particle strengthened
brake disks. These mnovative materials open up unlimited
possibilities for modern material science and development; the
characteristics of MMCs can be designed mto the material,
custom-made, dependent on the application.

II.  ALUMINIUM MATRIX

Aluminum 1s the most abundant metal in the Earth's crust.
and the third most abundant element, after oxygen and silicon.
Tt makes up about 8% by weight of the Earth's solid surface.
The chief source of aluminum is bauxite ore. Its Atomic
number 1s 13. Aluminum is a soft, durable, lightweight, ductile
and malleable metal with appearance ranging from silvery to
dull gray. depending on the surface roughness. Aluminum 1s
nonmagnetic and non-sparking. Aluminum has about one-third
the density and stiffness of steel. It 1s easily machined, cast.
drawn and extruded. Corrosion resistance can be excellent due
to a thin surface layer of aluminum oxide that forms when the
metal 1s exposed to air, effectively preventing further
oxidation.

1. OBJECTIVES OF METAL MATRIX COMPOSITES

Increase in yield strength and tensile strength at room
temperature and above while maintaining the minimum
ductility or rather toughness.

A~ Waste as Reinforcement

The role of the Strengthener in a composite material is
fundamentally one of increasing the mechanical properties of
the neat resin system. All of the different particulates/ fibers
used in composites have different properties and so affect the
properties of the composite in different ways. The desirable
properties of the Strengtheners include:

e High strength

e  Ease of fabrication and low cost

(0 s s
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e Good chemical stability
e Density and distribution.

B. Alumina slag as Strengthener

Alumina slag is the caustic insoluble slag residue
generated by alumina production from bauxite by the Bayer’s
process at an estimated annual rate of 66 and 1.7 million tons,
respectively, m the World and India [1]. Under normal
conditions, when one ton of alumina 1s produced nearly a ton
of alumina slag is generated as a slag. This slag material has
been accumulating at an increasing rate throughout the world.

C. Need for the reinforcement of Waste into Aluminum
matrix.

To obtain Optimum performance from composite materials
there is an advantage to selecting the shape and size of the
Strengthener material to fit the application. It is apparent that
different material types and shapes will have advantages in
different matrices. There are so many researchers have worked
out separately to remnforce SiC, AI203 (i.e. carbides, Nitrides
and oxides) TiC. Boron and Graphite m to the Aluminum
matrix to achieve different properties and are expensive.

IV. RESULTS AND DISCUSSIONS

e Effect of different reinforcements on weight loss of
MMCs under dry sliding condition.

A pin-on-disc tribometer i1s used to perform the wear
experiment. The wear track, alloy and composite specimens
are cleaned thoroughly with acetone prior to test. Each
specunen 1s then weighed using a digital balance having an
accuracy of +£0.0001 gm. After that the specimen is mounted
on the pin holder of the tribometer ready for wear test. For all
experiments, the sliding speed 1s adjusted to 1.6 m/s, track
diameter 60mm. load 2kg and total time 1s 30 minute under

room temperature.

Longth | Diameter (mm) Velocity Track Waight Time
(mm) $ w/'s) Dinmeter (mm) (Kg) (Sec)

S0 16 ni 2 1800
Sample | Spechmen Name | Tniial Weight Final Weight | Weight Loss(gm)

Al alloy 6061+ & &)

i 2.5% sic 471893 470330 001563

z 5% SiC 436166 4 34660 001306

E) 75% Ssic 662918 461820 001093

4 1% s 47305410 4739884 601053

s Z.5% AlCh 554633 582111 002522

3 5% ALO» G 16640 6 15064 001776

7 7.5% Ak 550040 EEEFEL] 001650

£ 10% ALO> 589106 587686 001412

B 75 % Wast= 415920 613370 00255

0 % Warte 552508 580113 002396

3] 7 5% Waitc 617206 615575

Tz TG Wasle ERGUED) T oBT28

3 ~ Base aloy (Al 804030 B.0205%

alloy 6061)

Table 1: Weight loss of Sample no. (1-13) under dry sliding
condition

As shown in the table results predict that as the Strengthener
wt. % increases. the weight loss of MMCs decreases. But in
the case of alumina slag Strengthener, the weight loss decrease
upto 7.5 wt. % then increases. This happens may be due to
either the improper dispersion of alumina slag into the matrix
due to high viscosity of molten composites or weak interfacial

bonding in between the Al alloy 6061 and alumina slag
interfaces.

Comparing the weight loss properties of composites
reinforced with silicon carbide. alumina and alumina slag, it is
observed that despite their higher hardness. composites
reinforced with alumina and alumina slag particles show
greater weight loss as compared to composites reinforced with
Si1C particles. It can be attributed to the comparatively poor
bonding between alumina slag-matrix and in alumina-matrix.
There might be particle pull out, in the case of composite
reinforced alumina and alumina slag particles during wear test.
which enhances weight loss.

V. CONCLUSION

Aluminum based metal matrix composites have been
successfully fabricated by stir casting technique with fairly
uniform distribution of Alumina slag, Silicon carbide and
Aluminum oxide particulates. For synthesizing of composite
by stir casting process, stirrer design and stirrer position,
stirring  speed and time, particles preheating temperature,
particles incorporation rate etc. are the important process
parameters. It i1s found that wear rate tends to decrease with
increasing particles wt. percentage (2.5- 10%), which confirms
that silicon carbide; alumina slag and alumina addition is
beneficial for reducing the wear rate of MMCs. Alumina slag,
the alumina slag generated from alumina production can be
successfully used as a reinforcing matenal to produce Metal-
Matrix Composites (MMCs). It can be replaced by other
expensive Strengthener matenals such as SiC and Al203.
Thereby saving of expensive Strengtheners could be achieved.

VI.  FUTURE SCOPE

Same metal matrix composites can be manufactured by
using other manufacturing techniques like spray casting etc.
and results can be compared with stir casting technique. In this
study alumina slag. SiC and AI203 particles of sizes 103-150,
60- 90 and 30-50 microns have been used. This can further be
extended by varying the particle size and then effect of particle
size on the wear behavior of the composite can be studied.
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Abstract—A literature review of studies and researches has
been attempted in the field of dissimilar metal welding.
Dissimilar metal welds have large applications in area of thermal
power, chemical, petrochemical, automobile, aerospace industries
and nuclear plants. The purpose of this paper is to review: (a) the
applications of dissimilar metal welding processes (b)
microstructural and mechanical properties of dissimilar metal
joints studied by researchers.

Index Terms— Dissimilar metal welding processes, mechanical
properties, applications

1. INTRODUCTION

Since ancient time people have been joining dissimilar
metals. Ornaments and trinkets were made with metals of
differing colors and workability, even though the joining
methods used in ancient times were very different from those
in present. Joining dissimilar metals is, therefore, to compose
different properties of metals in order to minimize material
costs and at the same time maximize the performance of the
equipment and machinery. Presently, the methods of joining
dissimilar metals include fusion welding. pressure welding,
explosion welding, friction welding. and diffusion welding.
brazing, and soldering [1].

Joints of dissimilar metal combinations are employed in
different applications requiring certain special combination of
properties as well as to save cost incurred towards costly and
scarce materials. Many of the structural components in
pressure vessels. transport vehicles, earthmoving equipment.
spacecraft, etc. are made of welded joints. The dissimilar joints
are the most common ones in the fabrication and construction
of many structures. The wide application of dissimilar joints in
various structures, including offshore. nuclear. and spacecraft,
gives large scope for the researchers to analyze the behavior
under different types of loading condition [2]. Owing to these
attributes at moderately high temperatures. such combinations
of metals are extensively used in the power generation
industry. In a nuclear water reactor, dissimilar metal welds are
employed to connect the low alloy steel reactor pressure vessel
and stainless steel pipe systems. The dissimilar metal weldment
Jjoining boiler water reactor nozzles to safe ends is one of the
more complex configurations in the entire recirculation system.
The problem of making welds between dissimilar metals

4

relates to the transition zone between the metals and the
intermetallic compounds formed 1n this transition zone [3].

I1. DISSIMILAR METAL WELDING PROCESSES AND
APPLICATIONS

The dissimilar welded joints are formed between two
different metals in aspect of difference in their chemical
composition and various metallurgical and mechanical
properties. Different welding processes are used to weld these
dissimilar metals with the help of different types of welding
electrodes. Various authors have studied the joining of
dissimilar metals by different welding processes such as
SMAW. TIG. MIG, Spot welding, Laser welding and Gas
tungsten arc welding etc. These joints undergo various types of
service conditions of temperature. pressure. corrosion, wear.
stress environment. Ferritic stainless steel conformed to AISI
409M gradewas welded with autogeneous arc welding
processes. Ferritic Stainless Steels are noted for their excellent
stress corrosion cracking (SCC) resistance and good resistance
to pitting and crevice corrosion in chloride environrnents. Even
though ferritic stainless steels have a greatdeal of potential to
become a cheaper alternative toaustenitic stainless steels . the
fabrication processes. especially the arc welding processes are
not conducive to this materiet al.[1]

Ferritic-Austenitic Dissimilar Weld Metals was prepared by
gas metal arc welding process. Ferritic stainless steel (FSS) are
now commonly used in the coal mining industry for bulk
transport of coal and gold, for cane and beet sugar processing
equipment, road and rail transport, power generation.
petrochemical, pulp and paper industries efc. In fact. the use of
these steels in the past few years has been increased markedly
with their successful applications in passenger vehicles.
coaches, buses, trucks. freight and passenger wagons. [2]

Joints of down comers for RBMK reactors were prepared
which were fabricated from austenitic stainless steel using TIG
and MAW welding methods. The type RBMK reactor is
graphite moderated, channel type. direct cycle boiling water
nuclear reactor with online refuelling. Austenitic stainless Cr—
Ni steels of the type 18-10 are widely used in power
engineering because of their high resistance to general
corrosion. The rate of general corrosion for these steels does
not exceed 0.01 g/m2 h under conditions of boiling reactor
operation. This provided a reliable stable operation of reactors.
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because there was no problem of precipitation and removal of
metal oxides from heat exchanging surfaces of reactor
channels.[3]

304 austenitic stainless steels (SS) is joined by tungsten
nert gas (TIG) welding by using 308 stainless steel filler wire.
TIG welding which uses a non-consumable tungsten electrode
and an nert gas for arc shielding is an extremely important arc
welding process. In TIG welding, shielding gas plays an
important role. Composition of a shielding mixture in arc
welding depends mostly on the kind of material to be welded.
The selection of the shielding gas should, by all means, take
into account chemical-metallurgical processes between the
gases and the molten pool that occur during welding.[4]

The stainless steel (STS304L) hybrid welded butt joints
was prepared by using hybrid CO2 laser-gas metal arc welding.
Laser-arc hybrid welding has come to great attention in a large
variety of industries from shipbuilding to automobile
production because of high welding speed, low distortion, deep
penetration and good gap bridging ability. Laser-arc hybrid
welding  offers many advantages for heavy industrial
applications involving thick walled materials as it enables full
penetration weld of thick plates without the need of multiple
passes and at that reduces welding after works such as cutting
for adjustment and fairing at the assembly stage. Hybrd
welding 1mproves productivity by two to four times as
compared to the conventional arc welding. [5]

The welding of Mo—Cu composite and 18-8 stainless steel
was carried out by Tungsten Inert Gas welding process with
Cr—Ni fillet wires. Mo—Cu composite has been concerned in
recent years due to its attractive combination of high strength at
elevated temperatures and excellent physical properties
including high thermal, electrical conductivities and low
thermal expansion coefficient. Therefore. Mo—Cu composite
has been applied widely in the fields of high power
semiconductors. thermal dissipation components, sealing
materials and high-temperature acrospace materials. However,
the poor oxidation resistance of Mo—Cu composite has limited
its practical applications in project seriously. Welding of Mo—
Cu composite and stainless steel to form a compound structure,
not only can bring their property advantages into play and
make up for their shortcomings, but also can reduce the cost of
the component and broaden the application scope of Mo—Cu
composite. [6]

HTLA steel welds were obtained by the tungsten arc
welding and resistance spot welding. Weld heat changes the
microstructure around the weld by raising the temperature of
these regions above the Acl. So. the microstructure of weld
zone 1s complicated and inhomogeneous. Since the mechanical
properties of steel are highly dependent on the microstructure.
and distribution of each phase present so, this in homogeneity
causes Irreparable damages i industry. The hardness of the
material 1s dependent on its microstructure. So. hardness
measurement would be an acceptable method to investigate the
inhomogeneous microstructures. [ 7]

A dissimilar weld joint consisting of an austenitic stainless
steel (ASS) and a martensitic stainless steel (MSS) was
obtained under optimized welding conditions by autogenous

gas tungsten arc welding technique. The weld metal was found
to be dual-phased, and was constituted with an austenite matrix
containing mterdendritic ferrite of about 3-8 EFN. with over-
matching mechanical properties. Excellent mechanical
properties combined with corrosion resistance make stainless
steels as candidates, even today, for many of the demanding
engineering applications. There are potential applications in the
nuclear and aerospace sectors for the employment of dissimilar
joints an attempt has been made in this work to understand the
microstructural evolution mn a dissimilar weld joint comprising
an austenitic stainless steel and a martensitic stainless steel by
employing autogenous GTAW. [8]

Dissimilar weldment between the tempered martensitic
steel T91 and the non-stabilized austenitic steel TP316H with
Ni-based weld metal (N1 WM) was prepared by gas tungsten
arc welding (GTAW) method using the Ni-based filler metal
ThermanitNicro 82. Dissimilar martensitic/austenitic (a'/y)
welded joints are typically used in heat-conversion systems of
fossil-fired power plants. The Cr—Mo bainitic and martensitic
creep-resistant steels are used for water-evaporators and steam
headers from economical and flexibility reasons. The steam
super heaters and re-heaters exposed to higher temperatures are
constructed from Cr-Ni austenitic steels with better creep and
corrosion resistance. [9]

Tungsten inert gas (TIG) welded joints between Zircaloy-4
and stainless steel 3041, was prepared. Zircaloy-4 is used as
cladding material for fuel element in nuclear thermal reactors
due to its several attractive properties like low neutron
absorption cross-section, excellent corrosion resistance and
good mechanical properties at elevated temperature. Stainless
steel 1s used as a structural material in nuclear reactors. The
interaction of these maternials could take place in case of an
accident when temperature is raised suddenly. [10]

AIST 430 ferritic stainless steel weldment was prepared by
gas tungsten arc welding process. Ferritic stainless steel (FSS)
in the absence of nickel pro- vides moderate corrosion
resistance at lower cost. The higher chromium grades offer
good resistance to oxidation at high temperature. Ferntic
stainless steels are commonly used in automobile exhaust
systems, furnace parts and combustion chambers because of
their excellent resistance to stress corrosion cracking, good
toughness, ductility and weld- ability compared with austenitic
stainless steels. Gas tungsten arc welding (GTAW) 1s generally
used for fabrication of ferritic stainless steel components
because 1t produces a very high quality weld. [11]

III. MECHANICAL AND METALLURGICAL PROPERTIES OF
DisSIMILAR WELDS

A K Lakshminarayanan et al. [1] have demonstrated the
effect of autogeneous arc welding processes on tensile and
mmpact properties of ferritic stainless steel conformed to AISI
409M grade. Tensile and impact properties. micro hardness.
microstructure. and fracture surface morphology of continuous
current gas tungsten arc welding (CCGTAW), pulsed current
gas tungsten arc welding (PCGTAW). and plasma arc welding
(PAW) jomnts are evaluated and he found that the joints
fabricated by PAW exhibited higher strength. The
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enhancement In strength was approximately 40% when
compared with CCGTAW joints. and 35% when compared
with PCGTAW jomts. The joints fabricated by PAW exhibited
higher impact toughness values and the enhancement in impact
toughness was approximately 25% when compared with
CCGTAW jomts, and 50% when compared with PCGTAW
Joints. Lower heat input, finer fusion zone grain diameter, and
higher fusion zone hardness may be the reasons for superior
tensile and mmpact properties of PAW joints compared to
CCGTAW and PCGTAW processes.

M. Mukherjee et al. [2] have studied the Influence of heat
mnput on Martensite formation and mmpact property of Ferritic-
Austenitic dissimilar weld metals and found that for the two
austenitic filler wires, the weldmetals prepared by 3081 having
higher Cr/Ni ratio, MT temperatures and relatively low SFE
provide higher amount of martensite laths than 316L
weldmetals. Furthermore, weld metals prepared by high heat
mput associated with slower cooling rate generate higher
amount of martensite compared to those prepared by medium
and low heat input, which 1s probably due to the influence of
MT temperatures and hence hardenability elements. Charpy
impact toughness of weld metal, in general, is better than that
of base metal. The welds under high heat input exhibits
relatively higher impact toughness values than those under
medmuum and low heat input iurespective of filler wires.
Furthermore, a close look at the toughness values reveals that
308L weld metals have relatively higher impact toughness than
316L weld metals.

B.T. Timofeevet et al. |3] have discussed the Corrosion and
mechanical strength of welded joints of down comers for
RBMK reactors. Formation and development of ISCC of
welded joints of piping 325 X16 mm of the circuit of multiple
forced circulations 1s a result of damage accumulation from the
effect of three basic factors: mechanical. corrosion and
microstructuret al. The rate of HAZ failure corrosion processes
at the mnnersurface of welded joints of #325X16 mm down
comers achieves its saturation already with oxygen content of
0.2-0.3 mg’kg and a further increase in oxygen content in the
circulating water nfluences slightly the duration of the
incubation period of ISCC. The process of ISCC crack
development 1s discrete. Each initiation of crack growth takes
place i the process of hydraulic tests. A trend of crack growth
rate decrease 1s observed with the increase of its depth.

Halil Ibrahim Kurt et al. [4] have studied the
microstructure and mechanical properties of 304 SS material
jomted by TIG welding and he found that according to base
metal, hardness value of welding zone decreased and the value
of welding zone 1s higher heat affected zone. Coarse gramed
structure in HAZ occurred, the hardness of HAZ affected,
negatively. The tensile strength, yield strength and elongation
are 1800, 75 MPa and 25%, respectively. The failure started
via crack in heat affected zone and fracture carried out in heat
affected zone. Fracture which carried out 304 SS matenal
Jjomted TIG welding 1s ductile. Fracture of the specimens
showed an mtragranular fracture. Microstructure analyses
reveal austenite, lathy ferrite and skeletal ferrite. Transition
zone or HAZ demonstrates obviously a dendrite structure.

HeeSeon Banget et al. [5] have examined the mechanical
charactenstics of the stainless steel (STS304L) hybrid welded
butt joints. Two-dimensional thermal elasto-plastic analysis has
been carried out and he found that thermal behaviour of the
SAW shows ellipsoid 1sothermal distribution, however,
thermal behaviour of the hybrid welding shows combination of
ellipsoid and line distribution that characterize the heat source
of both arc and laser welding. It was observed that the
temperature at the weld region is exposed to faster rate of
heating and cooling 1n hybrid welding than SAW. Lower heat
mput, faster cooling rate and smaller volume of the weld metal
than SAW process were the reason for lower residual stresses
i hybrid welds. Because of sufficiently large cooling rate, the
weld metal of both hybrid and SA welded joints exhibits very
fine dendritic structure. However, as a result of larger heat
mput of SAW process. the HAZ of SA welded joints became
more than two tumes thick, than that of hybrid welded joints.
As for welding process, mn terms of the mechanical and
microstructure characteristics, hybrid welded joints seems to be
advantageous compared to SA welded joints.

Jiang Qingleiet et al. [6] have studied the microstructure
charactenstics in TIG welded joint of Mo—Cu composite and
18-8 staimnless steel. He found that the welding of Mo—Cu
composite and 18-8 stainless steel was carried out by Tungsten
Inert Gas welding with Fe-25 wt.%Cr—13 wt.%Ni1 fillet wire.
Austenite and netted ferrite structures were obtamned in weld
metet al. The fusion zone near 18-8 stainless steel exhibited d-
ferrite and austenite matrix. Microstructure in the fusion zone
at Mo—Cu composite side was ferrite and austemite. Cu
agglomeration regions formed m Mo-Cu composite HAZ.
From the weld metal to the fusion zone boundary near Mo-Cu
composite. the microhardness increased gradually. And the
microhardness reached peak value HV1225 near the Mo-Cu
composite boundary close to fusion zone due to the formation
of Fe-Mo mtermetallic compound. Analysis of XRD indicates
the formation of c-Fe (Ni1) phasesand Fe0.54Mo0.73 and
Cu3.8N1 compounds. Fe0.54Mo00.73 compound must have
contributed to the high microhardness.

H. Ghazanfariet et al. [7] have demonstrated the the
microstructure and mechanical properties of HTLA steel welds
obtamed by the tungsten arc welding and resistance spot
welding and he found that After quench-tempered heat
treatment, martensite microstructure produced from the weld
zone has a higher hardness value than those produced from the
HAZ and base plate, respectively. In spot weld sample,
penetration of liquid phase to base plate causes 0.1 mm bands
with the same hardness as weld. Heat affected zone m TIG
weld sample 1s larger than the same

Region in spot weld sample due to the shorter welding time
in resistance spot welding. The microstructure of weld metal
and HAZ 1n spot weld was finer than the same regions in TIG
weld and also the mean hardness of these two regions n spot
weld was higher due to the higher cooling rate in resistance
spot welding.

P. Bala Srinivasanet et al. [8)] mvestigated microstructural
and electrochemical characterization of a thim-section
dissimilar stainless steel weld joint. He found that Weld joints
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comprising MSS and ASS can successfully be accomplished
without the problems of cracking, with weld metals having a
dual phased structure and over-matched mechanical properties.
In terms of corrosion behaviour, the composite region
comprising the weld metal/ASSHAZ/MSSHAZ was found to
be highly susceptible to pitting corrosion in neutral chloride
solution similar to the MSS parent alloy. In acidic chloride
solutions, despite having a distinctly different microstructural
feature, the dissolution and pitting behaviour of the composite
region was nearly the same as that of the MSS parent alloy, and
the MSSHAZ portion of the composite region was found to be
the vulnerable region for the corrosion damage.

LadislavFalatet et al. [9] studied microstructure and creep
behaviour of dissimilar weldment between the tempered
martensitic steel T91 and the non-stabilized austenitic steel
TP316H with Ni-based weld metal (N1 WM). Microstructure
analyses were performed using light microscopy. scanning and
transmission electron microscopy and energy-dispersive X-ray
spectroscopy. He found that the microstructure of martensitic
T91 part of the studied martensitic/austenitic T91/TP316H
weldment close to the Ni-based weld metal exhibits a typical
HAZ region consisting of its coarse-grained and fine-grained
part as a result of austenite-to-martensite phase transformation
during the welding. In contrast, the HAZ microstructure of the
austenitic TP316H part is exclusively formed of coarsened
polygonal grains as a result of welding heat mput without the
participation of phase transformation. The microstructure of
Ni-based weld metal ThermanitNicro 82 15 very heterogeneous
with respect to the size. morphology and distribution of grain
boundaries and precipitates. The creep deformation and
fracture behaviour of the mvestigated o’y weldment 1s
controlled by its martensitic T91 part. The lowest hardness of
ICHAZ region corresponds to the region of the lowest creep
strength of the studied T91/TP316H welded jomnt which was
also supported by the microstructural observations.

M. Ahmadet et al. [10] have studied the Microstructure and
charactenization of phases in TIG welded joints of Zircaloy-4
and stainless steel 3041, and he found that Zr(Cr, Fe)2
mtermetallic compound and Zr2Fe—Zr2N1 eutectic phases have
been observed in the molten zone of the TIG welded joints of
the Zircaloy-4 and staimless steel 304L. The density of Zr(Cr.
Fe)2 1s about twice as compared to Zr2Fe-Zr2N1 eutectic
phase. Hardness of the Zr(Cr, Fe)2 intermetallic compound 1s
about three tumes higher compared to Zr2Fe-Zr2Ni eutectic
phase. Density of Zr(Cr, Fe)2 mntermetallic compound 1s low
on the side of Zircaloy-4 as compared to staimless steel 304L.

Mallaiah Guiram et al. [11] have demonstrated the Effect
of copper and alumimum addition on mechanical properties
and corrosion behaviour of AISI 430 ferritic stainless steel gas
tungsten arc welds and he found that the ferritic stainless steel
Jomts fabricated by the addition of 2gAl(2.4wt.%) mn post-weld
annealed condition resulted in better tensile properties
(ultimate tensile strength, yield strength and elongation%)
compared to all other jomnts. This 1s due to the fine gran
microstructure and also formation of precipitates such as
Al4C3 and AI203 which are believed to be responsible for
gramn refinement in the weld zone. There 1s a marginal

improvement in the ductility of fernitic stamless steel
weldments by the addition of 2 g Cu (0.18 wt.%) in post-weld
annealed condition compared to all other joints and base metal.
Thus 1s attributed to the forma- tion of fine dimples in the weld
zone of the ferritic stamnless steel joints. The FSS welds made
by the addition of 3 g Cu (0.25 wt.%) n as-weld condition
resulted i increased hardness. This could be due to the
precipitation hardening effect of copper.

IV. CONCLUSIONS

This paper provides a detailed literature review in the field
of dissimilar metal weldments done by various researchers.
The analysis of variety of dissimilar metal joints. appropriate
welding processes, variations in mechanical and metallurgical
properties has been shared. This paper has presented the
various industrial aspects of dissimilar metal welding along
with the changes in mechanical and metallurgical properties.
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Abstract—In this globalization era every organization looking
after cost effective production. In flexible manufacturing system
Computer Numerical Control (CNC) play an important role as
organization can produce a variety of products. In this research
work an attempt has been made to analysis the effects of input
parameters such as speed (rpm), feed (mm/rev), and depth of cut
(mm) and nose radius (mm) on response parameters such as
material removal rate and surface roughness. The AHP approach
has been applied to get the weightage of response parameter. In
present study (artificial neural network (ANN) approach has
been implemented to get optimize result. The application of
MATLAB software has been used in present study.

Index Terms— Machining, CNC, AHP, ANN

I. INTRODUCTION

The main root of the CNC i1s the NC (Numeric Control)
Machines which work on the main principle of coding. Coding
1s done for each and every move saved on magnetic tapes and
the limitations of NC machines gave birth to CNC machines.
The new control systems are termed as computer numerical
control (CNC). Numerical control machining has been around
for decades already, with its theory first developed in the late
1940s by the United States Air force mechanics. From here.
MIT engineers took the idea to the next level. The whole
concept of using computers to run machines like grinders.
routers, mills and lathes was one outstanding process from the
beginning, as it allowed companies to make complex cuts with
utmost accuracy It overcome the traditional machining process
because of non-requirement of more harder tool than work
piece 1n conventional machining process. CNC machines are
characterized by the availability of a dedicated computer and
enhanced memory in the controller. These may also be termed
“soft wired numerical control”. Information can be stored mn a
memory bank. The program is read from a storage medmum
such as the punched tape and retrieved to the memory of the
CNC computer. Some CNC machines have a magnetic
medium (tape or disk) for storing programs. This gives more
flexibility for editing or saving CNC programs. Figure 1
illustrates the general configuration of CNC Control unit
Greater flexibility, improved production planning and control.

An attempt has been made to optimize the cutting
parameter of end nmulling process of the halloysite nanotubes
(HNTs) with aluminum reinforced epoxy hybrid composite
material under dry condition.

Memory Central
* ROM - Operating System Processing
* RAM - Part Program Unit (CPU)

Input/output interface

¢ Operator panel
¢ Tape reader

System bus

\i
Machine tool controls
¢ Position control
¢ Spindie speed control

Sequence controls
¢ Coolant

¢ Fixture clamping
¢ Tool changer

Fig. 1. Configuration of CNC Control Unit.

The Taguchi method was applied to get the optumize
parameter setting. The three mput parameter such as depth of
cut, cutting speed and feed rate and output parameter such as
surface roughness has been examined. The micro-structure
surtface morphology study was demonstrated to get the more
reliable result (Pang et al.)

AN attempt has been made to reduce the error present mn
CNC machine tool by proper feedback and control of
machining process and environmental parameter. This study
narrates the dimensional and geometrical errors of real three-
axis milling machining operations. To validate the purposed
simulation work free form profiles and surfaces of virtual and
real machined parts were compared and it was shown that
result was more realistic Soori et al., 2013). A framework has
been developed to utilize the energy consumption i CNC
machining. The mathematical model has been developed to get
the solution of multi-criteria process planning systems such as
process planning of energy consumption. Two different
experiment was performed to validate the results (Newman et
al.. 2012).An effort has been made maintam the milling cutter
axis 1 parallel with the straight lines of the ruled surface. The
five-axis CNC interpolator was implemented to achieve the
above mentioned goal. The new two G code of CNC
programming was developed to produce part surfaces in CNC
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Ocpartment of
Mechanical Engineering

ISBN No: 978-81-924867-1-0




PROCEEDING OF PTU SFONSORED NATIONAL CONFERENCE ON
LATEST DEVELOPMENTS IN SCIENCE, ENGINEERING & MANAGEMENT

MARCH 28-29, 2014

€7 LDSEM

milling machines (Lin and Koren, 2000). Neuro based hybrid
models for prediction of machining parameters in CNC turning
process. Experiments are designed based on Taguchi's Design
of Experiments (DOE) and conducted with cutting speed, feed
rate, depth of cut and nose radius as the process parameters and
surface roughness and power consumption as objectives.
Results from expeniments are used to train the developed
Neuro based hybrid models Ahilan et al., 2013).

II. RESEARCH METHODOLOGY

A. Data Collection.

e The data was collected through Experiment performed
in workshop. The mput parameters such as Speed
(rpm), Feed (mm/rev.), D.OC (mm) and Nose radius
and output parameters such as MRR. Surface
roughness and time has been considered in experiment
work. The value of experiment data 1s shown in
Appendix A.

B. Analytical Hierarchy Process (Satty, 1980)

e AHP has been used for solving complex decision-
making problems in various disciplines such as
strategic planning, knowledge management, logistics.
pharmacy department, mergers and acquisitions
(M&A) strategy and others. In recent years. there
have been many applications of the ANP in a variety
of problems, logistics, purchasing, production, project
management, and product design.

1) Step 1:- Degree of preference;

The degree of preference or intensity of the decision
maker in the choice of each pair-wise comparison used in this
model is quantified on a scale of 1-9. This scaling process can
then be then translated in priority weight (scores) for
comparison of alternatives. Even number (2, 4. 6. 8) can be
used to represent compromises among the preference above.
The suggest numbers used in this model to express degree of
preference are shown in Table 1.

2) Step 2:- The degree of preference or intensity Description
of selected factors (sub-objectives) for decision making. In
this research work an attempt has been made to analysis the
effects of input parameters such as speed (rpm). feed
(mm/rev), and depth of cut (mm) and nose radius (mm) on
response parameters such as material removal rate and surface
roughness.

3) Step 3:- The Pair-wise comparison of different sub —
objectives. The importance of i" sub-objective is compared
with i sub-objectives is calculated.

Surface : iy
MRR Roughness Time Weigtage
MRR 1 2 5 0.582
Surface
/2 3 3
Roughness M2 . ? (208
Time 1/5 1/3 1 0.109

4) Step 1:- Normalized matrix of different sub — objectives.

After a pair-wise comparison matrix is obtained. the next step
1s to divide each entry i column by the sum of entries in
column to get value of normalized matrix.
The normalized value r; 1s calculated as
n
hj- 8/
=1
Thus, the approximate priority weight (W; W, W;) for each
attribute 1s obtained as shown in Table 2.
n
\Vj - Inx z ay
i=1

TII. ARTIFICTAL NEURAL NETWORK

After the text edit has been completed. the paper is ready
for the template. An artificial neural network (ANN), usually
called neural network (NN), 1s a mathematical model or
computational model that is mspired by the structure and/or
functional aspects of biological neural networks. A neural
network consists of an interconnected group of artificial
neurons, and 1t processes information using a connectionist
approach to computation. In most cases an ANN is an adaptive
system that changes its structure based on external or internal
mformation that flows through the network during the learning
phase. Modern neural networks are non-linear statistical data
modeling tools. They are usually used to model complex
relationships between inputs and outputs or to find patterns in
data.

An ANN s typically defined by three types of parameters:

1. The interconnection pattern between different layers of
neurons

2. The learning process for updating the weights of the
interconnections

3. The activation function that converts a neuron's weighted
input to its output activation

IV. REAL LIFE APPLICATION

The tasks artificial neural networks are applied to tend to
fall within the following broad categories:

e Function approximation. or regression analysis.
mcluding time series prediction, fitness approximation
and modeling.

e Classification, including pattern and sequence
recognition. novelty detection and sequential decision
making.

e Data processing, including filtering, clustering, blind
source separation and compression.

e Robotics, including directing manipulators, Computer
numerical control.
V. CONCLUSION

In this work an AHP approach has been implemented to get
the weightage of response parameter. Then ANN was so
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applied to get the optimization result of process parameter. An
algorithm has been developed in MATLAB to get the reliable

virtual machining system” Computer-Aided Design, Volume 45.
Issue 11. November 2013, Pages 1306-1313

result. This resent study help to achieve the best optimize best ~ [3] S.T. Newman. A. Nassehi, R. Imani-Asrai and V. Dhokia
process parameter setting. The more parameter can be “Energy efficient process planning for CNC machining” CIRP
included for future works. The different approach can be used Journal of Manufacturing Science and Technology, Volume 5,
to validate the result. The latest algorithm such as Teaching Tssug:2,.2012, Bages 1 27-130 o _ .
Learning Based Optimization (TLBO) can be used to get [4] RS. Lin, Y. Koren “Ruled Surface Machining on Five-Axis
lobal optimal results. CNC Machine Tools”Journal of Manufacturing Processes,
& P Volume 2. Issue 1, 2000, Pages 25-35.
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Abstract - The aim of this review is to provide a complete view
of the reported experiences with investigations and research into
dissimilar weld joints. This literature provides a complete review
of metallurgical properties of dissimilar weld joints, stress/strain
of the weld and mechanism of joint failure of dissimilar joints. It
has been evaluated that the majority of failures have been
associated with austenitic stainless steel filler metal joints.it has
been found that the joint design —groove angle —and weld
quality interrelationship is considered by many to be a significant
variable. The type of weld metal is of major significance from the
diffusion and thermal restraint standpoints.

Keywords: Weld, Joint, dissimilar metals.
L INTRODUCTION

The open literature provides a relatively complete picture of
the general subject with the details of the metallurgical
characteristics of the interface zones between filler metal and
base metal except for the magnitude of the problems
associated with dissimilar weld joints .The level of the
problem with the service ability of dissimilar joints has a
differentmagnitude depending on one's vantage point. For
example, those who have to deal with stainless filler metals
perceive and realize in practice far more substantial
difficulties than do those who have to treat the nickel-base
filler metal dissimilar joints. In the accomplishment of
mechanical properties, almost all investigations recognized the
same factors although the variables are given different
credence 1n many instances.

used both in new constructions as well as inrepair welding.
The trend towards alloys with higher amounts of chromium is
driven bythe observed cracking in Alloy 182, and recently also
m Alloy 82. One driving forcetowards what are today believed
to be more resistant alloys 1s also the challenges andcosts
related to non-destructive examination of dissimilar metal
welds.

As the literature 1s read and the reporting’s of failure
mvestigations noted, anumber of general facts emerge which
most nvestigators can support from theirown experience. (It
should be noted here that the majority of failures have been
associated with austenitic stainless steel filler metal joints, and
it 1s currently heldby some mvestigators that the faillure mode
with the nickel-base filler metals 1s fundamentally different
than that with the austenitic stainless fillers.) The generalfacts
are as follows:

Failures occur almost invariably in the HAZ of the ferritic
component adjacent to the weld interface.

The carbon-depleted (soft) zone in the low alloy material 1s
essentially ferriteand carbide. The carbon-enriched (hard)
zone may contain many constituents but carbides
predominate.

The joint design —groove angle —and weld quality
interrelationship is considered by many to be a significant
variable.

Tensile properties of the weld and the base metals were
essentially unchanged fromnew material properties.

1L REVIEW OF THE LITERATURE
e The relative expansion coefficients of the various

The chronology of use of dissimilar weld joints revealed the weldment regions are extremely importanl with regard to
first concerted use of austenitic filler metals by Krupp for thermal stress generation
armor steels. In the 1940's transition joints were manufactured
and/or fabricated for use in boilers. These early joints were o PWHT contributes to earlier failures i both stainless and
made with austenitic stainless steel filler metals.In the 1950's Ni-base filler metal transition joints
and 1960's there was an increase in the use of transition joints
for boiler service, especially as steam temperatures rose to e Bending and vibration stresses are conceded to play a
1050°F (566°C). The 1970's and 1980's have seen increases in major but loosely defined role. They may provide an
both the use andfailure incidents of dissimilar metal joints. explanation for the apparent variability of service life.
Dissimilar metal welds are used in nuclear power plants and in e The type of weld metal is of major significance from the
oil refineries at locations where two different types of diffusion and thermal restraint standpoints.
materials. e.g.. carbon steel and stainless steel are joined.The
nickel-base alloy dissimilar metal welds are typically made of 11L METALLURGICAL PROPERTIES OF
Alloy 182 and Alloy82. Recently. Alloy 52 has started to be WELDS
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Welding opens up the possibility to productunexpected phase
propagation and a series negative metallurgicalchange such as
delta ferrite phase, grain boundarycorrosion, strain corrosion
and sigma phase occurs at thewelding interface. Therefore,
extensive care and precautionslike pre and post heat treatment
or quick weldingspeeds are required to produce the good
metallurgical properties.

The micro-segregation which occurs in weld fusion zones
of dissimilar metals leads to a situation where inter-
dendrite regions are enriched in Fe. Cr and C. This
segregation within the dendrite structure results in
deterioration of the mechanical properties and corrosion
resistance of the joints.

Higher hardness at weld interface can be due toenrichment
of this zone with Fe, N1 and Cr and subsequent formationof
mtermetallic FeNy/CrNiFe phases in the case of N1 based
alloys.

Dissimilar weld of alloy steel and stainless steel. the soft
zone obtained on the low alloy steel can be ascribed to
carbon depletion whereas enrichment in the stainless steel
side results leads to the formation of hard and brittle
carbide phase formation.Chromium and nickel diffuse
towards low alloy steel from the stainless steel whereas
ron diffuses from low alloy steel side towards stainless
steel.

In the case of dissimilar weldments.the coefficients of
thermal expansion differ for base metalweld and the
scale.This difference generates thermal stresses during
cooling which may affect adhesion property of scale.
Fusion welding of dissimilar steels have problem that long
waiting time which lead to grain boundary corrosion
between grains and probably to be arisen chrome-carbide
precipitate at 450-850°c. Thus to avoid this friction welding
1s most suitable.

Stress/Strain State of Welds

Cracking cannot occur in the absence of stress (strains),
regardless of themicrostructure and/or its condition. For
cracking to occur, the stramns mmposed onthe various
Microstructural regions by weldment loadings must exceed
thestrain tolerance of the microstructure in one of the regions.
It 1s often simpler andmore convenient to talk of
stresses.However. in the case of transition joints,it 1s probably
more relevant to discuss the behavior in terms of strain.

The stresses and strains produced with the production and use
of dissimilar weld jointsarise from

e Difference in expansion coefficients of the base metals
and filler metals (with the greatest difference being
evident for stainless filler metals and ferritic base metals).
Simple heating and cooling of joints with different
coefficients producestangential, longitudinal and radial
componentsof stress. The radial or shearcomponent is the
most difficult to treat(especially if weld interface
properties areunknown) and probably the most
importantwith regard to behavior

e Joint configuration — basically groove or bevel angle —
controls shearing and other stresses. Graded transition

joints mitigate joint configuration influences as well as
differential expansion stresses.

e [External bending stress and vibration loadings are
considered very important but are difficult to assess.

e Plastic flow occurs by creep to relieve the mmposed
strains/stresses while the joint 1s at elevated temperature
leading to a creep/fatigue type of damage in the
microstructure.

e  The number of cycles and the times at the temperatures
during cycling are important in the damage introduced
into the soft zone even in the absence of any
external loadings.

The final result of the strain accommodation in the soft
zone is cavitations and cracking.

V. MECHANISM OF WELD JOINT
FATLURES

Tt should again be noted that in the majority of the failures
the filler metal was austenitic Stainless steel and some
investigators indicate that the failure mechanism with the Ni-
base filler metals may be different. The general consensus
concerning the mechanism of dissimilar metal joints failure
can be summarized as follows:

e  The stram accumulation m the carbon depleted softened
zone 1s relieved by creep at elevated temperature.

e The carbon-depleted soft ferritic zone 1s constrained by
the surrounding harder and stronger matenial and 1s
subjected to strains induced by:

a. Thermal expansion

b. Mismatch

c. Bending

d. wvibration and pressure

e The formation of the carbon depleted zone is the initial
step and any treatment which accelerates the formation of
this zone will enhance failure probability.Creep damage
m the form of cavitations.grain boundary sliding and
tearing results in cracking in the carbon-depleted soft
zone along and adjacent to the weld interface. The
mechanism postulated combines the reporting’s of many
mmvestigators and may seem over-simplified. However.
complete operational information is seldom available on
failed transition joints, and the metallurgical aspects are
not rigorously defined. The difference in thinking
concerning the Ni-base filler metals involves the
reduction in rate of formation of the carbon-depleted zone
and the establishment of very complex microstructures in
the carbon-enriched hard zone. It is considered by some
investigators  that the complex Microstructural
constituents and their time dependent formation are the
controlling factors in the Ni-base filler metal failure
occurrences. The picture is less complete 1n regard to Ni-
base filler metal transition joints however.

e  As the nature of the failure phenomenon became clearer
(over a period of years) methods for minimizing failures
evolved. To mutigate against failure the following
considerations have been cited:
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a) Closer match of expansion coefficients in the transition
joint components, 1.€., Ni-base filler metals.

b) The use of "graded" transition joints or spool pieces
which spread-out

¢) Thecoetficient of expansion mismatch eftect.

d) The use of stabilizing buttering techniques to minimize
carbon migration.

e) Stabilization of the ferritic component with carbide
formers to minimize carbon migration.

f) Elimmation of PWHT which enhances carbon migration
due to the temperatures employed.

g) Jomnt configuration choice and enhanced control of weld
quality.

V. CONCLUSIONS

The review of the literature has revealed areas i which
research and evaluationefforts need to be undertaken to better
define the transition joint problem

e Better documentation of failures and more thorough
failure analysis

e Physical and mechanical property measurements of
the zones at the mnterface mcluding modulus, CTE,
tensilestrength and creep rupture properties

e  Microstructural studies to more clearly characterize
the joint mterface including the "soft" carbon-
depleted zone and the "hard" carbon-enriched zone.

e Chemical analysis profiles for all elemental species
across the interfaceregion.

e Stress analysis work utilizing measured properties
and encompassing thestress relaxation by creep
during cycling.

e Better test procedures mcorporating axial loading,
bending, fatigue, and internal pressure.
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Abstract - This paper presents results of the design analysis of a
Tesla bladeless turbine. Numerical calculations of flow in several
Tesla turbine models were performed for a range of design
parameters. An analysis of the performance and efficiency of the
disc turbine is carried out. It has been determined that surface
roughness and spacing affects the performance of the multiple
disc turbines significantly. Results of investigations exhibit
interesting features in the distribution of flow parameters within
the turbine interdisk space.

Keywords - Tesla turbine, flow efficiency, calculations

I. INTRODUCTION

The Tesla turbine 1s a bladeless centripetal

flow turbine patented by Nikola Tesla m 1913. It is referred to
as abladeless turbine because it uses the boundary layer
effect and not a flud impinging upon the blades as in a
conventional turbine. The Tesla turbine is also known as
the boundary layer turbine, cohesion-type turbine. and Prandtl
layer turbine. The design makes use of the effects which occur
in the boundary layer flow between the rotating disks placed
very close to one another. Distances between disks are very
small. The highest value of efficiency appears when they are
approximately equal to the double boundary layer thickness.
The efficiency of the Tesla turbine depends on many
parameters, namely on: pressure, temperature, inlet
medium velocity. number, diameter. thickness and distance
between the disks as well as on the state of the disk surface,
rotational speed of the rotor. flow kinematics at the inlet to
and outlet from the turbine, etc. In the subject-matter
literature, examples of experimental research referring to the
following models of Tesla micro turbines can be found. High
velocity water enters tangentially to outer periphery of the disk
pack through inlet nozzle; it forms boundary layer on either
side of discs. The pressure ratio 1s pushing it towards the
center of the turbine. It forms a helical path down nto the
center of the device, and exit in the center, after it has
transmitted all of its energy to the discs through the boundary
layer drag.
Tesla intended to use his turbine to propel aircraft. in
geothermal power plants, in cars instead of pistons, for
vacuum pumps, for compressing air and liquefying gases. His
turbine, with discs 22.5 cm in diameter and entire rotor 5 cm
thick, used steam as propulsive fluid and developed 110 horse
power.

Fig 1 View of Tesla turbine "bladeless" design

In general, spacing should be such that the entire mass of
fluid, before leaving the rotor. is accelerated to a nearly
uniform velocity, not much below that of periphery of the
discs. An efficient turbine requires small inter-disc spacing
(0.4 mm in a steam powered type). Discs must be maximally
thin to prevent drag and turbulence at the edges. But
metallurgical technology in Tesla’s time was unable to
produce discs of sufficient rigidity to prevent warping at high
rotation rates. This drawback is probably the main reason why
the turbine was never commercially interesting

Experimental works aimed first of all at establishing
relationships between the turbine efficiency and parameters
given below:

* Distance between the micro-turbine disks:

* Number and diameter of the micro-turbine disks;

* Number of inlet nozzles to the micro-turbine;

» Rotational speed of the rotor;

* Medium inlet pressure;

* Medium inlet temperature;

» Medium inlet velocity and inlet angle:

+ Corrosion and erosion of micro-turbine elements;
*Constructional materials (composites, ceramic materials,
bronzes, aluminium alloys);

* Kind of medium flowing through the micro-turbine

IT. LITERATURE REVIEW

Several authors have studied Tesla turbines in order to gain
insight into their operation. In the 1960s, Rice[10] and
Breiter.[1] conducted extensive analysis and testing of Tesla
turbines. However, Rice did not directly compare
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experimental data to analytical results and lacked an analytical
treatment of the friction factor. Breiter [1] provided a
preliminary analysis of pumps only, and used a numerical
solution of the energy and momentum equations. Hoya[11]
and Guha extensively tested sub-sonic and super-sonic nozzles
withTesla turbines, however their analysis was focused on
experimental results and not an analytical treatment of the
fluid mechanics that drive turbine performance. Krishnan [12]
tested several mW-scale turbines, and reported 36% efficiency
for a 2 cc/sec tlow rate with a lcm diameter rotor.

Carey|2] proposed an analytical treatment that allowed for a
closed-form solution of the fluid mechanics equations in the
flow in the rotor; however, Carey's model analysis invoked
several idealizations that neglected viscous transport in the
radial and tangential directions, and treated lateral viscous
effects using a friction factor approach.

Nikola Tesla [4] has filed a patent for a Disk Turbine which uses
smooth rotating disks inside a volute casing. In his patent. Tesla
described the motive forces of his machinery as being dependant
on the fluid properties of viscosity and adhesion.

Romanin [9] applied Carey's [2] solution to flow through the
rotor to test data for a 73 mm diameter turbine running
compressed air. In this study, Romanin [8] outlines several
performance enhancement strategies based on the combination
of test data and Carey's analytical solution to flow in the rotor,
including decreasing disk spacing, increasing turbine speed,
and increasing the number of disks (or decreasing the mass
flow rate per disk). Romanin also raised issues concerning
several of the assumptions made in Carey's analytical model.
including the assumption that flow is axisymmetric when most
Tesla devices use a discrete number of nozzles and the lack of
focus on nozzle design. The conclusions of this study
motivated the present study, which aims to improve on the
analytical treatment of flow in the rotor presented by Carey
[2], to address issues of nozzle flow and non-axisymmetric
rotor flow, to provide tools for predicting the pressure drop
through the rotor, and to make further recommendations for
Tesla turbine design and application.

Croce [3] used a computational approach to model conical
roughness elements and their effect on flow through micro
channels. Like Kandlikar, he also reports a shift in the friction
factor due to surface roughness, and compares the results of
his computational analysis to the equations proposed by
several authors for the constricted hydraulic diameter for two
different roughness element periodicities.

Gamrat [7] provides a detailed summary of previous studies
reporting Poiseuille number increases with surface roughness.
He then develops a semi-empirical model using both
experimental data and numerical results to predict the
influence of surface roughness on the Poiseuille number.
Gamrat's analysis, to the best of the author's knowledge, 1s the
most thorough attempt to predict the effects of surface
roughness on the Poiseuille number of laminar flow in micro
channels.

H.S.Couto, J.B.Duarte and D.Bastos-Netto [6].reviews the
physical principles behind the Tesla Bladeless Turbine. using

rotating surfaces, it sets up the transport equations describing
the flow between parallel rotating disks, estimated the
boundary layer thickness under laminar and turbulent regimes.
leading to expressions yielding the width between consecutive
disks. H.S.Couto explained how to calculate the total number
of disks required to attain the desired performance. Finally
also described the device behavior acting as an air compressor
or water pump and noticed that the as a unit source of rotating
motion, these Tesla machines can run under a very wide
spectrum of not only fuels but also fluids in general

III. THEORETICAL ANALYSIS

Let us consider water incompressible fluid selected for
performance measurement with assuming tlow is study flow.
For sample calculation following data considered
Constant parameters:-

Spacing between discs: 3mm, Medium: water
Disc Thickness: 3mm. Outlet Nozzle Size: 35mm®
Material of Discs: SS304. Disc Dia.: 155mm
Inlet Size: 23mm°. No. of Discs: 6
Surface Finish: smooth. Flow Rate: 0.25 lit/s.. Pressure: 20psi
We Know
P,f'pg+V1f'2g+Zl :P2/pg+\72+22 ( l)
Where.
P=Pressure at pt. 1. Vi=velocity at pt. 1. Z,=Z,=Pressure head
(at same elevation), Pr=pressure at pt. 2, Vy=velocity at pt. 2.
p=Water density= 1000kg/m’. g= 9. 81m/s*

We know flow rate i.e. Q=0.251it/s, P;=20psi= 1.37 bar
By continuity equation:-
Q=A1V,=A3\72 (2)
Where Ay=area of cross section at pL2=23mm*=2 3 x 10"-5
m”
And A;=1/4 x (d)’ =/4 x (0.155)* =0.01886 m*
Vi=Q/A1=0.00025/0.01886 = 0.0132 m/s
V,=Q/A; =0.0025/(2.3 x 10"-6) = 10.869m/s

Now put the values of V; & V5 in equation (1) to get P,. But
both Z;=7,=both pt. at the same level. Now eq. (1) becomes
Py/p g+ Vi/2g =P,/p g+ Vo/2g
P= {(1.37 x 1075/1000 x 9.81) + (0.0132/2 x 9.81) -
(10.869/2 x 9.81)} x 9810
P,=0.76 bar.
Now P=F/A
We know the value of P,. Put this value in equation to get
force acting on Discs thickness.
F=P,x A,=0.76 x 10"5x 2.3 x 107-5
acting on 3mm area only)
But we know the jet force formula from Peltan Turbine:-
F=pA(V-UyCoseo (3)
Where A = Jet area = A,, V=velocity of jet= 10.869 m/s.
U = relative velocity of discs and o = 10°
Now put these values 1n equation (2) to get U:-
(V—U)*=1.541/ (1000 x 2.3 x 10”5 x Cos10°)
V-U=878

=1.748 N (Force

basic fluid mechanics only, Considered the relative motion of WEV =S
@: !;!..'Z‘“?“ﬁ.f Mm“ ISBN No: 978-81-924867-1-0
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U=2.084 m/s
We know the angular momentum for rotating part

L=mrU 4)
Where L= angular momentum and r = radius of disc.
But [=Tw (5)

Where I= moment of inertia and o= angular velocity
In this case

I = Isuarr * Iniscs (6)
Isgarr = MR®
Where M = mass of shaft = 1.08 kg

R = Radius of the shatt = 15mm
Lsgapr =1.08 x (15/1000) x 9.81 = 0.0238 Nm*
Ipiscs = 172 x M,y (a* + b?) (7
Where M, = mass of disc =0.300 kg, a = mnner radius of disc =
32mm and b = outer radius of disc = 78mm
Ipise = 1/2 x 0.300 (0.032%+ 0.078%)
=0.00102 Nm®

For 6 Discs

Ipisc = 0.00102 x 6 =0.00612 Nm®
From equation (5):-

[=0.0238 +0.00102 = 0.0248 Nm’
Now from (3) and (4)

o=mr U/T1=(2.82x0.078 x2.084)/0.0248

o = 18.48 rad/sec
But o= 27aN/60

N =(18.48 x60)/2n=176.75 rpm
Now Torque ‘T" =F xR
T=1748x0.078=0.136 Nm
Power ‘P’ = (2aNT)/60
By putting the values of N and T we get
Therefore P = (2mx 176.75 x 0.136)/60
P =2.51 watt.

IV. RESULTS AND DISCUSSION

Torque on the shaft is measured by Prony Break
Dynamometer. The methodology for the use of this device is
simple. Essentially the measurement is made by wrapping a
belt around the output shaft of the unit and measuring the
force transferred to belt through friction. The friction is
increased by tightening the belt until the frequency of rotation
of the shaft is reduced. In its simplest an engine is connected
to rotating drum by means of output shaft. A friction band is
wrapped. Around half the drum’s circumference and each end
attached to a separate spring balance. A substantial pre-load is
then applied to the ends of the, so that each spring balance has
an initial and identical readings. When the engine is starting
the frictional between the drum and the band will increased
the force reading on one balance and  decrease it on the
other. The difference between the two readings is used to
calculate torque. because the radius of the driven drum is
known. Once we knew the spring balance we can determine
the torque by equation.

T=(D+1t)x98LxS (8)
Where D = Drum Dia.. t, = Belt thickness, S = Spring Balance
Then the output is calculated by

P = (2aNT)/60

To determine the efficiency we have to determine I'P power
by the following formula

Input power =Pip = p Qh 9

Where p = Density of water, Q = flow of fluid m’/s, h = Water
column height

ButPp=pxh (10)

Pip =P ine X Q (1)

Hydraulic Efficiency = Power op / Power 1p (12)

By Considering 1 Case for sample calculations of efficiency
Q=025 lit/s=2.5x 104 m*/s

Pie = 0.76 bar = 0.76 x 105 N/m*

Hydraulic Efficiency = 2.5 x 107-4 x 0.76 x 10”5

=19%

V. CONCLUSION

Study and analysis of this work come to conclusion that
Number of discs, spacing between discs and surface finish of
discs affects the performance of turbine significantly This
work was carried out to study performance of disc turbine
operating on water medium, however previous studies and
experimentation carried out with air and steam medium. Rotor
speed increases with number of discs up to a certain level due
to increasing area of contact of jet water and wall and 1t leads
to the increase in friction force and boundary layer effect. For
wide spacing between the discs it works as impulse turbine
only. For appropriate spacing between discs it works with
impulse force and also boundary layer effect. For minimum
spacing equipment vibration also increases for high speed
compare to maximum gap, Hence vibration analysis became
important factor. Analysis showed that the losses occurring in
the nozzle are large and hence this needs to be tackled for
improving the overall efficiency of the Tesla disc turbine.
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Abstract: This work was carried out in order to study the
mechanical behavior of welded joints of SS 316 with MS 2062.
Welding input parameters play a very significant role in
determining the quality of a weld joint. It has been observed that
when current flow rate of inert gas (co,) was increased the tensile
strength got influenced. This experimental work helped in
determining the welding input parameters that lead to the
desired weld quality.

Keywords: Gas flow rate, inert gas, tensile strength, SS 316,
MS2062, weld joint

I.  INTRODUCTION

Gas metal arc welding (GMAW), sometimes referred to by its
subtypes metal mert gas (MIG) welding or metal active gas
(MAG) welding, 1s a welding process in which an electric arc
1s formed between a consumable wire electrode and the work
piece metal(s), which heats the work piece metal(s), causing
them to melt. and join. Along with the wire electrode,
a shielding gas 1s fed through the welding gun, which shields
the process from contaminants in the air.[2]Generally, the
quality of a weld joint 1s directly influenced by the welding
mput parameters during the welding process; therefore,
welding can be considered as a multi input multi-output
process. Unfortunately, a common problem that has faced the
manufacturer 1s the control of the process mput parameters to
obtain a good welded joint with the required bead geometry
and weld quality with minimal detrimental residual stresses
and distortion. Traditionally. it has been necessary to
determine the weld input parameters for every new welded
product to obtain welded joint with the required specifications.
To do so, requires a tume-consuming trial and error
development effort, with weld input parameters chosen by the
skill of the engineer or machine operator. Then welds are
examined to determine whether they meet the specification or
not. Finally the weld parameters can be chosen to produce a
welded joint that closely meets the jomnt requirements. Also,
what 1s not achieved or often considered i1s an optimized
welding parameters combination, since welds can often be

produced with very different parameters. In other words. there
1s often a more ideal welding parameters combination, which
can be used if it can only determined.[1]

II.  Mechanical properties
In any welding process, the input parameters have an
Influence on the joint mechanical properties. By varying the
mmput process parameters combination the output would be
different welded joints with significant variation in their
mechanical properties. Accordingly, welding 1s usually done
with the aim of getting a welded joint with excellent
mechanical properties. To determine these welding
combinations that would lead to excellent mechanical
properties. Different methods and approaches have been used
to achieve this aim. The following is a review of some articles
that utilized these techniques for the purpose of optimizing the
welding process in order to achieve the desired mechanical
properties of the welded joint.

TII.  Austenitic stainless steel:-

Austenitic Stainless Steel, such as the type 300 series. contains
sufficient amounts of chromium to guarantee corrosion
resistance, along with nickel to ensure the austenitic phase at
room temperature. 304, 308, 309, 310, 316, 320. 321. 347 etc
are comes under the austenitic steels category. The basic
composition of traditional stainless steel includes 18%
chromium and 8% nickel alloy. but can also includes alloys of
molybdenum, titanium. niobium, copper and nitrogen.
Austenitic stainless steels have high ductility. low yield
strength and relatively high ultimate tensile strength, when
compare to typical carbon steel. Because of their excellent
corrosion resistance, better creep rupture strength at high
temperature, and impact resistance at low temperature,
austenitic stainless steels are often used in industrial plants.
chemical processing. food production, marine hardware,

furnaces, heat exchangers, gas turbines and cryogenic vessels.
3,7,8,10]
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Austenitic stainless steels exhibits considerably higher
thermal expansion than other stainless steels and the thermal
conductivity is generally lower than that of carbon steel. Such
characteristics cause a serious thermal series in applications
with temperature fluctuations. heat treatment of complete
structures and on welding. [4, 5, 6]

IV.  Stainless steel 316 (Properties & applications):-

In metallurgy, staimnless steel, also known as mox steel or
inox from French “inoxyable”, is defined as a steel alloy with
a minimum of 10.5 or 11% chromium content by mass.
Stainless steels does not corrode, rust or stain with water as
ordinary steel does ., but despite the name i1t 1s not fully stain
proof. Tt is also called corrosion-resistant steel or CRES. When
steel grades and the alloy types are not detailed, particularly in
the aviation industry. There are different grades and surface
finishes of stainless steel to suit the environment the alloy
must endure. Stainless steel differs from carbon steel by the
amount of chromium present. Unprotected carbon steel rusts
readily when exposed to air and moisture. This iron oxide film
1s active and accelerates corrosion by forming more iron
oxide. Stainless steel contains sufficient chromium to form a
passive film of chromium oxide, which prevents further
surface corrosion and blocks corrosion from spreading into the
metals internal structure.[3, 11, 13, 14.15]

The common applications are of stainless steels are given
below:-

1. O1l & petroleum refining equipment

2. Food processing equipment

3. Pulp and paper processing equipment

4. Soap & photographic handling equipment
5. Textile industry equipment

6. Architectural equipment

7. Pharmaceutical processing

2.2.1 Mechanical properties of stainless steel 316:-

Elongation at Break 50%
Modulus of Elasticity | 193 Gpa
(Tensile)

Modulus of Elasticity | 77 Gpa
(Torsion)

Hardness. Rockwell B 79
Tensile strength. Ultimate 558 Mpa
Tensile strength, Yield 290Mpa

V. SA-2062 (Properties & application):

This standard was formerly known as IS-226. Now
IS-2062 has replaced this specification. Mild steel is the most
common form of steel because its price is relatively low whole
it provide material properties that are acceptable for many
applications. Low carbon steels contain approximately 0.05-
0.015% carbon and mild steel contains 0.16 to 0.29% carbons:
therefore. it is neither brittle nor ductile. It has relatively low
tensile strength. but it is cheap and malleable; surface hardness
can be increased through carburizing. The density of muld

steel is approximately 7.85g/m’ and modulus of elasticity is
210 Gpa. [ 16. 17,18 ]

VL. Experimental work

In this experimental study firstly, work piece of stainless steel-
316 and mild steel-2062 of following cylindrical dimensions
were prepared before MIG welding.

The dimensions for SS-316 are:
Number of work pieces: 09
Length of work piece: 65mm

Diameter of work piece: 15mm

¢ 65mm >

I 5Smm

The dimensions for MS-2062 are:

Number of work pieces: 09
Length of work piece: 65mm

Diameter of work piece: 15mm

Degartment of
Mechanical Engineering

ISBN No: 978-81-924867-1-0

29




L4 OF PTU 5P NATIONAL ON
LATEST DEVELOPMENTS IN SCIENCE, ENGINEERING & MANAGEMENT

MARCH 28-29, 2014

{7 LDSEM

After preparing the required above dimensions work pieces,
one end of the each work piece was 435" taper turned on lathe
machine, then after SS-316 and MS-2062 designated work
pieces were welded on MIG welding setup with required
parameters as discussed in conclusion. [19, 20, 21]

CONCLUSION

To study the influence of process parameter (gas flow ) on the
weld joint of SS-316 and MS-2062 and to get the optimum
values for this parameter. the prepared work pieces were
welded on the experimental setup of MIG welding by making
other process parameters like current, voltage and current flow
rateat constant, consequently, for each variation in gas flow
parameter 3specimen’s were generated.

Observations in Mechanical analysis as below:

MIG WELDING SETUP USED: WELDING SET MODEL
(SOHAL 202-XL) WIRE MATERIAL: copper coated steel
WIRE DIAMETER: .08mm

Other Process Parameters were at constant value

WIRE SPEED RATE: 4metre/ min. INERT GAS: CO,
CURRENT VARIATION: (80-150amp.)

CURRENT  FLOW | TENSILE
SPECIMENS | RATE STRENGTH
Ist 80-100AMP 209.3 Mpa
2nd 80-100AMP 225 Mpa
3rd 80-100AMP 216 Mpa
Mean value of tensile strength (recorded):216.7MPa

CURRENT FLOW | TENSILE
SPECIMENS | RATE STRENGTH
* 100-120AMP 443 .6Mpa
= 100-120AMP 502.6 Mpa
3¢ 100-120AMP 346 Mpa
Mean value of tensile strength (recorded):430.7MPa

CURRENT FLOW | TENSILE
SPECIMENS | RATE STRENGTH
™ 120-150AMP 519.5Mpa
o 120-150AMP 502.1Mpa
3¢ 120-150AMP 532..4Mpa

Mean value of tensile strength (recorded): S18MPa

The above mechanical analysis give an conclusion about the
mechanical behavior of weld jont with the variable gas flow
parameter to achieve the optimum value for this process
parameter. The optimum mean value of tensile strength that is:

518Mpa achieved in this analysis for current flow
ratel Olitre/min. gives us a helpful study for optimizing the
process parameters regarding SS-316. MS-2062 weld joint in
MIG weldmg process.[9. 10, 11, 12]
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Abstract: In industrial field number of material are used as per
their special properties for number of application. Aluminium is
used in industry due its light weight, low melting point and long
time performance. Metal matrix composites are used mostly in
space ships, aerospace, automotive, nuclear, biotechnology,
electronic and sporting goods industries, but due to their high
cost, experiments are usually done to decrease the cost of the
composites. The Alumina Slag material during production of
alumina from bauxite by the Bayer’s process comprises of oxides
of iron, titanium, Aluminium and silica along with some other
minor constituents. Different avenues of Alumina Slag utilization
are more or less known but none of them have so far proved to be
economically feasible or commercially viable. It is normally
agreed that micro hardness and resistance to wear of MMCs is
formed by strengthener and also the wear properties are
improved extraordinarily by introducing hard inter metallic
compound into the aluminium matrix. The reinforcing materials
are generally SiC, Al1203, TiO2 etc and are costly. In the present
investigation a comparative study on sharp wear behavior of
Aluminium metal matrix composite reinforced with alumina
Slag, SiC and Al,O; has been carried out.

Keywords: Alumina Slag, SiC, MMC.

L INTRODUCTION.

A composite material is a material composed of two or
more constituents. The constituents are combined at a
microscopic level and are not soluble in each other. Generally.
a composite material is composed of strengthener (fibers.
particles/particulates, flakes. and/or fillers) embedded in a
matrix (metals, polymers). The matrix holds the strengthener
to form the desired shape while the strengthener improves the
overall mechanical properties of the matrix. When designed
properly, the new combined material exhibits better strength
than would each individual material. The most primitive man-
made composite materials are straw and mud combined to
form bricks for building construction [1. 2].

II.  METAL MATRIX COMPOSITES:

Metal matrix composites (MMCs). like all composites;
consist of at least two chemically and physically distinct
phases, suitably distributed to provide properties not
obtainable with either of the individual phases. Generally.
there are two phases either a fibrous or particulate phase in a
metallic matrix. For e.g. AI203 fiber reinforced in a copper
matrix for superconducting magnets and SiC particle

many researchers the term metal matrix composites is often
equated with the term light metal matrix composites (MMCs).
Substantial progress in the development of light metal matrix
composites has been achieved in recent decades, so that they
could be introduced nto the most important applications. In
traffic engineering, especially in the automotive industry,
MMCs have been used commercially i fiber reinforced
pistons and Aluminium crank cases with strengthened cylinder
surfaces as well as particle strengthened brake disks. These
mnovative materials open up unhmited possibilities for
modern material science and development: the characteristics
of MMCs can be designed mnto the material, custom-made,
dependent on the application [3].

II. MATRIX

The matrix is the monolithic material into which the
strengthener 1s embedded. and 1s completely continuous. This
means that there is a path through the matrix to any point in
the material. unlike two materials sandwiched together. In
structural applications, the matrix is usually a lighter metal
such as Aluminium, magnesium. or titanium. and provides a
compliant support for the strengthener. In high temperature
applications. cobalt and cobalt-nickel alloy matrices are
common [3].

IV.  MATRIX MATERIAL
The most common matrix materials used in composite are as
follows:
e  Aluminium matrix
e  Copper Matrix
e  Titanium Matrix

V.  STRENGTHENER

The role of the strengthener in a composite material is
fundamentally one of increasing the mechanical properties of
the neat resin system. All of the different particulates/ fibers
used in composites have different properties and so affect the
properties of the composite in different ways. The desirable
properties of the strengtheners include:

e High strength

iy S 2 ; I e FEase of fabrication and low cost
reinforced with in the Al matrix composites used in aero e  Good chemical stability
space, automotive and thermal management applications. For o  Density and dis tributio'n
ummm&m ISBN No: 978-81-924867-1-0
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VI.  ALUMINA SLAG AS STRENGTHENER

It 1s the caustic insoluble Alumina Slag residue generated
by alumina production from bauxite by the Bayer’s process at
an estimated annual rate of 66 and 1.7 million tons,
respectively, m the World and India [1]. Under normal
conditions, when one ton of alumina is produced nearly a ton
of Alumina Slag 1s generated. This Alumina Slag material has
been accumulating at an increasing rate throughout the world.
The disposal/utilization of Alumina Slag has been an acute
problem and a clear cut solution is not available till date.
Different avenues of Alumina Slag utilization are more or less
known but none of them have so far proved to be
economically viable or commercially feasible. However. a
survey of literature on utilization of Alumina Slag published
so far. it 1s revealed that use of Alumina Slag is restricted only
for recovery of some metal values like Titanium, Vanadium
and Zinc; making of ceramics ete. It has also been used for
making cement, bricks. pigments and glazed sewer pipes etc.

Figure- Alumina Slag as strengthener
Research and development work on Alumina Slag utilization
that are under process in India are shown in table no.3. Going
through the available information on the utilization of
Alumina Slag (density 3.05 g/em3) [6]. it is seen that use of
Alumina Slag as strengthener material for preparation of
MMC has not been explored till date [1].

VIIL SILICON CARBIDE AS STRENGTHENER

Silicon carbide (SiC), also known as carborundum, is a
compound of silicon and carbon with chemical formula SiC. It
was originally produced by a high temperature electro-
chemical reaction of sand and carbon. Silicon carbide is an
excellent abrasive and has been produced and made into
grinding wheels and other abrasive products for over one
hundred years. Today the material has been developed into a
high quality technical grade ceramic with very good
mechanical properties [28]. It is used in abrasives. re-
fractories, ceramics. and numerous high-performance
applications. The material can also be made an electrical
conductor and has applications in resistance heating. flame
1gniters and electronic components. floor tiles etc. Structural
and wear applications are constantly developing. Silicon
carbide 1s composed of tetrahedral of carbon and silicon atoms
with strong bonds in the crystal lattice. This produces a very
hard and strong material.

Figure- Silicon Carbide (S1C)

VII.  ALUMINIUM OXIDE AS STRENGTHENER

The chemical formula of Aluminum oxide 1s AI203. It 1s
commonly referred to as alumina. or corundum 1 its
crystalline form. as well as many other names. reflecting its
widespread occurrence in nature and industry. Alumina
(AI203) 1s the most cost effective and widely used material in
the family of engineering ceramics. The raw materials from
which this high performance technical grade ceramic 1s made
are readily available and reasonably priced. resulting in good
value for the cost 1n fabricated alumina shapes.

Figure- Alumina (AI1203)

With an excellent combination of properties and an
attractive price, it is no surprise that fine grain technical grade
alumina has a very wide range of applications. Its most
significant use is in the production of Aluminium metal.
although it 1s also used as an abrasive due to its hardness and
as a refractory material due to its high melting point. A lot of
work has been done on Aluminium based metal matrix
composite with different types of strengtheners, different sizes
and manufactured techniques either by stir casting or by spray
casting technique and then subjected to study the wear
behavior. Alloy composition and its condition influence the
wear rate. With increase in weight % of strengthener in the
matrix the wear resistance of composite increases. The
hardness will also increase with increase in weight % of
strengthener.

IX.  PROPOSED WORK

The problem is associated with the study of Wear
behavior of Al-Alumina Slag. SiC and Al203 metal matrix
composites (MMCs) of Aluminium alloy of grade 6061 with
addition of varying percentage composition of Alumina Slag,
SiC and AI203 by stir casting technique. The wear behavior
and the change in physical and mechanical properties were
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taken into consideration. For the achievement of the above, an Sample No. | Sample Name (Al alloy 6061+) | Mean Micro Hardness No. (VHN)
experimental set up was prepared to facilitate the preparation —— ——
: s : : 3 : _ 1 Pure (Base Alloy) 497431675
of required MMCs. The aim of the experiment was to study
the effect of variation of the percentage composition to predict 2 2.5% Sic 5730065
the wear rate as well as to measure the micro hardness. The 3 T30 R
experiment was carried out by preparimg the samples of 2 -
YRR o : : 5 07 Q0 2172
different percentage composition by stir casting technique. 4 T3 5C U
} - ] - 5 10% SiC 100206025
X. STRENGTHENER MATERIAL
: s ; 2 ' 6 2.5% AbO3 9045513
Alumina Slag, silicon carbide (S1C) and Alumina (A1203) — — o
was used as strengthener material. Tnitially Alumina Slag was i P s
received in solid form like small stones then these solid 8 7.5% AbO3 109.699923
particles were crushed and grinded m the mixer grinder mn 3 T T%6E
order to achieve the required particle size of Alumina Slag 1.¢. -
range varies between 103-150 um. This is achieved with the 10 2.5% Alurina Slag 602283573
help sieve shaker. S1C and Al203 was already in the form of 1 5 Atuning Slag 76,6930125
powder whose size varies between 60— 90 um and 30- 50 pm. -
a : R i : 12 7 5% Alumsna Slag 114.2908
The reinforced particles of different size were shown in the i
Table. 13 10% Atumina Slag 104 01873

Table - Particle size range of Alumina Slag. SiC and AI203

Bar Charts showing the trend of micro hardness of alloy and

Reinforcement Particlesize range (1im) different MMCs
Specimen No. (1-5
Alumina Slag 103-150
Silicon Carbide (SiC) 60-90
Alumina(ALO;) 30-50 :

XI.  RESULTS AND DISCUSSIONS ) . . .
e Micro Hardness Measurement: Figure- C omparison lhc.Mlcro hardness of alloy and MMCs
with wt. % variation of SiC
A micro hardness tester MVH-1is used for the micro
hardness measurement. The surface being tested generally
requires a metallographic finish and 1t was done with the help
of 100, 220, 400, 600 and 1000 grit size emery paper. Load
used on Vicker’s micro hardness tester was 200 grams at 10X
optical zoom with dwell time 20 seconds for each sample. The
result of Vicker’s Micro hardness test for alloy 6061 without
strengthener and the wt.% variation of different strengtheners
such as SiC, AI203 and Alumina Slag in Al alloy 6061
MMC's (Sample No. 2-13) are shown in Table.

Micro Hardness (VHN)

Table - Micro hardness Measurement

7.5%A203 10%AI203

Figure - Comparison the Micro hardness of alloy and MMCs
with wt. % variation of AI203
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Figure - Comparison the Micro hardness of alloy and MMCs
with wt. % variation of Alumina Slag
>ample No. (1-

Micro hardness (VHN)

Figure - Comparison the Micro hardness of alloy and all
different MMCs

Result and discussion of Micro-hardness number of
samples (1-13):Figure shows the micro hardness of Al alloy
and Al based MMCs reinforced with SiC, A1203 and Alumina
Slag. It is observed that hardness of alumina and Alumina Slag
reinforced composite is more than that of SiC reinforced
composite. It can be attributed to the higher hardness of
Alumina Slag and alumina compared to SiC particles.
Hardness of composite depends on the hardness of the
strengthener and the matrix. As the Coefficient of thermal
expansion (CTE) of ceramic particles (SiC: 4.03um/m°C,
Al203: 8.103um/m°C) 1s less than that of Aluminium alloy
6061 (24.3pm/m°C), an enormous amount of dislocations are
generated at the particle—matrx interface during solidification
process, which further increases the matnix hardness. The
higher the amount of particle—matrix interface, the more 1s the
hardening due to dislocations. Smaller ceramic particle
reinforced composite have more particle—matrix interface as in
case of alumina strengthener compared to larger particle
remforced (Alumina Slag. SiC) composite for same amount.
Hence, the hardness of the composite increases with the
decrease m particle size and mmcrease the volume fraction of
the strengthener. These results are analogous to Abrasive wear
of zircon sand and alumina reinforced Al-4.5 wt% Cu alloy
matrix composites — A comparative study observed by

Sanjeev Das, Siddhartha Das and Karabi Das[14].

From the graphs it is clear that as the strengthener percentage
increases the micro hardness also increases. But in the case of
Alumina Slagstrengthenerthe value of micro hardness
increases upto 7.5 wt. % then decreases. The reason for this
may be either the improper mixing due to high viscosity of
molten composites or poor interfacial bonding between the
particle— matrix interfaces.From the Figure it 1s clearly shows
that the maximum value of micro hardness number amongst
the MMCs for sample number 9 ( Al alloy 6061 + 7.5%
Alumina Slag) which 1s approximately double from the
sample number 1 (Al alloy 6061 + 2.5% Si1C) and minimum
value of micro hardness number amongst the MMC's for ample
number 1 (Al alloy 6061 + 2.5% Si1C) which 1s still higher
than sample number 13 (Al alloy 6061).

XII.  CONCLUSION:

The conclusions drawn from the present mnvestigation are
as follows: Aluminium based metal matrix composites have
been successfully fabricated by stir casting technique with
fairly uniform distribution of Alumina Slag, Silicon carbide
and Aluminium oxide particulates. For synthesizing of
composite by stir casting process. stirrer design and stirrer
position. stirring speed and time, particles preheating
temperature. particles incorporation rate etc. are the important
process parameters.The results confirmed that stir formed Al
alloy 6061 with Alumina Slag. SiC and Al203 reinforced
composites is clearly superior to base Al alloy 6061 in the
comparison of micro hardness ie. the micro hardness
increases after addition of SiC. AI203 and Alumina Slag
particles in the matrix.Dispersion of SiC. Alumina Slag and
AIR203 particles in Aluminium matrix improves the wear
resistance of the composites.It is found that wear rate tends to
decrease with increasing particles wt. percentage (2.5- 10%).
which confirms that silicon carbide: Alumina Slag and
alumina addition is beneficial for reducing the wear rate of
MMCs.

XIII.  FUTURE WORK

Same metal matrix composites can be manufactured by
using other manufacturing techniques like spray casting etc.
and results can be compared with stir casting technique.In this
study Alumina Slag. SiC and AI203 particles of sizes 103-
150. 60- 90 and 30-50 microns have been used. This can
further be extended by varying the particle size and then effect
of particle size on the wear behavior of the composite can be
studied. Heat treatment of the MMCs at different temperature
range and quenching media like water. oil and brine solution
etc. can be used to achieve better results.
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Abstract-The use of wood dust filled polymer composites have
been considerably studied both from a scientific and
commercial point of view over the last decades as these
materials are particularly attractive for their reduced
environmental impact and the globally pleasant aesthetical
properties wood dust are attractive fillers for thermoplastic
polymers, mainly because of their low cost , low density and
high specific properties .they are biodegradable and non-
abrasive during processing etc. although there are several
reports in the literature which discuss the mechanical behavior
of wood/polymer composites , however, very limited work has
been domne on the effect of wood dust types on mechanical
behavior polymer composites against this background , the
present research work has been undertaken, with an objective
to explore the potential of wood dust types as a reinforcing
material in polymer composites and to investigate its effect on
the mechanical behavior of the resulting composite . The
present work “RESEARCH WORK ON COMPOSITE
USING WOOD DUST REINFORCED WITH EPOXY
MATRIX"” thus aim to develop this new class of natural fiber
based polymer composites with wood saw dust and to analyze
their mechanical behavior by experimentation. Finally the
morphology of fractured surface is examined using scanning
electron microscopy.

Keywords:Composites,Epoxy Matrix,Wood Dust

INTRODUCTION

A lot of research work has been done by the researchers in this
field. Natural fibers are potential alternatives for artificial fibers.
The composite materials exist long before we came to know about
its whereabouts and most importantly its significance. Wood is a
composite of cellulose fibers in a matrix of lignin. The most
primitive man-made composite materials were straw and mud
combined to form bricks used for structural purposes. Silk has
been an important fabric in the textiles industry due to its luster
and superb mechanical properties.. Light, strong and corrosion-
resistant, composite materials are being used in an increasing
number of products as more manufactures discover the benefits of
these versafile materials. A composite 1s a material made from two
or more different constituent materials having ditferent physical or
chemical properties which do not merge in the finishing structure
1.e. the individual constituents retain their properties. Perfonmance
of fibre composites [1]. Now a day natural fiber composites have
gained increasing

interest due to their eco-friendly properties. In an advanced society
like ours we all depend on composite materials in some aspect of
our lives. The strength and lightness of composites has made them
particularly attractive for transportation. Composites have made
airplanes lighter, more economical. and more affordable and
solved problems such as cracking and metal fatigue. Composites
are not just useful in making things fly. Cars of the future must be
safer. more economical, and more environmentally friendly. and
composites could help achieve all three. Although composites such
as GRP have been used in the manufacture of automobile parts
since the 1950s, most cars are still made from steel. High-
temperature ceramic-matrix composites are also making possible
cleaner-burning, more fuel-efficient engines for both cars and
trucks. Composites are increasingly used in place of metals in
machine tools. Being lighter and stronger, they can offer better
performance than metals at high temperatures and do not develop
potentially dangerous weaknesses such as fractures and fatigue.
Effect of acetylation and propionylation surface treatment on
natural fibers [10] Further. the need of composite for lighter
Construction materials and more seismic resistant structures has
placed high emphasis on the use of new and advanced materials
that not only decreases dead weight but also absorbs the

Fig-1 Jet Air Plane

Shock & vibration through tailored microstructures. Composites
are now extensively being used for rehabilitation/ strengthening of
pre-existing structures that have to be retrofitted to make them
seismic resistant, or fo repair damage caused by seismic activity.
Unlike conventional materials (e.g.. steel). the properties of the
composite material can be designed considering the structural
aspects. The design of a structural component using composites
involves both material and structural design. be tailored to almost
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any specific engineering requirement. Whilst the use of composites
will be a clear choice in many instances. material selection in
others will depend on factors such as working lifetime
requirements, number of items to be produced (run length).
complexity of product shape, possible savings i assembly costs
and on the experience & skills the designer i tapping the optimum
potential of composites.

CHARACTERISTICS OF COMPOSITES

It is not only the single most important parameter influencing the
properties of the composites, but also an easily controllable
manufacturing variable used to alter its properties. Composites
consist of one or more discontinnous phases embedded in a
continuous phase. The discontinuous phase is usually harder and
stronger than the continuous phase and is called the
‘reinforcement” or ‘reinforcing material’, whereas the confinuous
phase is termed as the ‘matrix’. Properties of composites are
strongly dependent on the properties of their consfituent materials,
their distribution and the interaction among them. The composite
properties may be the volume fraction sum of the properties of the
constituents or the constituents may interact in a synergistic way
resulting in improved or better properties. Apart from the nature of
the consfituent materials, the geometry of the reinforcement
(shape. size and size distribution) influences the properties of the
composite to a great extent. The concentration distribution and
orientation of the reinforcement also affect the properties. The
shape of the discontinnous phase (which may by spherical,
cylindrical, and rectangular cross-sanctioned prisms or platelets),
the total size and size distribution (which controls the texture of the
material ) and volume fraction determine the interfacial area.
which plays an important role in determining the extent of the
interaction  between the reinforcement and the matrix.
Concentration, usually measured as volume or weight fraction.
determines the confribution of a single constituent to the overall
properties of the composites.

PROPERTIES OF COMPOSITES

The following are some of the properties of composite materials
for which they are widely used:

* Volume fractions of the composites play a significant role in
determining properties. It is regarded as the most important
parameter for determining the properties of the composites.

» Homogeneity is also an important characteristic that determines
the extent to which a material may differ in physical and
mechanical properties from the average properties of the material.

* The 1sotropy of the system 1s affected by the orientation of the
reinforcement of the matrix in the composites.

» The strength of the fibers and matrix interface significant in
determining the properties of the composites.

» The interfacial bond strength must be sufficient enough for the
load to be transferred from the matrix to the fibers

.+ The interface must not be so strong that it does not fail for
improved toughness of the composites.

Broadly. composite materials can be classified into three groups on
the basis of matrix material. They are:

(a) Metal Matrix Composites (MMCs)

(b) Ceramic Matrix Composites (CMCs)

(¢) Polymer Matrix Composites (PMCs)

METAL MATRIX COMPOSITE (MMC)

Metal matrix composites, as the name implies, have a metal
mafrix. Examples of matrices in such composites include

aluminum. magnesium and titanium. The typical fiber includes
carbon and silicon carbide.

TABLE-1 TYPES OF COMPOSITES

COMPOSITES
7N
A
Matrix Reinforcement
i BALMER PRILS) |
Shape Onentation Chemical

{ riatre
| CERAMIC (OM
| CERMMCIOMES) | | conbinuous fiters |

- 4 Short fibers
‘i Whiskers
=

L METAL (MMCS)

Particulates

Metals are mainly reinforced to suit the needs of design. For
example, the elastic stiffness and strength of metals can be
increased, while large co-efficient of thermal expansion. and
thermal and electrical conductivities of metals can be reduced by
the addition of fibers such as silicon carbide.

CERAMIC MATRIX COMPOSITE (CMC)

The advantages of CMC include high strength. hardness, high
service temperature limits for ceramics, chemical inertness and low
density. Naturally resistant to high temperature, ceramic materials
have a tendency to become brittle and to fracture. Ceramic matrix
composites have ceramic matrix such as alumina, calcium, alumina
silicate reinforced by silicon carbide.

POLYMER MATRIX COMPOSITE (PMC)

The reason for these being most common 1s their low cost, high
strength and simple manufacturing principles. Due to the low
density of the constituents the polymer composites often show
excellent specific properties. The most common advanced
composites are polymer matrix composites. These composites
consist of a polymer thermoplastic or thermosetting reinforced by
fiber (natural carbon or boron). These materials can be fashioned
into a variety of shapes and sizes. They provide great strength and
stiffness along with resistance to corrosion.

CLASSIFICATION OF COMPOSITES

Composite materials can be classified on the basis of different
attributes in various ways. In general there are two phases in a
composite material. One is the primary phase called matrix this
keeps the secondary phase, the reinforcement undamaged from the
external forces. Based on the type of secondary phase the
composites are broadly classified into three categories. They are as
follows:

« Fiber reinforced composite material

* Flake reinforced composite material

+ Particle remnforced composite material

COMPONENTS OF COMPOSITE MATERIAL

Matrix Materials: The primary phase having a continuous character
is called matrix. Matrix is usually more ductile and less hard phase.
It holds the dispersed phase and shares a load with it. Matrix is
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composed of any of the three material types polymers, metals or
ceramics. The matrix forms the bulk form of the part or the
product. Most of the materials when they are in a fibrous from
show very good strength properties. In order to achieve these
properties the fibers must be bonded by suitable matrix. The matrix
separates one fiber from the other in order to prevent wear and
abrasion. It also prevents the formation of new surface flaws and
Lolds the fibers in place. A good matrix is one which possesses the
ability to deform easily under applied load, transfer the load into
the fibers and distribute the stress concentrations evenly. The
natural fibers are embedded n a biopolymer matrix system which
serves the purpose of holding the fibers together thereby stabilizing
the shape of the composite structure. This helps to transmit the
shear forces between the mechanically high quality fibers, and to
protect them agamst radiation and external forces. Natural fibers
they can replace glass in fibre reinforced plastics [9] Polymers are
classified into ftwo categories namely thermo sets and
thermoplastics. Both these varieties are suitable for use as matrix
in the bio composites. There are large numbers of ways of
modifying the matrices. So it 1s essential that the materials for
matrix are chosen according to the requirements. The criteria for
choosing a suitable matrix system for high performance
construction materials are the temperature in which it is to be used.
amount of mechanical loading under consideration, manufacturing
technology followed. etc. An important criterion for the selection
of matrix is its adequately low viscosity for a good impregnation of
the reinforcing fibers.

FUNCTIONALLY GRADED COMPOSITES
Functionally graded material (FGMs) is a kind of multiphase
material. functionally graded materials of particle-reinforced
composite [6]. The material parameters change continuously along
the thickness fo meet the different requirements of the
components’ different parts, and achieve the purpose of optimizing
the structure (Gupta et al, 2005). FGM is widely used in aerospace,
nuclear reactors. internal combustion engines and other fields
(Noda et al, 1998).In the technical world the concept of FGM was
first proposed around 1984-85 when Japanese researchers studied
advanced materials for aerospace applications working on a space
plane project. The body of the space plane will be exposed to a
very high temperature enviromment of about 1700°C with a
temperature gradient of approximately 1000°C between inside and
outside of the space plane. There was no uniform material able to
endure such conditions. It requires a high wear resistance ontside
(enamel) and a ductile inner structure for reasons of fatigue and
brittleness. Further it requires a translucent outer area and a
specific set of color nuances for reason of aesthetics.

REINFORCEMENT

The secondary phase is embedded in the matrix in a discontinuous
form. The dispersed phase is usually harder and stronger than the
continuous phase and is called reinforcement. It serves to
strengthen the composites and improves the overall mechanical
properties of the matrix.

The main purpose of the reinforcement in composites is primarily
improving the mechanical properties of the neaf resin system. The
varieties of fibers used in composites have different properties and
therefore impart different properties to the composites.
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Fig-2 Fiber Alignment

NEED OF FUNCTIONALLY GRADED MATERIALS
The most light weight composites materials which have high ratios
of strength to weight and stiffness to weight have been used
successfully used in aircraft industty and other engineering
applications. But inspite of their good properties sometimes these
composite matenals are incapable to use under high temperature
conditions. If we talk about metals, they are used in engineering
field for many years on account of their excellent strength and
toughness but in high temperature conditions the strength of the
metals get reduced as was in the case of composite materials.
Ceramic materials would be an option as they have excellent
characteristics of heat resistance but are limited in use due to their
low toughness. That is why keeping in view all those points a new
class of composite materials has been formed known as
Functionally Graded Materials. Basically FGM is an
inhomogeneous component made from different phases of material
constituents generally ceramics and metals. The ceramic part gives
good thermal resistance characteristics and the metal constituents
provide stronger mechanical performance while reducing the
possibilities of catastrophic fracture.

Applications of Functionally Graded Materials

The overview of mmportant applications of FGM is shown in Fig.
and also given as under,

*Rocket engine components, Space plane body

*Cutting tools, shafts. rollers. turbine blades, engine components
*Nuclear reactor components, first wall of fusion reactor, fuel
pellet

*Optical fibers. lens

*Artificial skin implant, drug delivery system

*Heat exchanger. heat pipe. slurry pump, reaction vessel
*Thermoelectric generators, thermionic convertor, solar cell
*Building material. sports goods

EPOXY RESINS

Epoxy is a copolymer: that is. it is formed from two different
chemicals. These are referred to as the "resin" and the "hardener".
The resin consists of monomers or short chain polymers with an
epoxide group at either end. Most comumon epoxy resins are
produced from a reaction between epichlorohydrin and bisphenol-
A. though the latter may be replaced by similar 45 chemicals. The
hardener consists of polyamine monomers, for exp.
triethylenetetramine (TETA). When these compounds are mixed
together, the amine groups react with the epoxide groups to form a
covalent bond. Each NH group can react with an epoxide group, so
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that the resulting polymer is heavily cross linked. and is thus rigid
and strong.

PROPERTIES

a. Excellent adhesion to different materials.

b. High resistance to chemical and atmospheric attack.
c. High dimensional stability.

d. Free from internal stresses.

e. Excellent mechanical and electrical properties.

f. Odorless, tasteless and completely nontoxic.

o. Negligible shrinkage.

LITERATURE REVIEW

This chapter outlines some of the recent reports published in
literature on mechanical behavior of natural fiber based polymer
composites with special emphasis on wood/polymer composites.
Composite materials are created by combining two or more
components to achieve desired properties which could not be
obtained with the separate components. During the last few years.
a series of works have been done to replace the conventional
synthetic fiber with natural fiber composites. For instant, hemp,
sisal, jute, cotton, flax and broom are the most commonly wood
saw dust used to remnforce polymers. In addition. wood saw dust
like sisal. jute. coir, oil palm. bamboo, wheat and flax straw. waste
silk and banana have proved to be good and effective
reinforcement in the thermo set and thermoplastic matrices.
Composites made from non-traditional materials obtamed directly
from agro-wastes such as coir fiber. coconut pith. jute sticks,
ground nut husk. rice husk, reed, and straw became one of the
main interests of researchers. The properties of natural-fiber
reinforced composites depend on a number of parameters such as
volume fraction of the wood saw dust, fiber aspect ratio, fiber-
mafrix adhesion, stress fransfer at the mterface, and orientation.
Most of the studies on natural fiber composites involve study of
mechanical properties as a function of fiber content, effect of
various treatments of wood saw dust, and the use of external
coupling agents. Both the matrix and fiber properties are important
in improving mechanical properties of the composites. The tensile
strength 1s more sensifive fo the matrix propetfies. whereas the
modulus is dependent on the fiber properties. To improve the
tensile strength. a strong interface, low stress concentration. fiber
orientation is required whereas fiber concentration. fiber wetting in
the matrix phase, and high fiber aspect ratio determine the fracture
properties. In short-fiber-reinforced composites, there exists a
critical fiber length that is required to develop its full stressed
condition in the polymer matrix. Fiber lengths shorter than this
critical length lead to failure due to debonding at the interface at
lower load. On the other hand. for fiber lengths greater than the
crifical length. the fiber is stressed under applied load and thus
results in a higher strength of the composite. For, good impact
strength. an optimum bonding level is necessary. The degree of
adhesion, fiber pullout, and a mechanism to absorb energy are
some of the parameters that can influence the impact strength of a
short-fiber-filled composite. The properties mostly vary with
composition as per the rule of mixtures and increase linearly with
composition.

OBJECTIVES OF THE RESEARCH WORK

Fabrication of wood dust filled epoxy based composites.
Evaluation of mechanical properties of the composites such as

tensile strength. flexural, hardness. impact strength etc. To study
the effect of wood dust type and mechanical properties of
composites.

RAW MATERTALS USED

The wood dust used in preparation of composite 1s EPOXY. It 1s a
thermosetting polymer. Because of 1ts high strength, low viscosity
and low flow rates. it allows good wetting of fibers and prevents
misalignment of fibers during processing. Following are the most
outstanding characteristics of epoxy for which it 1s used.

“‘,’

. k .
Fig.-3. Epoxy Resit
WOOD SAW DUST
Sawdust or wood dust is a by-product of cutting. grinding, drilling,
sanding. or otherwise pulverizing wood with a saw or other tool; it
1s composed of fine particles of wood. Sisal fibre and its
composites: a review of recent developments [11]

Fig.4. Wood Saw Dust

A major use of sawdust is for particleboard: coarse sawdust may
be used for wood pulp Sawdust has a variety of other practical
uses, including serving as a mulch, as an alternative to clay cat
litter, or as a fuel. Until the advent of refrigeration, it was often
used in icehouses to keep ice frozen during the summer. It has
been used in artistic displays, and as scatter. It is also sometimes
used to soak up liquid spills, allowing the spill to be easily
collected or swept aside. As such, it was formerly common on
barroom floors. It 1s used to make Cutler's resin. Mixed with water
and frozen, a slow-melting, much stronger form of ice polymers to
produce composites with the nature of the constituent materials,
the geometry of the reinforcement (shape. size and size
distribution) influences the properties of the composite to a great
extent. Discontinuous phase. The concenfration distribution and
orientation of the reinforcement also affect the properties.

The shape of the (which may by spherical, cylindrical, or
rectangular cross-sanctioned prisms or platelets), the size and size
distribution (which controls the texture of the material) and volume
fraction determine the interfacial area. which plays an important
role in determining the extent of the interaction between the
reinforcement and the matrix. Concentration, usually measured as
volume or weight fraction, determines the contribution of a single
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constituent to the overall properties of the composites. It 1s not
only the single most important parameter influencing the properties
of the composites, but also an easily controllable manufacturing
variable used to alter its properties.

PREPARATION OF COMPOSITE

Epoxy LY 556 resin, chemically belonging to the epoxide family is
used as the matrix material. Wood dust was supplied by a local
vendor.

The maximum particle size was 500 um. The wood dust is dned
before manufacturing in a vacuum oven for 24 h at 80oC i order
to remove moisture. The epoxy resin and the hardener are supplied
by Ciba Geigy India Ltd. The fabrication of the composites is

carried out through the hand lay-up technique. The low
temperature curing epoxy resin (Araldite LY 556) and
corresponding hardener (HY951) are mixed in a ratio of 10:1 by
weight as recommended. Three different types of composites have
been fabricated with three different types of wood dust such as
teak, sal and rubber wood. Each composite consisting of 20wt.% of
wood dust and 80wt.% of epoxy resin improved properties. In
average. the cocoon production is about 1Million tones
worldwide, and this is equivalent to 400,000 tones of dry cocoon
Hardener In the present work Hardener (araldite) is used.

Fig.5. Sample Preparation
CALCULATION
For the preparation of composites with different compositions of
saw dust and polymer, an estimate of volume of saw dust and
polymer was made. The following calculations show the different
compositions of epoxy saw dust composites. Size of the Sample =
35x28%x6 min

TESTING OF MECHANICAL PROPERTIES OF
COMPOSITE

The study of mechanical properties such as tensile strength.
flexural strength, impact strength and hardness of untreated fiber
reinforced (randomly distributed in the epoxy matrix) composite
have been conducted as per ASTM standard. Tmproved or better
properties. Apart from

SCOPE FOR FUTURE WORK
There is a very wide scope for future scholars to explore this area
of research. This work can be further extended to study other

aspects of such composites like effect of wood content, wood
orientation. loading paftern, wood freatment

Table 2. Composite Results

Test Method
SN Tests Standard Unit Test
Result
1 Tensile Astm Mpa 3.58
strength d-638
2 Izod impact Astm Kj/m2 3.93
strength d-256
3 Shore Astm Shore 64
hardness d-240
4 Flexural Astm Mpa 4.83
strength d-790
5 Filler CIPET std, % 0.74
content

on mechanical behavior of wood dust filled polymer composites
and the resulting experimental findings can be sunilarly analyzed.

CONCLUSION

»  From the analysis of the results and discussion given above,
the following conclusions can be made as follows:

» This work shows that successful fabrication of a wood dust
filled epoxy composites with different types of wood is
possible by simple hand lay- up technique.

» It has been noticed that the mechanical properties of the
composites such as micro-hardness, tensile strength. flexural
strength, impact strength etc. of the composites are also
influenced by the wood types.

» The fracture surfaces study of wood dust filled epoxy
composite after the tensile test. flexural test and impact test
has been done. From this study it has been concluded that the
poor interfacial bonding is responsible for low mechanical
properties.
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Abstract—In industrial field number of material are used as
per their different properties for number of application.
Aluminum is used in industry due its light weight, low melting
point and long time performance. Some Ceramics are used with
aluminum to make composite for better life performance. In this
experimental work ‘Silicon’ and ‘Alumina’ are mixed with
Aluminum to know performance and to know change in strength
of this new reinforced composite. Different sample of Aluminum
with ‘Silicon’ and ‘Alumina’ are prepared by stir casting process
by changing the weight percentage of these reinforcements. After
this series of test like Hardness Test, Tensile Test, are performed
to know the behavior of material. Results shows that as weight of
percentage of reinforcement increases the effect on Mechanical
properties such that Hardness, Yield Strength, Ultimate Strength
increase but at the same time elongation decrease and the
behavior of material change from ductile to brittle.

Index Terms—Component, formatting, style, styling, insert.
(kev words)

I. INTRODUCTION

The aim mvolved i designing metal matrix composite
materials 1s to combine the desirable attributes of metals and
ceramics. The addition of high strength. high modulus
refractory particles to a ductile metal matrix produce a material
whose mechanical properties are intermediate between the
matrix alloy and the ceramic reinforcement. !Aluminum is the
most abundant metal in the Earth's crust, and the third most
abundant element. after oxygen and silicon. It makes up about
8% by weight of the Earth's solid surface. Due to easy
availability, High strength to weight ratio, easy machinability,
durable, ductile and malleability Aluminum is the most widely
used non-ferrous metal in 2005 was 31.9 mullion tones.

A. Advantages of Aluminium

Light Weight, Strong and Long-lasting.
Highly Corrosion Resistant.

Excellent Heat and Electricity Conductor.
Good Reflective Properties.

Completely Impermeable and Odorless.
Totally Recyclable.

II. COMPOSITE MATERIALS

Composites are materials in which two phases are
combined. usually with strong interfaces between them. They
usually consist of a continuous phase called the matrix and
discontinuous phase in the form of fibers, whiskers or particles
called the reinforcement. Considerable interest in composites
has been generated in the past because many of their properties
can be described by a combination of the individual properties
of the constituent phases and the volume fraction in the
mixture. Composite materials are gaining wide spread
acceptance due to their characteristics of behaviour with their
high strength to weight ratio. The interest in metal matrix
composites (MMCs) is due to the relation of structure to
properties such as specific stiffness or specific strength. Like
all composites. aluminum matrix composites are not a single
material but a family of materials whose stiffness. density and
thermal and electrical properties can be tailored. Composites
materials are high stiffness and high strength, low density. high
temperature stability. high electrical and thermal conductivity,
adjustable coefficient of thermal expansion. corrosion
resistance. improved wear resistance etc. The matrix holds the
reinforcement to form the desired shape while the
reinforcement mmproves the overall mechanical properties of
the matrix. When designed properly, the new combined
material exhibits better strength than would each individual
material.

III. REINFORCEMENTS

e Silicon Carbide as Reinforcement: Silicon Carbide 1s
the only chemical compound of carbon and silicon. It
was originally produced by a high temperature electro-
chemical reaction of sand and carbon. Silicon carbide
1s an excellent abrasive and has been produced
and made nto grinding wheels and other abrasive
products for over one hundred years. Today the
material has been developed nto a high quality
technical grade ceramic with very good mechanical
properties.

e Highly Alumina as Reinforcement: Alumimmum oxide,
commonly referred to as alumina. possesses strong
ionic interatomic bonding giving rise to its desirable
material characteristics. It can exist in several
crystalline phases which all revert to the most stable
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hexagonal alpha phase at elevated temperatures. This 1s
the phase of particular interest for structural
applications and the material available from Accurate.
Alpha phase alumina is the strongest and stiffest of the
oxide ceramics. Its high hardness, excellent dielectric
properties. refractoriness and good thermal properties
make it the material of choice for a wide range of
applications. High purity alumina is usable in both
oxidizing and reducing atmospheres to 1925°C.Weight
loss in vacuum ranges from 107 to 10 g/em® sec over
a temperature range of 1700° to 2000°C.
IV. TENSILE STRENGTH
Before Tensile properties dictate how the material will
react to forces being applied in tension. A tensile test 1s a
fundamental mechanical test where a carefully prepared
specimen 1s loaded in a very controlled manner while
measuring the applied load and the elongation of the
specimen over some distance. Tensile tests are used to
determine the modulus of elasticity. elastic limit, elongation,
proportional limit. and reduction in area, tensile strength, yield
point, yield strength and other tensile properties. The main
product of a tensile test 1s a load versus elongation curve which
is then converted into a stress versus strain curve.
Since both the engineering stress and the engineering strain are
obtained by dividing the load and elongation by constant
values (specimen geometry information). the load-elongation
curve will have the same shape as the engineering stress-strain
curve. The stress-strain curve relates the applied stress to the
resulting strain and each material has its own unique stress-
strain curve.

V. EXPERIMENTAL PROCEDURE

STARTING ALUMINUM ALLOY LM6 WITH REINFORCEMENT

§iC AND AL;0O;

}

PRODUCTION OF COMPOSITE BY STIR CASTING
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.
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RESULT AND CONCLUSION

Tensile tests were used to assess the mechanical behavior
of the composites and matrix alloy. The composite and matrix
alloy rods were machined to tensile specimens with a diameter
of 6mm and gauge length of 30 mm. Ultimate tensile strength
(UTS), often shortened to tensile strength (TS) or ultimate

strength, 1s the maximum stress that a material can withstand
while being stretched or pulled before necking. which 1s when
the specimen's cross-section starts to significantly contract.

As shown in below Figure number 5.1. 52, 53 results
predict that as the reinforcement wt. % Yield Strength is
increases. This happens may be due to dispersion of SiC &
Alumina which create hindrance to dislocation motion. To
move this defect (plastically deforming or vyielding the
material), a larger stress must be applied. This may results
increase In tensile strength of reinforced LMG6 alloy.

V1. TENSILE STRENGTH RESULTS

TABLE I. TENSILE STRENGTH RESULTS

Alloy (LM6) Yield UTS Elongaton (%)
Strength N/'mm?
N/mm?
Pure 65 180 9
2.5%8C 78 220 75
5% SIC 85 245 55
71.5%S1C 112 250 32
10% SiIC 150 310 2.1
2.5 % ALOs 75 150 8.1
5 % ALO: 88 201 6.5
7.5 % ALO: 105 250 39
10 % AL:O; 140 290 28
2.5%8IC +2.5 %AlLO: 100 240 6.8
5% SIC 75 %ALO; 170 270 45
7.5% 81C +7.5 %ALOs 190 320 kN
10 % SiC + 10 %ALO; 220 370 14

VII. YIELD STRENGTH COMPARISON
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Fig. I. Comparison the Yield Strength with wt. % variation of SiC.
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ARO3 5%AIR03 7.5%Al03 10%AR03

Wt %age Reinforcement

Fig. 2. Comparison the Yield Strength with wt. % variation of ALOs,
Fig. 5. Comparison of the Ultimate Tenstle Strength with wt. % variation of
Al203.

As shown 1n Chart (Figure number 5.4. 5.5, 5.0). results
predict that as the remnforcement wt.% UTS also increases.
This happens may be due to dispersion of SiC & Alumina
which create hindrance to dislocation motion. This may
results increase 1n tensile strength of reinforced LMG6 alloy.

VIII. CONCLUSION

il Toenrpp P PP

The conclusions drawn from the present investigation are
as follows:
e  The results confirmed that stir formed Al alloy LM 6

0%T 20 % with SiC/ALO; reinforced composites is clearly
superior to base Al alloy LM 6 in the comparison of
tensile strength. Impact strength as well as Hardness.

e It is found that elongation tends to decrease with
increasing particles wt. percentage. which  confirms
that silicon carbide and alumina addition increases
brittleness.

e Alumimium matrx composites have been successfully
fabricated by stir casting technique with fairly uniform
distribution of SiC & Al,Os particles

e It appears from this study that UTS and Yield strength
trend starts increases with increase in  weight
percentage of SiC and AL,O; in the matrix.
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Abstract—A lappet hook is part of ring frame of a spinning
machine in a textile mill. The lappet hook imparts twist to the
yarn. The lappet hook helps to wind the yarn on the bobbin. High
contact pressure (upto 35 N/square mm) is generated between the
thread and surface of lappet hook during winding, mainly due to
centrifugal force. This pressure leads to degradation of internal
surface of the hook, which significantly affects its working life.
The objective of this study was to enhance the working life of the
hook in order to decrease the idle time required to reinstate the
lappet hook on the spindle periodically during spinning. The
objective was carried out by means of thermal spray coatings,
where the effect of the coatings on the extent of wear and the
wear characteristics of the rings were examined. Detonation gun
sprayed coatings, namely Cr;C,NiCr,, was compared in this
study on MSENS of the lappet hook. The objective was carried
out by means of hard coatings, where the effect of the coatings on
the extent of wear and the wear characteristics of the lappet hook
were examined. The study compared thermal spray coatings,
namely D-GUN sprayed Cr;C,NiCr; on MSENS. Wear tests were
performed on Pin-On-Disc apparatus using ASTM G99 Standard
for the uncoated and coated samples of high tensile steel. The
result of coating experimental wear data generated, of the worn
samples is used to analyze the wear behavior of coated as well as
uncoated high tensile steel. The results show that Cr;C,-NiCr,
coatings have been successfully deposited on MSENS8 grade of
high tensile steel by Detonation Spray Process. The coated
MSENS has shown significantly less wear loss as compared to
bare MSENS. The cumulative volume loss for detonation sprayed
coatings increases with increase in load. The Cr;C,NiCr,-MSENS
coating-substrate combination has shown minimum wear.

Index Terms—Component, formatting, style, styling, insert.
(key words)

1. INTRODUCTION

Wear is erosion or sideways displacement of material from
its "derivative" and original position on a solid surface
performed by the action of another surface. Wear is related to
interactions between surfaces and more specifically the
removal and deformation of material on a surface as a result of
mechanical action of the opposite surface.

Wear is a process of removal of material from one or both
of two solid surfaces in solid state contact, occurring when two
solid surfaces are in sliding or rolling motion together. The rate
of removal is generally slow. but steady and continuous under

normal conditions, the wear-rate normally changes through
three different stages:

Primary stage or early run-in period, where surfaces adapt
to each other and the wear-rate might vary between high and
low. Secondary stage or mid-age process, where a steady rate
of ageing is in motion. Most of the components operational life
is comprised in this stage. Tertiary stage or old-age period.
where the components are subjected to rapid failure due to a
high rate of ageing.

II. METHODS TO CONTROL WEAR

There are many types of wear. but there are only four main
types of wear systems (tribosystems) that produce wear and six
basic wear control steps. The four basic tribosystems are:
Relatively smooth solids sliding on other smooth solids, Hard
sharp substances sliding on softer surfaces. Fatigue of surfaces
by repeated stressing (usually compressive).Fluids with or
without suspended solids in motion with respect to a solid
surface. Various design features can also considered reducing
wear .The various traditional techniques applied to materials to
deal with wear produced in the preceding tribosystems include:
Separate conforming surfaces with a lubricating film.
Lubrication is the most important factor for wear consideration.
The main objective of lubrication is to reduce the severity of
friction and wear in addition to performing other functions.
Make the wearing surface hard through the use of hard facing.
diffusion heat treatments. hard chromium plating, or more
recently developed vapor deposition techniques or high-energy
processes. Make the wearing surface resistant to fracture. Many
wear processes involve fracture of material from a surface; thus
toughness and fracture resistance play a significant role in
wear-resistant surfaces. The use of very hard materials such as
ceramics, cemented carbides. and hard chrommm can lead to
fracture problems that nullify the benefits of the hard surface.

IIT. COATINGS

Coating 1s a covering that 1s applied to the surface of an
object, usually referred to as the substrate. In many cases
coatings are applied to umprove surface properties of the
substrate, such as appearance, adhesion, wetability, corrosion
resistance, wear resistance. and scratch resistance. It can also
be defined as a layer of material. formed naturally or deposited
artificially on the surface of an object made of another
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material, with an aim of obtaining required technical or
decorative properties. It is a fact of life that many components
are deemed to be worn out when their surfaces have degraded
beyond a predetermined hmit. However. the useful life of
many components may be extended by coating with a material
tallored to resist the particular environment in which the
component 1s working. Coatings can vary from a few to several
hundred microns and be deposited by different means.

IV. THERMAL SPRAY TECHNOLOGY

Before Thermal spraying techniques are coating processes
in which melted (or heated) materials are sprayed onto a
surface. Characteristics of Thermal Spray Coatings:

Hardness: Thermal spray coatings are often used because of
their high degree of hardness. Their hardness and erosion
resistance make them especially valuable in high-wear
applications. The hardness and density of thermal spray
coatings are typically lower than for the feedstock material
from which the coatings were formed. In the case of thermal
spray metallic coatings, the hardness and density of the coating
depend on the thermal spray material. type of thermal spray
equipment. and the spray parameters. Thermal spray coatings
may have very high adhesion. Special coatings. used for wear
resistance. that are applied by thermal spray processes with
very high particle velocity can have greater tensile adhesions.

V. FORMULATION OF PROBLEM

Degradation of materials by wear i1s a very common
problem e.g. in wear of Rings. lappet hooks, traveler in case of
textile machinery, bearings etc. So wear problem of Lappet
Hook (MSEN-8) selected as case study in this thesis work. Due
to abrasive wear of Lappet hook. they require frequent repair
and replacement; 1t increases the idle time of the machine to
reinstate 1t, which ultimately results in production loss. It has
been decided to use surface coatings on their surfaces to solve
the problem. After a comprehensive literature review,
Detonation spray coating technique was selected to deposit
coatings (viz: Cr;C;-NiCr;) on this material. It has been learnt
from the literature that these coatings can provide better
resistance to wear.

VI. EXPERIMENTAL PROCEDURE

Selection of the substrate material for the present study has
been made after consultation with engineer. To know the
composition and grade of the substrate material. it (substrate
material) was sent to laboratory test for spectroscopic analysis
test at Central Tool Room, Ludhiana, Punjab. After getting the
report, it was found that the grade of steel was MSEN-8. which
1s used for the manufacturing of lappet hook. The substrate
material (MSEN-8) which was used to prepare small
cylindrical pins having circular cross-section of diameter equal
to Smm and length equal to 30mm. A total of 8 pins were
prepared. The pins were prepared on lathe machine and their
end faces (to be coated) were ground on cylindrical grinding
machine. Grinding was followed by polishing with 1/0, 2/0.
3/0, and 4/0 grades polishing papers.

Wear Behavior of CrsC>-NiCr, coatings v/s MSEN-8:

The samples of coating 1.e. Cr;C3-NiCr, on MSEN-8 were
subjected to wear on Pin-On-Disc wear test rig at normal loads
of 30N, 40N and 50N respectively. Three samples of MSEN-8
substrate were also subjected to wear on Pin-On-Disc wear test
rig at the same loads. Figures 1l.a shows the graphical
representation of Cumulative volume loss for Chromium
carbide Nickel carbide (Cr;C;-NiCr;) and MSEN-8 with time.
Figure 1.b shows the cumulative volume loss with increase in
load for bare MSEN-8. Figure 1.¢c shows cumulative volume
loss with increase in load for Chromium carbide Nickel carbide
(Cr3C,-NiCr;) on MSEN-8. It 1s observed from the results
(Figure 1.a) that the coating; the coating Chromium carbide
Nickel carbide (Cr;C,-NiCr,) have shown better wear
resistance as compared to MSEN-8 substrate material The wear
rate of Cr;C,-NiCr, 1s very little as compared to bare MSEN-8,
which 1s shown by a flat curve between CVL and time in
Figure 1.a.
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Figures 1.a Cumulative volume loss for WC-Co & MSEN-8
The CVL for bare MSEN-8 is comparatively high as

compared to Cr;C;-NiCr; coatings. The wear volume loss was
also calculated from the weight loss and density of the coatings
as well as substrate material for all the investigated cases.
These data were reported in the form of plots showing the
cumulative wear volume loss v/s cumulative time for all the
cases.

Volume = mass/density

Wear Volume Loss= (6w/9.81)/p

Where dw 1s the weight loss in, g

and p is the density of material, g/mm’
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Figure 1.c Cumulative volume loss for Cr;C,NiCr coated
MSEN-8

VIL. CONCLUSIONS

e Detonation Sprayed Cr;C»-NiCr, coatings have
successfully been deposited on MSENS grade of high
tensile steel.

e  The detonation sprayed Cr;C;NiCr; coated on MSEN-
8 specimens showed significantly lower cumulative

(1

(2]

Bl

(4]

[3]

volume loss as compared to uncoated MSEN-8
substrate.

e  Cumulative volume loss for detonation sprayed Cr;C.-

NiCr; coated as well as uncoated MSEN-8 specimen’s
increases with increase 1n load.

e The cumulative volume loss for Cr;C,NiCr, coating

was observed to be minimum in the present study.
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Abstract— Vibrating structure gyroscopes are MEMS (Micro-
machined Electro-Mechanical Systems) devices that are easily
available commercially, affordable, and very small in size.
Fundamental to an understanding of the operation of a vibrating
structure gyroscope is an understanding of the Coriolis force. In
a rotating system, every point rotates with the same rotational
velocity. As one approaches the axis of rotation of the system, the
rotational velocity remains the same, but the speed in the
direction perpendicular to the axis of rotation decreases. Thus, in
order to travel in a straight line towards or away from the axis of
rotation while on a rotating system, lateral speed must be either
increased or decreased in order to maintain the same relative
angular position (longitude) on the body. The act of slowing down
or speeding up is acceleration, and the Coriolis force is this
acceleration times the mass of the object whose longitude is to be
maintained. The Coriolis force is proportional to both the
angular velocity of the rotating object and the velocity of the
object moving towards or away from the axis of rotation.

Keywords—MEMS, Gyroscope, Coriolis force.

1. INTRODUCTION

MEMS, the acronym of “Micro-Electro-Mechanical
Systems”, is generally considered as devices and systems
integrated with mechanical elements. sensors. actuators, and
electronic circuits on a common silicon substrate through
microfabrication technology. MEMS are made up of
components between | to 1000 micrometers in size (1.e. 0.001
to 1 mm) and MEMS devices generally range in size from
several micrometers (one millionths of a meter) to several
millimeters. They usually consist of a central umit that
processes data, the microprocessor and several components
that interact with the outside such as micro sensors and micro
actuators.

II. TRADITIONAL GYROSCOPE

A gyroscope 1s a device for measuring or maintaining
orientation. based on the principles of angular momentum. The
device 1s a spinning wheel or disk whose axle is free to take
any orientation. This orientation changes much less in response
to a given external torque than it would without the large
angular momentum associated with the gyroscope's high rate of

spin. Since external torque is minimized by mounting the
device in gimbals, its orientation remains nearly fixed.

Regardless of any motion of the platform on which it 1s
mounted. Figure-1 is a traditional gyroscope.

Gyroscope
frame

Spin axis

Figure-1 A traditional gyroscope

A conventional gyroscope is a mechanism comprising a
rotor journaled to spin about one axis, the journals of the rotor
being mounted 1n an inner gimbal or ring, the inner gimbal
being journaled for oscillation in an outer gimbal which in turn
1s journaled for oscillation relative to a support. The outer
gimbal or ring 1s mounted so as to pivot about an axis 1n its
own plane determined by the support. The outer gimbal
possesses one degree of rotational freedom and its axis
possesses none. The inner gimbal 1s mounted in the outer
gimbal s0 as to pivot about an axis in its own plane, which axis
1s always perpendicular to the pivotal axis of the outer gimbal.
The axle of the spinning wheel defines the spin axis. The mner
gimbal possesses two degrees of rotational freedom and its axis
possesses one. The rotor 1s journaled to spin about an axis
which is always perpendicular to the axis of the inner gimbal.
So. the rotor possesses three degrees of rotational freedom and
1ts axis possesses two.

1. MEMS GYROSCOPE OPERATING PRINCIPLE: CORIOLIS
EFFECT

In non-vector terms: at a given rate of rotation of the observer.
the magnitude of the Coriolis acceleration of the object is
proportional to the velocity of the object and also to the sine of
the angle between the direction of movement of the object and
the axis of rotation. The vector formula for the magnitude and
direction the Coriolis acceleration is

a=-20xv, (Eqnl.1)

Where V is the velocity of the particle in the rotating system.

and € is the angular velocity vector which has magnitude
equal to the rotation rate  and is directed along the axis of
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rotation of the rotating reference frame, and the x symbol
represents the cross product operator. The formula implies that
the Coriolis acceleration (figue-2) 1s perpendicular both to the
direction of the velocity of the moving mass and to the frame's
rotation axis. The equation may be multiplied by the mass of
the relevant object to produce the Coriolis force:

F. =—2mOxv, (Eqnl.2)

a;r=2\7x ﬁ

>
Q

Rate of
Rotation

Moving
Object

INVENSENS

Figure-2 Frame for Coriolis acceleration

(Source: Invensens)
The angular velocity Q is the characteristic of the rotating
body that we intend to indirectly measure; as such an artificial
velocity must be imposed on the microgyrscope’s proof mass
n order to create a resultant Coriolis force that can be directly
measured. It 1s unreasonable to umpose a constant velocity on
the proof mass since 1t would soon leave the confines of the
system; an oscillating velocity can be used instead. The
Coriolis force will also be oscillatory 1n nature as a result. and
thus the forcing frequency of the gyroscope will ideally
coincide with the sensing resonant frequency. In other words,
1deally the frequency of the imposed proof mass velocity must
match the natural frequency i which the proof mass will
readily oscillate i the sensing direction. If the proof mass is
not excited at the correct frequency then the displacement in
the sensing direction will be significantly reduced. The
process for designing a mechanical system that has the same
or similar driving and sensing resonant frequencies 1s called
mode matching and is an important constraint for micro-
SYTrosScopes.

IV. VIBRATING STRUCTURE GYROSCOPES

Vibrating structure gyroscopes contain a micro-machined
mass which 1s connected to an outer housing by a set of
springs. This outer housing 1s connected to the fixed circuit
board by a second set of orthogonal springs as shown 1n figure-
3.

Q LDSEM

INNER FRAME

'le | | | | | | j

g § s A RESONATING MASS
t MASS DRIVE DIRECTION

SPRINGS

WA

I I I T *’ l ?‘ 1 CORIOLIS SENSE FINGERS

Figure-3 Vibrating structure gyroscope

The mass 1s continuously driven smusoidally along the first
set of springs. Any rotation of the system will mnduce Coriolis
acceleration i the mass. pushing it m the direction of the
second set of springs. As the mass is driven away from the
axis of rotation. the mass will be pushed perpendicularly in
one direction. and as it is driven back toward the axis of
rotation. it will be pushed in the opposite direction, due to the
Coriolis force acting on the mass as shown in figure-4(a).

A

H OF ROTay,

o0
=

W CF ROT,
v\ﬁ“‘“o 2oy

\. v
Figure-4(a) Action of coriolis force on vibrating structure
gyroscope (drive mode)

The Coriolis force is detected by capacitive sense fingers that
are along the mass housing and the rigid structure. As the
mass is pushed by the Coriolis force, a differential capacitance
will be detected as the sensing fingers are brought closer
together. When the mass is pushed in the opposite direction,
different sets of sense fingers are brought closer together; thus
the sensor can etect both the magnitude and direction of the
angular velocity of the system as shown in figure-4(b).
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Figure-4(b) Action of coriolis force on vibrating structure
gyroscope (sense mode)
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A. Specifications

A MEMS gyroscope
specifications:

sensor has the following basic

Measurement range

Number of sensing axes
Nonlinearity

Working temperature range
Shock survivability

Bandwidth

Angular Random Walk (ARW)
Bias

Bias Drift

e  Bias Instability

Measurement range — This parameter specities the maximum
angular speed with which the sensor can measure. and is
typically in degrees per second ("/sec).

Number of sensing axes — Gyroscopes are available that
measure angular rotation 1n one. two, or three axes. Multi-axis
sensing gyros have multiple single-axis gyros oriented
orthogonal to one another. Vibrating structure gyroscopes are
usually single-axis (yaw) gyros or dual-axis gyros, and rotary
and optical gyroscope systems typically measure rotation in
three axes.

Nonlinearity — Gyroscopes output a voltage proportional to the
sensed angular rate. Nonlinearity is a measure of how close to
linear the outputted voltage is proportional to the actual
angular rate. Not considering the nonlinearity of a gyro can
result in some error in measurement. Nonlinearity is measured
as a percentage error from a linear fit over the full-scale range.
or an error in parts per million (ppm).

Working temperature range — Most electronics only work in
some range of temperatures. Operating temperatures for
gyroscopes are quite large; their operating temperatures range
from roughly -40°C to anywhere between 70 and 200°C and
tend to be quite linear with temperature. Many gyroscopes are
available with an onboard temperature sensor, so one does not
need to worry about temperature related calibrations 1ssues.

Shock Survivability — In systems where both linear
acceleration and angular rotation rate are measured, 1t is
mmportant to know how much force the gyroscope can
withstand before failing. Fortunately gyroscopes are very
robust, and can withstand a very large shock (over a very short
duration) without breaking. This 1s typically measured 1 g’s
(lg = earth’s acceleration due to gravity), and occasionally the
time with which the maximum g-force can be applied before
the unit fails is also given.

Bandwidth — The bandwidth of a gyroscope typically
measures how many measurements can be made per second.
Thus the gyroscope bandwidth is usually quoted in Hz.

Angular Random Walk (ARW) - This 1s a measure of gyro
noise and has units of deg/hour'” or deg/sec’”. Tt can be
thought of as the variation (or standard deviation), due to
noise. of the result of integrating the output of a stationary
gyro over tume. So, for example. consider a gyro with an
ARW of 19sec'? being integrated many times to derive an
angular position measurement: For a stationary gyro, the ideal
result - and also the average result - will be zero. But the
longer the integration time, the greater will be the spread of
the results away from the ideal zero. Being proportional to the
square root of the integration tume, this spread would be 1°
after 1 second and 10° after 100 seconds.

Bias - The bias, or bias error. of a rate gyro is the signal output
from the gyro when it is NOT experiencing any rotation. Even
the most perfect gyros in the world have error sources and bias
is one of these errors. Bias can be expressed as a voltage or a
percentage of full scale output. but essentially it represents a
rotational velocity (in degrees per second). Again. in a perfect
world. one could make allowance for a fixed bias error.
Unfortunately bias error tends to vary, both with temperature
and over time. The bias error of a gyro is due to a number of
components:

calibration errors
switch-on to switch-on
bias drift

effects of shock (g level)

Individual measurements of bias are also affected by noise,
which 1s why a meaningful bias measurement 1s always an
averaged series of measurements.

Bias Driff - This refers specifically to the variation of the bias
over time. assuming all other factors remain constant.
Basically this is a warm-up effect. caused by the self heating
of the gyro and its associated mechanical and electrical
components. This effect would be expected to be more
prevalent over the first few seconds after switch-on and to be
almost non-existent after (say) five minutes.

Bias Instability - Bias Instability 1s a fundamental measure of
the 'goodness' of a gyro. It is defined as the minimum point on
the Allan Variance curve, usually measured in “/hr. It
represents the best bias stability that could be achieved for a
given gyro. assuming that bias averaging takes place at the
interval defined at the Allan Variance minimum [3] .
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Abstract— Investigations were carried out to study the effects of
heat treatment on the mechanical properties of plain carbon
steel. The steel was heat treated by following processes such as
annealing, normalizing, hardening & tempering. Engineering
materials, mostly steel, are heat treated under controlled
sequence of heating and cooling to alter their physical and
mechanical properties to meet desired engineering applications.
In this study, the effect of heat (reatment (annealing,
normalizing, hardening, and tempering) on the microstructure
and some selected mechanical properties of steel were studied.
The steel samples were heat treated in an electric furnace at
different temperature levels and holding times; and then cooled
in different media. The mechanical properties (tensile yield
strength, ultimate tensile strength, Young’s modulus, percentage
reduction, percentage elongation, toughness and hardness) of the
treated and untreated samples were determined using standard
methods and the microstructure of the samples was examined
using metallographic microscope equipped with camera.
. INTRODUCTION

Heat treatment is a combination of timed heating and cooling
applied to a particular metal or alloy in the solid state in such
ways as to produce certain microstructure and desired
mechanical properties (hardness. toughness, yield strength,
ultimate tensile strength, Young's modulus, percentage
elongation and percentage reduction). Annealing, normalizing,
hardening and tempering are the most important heat
freatments often used to modify the microstructure and
mechanical properties of engineering materials particularly
steels. Annealing is the type of heat treatment most frequently
applied in order to soften iron or steel materials and refines its
grains due to ferrite-pearlite microstructure; it is used where
elongations and appreciable level of tensile strength are
required in engineering materials [1. 2]. In normalizing, the
material 1s heated to the austenitic temperature range and this
is followed by air cooling. This treatment is usually carried
out to obtain a mainly pearlite matrix. which results into
strength and hardness higher than in as received condition. Tt
1s also used to remove undesirable free carbide present in the

yield strength, but 1t 1s very brittle too and thus, as quenched
steels are used for very few engineering applications. By
tempering, the properties of quenched steel could be modified
to decrease hardness and increase ductility and impact strength
gradually. The resulting microstructures are bainite or carbide
precipitate m a matrix of ferrite depending on the tempering
temperature. Steel 1s an alloy of wron with definite percentage
of carbon ranges from 0.15-1.5% [4]. plan carbon steels are
those containing 0.1-0.25% [5]. Therefore, this present study
aims to experimentally examine the etfect of heat treatment on
mechanical properties of S40C steel.

IT. EXPERIMENTAL PROCEDURE

The rolled plates of S40C steel were used as base material for
the present study. Samples were subjected to different heat
treatment: annealing, normalizing, hard and tempering.
¢ Annealing process:- The sample was kept in furnace
at temperature of 710° C for one hour then furnace
cooling is provided for approximately 16 hours by
keeping the furnace switched off .
e Normalising: - The samples were normalized by
keeping the samples at 890° C in the furnace for one
& half hour.
¢ Hardening & tempering:- The sample was initially
heated at 860° C for one hour then quenched into
water. After this the sample become fully hard and
brittle, due to stresses entrapped in the material
because of fast cooling. These stresses are relieved or
removed by tempering process by keeping the sample
at the temperature of 600° C for one hour. then
cooling is done in still air.
e As rolled: - The sample was taken as rolled without
any heat treatment process.
Spectroscopic test gives the chemical composition as follows:-

Table 1 CHEMICAL COMPOSITION OF SAMPLES:-

as-received sample [3]. Steels are normally hardened and
tempered to improve their mechanical properties. particularly S.No Element Percentage
their strength and wear resistance. In hardening. the steel or its
alloy is heated to a temperature high enough to promote the L c 0.407
formation of austenite, held at that temperature until the
desired amount of carbon has been dissolved and then quench 2 Mn 0.84
in oil or water at a suitable rate. Also, in the harden condition, ,
the steel should have 100% martensite to attain maximum > 8 el
(&) s s Boohmien Pty ISBN No: 978-81-924867-1-0
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4 p 0.021 annealed and untreated sample was due to proper austenising
] - temperature at 890° C and higher cooling rate, which resulted

5 Si 0.208 in decrease in elongation. which was lower than those
obtained for untreated and annealed samples due to pearlitic

6. Ni 0.042 matrix structure obtained during normalisation of S40C steel.
The mechanical properties of the hard and tempered sample

7 Cr 0224 revealed that it had the highest value of tensile strength 805.32
N/mm~, and highest hardness (229 BHN) was obtained. The

8. Mo 0.012 specimen was austenised at 860° C for one hour and then
water quenched. The stresses are relieved by tempering

9 A% 0.0014 process by keeping the sample at the temperature of 600° C for
one hour, and then cooled 1n still air.

10. Al 0.022 The wvanability m ultimate tensile strength, percentage
elongation and hardness of treated and untreated S40C steel

11 Cu 0.051 are shown in Figures 1 to 3, respectively.

12 Sn 0.0070 Table 2 Ultimate Tensile strength and Percentage Elongation
of Heat treated and untreated S30C Steel.

13 B 0.0008

Ultimate Tensile Percentage

14. Ca 0.0004 Heat treatment Strength (N /mmz) Elongation

15 W 0.0049 Annealing 661.489 20.921

16. Co 0.0063 Normalising 717.682 22.919

17. Nb 0.0010 Hard & Temper 805.32 16.259

18. Ar 0.0049 Untreated 702 .36 20.182

Mechanical properties of the treated and untreated samples
were determined using standard methods. For hardness
testing, oxide lavers formed during heat treatment were
removed by stage-grinding and then polished. Average Brinell
Hardness Number (BHN) readings were determined by taking
two hardness readings at different positions on the samples,
using a Brinell hardness tester.

IT1. RESULT & DISCUSSION

The effect of heat treatment (Annealing, Normalising, Hard &
Tempered) on mechanical properties (Ultimate tensile
strength, Percentage elongation and hardness) of the treated
and untreated samples are shown 1 Table 2 and Table 3. The
ultimate tensile strength of untreated or as rolled sample was
702.26N/mm°. elongation 20.182. hardness 183BHN were
obtained.

Comparing the mechanical properties of annealed sample with
the untreated sample, annealed sample showed lower tensile
strength (661.489 N/mm?2). hardness (161 BHN) and increase
in reduction in percentage elongation (20.921). The decrease
in tensile strength and hardness can be associated with the
formation of soft ferrite matrix in the microstructure of the
annealed sample by cooling.

The mechanical properties of the normalized specimen were
found to be 717.682 N/mm®, 181 BHN. 22.919% for tensile
strength, hardness and percentage elongation. respectively.
The increase in tensile strength and hardness as compared to

Table 3 Hardness of Heat treated and untreated S30C Steel.

Heat treatment process Brinell hardness no.
Annealed 161
Nommalised 181
Hard & temper 229
As rolled 183
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Fig. 3.1 Ultimate Tensile strength of treated and untreated
samples of S30C steel
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Fig. 3.2 Percentage Elongation of treated and untreated
samples of S30C steel
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Fig. 3.3 Hardness of treated and untreated samples of S30C
steel

Microstructure Of As Rolled Sample:-

As shown in figure 3.4 the micro structure of as rolled
material has pearlite—ferrite structure with sharp boundaries
which differentiate the pearlite and ferrite. The dark black
colour represents the pearlite and white portion represent the

Fig. 3.4 Microstructure of As Rolled Sample
Microstructure of Normalized Sample:-
The microstructure of normalized material as shown in Fig 3.5

has pearlite—ferrite in uniformly mixed form. There are no
sharp boundaries which separate the pearlite and ferrite.

Fig. 3.5 Microstructure of As Normalised Sample
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Microstructure Of Annealed Sample:-

The microstructure of Annealed material has maximum
quantity of ferrite and has pearlite in the form of layers or
bands around the ferrite as shown in Fig. 3.6. In this state the
material 1s totally free from the stresses and highly ductile in
nature.

Fig. 3.7 Microstructure of Hard & Tempered Sample

Microstructure of Hard & Temper Sample:-

The microstructure of hard & tempered material has no
pearlite and ferrite as shown in Fig 3.7. Due to fast cooling the
pearlite & ferrite completely transformed into martensite. The
martensite 1s very hard and bnttle mm nature. The
microstructure of hard and tempered specimen looks like
pigeon wings.

IV. CONCLUSIONS

In this investigation an attempt has been made to study the
effect of heat treatment on microstructure and mechanical
properties of S30C Steel. From this investigation, the
following important conclusions are derived:

(1) The mechanical properties of S30C Steel can be altered
through various heat treatments. The results obtained
confirmed improvement in mechanical properties that can be
obtained by subjecting S30C steel to different heat treatments
investigated in this study.

(i1) The Hard & Tempered Specimen had highest ultimate
tensile strength and Hardness as compared to other specimen.
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Abstraci—Biocompatible ceramic coatings on metals were
introduced to take advantage of the bioactive properties of the
ceramic and the mechanical properties of the metallic substrate.
These coatings are currently being used in both orthopedic and
dental implants which are subjected to loading, and have been
found to enhance early bony in growth for better stabilization of
the implants. The various methods of applying these coatings
include Thermal spraying methods (plasma spraying, HVOF etc),
ion beam sputtering, electrophoretic deposition, and pressing and
sintering. An attempt has been made in this paper to give an
overview of the thermal spraying methods that are being used to
deposit hydroxyapatite coatings.

Keywords: Hydroxyapatite, Plasma Spraying, HVOF,
Biocompatibility

I. INTRODUCTION

The predominant purpose of biomaterials is to produce a part or
facilitate a function of the human body in a safe, reliable, economical,
and physiologically acceptable manner. A prerequisite for any
synthetic material implanted in the body is that it should be
biocompatible. In addition, the implanted material 1s expected to
withstand applied physiological forces without undergoing any
dimensional changes. without any fracture or fatigue and most
important that it should be resistant to corrosion when implanted in
physiological enviromment of the body [1].Among the biomaterials
explored recently, Hydroxyapatite (HA) attracts the most attention
throughout the world. The stability and the mechanical performances
of the prosthesis are considered to be the most significant factor
pertaining to the failure of the implant. apart from infection.
Therefore, studies on the microstructure and mechanical properties of
HA materials have received considerable attention. Much effort has
been diverted in recent years towards the development of optimum
processing methods to deposit HA onto metallic substrates while
minimizing  its  inherent mechanical property limitations
[2].Hydroxyapatite (HA). Ca,o(PO,)s (OH),. is a bioactive material
that has been applied in many prosthetic applications. mainly as a
porous material for optimal bone ingrowth . Clinical ftests have
proved that HA is compatible with the tissue of vertebrates. making it
an attractive bio-implant material. However. the bending strength and
fracture toughness of this bioceramic is inferior to that of human
bones. It can be used ouly for applications where no important, stress
needs to be borme. One solution fo this problem is to use HA as a
surface coafing on a bio-mert metallic substrate. e.g. titanum, Ti-
6Al-4V. and stainless steel 316L [3]. Hydroxyapatite (HA) is widely
used as implant material in clinical applications owing to its
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identified biocompatibility. Studies have shown that when thermally
sprayed. mostly by direct currect (dc) plasma. HA coafings on
titanjum alloy substrate were capable of forming bioactive fixation
with surrounding bony tissues. However. it is severely limited by the
mtrinsic poor mechanical properties of HA material. which can lead
to instability and unsatisfactory duration of the implant in the
presence of body fluids and local loading. [4] There are a variety of
surface coating techniques that can deposit HA-based coatings, these
ranging from the conventional press-and-sinter method to more
elegant approaches such as ion beam sputtering, electrophoretic
deposition and r.f.-magnetron sputtering. Thermal spray techniques
such as plasma spraying are commonly preferred because of their
efficiency and relative economy [3].This paper presents an overview
of the thermal spraying techniques such as plasma spraying, HVOF
ete.

IT. THERMAL SPRAY PROCESSES AND
TECHNIQUES

Thermal spray 1s a generic term for a group of coating processes
used to apply metallic or nonmetallic coatings. These processes are
grouped into three major categories: flame spray, electric arc spray.
and plasma arc spray. These energy sources are used to heat the
coating material (in powder, wire, or rod form) to a molten or semi
molten state. The resultant heated particles are accelerated and
propelled toward a prepared surface by either process gases or
atomization jets. Upon impact. a bond forms with the surface, with
subsequent particles causing thickness buildup and forming a
lamellar structure. The thin “splats™ undergo very high cooling rates,
typically in excess of 106 K/s for metals. A major advantage of
thermal spray processes 1s the extremely wide variety of materials
that can be used to produce coatings. Virtually any material that melts
without decomposing can be used. A second major advantage is the
ability of most thermal spray processes to apply coatings to substrates
without significant heat input. [5]

III. FLAME SPRAY PROCESSES

Flame spraying includes low-velocity powder flame. rod flame. and
wire flame processes and high-velocity processes such as HVOF and
the detonation gun (D-Gun) process.

IV. FLAME POWDER.

In the flame powder process, powdered feedstock is aspirated into the
oxyfuel flame, melted. and carried by the flame and air jets to the
work piece. Particle speed is relatively low (<100 m/s). and bond
strength of the deposits i1s generally lower than the higher velocity
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processes. Substrate surface temperatures can run quite high because
of flame impingement. [5]

powder feeder

. powder inlet spray stream

/ gas mixture flame

carrier gas

Fig.1. Powder flame spraying. [6]

V. WIRE FLAME.

In wire flame spraying, the primary function of the flame is to melt
the feedstock material. A stream of air then atomizes the molien
material and propels it toward the work piece. Substrate temperatures
often range from 95 to 205 °C (200 to 400 °F) because of the excess
energy input required for flame melting. In most thermal spray
processes, less than 10% of the input energy is actually used to melt
the feedstock material. [3]

wire feed

wire g2s mixture flame

Fig.2. Wire Flame spraying. [6]

VI. HIGH-VELOCITY OXYFUEL SPRAYING (HVOF)

In HVOF. a fuel gas (such as hydrogen. propane. or propylene) and
oxygen are used to create a combustion jet at temperatures of 2500 to
3100 °C . The combustion takes place internally at very high
chamber pressures, exiting through a small-diameter (typically 8 to 9
mm) barrel to generate a supersonic gas jet with very high particle
speeds. The process results in extremely dense well bonded coatings.
making it attractive for many applications. Either powder or wire
feedstock can be sprayed. at typical rates of 2.3 to 14 kg/h 5]

VII. DETONATION GUN.

In the detonation gun process, pre-encapsulated “shots™ of feedstock
powder are fed info a 1 m long barrel along with oxygen and a fuel
gas. typically acetylene. A spark ignites the mixture and produces a
controlled explosion that propagates down the length of the barrel.
The high temperatures and pressures that are generated blast the
particles out of the end of the barrel toward the substrate. Very high
bond strengths and densities as well as low oxide contents can be
achieved using this process.[5]

coating

park plug

powder . "f'

cooling water

nitrogen oxygen inlen
purge el gas
inlet

Fig 4. Detonation gun process. [8]

VIII. PLASMA SPRAYING

Thermal spraying allows one to solve many problems of wear,
corrosion, thermal cycling, etc., by using a thin layer of a specific
material (coating) sprayed on the component surface without
degrading the mechanical properties of the substrate. Plasma spraying
has extended drastically the capabilities of the thermal spray coatings
by accommodating materials with very high melting points. such as
ceramics. cermefs, refractory alloys and super alloys. and if 1s now a
permanent part of the mechanical engineering discipline.[9]. Plasma
spraying is part of thermal spraying which is a group of processes in
which finely divided metallic and non metallic materials are
deposited in a molten or semi-molten state on a prepared substrate to
form a spray deposit . In this process the substrate can be kept at
relatively low temperature by specific cooling devices. The thermal
plasma heat source (direct current (dc) arc or radio frequency (RF)
discharge) with temperatures over 8000K at atmospheric pressure
allows the melting of any material. However, to avoid too low a
deposition efficiency, the melfing temperature must be at least 300K
lower than the vaporization or decomposition temperature. Powered
materials are injected within the plasma (RF discharges) or the
plasma jet (dc arcs) where particles are accelerated and melted. or
partially melted, before they flatten and solidify onto the substrate
(forming lamellae or splats). the coating being built by the layering of
splats [10]

| Powder

)
Surface coatin\g

Spray of p
Molten Particles

Fig.5. Plasma spraying process. [11]
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IX. CONCLUSION

Plasma spraying 1s the most popular technique to
deposit the HA coatings.

Other thermal spraying techniques like HVOF, WIRE
Flame spraying . detonation gun spraying and powder
flame spraying etc have also attracted researchers for
depositing HA coatings on bioimplants.
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Abstract—Electrical discharge machining (EDM) process is one
of the most important and cost effective non conventional
methods which is capable to machine intricate features with high
dimensional accuracy in electrically conductive and semi
conductive materials irrespective of hardness and toughness of
these materials. EDM process which removes the material from
work piece surface without making the contact between tool
electrode and work piece has been continuously evolving from
macro to micro-scale applications. Both the macro EDM and
micro EDM have great potential and a lot of research work is
carried out in past decades to improve process efficiency, quality
of machined parts and equipment used. This paper presents a
review on various types and of EDM process including EDM
performance measures and current research issues in these areas.

Keywords—EDM, Micro-EDM, Dry EDM, Powder mixed
EDM, Hybridized EDM.

1. INTRODUCTION

With the growth of electronics and automation and
discovering of new hard and difficult to machine materials. the
domain of unconventional technologies arrives in the top of
manufacturing processes. Electrical Discharge Machining
(EDM) which is able to copy the shape of tool electrode on the
work piece surface is apparent to be a simple process but
actually it involves many phenomena during the process. EDM
1s a non conventional machining process which uses thermo
electric energy produced from a series of electrical discharges
between two approaching surfaces of tool electrode and work
piece material to erode minute material from both tool work
piece surfaces. Attempts were made first time in 1930s to
machine metals and diamonds with electrical discharges. V.E.
Matulaitis and H.V. Harding of Elox US [1] developed
“Disintegrators” where intermittent arc discharges were
produced between tool electrode and work piece when
connected to DC power supply. These intermittent arcs
occurring in air were used to remove broken taps from
cemented carbide and high speed steel materials. AEG made
equipment in which arc discharges were initiated by making
short mechanical contact like in welding process. These arcs
were interrupted by retraction vibrating the tool electrode.
These arc discharges occurring at high frequencies produced a
lot of heat and hence erodes diamond at appropriate places.
These processes more precisely known as “Arc Machining” [1]

were not very precise due to excessive overheating of the
machining area. This problem of overheating restricts the use
of “arc machining” process n precision machining.
Researchers tried to produce electrical discharges in controlled
discharge conditions so that this process 1s used In precision
machining. In 1943, Moscow University soviet scientist B. R.
Lazarenko published a research paper “To mvert the effect of
wear on electric power contacts” in which he explored the idea
of mimimization of wear produced by capacitor generated
discharge [2]. This idea started the development of Electrical
Discharge Machining [3]. In 1950s, relaxation type generators
were used n  which resistance—capacitance charging
condensers stores and define discharge energy. With these
circuits, 1t became possible to make a simple servo control
circuit to automatically find and hold a given gap between
electrodes and moreover to control pulse times. Further the
used of semiconductors enhanced the applicability of duty
cycles and hence material erosion rate of EDM process. With
the advent and use of computers technology with EDM process
the concept of Computer Numerical Control EDM further
accelerates the use of this process mn industry. A lot of research
has been carried out by the researchers to improve machining
characteristics of this process. These achieved improvements
make the earlier unrealistic EDM process to be a most
commonly using non conventional manufacturing process.
Today. many automotive, aerospace, defense and micro system
mdustrial components, as well as moulds and dies are
manufactured using electrical discharge machining process.

This paper presents a review on various types and verities
of EDM process mcluding EDM performance measures and
current research issues in EDM.

II. TypES OF EDM PROCESSES

A number of EDM process configurations are currently
employed in industry, involving die sinking EDM. wire- cut
EDM, Micro EDM. Dry EDM. Powder mixed EDM etc.

A. Die Sinking EDM process

In EDM setup, two metal parts (tool electrode and work-
piece material) are submerged mn dielectric fluid and are
connected to a source of direct current. The power supply may

be switched on and off automatically depending on the values
of selected parameters using machine tool controller. When

e
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the current 1s switched on, an electric tension is created in the
inter electrode gap. With the help of servo motor mechanism,
when tool and work piece surfaces are brought together to a
certain predefined mimmimum gap (spark gap) the electrical
tension 1s discharged and a spark jumps across. Due to this a
lot of heat is generated which raises the temperature to 6000 —
7000 K [4.5.6,7] i inter electrode gap. Due to this substantial
amount of heat 1s generated which melts material at the
surface of each work piece and tool electrode. Early EDM
equipment used relaxation type pulse generators with
capacitor discharges but modern die sinking EDM equipment
uses transistor type pulse generators. In sinking EDM., work
piece can be shaped up as per the requirement, either by
providing 3D movement to the tool electrode like in milling
process or by replicating the shaped tool electrode similar to
the shape required on work piece or a combination of the
above. The servo feed control system 1s used to keep the
working gap at a proper width. In order to remove debris
particles and decomposition products. the dielectric Liquid 1s
flushed mn the mter-electrode gap.

B. Wire-cut EDM process

In this process a wire of 0.02 to 0.33mm in diameter 1s
used as electrode to cut complicated shapes in work piece.
Mostly plain brass wire or coated wires, such as zinc coated
brass or coated steel wires, tungsten wires, molybdenum wires
are used as tool electrodes. In WEDM set up current 1s
generally applied to wire in tension through both the lower
and upper feeding brushes which helps to raise discharge
current quickly. It helps to reduce the tendency of wire to
break down due to joule heating. In WEDM, de-ionized water
1s mostly used as dielectric iquud. WEDM 1s capability to
produce much complex shapes with a high degree of accuracy,
independently of the mechanical properties of the matenal
such as hardness, brittleness, toughness etc. WEDM can
machine from common materials (copper, graphite, aluminum,
and tool steel) to exotic space age alloys (Inconel. titanium
carbide and conductive ceramics). During machining thin and
fragile work piece no damage & distortion of work-piece
occurs as minimal clamping pressure 1s applied to hold the
work piece. Moreover as the tool electrode does not touch the
work piece, physical pressure imparted on work-piece 1s zero.
This results 1n stress free machining operation.
C. Micro EDM process

In recent years, numerous research and developments in
EDM process have focused on the production of micro-
features. Although micro-EDM is also based on the principle
of spark erosion it is not merely an adoption of the EDM
process for machining at micron level. Micro EDM process
significantly differs from EDM process as far as fabrication
method of micro-sized tools, gap control and flushing
techniques are concerned [8-10]. Today. all types of
conductive materials such as: metals. metallic alloys. graphite.
or even some ceramic materials, of whatsoever hardness can
be machined by micro-EDM with high precision [11].
Currently used five different types of micro-EDM are [12]:

e Die-sinking micro-EDM: Micro electrode is used to
produce its mirror image in a conductive work piece.

e Micro-wire cut EDM: In this type a wire of diameter <
0.02 mm 1s employed to cut a work piece.

e Micro-EDM drilling: In this type an electrode of
diameter between 5 — 10 mm is employed to “drill’
micro-holes in a conductive work piece.

e Micro-EDM milling: Electrode of diameter (5-10
mm) 1s used to machine the materials.

e Micro-EDG: In this process a sacrificial electrode of
bigger diameter is reduced to micron level so that it
may be used in micro-EDM.

The discharge energy is of the order of 10 to 107 J in
micro-EDM process [15]. Most research in the field of Micro-
EDM 1is concentrated around process mechanism. tooling,
surface integrity. tool wear. etc. Because of high melting point
and high tensile strength tungsten is considered to be
predominant material m micro-EDM [16,17]. Good
repeatability of micro EDM makes it a best means for
achieving high-aspect-ratio micro-features [18,19].

D. Dry EDM process

During machining with the regular use of hydrocarbon
based oils such as kerosene oil, etc. the risk of workers health
is crucial. These hydro-carbon oils decompose and release
harmful vapors and toxic fumes which causes breathe and
lung diseases to the workers. Dry EDM is an environment-
friendly technique as there is no use of mineral oil-based
dielectric liquid which are harmful for environment. In 1985
Ramani and Cassidenti [23] proposed a first attempt in dry
EDM., they uses argon and helium gas as a dielectric. Kunieda
et al. [24] reported that improved MRR by introducing oxygen
gas into the inter-electrode gap i water based dielectric
medium and also explained that the reduction of probability of
attachment of debris by flushing increases the MRR. Planetary
motion employed to tool electrode reduces short circuiting
hence lowers TWR.

E. Powder Mixed EDM Process (PMEDM)

In this method. suitable electrical conductive material in
fine abrasive powder form 1s mixed in dielectric fluid and
flushed in the inter electrode gap at appropriate velocity.
Under the application of voltage (80-320V) between the
electrode and the work piece facing each other with a gap of
25-50 um, a strong electric field of the order of 10°-107 V/m
1s produced. Due to this the energized powder particles act as
conductors and come close to each other and arranged in
certamn definite form like a chamn structure. This structure
bridges the spark gap between the tool electrode and work
piece surface and hence reduces the insulating strength of
dielectric fluid. Faster sparking takes place in the inter
electrode gap which erodes more material from work piece
surface. This results in better material erosion rate. One of the
noticeable effects of suspended powder additives 1s that
sparking 1s uniformly distributed among the powder particles.
This results i shallow craters on surface of work piece and
hence improved surface finish. The powder characteristic’s
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such as concentration and size of powder particles influences
the performance of dielectric fluid.

III. EDM RESEARCH AREAS

Ho and Newman [25] categorized major EDM research
areas in following three categories:

e EDM performance measures (MRR. TWR, SQ)

e EDM process Variables

e Electrode design and manufacture

A. EDM performance measures

Maximization of material removal rate. minimization of
tool wear rate and satisfactory SQ is the main concern of
researchers as far as optimum performance of EDM process is
concerned. This section describes each performance measures
and the methods for their improvement.

1) Material Removal Rate (MRR):

MRR is a process of erosion of material from work piece in
form of debris. The major contributing factors to change
MRR: change in discharge current. arc voltage, spark
duration. [26]. Kuneida and Muto [27] replaced a single
discharge system by multi-electrodes discharge system in
which more than one electrode are connected in a series to
increase the discharge current. which results in increased
MRR. Marafona and Wykes [28] experimented by increasing
the carbon content on the tool surface for the improvement in
MRR. Singh and Ghosh [29] proposed a thermo-electric
model for the calculation of the electrostatic force and also
obtained the stress distribution as a result during discharge
mside the metal. It was observed that material removal
mechanism can be altered by reversing the polarity of
sparking [30]. Gadalla and Tsai [31] studied the removal of
material of the composite of tungsten carbide. It was
recognized that the removal of material to the melting and
evaporation of Co followed by low electrically conductive
WC gains. Lee and Lau [32] found that promotion of abrupt
temperature gradients from normal melting and evaporation is
due to the physical and mechanical properties. Roethel et al.
[33] determines the change in the thermally influenced zone
and also suggested a mass transfer mechanism of tool
electrode material. Pandey and Jilani [34] modeled thermally
damaged surface layer and plasma chamnel growth. It was
observed that confinement within a re-solidified layer is due to
the change in chemical composition of material [33].

2) Tool Wear Rate (TWR):

TWR is a process of erosion of material from tool electrode
surface due to sparking in inter electrode gap. Many
researchers tried to decrease the TWR by conducting various
experiments without effecting MRR. Mohri et al. [35] found
that carbon precipitation from hydro-carbon dielectric affects
the TWR during sparking. Marafona and Wykes [36] adjusted
the settings of the process parameters by which they provided
a wear inhibitor carbon layer on the surface of tool electrode
prior to normal conditions of EDM process. Improvement on
the TWR was enhanced by carbon inhibitor layer’s thickness.
Yu et al. [37] applied an overlapping to-and-fro motion in
machining method which compensated the longitudinal tool

wear and provided a uniform wear of tool electrode. Bleys et
al. [38] controlled the downward feeding machine movement
to compensate the wear of tool electrode by evaluating the tool
length reduction on the basis of pulse analysis. Dauw et al.
[39] studied pulse characteristics based on discharge voltage
fall time to evaluate the measurement of tool wear.

3) Surface Quality:

The material is removed in EDM process due to repeatedly
occurring spark discharges. a surface layer of specific
roughness 1s being created on the surface of the work piece and
shows different metallographic microstructure and micro
hardness. The detail study of the different surface layers
produced by EDM shows the various physical and chemical
changes. The upper most layer ie a white layer crystallizes
from the dielectric cooled at high speed. The Pulse energy and
the pulse duration are responsible for the depth of this upper
melted zone. Beneath the upper most layers there is chemically
affected layer with possible change in the phase and the
average chemical composition. There is next layer which is
deformed plastically with micro and macro strains
charactenzed by the presence of phase changes, twinning and
shp. Kruth et al. [40] studied the effects on the surface and
subsurface of the work piece metal by EDM and proposed that
the three layers are created on top of the unaffected work piece
metal.
B. EDM process paramelers

Van Tri [41] categorized the parameters into five groups:
Dielectric fluid (type of dielectric. temperature, pressure.
flushing system). Machine characteristics (servo system and
stability stiffness. thermal stability and accuracy). Tool
(material,  shape, accuracy), Work-piece, Adjustable
parameters (discharge current, gap voltage. pulse duration.
polarity. charge frequency. capacitance). However Wang &
Yan [42.43] classified EDM Process parameters into two
categories: electrical parameters and non electrical parameters.
Discharge voltage, Peak current. pulse duration and pulse
interval. electrode gap, polarity, and pulse wave form are
major electrical process parameters. Injection flushing
pressure of dielectric fluid. work-piece rotation, and electrode
rotation are major non-electrical process parameters.

1) Effect of Electrical Parameters:

Research efforts in this area shows considerable effects of
electrical parameters on the performance of EDM process.
Grey relational analysis. Taguchi approach using orthogonal
array and signal-to-noise (S/N) ratio. fuzzy logic technique are
some of the techniques opted by the researchers to compute
the effect of process parameters on the performance measures.
Past work emphasized that EDM pulses (open. spark. arc, off
or short pulses) have appreciable effect performance measures
of the process [44]. Several authors claimed that the fuzzy
logic control implements a control strategy which is helptul to
maintain  the desired machining process [45]. Some
researchers [46-48] worked for regulating the cycle time of
periodical retraction of electrode to avoid the undesirable
arcing during EDM process.

2) Effect of Non-Electrical Parameters:
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Non-electrical parameters also play a crucial role in
delivering optimal performance of EDM process. Important
non electrical parameters are dielectric flushing, work piece
rotation and tool electrode rotation

a) Dielectric Flushing: Lonardo and Bruzzone [49]
suggested experimentally that MRR and TWR were affected
by flushing during the roughing operation. Optimal flushing
rate in the inter electrode gap is desirable to minimize the
crack density and recast layer during EDM process [50].

b) Work-piece Rotation: Rotating the work piece at
certain speed also affects the EDM performance [25]. Kunieda
and Masuzawa [51] suggested a change in the basic structure
of EDM machine by providing horizontal EDM (HEDM)
instead of conventional vertical axis EDM, in which the main
machining axis is horizontal. This facilitates the rotary motion
to the work piece which helps in improving the erosion
efficiency and accuracy of the sparking process by the
flushing of debris from the inter electrode gap.

¢) Tool electrode Rotation: Rotating tool electrode
improves flushing through inter electrode gap and hence MRR
and SR [52-54]. Many researchers used rotary electrical
discharge machining, along with different flushing techniques.
on different composite materials and studied their effect on
MRR, TWR and SR [42.43.52.55.56]. Tubular, solid and
hollow electrodes of different materials were used
experimentation. Shih and Shu [57] reported lower electrode
wear rate and higher MRR during Electrical discharge
grinding of AISI D2 tool steel using a rotary disk copper
electrode mounted on horizontal spindle. Ghoreishi and
Atkinson [58] studied the effects of axial vibration along with
the rotation of electrode on the material removal and electrode
wear noticed the improved material removal rate for a
specified surface finish. Guu and Hocheng [59] reported
mcrease 11 MRR and mmprovement in surface finish with
mcrease in rotation of electrode during EDM of rotating
cylindrical AISI D2 tool steel work piece. Yan et al. [60]
demonstrated a novel vibro-rotary EDM process using
magnetic abrasion finishing technique for improving SKD 11
tool steel work surface quality. Improved surface finish with
lesser micro-cracks and recast layer was observed when
vibrations were introduced on the rotating work piece.

C. Electrode design and Manufacture

Various factors related to electrode design and
manufacturing methods also alters the EDM performance
measures. Surface finish, dimensional accuracy, geometry of
the electrode and electrode material properties such as thermal
conductivity, machmability, wear resistance affect EDM
performance measures [61,62].

1) Manufacturing of tool electrode with Rapid tooling:

Rapid Prototyping (RP) technology which encompasses a
group of manufacturing techniques of adding the material
layer by- layer to the shape of the physical part is developed to
reduce the product development time and the cost of tooling
[61]. Lower manufacturing lead time and market constrains
converts RP technology to Rapid Tooling (RT), to build
prototype tools directly. as opposed to prototype products

directly from the CAD model. The three broad classifications
of the RT techniques are direct (RP-based process to
manufacture tooling inserts directly), indirect (RP process to
generate a pattern from which the tooling inserts are made)
and patterns for casting (uses RP patterns to produce final
metal parts) [63]. Production of prototype, patterns through
RP techniques consists of steps as (a) CAD model preparation
(b) STL translation (c¢) Shicing and production of technological
program (d) Additive manufacturing (e) Post-processing of the
prototype. Stereo-Lithography. Laser Sintering, Lamated
Object Manufacturing, Fused Deposition Modeling, 3D
Printing, Thermo Jet Printing etc. are some of the common RP
techniques used to produce prototypes. Though both of these
techniques use laser beam. Stereo-Lithography gives better
dimensional accuracy (=0.15 mm) and surface finish. On the
other hand LS gives better mechanical strength of prototypes
especially when 1t uses metal powders [61].

a) Electrodes from non-conductive materials: Rapid
EDM electrode manufacture of non-conductive prototypes can
be categorized as Positive metal-coated parts and negative
metal-coated parts. RP part metallization uses a positive or a
negative RP prototype to manufacture an electrode. Further
Metallization of parts in RP 1s divided in two stages as: First
stage metallization i which 10 — 50lm metal coat is applied to
change the non conductive part to conductive and Second
stage metallization in which more than 180 Im thickness metal
coat 1s applied to enhance electrode performance and
properties.

b) Electrodes from conductive materials: Selective laser
sintering (SLS) which uses compound metal and binder
powders 1s the most efficient RP technique for producing
metal parts. Indirect metal laser sintering and direct metal
laser sintering are the methods under this technique. In the last
decades researchers carried out a lot of research work in rapid
EDM electrode manufacture using conductive materials to
enhance the performance of RP techniques and RT electrodes
[61].

2) Electrode design by use of computer assistance:
The availability of modern CAD/CAM software and CAPP
techniques made the designers to create any 3 D cavity in the
work piece by giving that shape to the tool electrode.

IV. HYBRIDIZED EDM

In general. EDM process i1s known for its low material
removal rate. In the past decades a number of studies reported
the effects of EDM combined with ultrasonic machining
(USM). An application of tool electrode vibration vibrating at
ultrasonic frequency 1s helpful to provide extra motion to
dielectric fluid carrying generated debris. Vibrating tool
electrode at ultrasonic frequency forces the dielectric fluid in
the inter electrode gap to move up and down. changing the
contact angles of dielectric fluid side surface of tool electrode
and wall of drilled hole, so-called wetting etfect of ultrasonic
vibration. This weakens the boundary between the bubbles and
the dielectric [64]. As a result viscous resistance in the
discharge gap i1s reduced and the bubbles are broken and
removed easily. The net effect 1s improved machining
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efficiency. In micro EDM, a combination of ultrasonic
vibrations and planetary tool movement is able to make micro
holes with aspect ratio as high as 29. Guo et al. [65] reported
that the use of ultrasonic vibration mmproves the dielectric
circulation and causes large pressure change which promotes
the debris removal rate in the discharge gap. Hitoshi et al. [66]
reported enhanced machining rates using EDM with ultrasonic
vibration as compare to without ultrasonic vibration. Zhang et
al. [67] made an arrangement and applied gas through the
mternal hole of a thin-walled pipe electrode and confirmed
enhanced material erosion rate with amplitude of ultrasonic
actuation. Gao et al. [68] compared conventional micro EDM
and ultrasonic assisted micro EDM. Eight tumes more
efficiency of ultrasonic assisted micro-EDM was reported
when conducted experuments on stamnless material with
tungsten electrode. Prihandana et al. [69] reported enhanced
flushing effect when the vibration was introduced on the work
piece. It was observed that MRR increased due to high
amplitude combined with high frequency.
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Abstract— Electrical Discharge Machining (EDM) is a well
established  non-conventional  machining  process  for
manufacturing simple and complex geometries from hard and
difficult to cut materials. Since the inception of EDM process,
researchers are trying to improve material removal rate (MRR)
of this process. In this paper a review of research work to
improve material removal rate by using different methods in
sinking EDM is reviewed and the results on the performance of
process are presented. At the end, scope for future research work
in this area is presented.

Index Terms—EDM, MRR, MRR improvement techniques

1. INTRODUCTION

EDMis a non-traditional machining method based on
vaporization of minute particles of current conductive materials
(electrodes) when an electric discharge takes place between
electrode and work-piece. In 1770, Joseph Priestly an English
scientist discovered the erosive effect of electrical discharges.
In 1943, at Moscow University soviet scientists B. R.
Lazarenko and N. I. Lazarenko exploited the destructive
properties of electrical discharge and inverted the effect of
metal removal from electric circuit breakers. In 1950s.
relaxation type generators (resistance-capacitance charging
condensers to store and define discharge energy) were used.
With these circuits, it became possible to make a simple servo
control circuit to automatically find and hold a given gap
between electrodes and moreover to control pulse times. In
1960s semiconductor switched static pulse generators
enhanced the applicability of duty cycles and hence material
removal rate by the process. In 1980s. the efficiency of EDM
process is further enhanced when Computer Numerical Control
(CNC) in EDM came into picture. In the last two decades, a lot
of research is carried out by researchers to enhance the
productivity of this process. Under the monitoring of adaptive
control systems, modern EDM machine tools are able to work
round the clock. This process can be successfully employed to
machine any electrical conductive material irrespective of its
hardness. shape or strength. Many automotive and aerospace
components, as well as moulds and dies are manufactured
using electrical discharge machining. Moreover. no direct
contact between the electrode and the work-piece in EDM
results a stresses free machining process.

II. EDM PROCESS PARAMETERS

Wang & Yan [1. 2] classified EDM Process parameters into
two categories; electrical parameters and non electrical
parameters. Discharge voltage. Peak current, pulse duration
and pulse interval, electrode gap. polarity, and pulse wave form
are major electrical process parameters. Injection flushing
pressure of dielectric fluid, work-piece rotation. and electrode
rotation are major non-electrical process parameters. However,
Van Tri [3] categorized the parameters into five groups:

e Dielectric fluid; type of dielectric, temperature,
pressure, flushing system

e Machine characteristics: servo system and stability
stiffness, thermal stability and accuracy

e Tool: material, shape. accuracy

e  Work-piece

Adjustable parameters; discharge current, gap voltage,
pulse duration. polarity, charge frequency. capacitance and tool
materials.

TIT. IMPORTANT MACHINE SETTINGS

A. Duty factor

One complete cycle time 1s the sum of pulse on time and
pulse off time. Duty factor is the ratio of pulse duration by
total cycle tume. It 15 generally expressed in percentage.
B. Pulse frequency

Total number of cycles produced i the imter electrode gap
m one second is termed as pulse frequency. Finer surface
finish 1s obtamed at higher pulse frequency setting.
C. Average current

During one complete cycle. the value of maximum
amperage 1s called peak current. while average amperage in
the inter electrode gap 1s termed as average current. Itis
calculated by multiplying peak current by duty factor.

IV. PERFORMANCE MEASURES IN EDM

Major performance measures in EDM are:
e Material Removal Rate
e Tool Wear Rate
e  Surface Roughness
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V. EDM WORKING PROCESS
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Fig. 1. Electrical Discharge Machining Setup.

Figure 1 shows EDM setup. The MRR mechanism of EDM
process makes the use of electrical energy converted into
thermal energy through a series of discrete electrical
discharges occurring between the nearest surfaces of tool
electrode and work piece material [4]. In Electrical Discharge
machining setup, two metal parts (tool electrode and work-
piece material) are submerged in dielectric fluid and are
connected to a source of power supply. The power supply may
be switched on and off automatically depending on the values
of selected parameters using machine tool controller. When
the power supply (current) 1s switched on. an electric tension
1s created mn the gap between the tool and work-piece surface.
With the help of servo motor mechanism, when tool and work
piece surfaces are brought together to a certain detinite gap the
electrical tension 1s discharged and a spark jumps across. A lot
of thermal energy 1s generated by plasma channel which raises
the temperature to 20,000 [5] m inter electrode gap. Due to
this substantial amount of heat i1s generated which melts
material at the surface of each work piece and tool electrode.
When the pulsating power supply occurring at the rate of
approximately 20,000-30.000 Hz [6] 1s turned off. the plasma
channel breaks down. Due to this the temperature suddenly
drops and implores the plasma channel and flushes the molten
material from the inter electrode gap. S Kalpajian et al. [7]
reported that 10 to 10™ mm’ volume of material is removed
per discharge. Further depending upon specific conditions, 2
to 400 mm3/min is typical material removal rate (MRR) of
EDM process.

A. MRR Mechanism

As discussed ecarher MRR 1s most important
performance measure EDM process. It depends upon various
process parameters like pulse electrical parameters (duration,
tool electrode material, work piece material, discharge
voltage, discharge current, electrode polarity. type of current
mmpulse and non-electrical parameters (type and speed of
dielectric flushing, rotation of tool/work-piece etc.).The metal
1s removed from both work-piece and tool electrode during
EDM process. Material i1s removed by a series of rapidly
recurring current discharges (Sparks) m the inter electrode
gap. MRR is generally expressed as the weight of material
removed from work-piece over a period of machining time i
minutes. The volume of material removed can be calculated
based on measurements of depth and width of the slots made

in work-piece surface due to action of successive discharges in
nter electrode gap. This volume is divided by the measured
time for EDM to give the MRR. MRR may be expressed in
mm’/min or g/min. Since the inception of EDM process,
researchers are trying continuously to improve MRR through
different nnovative methods viz. Powder mixed EDM,
Vibration of work piece, micro holes machining, rotary and
vibro-rotary vibrations, EDM milling process, ultrasonic
vibration, EDM with water and dry EDM process etc. This
paper presents review on above said techniques carried out to
mmprove MRR.

VI. METHODS OF IMPROVING MRR.

4. Powder Mixed Dielectric

In this method. suitable electrical conductive material in
fine abrasive powder form is mixed in dielectric fluid and
flushed in the inter electrode gap at appropriate velocity. The
electrically conductive powders play vital role in EDM
process by reducing breaking down strength of dielectric fluid
and increase the spark gap between work-piece and tool
electrode. The powder characteristic’s such as concentration
and size of powder particles influences the performance of
dielectric fluid. From the published literature it has been
observed that researchers reported the set of different
combinations of electrically conductive abrasive powders and
work piece materials. Gao et al. [8. 9] proposed powder mixed
near dry electrical discharge machining (PMND-EDM) to
further improve the machining efficiency and the surface
quality. Bai et al. [10. 11] did research on the breakdown
mechanism of the three phase dielectric medium. It was
observed that peak current. pulse on time and flow rate of the
powder—liquid mixtures enhances the MRR of PMND-EDM
significantly. B. Jabbaripoura et al. [12] investigated the
output characteristics of material removal rate (MRR), surface
roughness by using powder mixed electrical discharge
machining (PMEDM) of TiAl by adding different powders
such as aluminum, chrome, silicon carbide, graphite and iron.
It was reported that aluminum particles with the size of 2 pm
enhances MRR by 54%. Jeswani M.LL [13] reported the effect
addition of fine graphite powder into kerosene oil as dielectric.
As the result of the experiment the MRR increased by 60%
and reduction n tool wear ratio about 28%. Erden and Bilgin
[14] studied the effect of mixing of (Cu. Al, Fe, C) powders as
dielectric n kerosene o1l for machining of copper—steel and
brass—steel pairs. The MRR was found to increase with the
concentration of powder particle obtained due to the decrease
in time lags at high impurity concentrations. Yu et al. [15]
mvestigated the effects of concentration of alumimum powder
on machining of tungsten carbide (WC). The result of
experiments shows higher MRR and discharge gap. Tzeng et
al. [16] observed that the size of abrasives, density.
concentration of abrasives, thermal conductivity and electrical
resistivity of powders aftect the machining performance.
When appropriate amount of various powder additives (Cr,
Cu, Si1C and Al) were mixed in the dielectric fluid. increased
MRR and decreased TWR was reported. Kansal HK., et al.
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[17] proposed optimum process conditions with graphite
powder for rough machining phase using the Taguchi method
and reported that the addition of an appropriate concentration
of the powder additive into the dielectric results improvement
in MRR. Yan and Chen [18, 19] studied the effect of
suspended silicon carbide (S1C) and aluminum powders (Al)
in the dielectric flud during EDM of Ti—6Al4V and SKD11
steels. Improvement in MRR was considerably reported as
results. Ming et al. [20] studied the effect of addition of
conductive inorganic particles in EDM dielectric and reported
mcreased MRR, lower TWR and improved work-piece surface
qualities. Tam et al. [21] mvestigated the machining
characteristics of Silicon Nitride (Si;N,) ceramics by adding
various powder additives into the dielectric fluid and
concluded that MRR increased considerably while the surface
finish not improved so much. Rozenek et al. [22] compared
the characteristics of machining by using kerosene dielectric
fluid and mixture of de-ionized water with different powders
at different concentrations on hard material. It was proposed
that the addition of powder additives in the dielectric fluid
mfluences both MRR and TWR. Wong Y.S., et al. [23]
mvestigated that graphite powder particles enhances
machining rate of SKH-54 tool steel. Chow H.M., et al. [24]
mvestigated that addition of both alummum and silicon
carbide powder nto kerosene oil increases gap distance
between tool electrode and work piece material thus increases
material removal rate. Kansal HK.. et al. [25] investigate the
effect of silicon powder mixed into the dielectric fluid of
EDM on machining characteristics of AISI D2 steel and
reported the appreciably enhancement of material removal rate
of AISI D2 steel. Kansal HK.. et al. [26] develops an axis
symmetric two-dimensional model for PMEDM using the
finite element method to predict the thermal behavior and
material removal mechanism in PMEDM process. Chiang
K.T.. [27] proposes mathematical models for the modeling
and analysis of the effects of Machining parameters on the
performance characteristics in the EDM process ofAI203+T1C
mixed ceramic. It was concluded that discharge current and
the duty factor affects significantly the value of MRR. The
discharge current and the pulse on time also have statistical
significance on both the value of the electrode wear ratio and
the surface roughness. Dvivedi A., et al. [28] mvestigated the
effect of pulse-on (T.,). pulse-off (T.g). pulse current (I,). gap
control setting and flushing pressure on EDM of cast Al 6063-
SiCp MMC by using Taguchi's technique to obtain an optimal
setting of the EDM process parameters. It was found that
MRR increases with increasing I, and T, up to an optimal
point. The effect of current was predominant on MRR as
compared to other parameters. Kung K.Y, et al. [29] analyzed
MRR and electrode wear ratio in PMEDM of cobalt-bonded
tungsten carbide by suspending aluminum powder in dielectric
fluid and reported that the powder particles disperses and
makes the discharging energy dispersion uniform.
B. Dry EDM process

In the Last decades EDM has played remarkable and

important role as nonconventional machining method in
production technology. In 1985 NASA reported a new

technique of dry EDM to drill holes by using a tubular copper
electrode in helium and argon gas as dielectric medium [30].
Dry EDM is a technique in which gaseous dielectric is used in
place of some liquid dielectric. Liquid dielectric 1s replaced and
substituted by a gas flowing at high velocity through the tool
electrode into the inter-electrode gap. The flow of high velocity
gas mto the gap facilitates removal of debris and prevents
excessive heating of the tool and work-piece at the discharge
spots. It 1s essential to provide rotation or planetary motion to
the tool electrode to maintain the stability of dry EDM process.
At high velocity the gas 1s supplied through the rotating tubular
tool electrodes 1n the discharge gap. This continuous flow of
fresh gas 1n the inter electrode gap act as dielectric medum and
helps to remove debris particles away from the gap. Dry EDM
1s an environment-friendly technique as there is no use of
mineral oil-based dielectric liquid which 1s harmful for
environment; dry EDM produces no waste and toxic fumes.
Joshi et al. [31] used pulsating magnetic field to constrain
plasma expansion around the plasma in dry EDM. It was
reported that use of such magnetic field helps improve MRR
by 130%. Govindan and Joshi [32] proposed a mechanical
shield around the plasma for exerting a back pressure on the
plasma column thereby confining plasma expansion and
mproving MRR. Attempts were made to model the material
removal phenomena analytically in single spark in dry EDM by
Kadam [33] as well as liquid EDM, Lin and Lee [34]. Hemnz et
al. [35] have been met with limited success. Saha and
Choudhury [36] mnvestigated the rotation of the electrode on
dry EDM process. It was observed that duty factor. air pressure
and spindle speed have a significant effects on MRR and SR.
Kunieda et al. [37] reported that improved MRR by
mmtroducing oxygen gas into the inter-electrode gap in water
based dielectric medium and also explained that the reduction
of probability of attachment of debris by flushing increases the
MRR. Planetary motion is employed to the tool electrode
which reduces short circuits hence zero tool electrode wear can
be achieved. It was suggested that the supply of oxygen excites
the oxidation and improves MRR. Kunieda et al. [38] proposed
and explained three distinct modes of material removal; normal
mode. quasi-explosion mode and explosion mode. The MRR
during quasi-explosion mode was found to be as high. Kunieda
et al. [39] conducted experiment by mounting work-piece on
piezoelectric actuator (natural frequency of 500MHz) and
observed reduction in arching probability and improvement in
MRR. Zhanbo et al. [40] conducted experiments and proposed
the possibilities of dry EDM process for 3D surface machining.
It was observed that the optimum conditions exists for
achieving maximum MRR and minimum TWR by changing
the parameters e:g (gas pressure, pulse interval and rotational
speed of tool electrode, depth of cut and pulse duration etc.).
Zhang et al. [41. 42] introduced ultrasonic vibration process
associated with dry EDM. Mathematical model including
process parameters (open voltage, discharge current, pulse
duration and pulse interval) was developed for MRR. It was
experimentally found that the higher MRR can be achieved by
decreasing wall thickness of tool electrode and optimizing
process parameters and amplitude of ultrasonic vibration.
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Kunieda, et al. [43] conducted experiments and proposed that
MRR can be increased by increasing the wire winding speed
and decreasing the depth of cut while using dry EDM process
for precision wire EDM. Kao et al. [44] carried out the
experiments by using a copper electrode wire with stationary
air or with an assisting air jet on dry WEDM process.
Experiments were conducted on different work-piece materials
and significant effect of parameters 1.e. (work-piece thickness,
melting temperature and heat capacity) on the machinability of
materials was observed. It was also reported that the use of air
flow could improve the MRR. Effect of duty factor, pulse-on
time, air flow rate and work-piece thickness on MRR. groove
width. debris deposition was analyzed and concluded that the
MRR could be improved by the use of air flow. Tao et al. [45]
experimentally investigates the dry and near dry EDM process.
Parametric study was done to investigate the effect of
discharge current, pulse-duration, pulse interval., gap voltage
and open circuit voltage. It was found that copper tool and
oxygen gas dielectric with a high current and low pulse off
time were suitable for rough machining with a high MRR. Yu
et al. [46] reported that MRR of dry EDM mulling 1s about six
times more than that of o1l EDM milling while machining
cemented carbide materials.

C. Ultrasonic vibration assisted EDM

Benefits of vibrating tool electrode at ultrasonic frequency in
EDM machine tool are assessed by various researchers since
mid-1980s. Shabgard et al. [47] investigated the combined
effect of electrical discharge machining (EDM) with
ultrasonic vibrations to improve the machining efficiency by
using graphite as tool electrode and AISTH13 tool steel as
work piece. Discharge peak current and pulse duration were
changed to explore their effect on the matenal removal rate
(MRR), relative tool wear ratio (TWR) and surface roughness.
Tt was also reported that ultrasonic assisted EDM (US-EDM)
was effective in achieving higher material removal rate
(MRR).Yu et al. [48] mvestigated the effects of ultrasonic
waves on EDM process. It was reported that ultrasonic waves
and cavitation played an important role in improving the
flushing and machining efficiency during USEDM. V.
Srivastava et al. [49] nvestigated the effect of ultrasonic
assisted cryogenically cooled copper electrode (UACEDM) on
parameters e.g. (material removal rate, tool wear rate and
surface roughness) during machining of M2 grade high speed
steel. It was reported that material removal rate and sparking
was modified in UACEDM process because of the ultrasonic
vibrating motion of the electrode. P. J. Liew et al. [50] applied
Ultrasonic vibration to dielectric fluid by a probe-type vibrator
to assist micro EDM of deep micro-holes m SiC ceramic
material. It was reported that best machining performance 1s
obtained when carbon nano-fibers are added into the vibrated
dielectric fluid. Guo Z. N., et al. [51] studied and concluded
that the use of ultrasonic vibration mmproves the dielectric
circulation which promotes the rate of debris removal by
creating large pressure change in the inter electrode gap. This
mmproves MRR by enhancement of molten metal ejection from
the surface of the work piece. Zhixin et al. [52] obtained
higher MRR during EDM of ceramics materials by developed

an ultrasonic vibration pulse electro-discharge machining
technique. Ogawa et al. [53] confirmed more machimng rates
in micro-holes by using EDM with ultrasonic vibration as
compare to without ultrasonic vibration. Thoe et al. [54]
observed that using ultrasonic vibration during EDM enhances
MRR of the work piece. Zhang et al. [55] applied gas through
the internal hole of a thin-walled pipe electrode and reported
increase in MRR with amplitude of ultrasonic actuation and
other electrical parameters (discharge current, open voltage,
pulse duration etc.). Gao et al. [56] conducted experiments on
stainless material with tungsten electrode and found eight
times more efficiency of ultrasonic assisted micro-EDM than
that of simple micro-EDM. Prihandana et al. [57] conducted
experiments by vibrating the work piece. It was found that
flushing eftect increased when the vibration was introduced on
the work piece. MRR was reported increased due to high
amplitude combined with high frequency. Ghoreishi et al. [58]
conducted experiments by providing low and high frequency
forced axial vibration to the tool electrode, providing rotation
to the electrode and combination of these two (vibro-rotary)
and reported 35% more MRR in vibro-rotary EDM as
compare to vibration EDM and by 100% more MRR in semi
finishing operation. Xu et al. [59] conducted experiments and
compared results (MRR) 1n traditional EDM mn gas and tool
electrode assisted ultrasonic vibration in gas medium EDM for
cemented carbide work-piece. It was reported that ultrasonic
vibration assisted machining yield more MRR for particular
discharge pulse on time.

D. EDM with water

In order to promote green EDM. some researchers tried to
use water as dielectric fluid instead of using hydrocarbon o1l
because hydrocarbon oil as dielectric decomposes and releases
harmful vapors. Most of these studies reported that use of
water as dielectric also influences MRR of the EDM process.
Y. Zhang et al. [60] investigated the EDM performance with
W/O emulsion dielectric. It was found that the machining
efficiency can be improved comparing with the traditional
kerosene based dielectric and the environmental impact can be
alleviated by using this new dielectric. Y. Zhang et al. [61]
mvestigated material removal characteristics of the EDM
process using various dielectrics as the working fluds e.g.
(gaseous dielectrics, air and oxygen, and liquid dielectrics. de-
tonized water, kerosene and water-m-oil (W/0)). It was
reported that the higher material removal etficiency in liquid
dielectrics. especially in W/O emulsion was observed due to
the higher pressure above the discharge point. Jeswani [62]
mvestigated and compared the performances of distilled water
and kerosene as dielectric fluid and reported that at high pulse
energy range more MRR and lower wear ratio by the use of
distilled water than that of kerosene. Moreover, better surface
finish was achieved while machining accuracy was poor with
distilled water. Tariq et al. [63] compared the performance of
mixture of 75% distilled water and 23% tap water, tap water
and distilled water as dielectric in EDM. It was reported that
erosion rates was best when tap water 1s used. Moreover there
1s possibility of achieving zero copper tool electrode wear at
negative polarity. Konig et al. [64] conducted investigations
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and concluded that erosion process in water-based dielectric
media possesses higher thermal stability and increase in MRR.
Chen et al. [65] conducted EDM of Ti-6A1-4V by using
distilled water and kerosene as dielectrics and observed that
more material erosion rate of Ti-6A1-4V work piece n
distilled water than that in kerosene oil. Soni et al. [66] studied
the effect of rotation of tool on MRR, and also compared
rotary tool EDM with stationary tool EDM by using rotation
of copper-tungsten tool electrode for titamum work-piece. It
was concluded that that a higher MRR can be achieved by
better flushing of debris from the discharge gap. While the
surface finish was quite poor with a rotating tool.

Some researchers tried to mvestigate the effect of additives
mixed water and used as dielectric. Leao et al. [67] reported
that some researchers have studied the feasibility of adding
ethylene glycol, polyethylene glycol 200, polyethylene glycol
400, polyethylene glycol 600. dextrose and sucrose 1n order to
improve the performance of demonized water. Yan B. H. et al.
[68] Reported the feasibility of adding urea solution to water
used as dielectric. It was reported that adding urea mto the
dielectric. MRR increased with an increase in peak current.
Moreover MRR declined as the pulse duration increased.

E. Other techniques

To obtain higher MRR and lower energy consumption in
conventional EDM, Kunieda and Muto [69] modify EDM
principle by introducing the new concept of multi-spark EDM.
Researcher proposed two types of tool electrode designs to set
up multiple discharge points for each pulse. Mohri et al. [70]
suggested an arrangement of multiple electrically insulated
electrodes connected to the pulse generator through a resistor.
In this arrangement, when discharge occurs in one of the inter
electrode gap, the gap voltages at other electrodes are
maintained at the open circuit voltage level tll the surface
electric charge over these electrodes is redistributed or another
discharge occurs. In this way the discharge can occur at
different electrodes simultaneously. Chen et al. [71] designed
a new mechanism by using multi electrode system controlled
by planet gear system in die smking EDM with pipe cutting
arrangement. The newly developed mechanism resulted in
mcrease in material removal rate when machining SUS 304
work piece material. Highest MRR was reported when work
piece rotates at 8 rpm. Suzuki et al. [72] and Kubota et al. [73]
proposed a new method for dressing of bonded grinding
wheels. In this system (twin electrode discharge system)
discharge circuit was formed by connecting the pulse
generator to one of two twin electrodes. the grinding wheel.
and the other twin electrode serially. Researchers generated
successfully two discharge points simultaneously at both the
gaps for each pulse.

VII. REMARKS AND FUTURE SCOPE

The process of EDM has brought many remarkable
mmprovements i the machining process in recent years.
Researchers try to introduce various methods for enhancing
productivity of EDM process. The main attention of this
review paper 1s to report various research works attempted by
the researchers for the improvements in MRR of EDM. After

comprehensive review of published literature, following
remarks are concluded.

e Many researchers attempted the work in PMEDM to
mvestigate powders of Al. SiC. Si, Cu, Graphite, Cr
and other common materials by varying grain size and
concentrations 1n dielectric fluid. Still the use of other
electrical conductive powder materials and important
alloying elements needs to be studied.

e Most of the research work in PMEDM is centric on
commonly used steel based materials. Also. many
materials like water hardened die steel; molybdenum
high speed tool steel. ceramics and other difficult to cut
materials have not been tried as work-piece material in
PMEDM. The same may be tried in future works.

e Researchers found that non-electrical parameters like
electrode rotation and work piece rotation improve the
flushing 1n inter electrode gap and hence improve
MRR. Work m this area is limited to some work-piece
materials only. Effect of these non-electrical
parameters needs further mvestigation for other work
materials.

e Most of the investigations on ultrasonic vibration
assisted EDM are focused on steel based materials
only. Very less published work is reported on
composites and harder materials like alumina and
ceramics.

e  The best machining rates have been achieved with tap
water as the dielectric fluid. The performance of water-
based diclectric may be investigated for the machining
of advanced materials such as composite materials and
carbides.

e Researchers mostly use copper tool electrode n
ultrasonic assisted EDM. Other tool electrode materials
need further mvestigation.

e Based on several assumptions, researchers proposed
various theoretical models to describe material removal
mechanism in their work. However these models are
not universally applicable to all the working
conditions. Case to case empirical models is better
suitable to quantify MRR. There is future scope to
develop universal models which may be applicable to
all working conditions.
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ABSTRACT

A wireless sensor network (WSN) consists of
spatially distributed autonomous sensors to monitor
physical or environmental conditions and to
cooperatively pass their data through the network to a
Base Station. Due to the increase in the quantity of
data across the world. it turns out to be very complex
task for analyzing those data. Categorize those data
into remarkable collection is one of the common
forms of understanding and learning. This leads to
the requirement for better data mining technique.
These facilities are provided by a standard data
mining technique called Clustering. Clustering can
be considered the most important unsupervised
learning technique so as every other problem of this
kind: it deals with finding a structure in a collection
of unlabeled data. This paper reviews six types of
clustering techniques- K-Means Clustering. LEACH.
HEED. TEEN and PEGASIS. K-Means clustering is
very simple and effective for clustering. It is
appropriate when the large dataset is used for
clustering.

Keywords: WSN. cluster. k-means, LEACH. HEED.
TEEN. PEGASIS. DEEC.

I. INTRODUCTION
Advances in wireless communication made it
possible to develop wireless sensor networks (WSN)
consisting of small devices. which collect
information by cooperating with each other. These
small sensing devices are called nodes and a typical
node of a WSN consist of four components: a sensor
that performs the sensing of required events i a
specific field. a radio rransceiver that performs radio
transmission and reception. a microcontroller: which
is used for data processing and a battery that is a
power unit providing energy for operation. The size
of each sensor node varies with applications. Today.
wireless sensor networks are widely used in the
commercial and industrial areas such as for e.g
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environmental monitoring. habitat monitoring.
healthcare, process monitoring and surveillance.

The nodes in WSNs are powered by batteries. it is
expected that these batteries lasted for years before
they can be replaced. Due to the cost and small size
of the sensor nodes. they have been equipped with
small batteries with limited energy source [4]. This
has been a major constraint of wireless sensor nodes
which limits their lifetime and affects utilization of
the wireless sensor networks.

Intemet

Wireless Sensor Network
@ l

Figl. Wireless sensor network

To extend batteries’ lifetime and networks utilization.,
constant changing the batteries when they nm out of
energy may not be practical. since these nodes in
most cases are many (tens to thousands of sensor
nodes). recharging the weaken batteries at all time
may not be feasible. Therefore. there is a need to
minimize energy consumption in WSNs. The
following steps can be taken to save energy caused
by communication in wireless sensor networks [1].

a) To schedule the state of the nodes (i.e.
transmitting. receiving. idle or sleep).

b) Changing the transmission range between the
sensing nodes.

c¢) Using efficient routing and data collecting
methods.

d) Avoiding the handling of unwanted data as in the
case of overhearing.
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In many cases (e.g. surveillance applications). it is
undesirable to replace the batteries that are depleted
or drained of energy. Many researchers are therefore
trying to find power-aware protocols for wireless
sensor networks in order to overcome such energy
efficiency problems as those stated above.

1L Dara clustering

The process of grouping a set of physical or abstract
objects into classes of similar objects is called
clustering [9]. A c/uster is a collection of data objects
that are similar to one another within the same cluster
and are dissimilar to the objects in other clusters. In
each cluster. sensor nodes are given different roles to
play, such as cluster head, ordinary member node. or
gate way node. A cluster head (CH) is a group leader
mn each cluster that collects sensed data from member
nodes. aggregate. and transmits the aggregated data
to the next CH or to the base station [6]. Clustering
is an effective technique for reducing energy
consumption and extending sensor network lifetimes
[3]. A clustering algorithm attempts to find natural
groups of components (or data) based on some
similarities. The clustering algorithm also finds the
centroid of a group of data sets. The output from a
clustering algorithm is Dbasically a statistical
description of the cluster centroids with the number
of components in each cluster.

Fig2: clustered based wireless sensor network

The centroid of a cluster is a point whose parameter
values are the mean of the parameter values of all the
points in the clusters, Clustering algorithms are often
useful in applications in varous fields such as
visualization, pattern recognition. learning theory.
computer graphics, neural networks. Artificial
mtelligence and statistics. Practical applications [6]
of clustering include pattern classification under
unsupervised learning. proximiry search, time series
analysis, text mining and navigation.

a) Clustering Advantages
Clustering has numerous advantages. Some of these
are:

1. Clustering reduces the size of the routing table
stored at the individual nodes by localizing the route
set up within the cluster (Akkaya 2005).

2. Clustering can conserve communication bandwidth
since it limits the scope of inter-cluster interactions to
CHs and avoids redundant exchange of messages
among sensor nodes,

3. The CH can prolong the battery life of the
individual sensors and the network lifetime as well
by implementing optimized management strategies
(Younis 2003).

4. Clustering cuts on topology maintenance overhead.
Sensors would care only for connecting with their
CHs (Hou 2005).

5. A CH can reduce the rate of energy consumption
by scheduling activities in the cluster.

A. Data Clustering Techniques

The main target of hierarchical routing or cluster
based routing is to efficiently maintain the energy
usage of sensor nodes by involving them in multi-hop
communication within a particular cluster. With
clustering in WSNs. energy consumption. lifetime of
the network and scalability can be improved. Various
routing techniques are as follows:

a) Low-Energy Adaptive Clustering Hierarchy
(LEACH) [12] is a popular clustering protocol for
WSNs. It has inspired many subsequent clustering
protocols. LEACH's operation is comprised of many
rounds. where each round includes two phases, a
setup phase and a steady phase.

1. In the setup phase. LEACH randomly selects
sensor nodes as Cluster Heads (CHs). subsequently
rotating roles in each round in order to evenly
distribute energy dissipation to all sensor nodes of the
network.

i1. In the steady-state phase. data are delivered from
sensor nodes to CHs and from CHs to the BS per a
TDMA/CDMA schedule,

LEACH doesn’t need global information for the
network. and is a distributed and adaptive approach.
It achieves various benefits from balancing loads via
rotation. such as reducing conflicts by TDMA
schedule and saving energy through assignment of
on-or-off states by time slot [S].

However. there are also disadvantages. LEACH
assumes sensor nodes are homogeneous but in reality
sensor node energy distribution occurs in a
heterogeneous manner, especially over a period of
time. The CH selection in LEACH is based on
probabilities without considering residual energy of
sensor nodes, and there is the possibility that CHs are
overwhelmed in some areas and infrequently
assigned m others. Therefore. CHs are not uniformly
distributed in the network and load balancing cannot
be guaranteed. Moreover. LEACH needs re-
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clustering in each round. which may diminish any
energy savings gain.

b) Hvbrid Energy-Efficient Distributed clustering
(HEED) [8] is an energy-efficient protocol. It selects
CHs periodically based on residual energy and on
tra-cluster communications costs among sensor
nodes. HEED is fully distributed and adaptive. CHs
can be uniformly distributed throughout the network
thereby balancing the load. However. like LEACH.
HEED requires re-clustering each round which brings
significant overhead and diminishes energy gains.
Furthermore. HEED can’t avoid the hot spot issue.

¢) TEEN [15] 1s a cluster based hierarchical routing
protocol and it is based on LEACH. Using this
protocol the data can be sensed continuously but
transmission of data is not done frequently. TEEN
uses LEACH’s approach to form clusters. Hard
threshold (HT) and soft threshold (ST) are two types
of threshold mode used in this algorithm. In HT
mode the sensed attribute will be within the range of
mnterest in order to send the data. In ST mode any
changes in the value of the sensed attribute will be
transmitted. The nodes sense their environment
frequently then store the sensed wvalue for
transmission. If it satisfies the below conditions then
only the node transmits the sensed value:

1. If sensed value greater than the hard threshold
(HT).

ii. If sensed value is not hard threshold and greater
than or equal to soft threshold (ST).

In TEEN. cluster head always waits for their time slot
for data transmussion. Suppose node has no data then
time slot may be wasted.

d) PEGASIS [15] is a chain-based power efficient
protocol performance based on LEACH protocol. All
the nodes have information about all other nodes and
each node has the ability of transmitting data to the
base station directly. Nodes have global knowledge
of the network: chain can be construed by greedy
algorithms. Each node transmits and receives data
from the closest node of its neighbors. In each round.
the node is chosen randomly (leader) from the chain.
The aggregated data are sent to the BS using leader.
This algorithm eliminates the overhead of the
dynamic cluster mformation and it reduces the
number of transmissions.

e) DEEC [2] (Distributed Energy Efficient Cluster)
i1s used in heterogeneous wireless sensor network.
After placing the nodes. nodes are clustered based on
the average emergy of the network and the ratio
between the residual energy of each node. the cluster
heads are elected. After that sensed data must be
transmitted and received between base station and
cluster head. It increases the energy efficiency of
network and extend lifetime also.

B. Paramerers

Selecting appropriate parameter for any given WSN
is another challenge. But here we wanted to put
forward those parameters which are common for
almost all WSN. For that most of the parameters we
have chosen are related to basic hardware level.

a) Nodes Energy

W. heinzelmann et a/. used node energy level 27
where other research has used range varying from 1J
to 5 J [6] For experiment the energy of node is
varied between 1J to 3J.

b) Disrance

One of the most significant factors for WSN is
distance, It is appropriate to use Euclidian distance
from the base station (BS) to each node. It varied
from 85 m to 175 m. The higher the distance more
energy is required to data interchange [6].

Buclidian distance = (% - x,)" + (3 -»,)’

¢) Cluster Head Selection

After the centroid positions are finalized in the
clustering process. we consider nodes which are at
the nearest distance and also the next nearest distance
from the centroid. The node with highest energy is
considered as Cluster Head. If more than one node in
the two levels has the highest energy then the node
nearest to the centroid is selected as cluster head

d) Latency

Clustering in WSN should take into account the
latency [6]. The latency is a function of the number
of communication hops between the source and the
gateway (CH). Latency is also a dependent on
distance. As the distance increases the latency
increases and vice versa.

III. K-means clustering
K-means is a commonly used partitioning based
clustering technique that tries to find a user specified
number of clusters (k). which are represented by their
centroids, by minimizing the square error function
developed for low dimensional data. often do not
work well for high dimensional data and the result
may not be accurate most of the time due to outliers.
There are two simple approaches to cluster center
initialization i.e. either to select the initial values
randomly. or to choose the first k samples of the data
points. As an alternative, different sets of initial
values are chosen (out of the data points) and the set.
which is closest to optimal. 1s chosen [11].
Dara Aggregation
In Sensor Network. data aggregation removes the
redundancy among data collected by different sensors
and consequently aims at load reduction over the
network.
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and

Sensed Data forwarding with -clustering
aggregation

The computational complexity of original K-means
algorithm is very high. especially for large data sets.
In addition the number of distance calculations
increases exponentially with the increase of the
dimensionality of the data.

Fig3:

A. The K-Means clustering Algoritihim

K-means cluster algorithm was proposed by I. B.
MacQueen in 1967 and then by J. A. Hartigan and M.
A. Wong around 1975, which is used to deal with the
problem of data clustering. It is also called the
generalized Lloyd algorithm (GLA). K-means
algorithm is based mainly on the Euclidian distances
and cluster head selection depends on residual

4. If there 1s change in position of any centroid then
go to STEP 2, else the clusters are finalized and the
clustering process ends

By this the clustering of nodes into ‘k’ number of
clusters is done [11] and the cluster heads in each
cluster are to be chosen as shown in Fig4.

—
esTaRT )

YES

Fnd clusiering
-

Fig4. Flow chart showing sequence of k-means algorithm

1V. Comparison between Data Clustering Techniques
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IV. Conclusion

A brief introduction about WSNs, routing techniques.
clustering is presented. There are so many routing
techniques developed to solve the energy
consumption problem and for enhancing the lifetime
of WSNs. some of them are discussed above such as
LEACH. HEED. TEEN. PEGASIS and DEEC. But
mostly every technique has certain limitations like
various clustering techniques do not suitable for large
scale networks. But K-means clustering algorithm
has biggest advantage of clustering large data sets
and its performance increases as number of clusters
mcreases and the performance of K- mean algorithm
is better than Hierarchical Clustering Algorithm. A
comparison between different clustering techniques is
also discussed.
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Abstract:  Artificial neural networks are composed of
interconnecting artificial neurons (programming constructs that
mimic the properties of biological neurons). Artificial neural
networks may either be used to gain an understanding of
biological neural networks, or for solving artificial intelligence
problems without necessarily creating a model of a real biological
system. The real, biological nervous system is highly complex:
artificial neural network algorithms attempt to abstract this
complexity and focus on what may hypothetically matter most
from an information processing point of view. Good performance
or performance mimicking animal or human error patterns, can
then be used as one source of evidence towards supporting the
hypothesis that the abstraction really captured something
important from the point of view of information processing in the
brain. Another incentive for these abstractions is to reduce the
amount of computation required to simulate artificial neural
networks, so as to allow one to experiment with larger networks
and train them on larger data sets.The key element of this
paradigm is the novel structure of the information processing
system. It is composed of a large number of highly interconnected
processing elements (neurones) working in unison to solve
specific problems. ANNS, like people, learn by example. An ANN
is configured for a specific application, such as pattern
recognition or data classification, through a learning process.
Learning in biological systems involves adjustments to the
synaptic connections that exist between the neurone.

Keywords: Neurons, Artificial Neural Network, Artificial
Intelligence, Biological System, Hypothesis, Nervous System,
Simulate, Synaptic.

I. INTRODUCTION

An Artificial Neural Network as (ANN) is an information
processing paradigm that 1s spired by the way biological
nervous systems, such as the brain, process information. The
key element of this paradigm is the novel structure of the
information processing system. It is composed of a large
number of highly interconnected processing elements
(neurones) working in unison to solve specific problems.
ANNSs, like people. learn by example. An ANN 1s configured
for a specific application. such as pattern recognition or data
classification, through a learning process. Leaming in
biological systems involves adjustments to the synaptic
connections that exist between the neurones. This is true of
ANNSs as well.
1.1 Historical background

Neural network simulations appear to be a recent
development. However. this field was established before the
advent of computers, and has survived at least one major
setback and several eras. Many important advances have been
boosted by the use of inexpensive computer emulations.

Following an nitial period of enthusiasm, the field survived a
period of frustration and disrepute. During this period when
funding and professional support was minimal, important
advances were made by relatively few reserchers. These
pioneers were able to develop convincing technology which
surpassed the limitations identified by Minsky and Papert.
Minsky and Papert, published a book (in 1969) in which they
summed up a general feeling of frustration (against neural
networks) among researchers. and was thus accepted by most
without further analysis. Currently, the neural network field
enjoys a resurgence of interest and a corresponding mcrease in
funding. The first artificial neuron was produced in 1943 by
the neurophysiologist Warren McCulloch and the logician

Walter Pits. But the technology available at that time did not

allow them to do too much.

1.2 Why use neural networks

Neural networks, with their remarkable ability to derive

meaning from complicated or imprecise data, can be used to

extract patterns and detect trends that are too complex to be

noticed by either humans or other computer techniques. A

trained neural network can be thought of as an "expert" in the

category of information it has been given to analyse. This
expert can then be used to provide projections given new
situations of mterest and answer" what if" questions.

Other advantages include:

1. Adaptive learning: An ability to learn how to do tasks
based on the data given for traming or initial
experience.

Self-Organisation: An ANN can create its own

organisation or representation of the information it

receives during learning time.

Real Time Operation: ANN computations may be

carried out in parallel. and special hardware devices

are being designed and manufactured which take
advantage of this capability.

4. Fault Tolerance via Redundant Information Coding:
Partial destruction of a network leads to the
corresponding degradation of performance. However.
some network capabilities may be retained even with
major network damage.

2

(5]

1.3 The brain. neural networks and computers

Computer simulation of the branching architecture of the
dendrites of pyramidal neurons Neural networks, as used in
artificial intelligence. have traditionally been viewed as
simplified models of neural processing in the brain, even
though the relation between this model and brain biological
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architecture 1s debated, as little is known about how the brain
actually works. A subject of current research in theoretical
neuroscience 1s the question surrounding the degree of
complexity and the properties that individual neural elements
should have to reproduce something resembling animal
intelligence. Historically, computers evolved from the von
Neumann architecture, which 1s based on sequential
processing and execution of explicit instructions. On the other
hand, the origins of neural networks are based on efforts to
model information processing m biological systems, which
may rely largely on parallel processing as well as implicit
mstructions based on recognition of patterns of 'sensory' iput
from external sources. In other words, at its very heart a neural
network 1s a complex statistical processor (as opposed to being
tasked to sequentially process and execute).Neural coding 1s
concerned with how sensory and other information 1s
represented in the brain by neurons. The main goal of studying
neural coding 1s to characterize the relationship between the
stimulus and the individual or ensemble neuronal responses
and the relationship among electrical activity of the neurons in
the ensembl It 1s thought that neurons can encode both digital
and analog information.
2. Human and Artificial Neurones

2.1 How the Human Brain Learns?
Much is still unknown about how the bram trans itself to
process mformation, so theories abound. In the human bram. a
typical neuron collects signals from others through a host of
fine structures called dendrites. The neuron sends out spikes of
electrical activity through a long, thin stand known as an axon.
which splits into thousands of branches. At the end of each
branch. a structure called a synapse converts the activity from
the axon into electrical effects that inhibit or excite activity
from the axon into electrical effects that inhibit or excite
activity in the connected neurones.

When a neuron receives excitatory imput that is
sufficiently large compared with its inhibitory input. it sends a
spike  of  electrical  activity down its  axon.

Dendrites

Components of a Neuron

2.2 From Human Neurones to Artificial Neurones

We conduct these neural networks by first trying to deduce the
essential features of neurones and their interconnections. We
then typically program a computer to simulate these features.
However because our knowledge of neurones is incomplete
and our computing power 1s limited. our models are
necessarily gross idealisations of real networks of neurones.

Cell body
Dendrites

l Threshold

Axon

Summation

THE NEURON MODEL
3. Types of models

Many models are used in the field, each defined at a different
level of abstraction and trying to model different aspects of
neural systems. They range from models of the short-term
behaviour of individual neurons, through models of how the
dynamics of neural circuitry arise from interactions between
mdividual neurons. to models of how behaviour can arise from
abstract neural modules that represent complete subsystems.
These include models of the long-term and short-term
plasticity of neural systems and its relation to learning and
memory, from the individual neuron to the system level
While initially research had been concerned mostly with the
electrical characteristics of neurons, a particularly important
part of the investigation in recent years has been the
exploration of the role of neuromodulators such as dopamine.
acetylcholine, and serotonin on behaviour and learning.

Biophysical models, such as BCM theory, have been
important in understanding mechanisms for synaptic plasticity.
and have had applications in both computer science and
neuroscience. Research is ongoing in understanding the
computational algorithms used in the brain. with some recent
biological evidence for radial basis networks and neural
backpropagation as mechanisms for processing data.

Computational devices have been created in CMOS for both
biophysical simulation and neuromorphic computing. More
recent efforts show promise for creating nano-devices-for very
large scale principal components analyses and convolution. If
successful. these efforts could usher in a new era of neural
computing that is a step beyond digital computing, because it
depends on learning rather than programming and because it 1s
fundamentally analog rather than digital even though the first
mstantiations may in fact be with CMOS digital devices.
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4. Applications of Neural Networks

4.1 Neural Networks mn Practice

.Given this description of neural networks and how they work.
what real world applications are they suited for? Neural
networks have broad applicability to real world business
problems. In fact. they have already been successfully applied
in many industries. Since neural networks are best at
identifying patterns or trends in data, they are well suited for
prediction or forecasting needs including:

Sales forecasting
Industrial process control
Customer research

Data validation

Risk management

Target marketing

But to give vou some more specific examples; ANN are also
used 1n the following specific paradigms: recognition of
speakers in communications; diagnosis of hepatitis; recovery
of telecommunications from taulty software; interpretation of
multimeaning Chinese words: undersea mine detection;
texture analysis; three-dimensional object recognition; hand-
written word recognition; and tacial recognition.

4.2 Neural Networks in Medicine

Artificial Neural Networks (ANN) are currently a ‘'hot'
research area in medicine and it 1s believed that they will
receive extensive application to biomedical systems in the
next few years. At the moment, the research is mostly on
modelling parts of the human body and recognising diseases
from various scans (e.g. cardiograms, CAT scans, ultrasonic
scans, etc.).

4.3 Neural Networks m Business

Business is a diverted field with several general areas of
specialisation such as accounting or financial analysis. Almost
any neural network application would fit into one business
area or financial analysis.

There is some potential for using neural networks for business
purposes. including resource allocation and scheduling. There
i1s also a strong potential for using neural networks for
database mining that is, searching for patterns implicit within
the explicitly stored information in databases. Most of the
funded work 1n this area is classified as proprietary. Thus. it is
not possible to report on the full extent of the work going on.
Most work is applying neural networks. such as the Hopfield-
Tank network for optimization and scheduling.

CONCLUSION

The computing world has a lot to gain from neural networks.
Their ability to learn by example makes them very flexible
and powerful. Furthermore there is no need to devise an
algorithm in order to perform a specific task; ie. there is no
need to understand the internal mechanisms of that task. They
are also very well suited for real time systems because of their
fast responseand computational times which are due to their
parallel architecture. Neural networks also contribute to other
areas of research such as neurology and psychology. In this
report we study on the ANN, neural network and its use.
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Absract- In this article contains study lies on the physical-layer
signal-processing schemes, which is known as Interference
cancelation(IC) techniques. An opportunistic IC scheme was
proposed for CR receivers to adaptively cancel the primary
signals when they are decodable.The widely used IC techniques
include the filter-based approach, transform-domain approach,
cyclostationary-based approach, higher order statistics-based
approach,joint multiuser detection and spatial processing. In
this article we also highlight some of the recent information
theoretic limits, models, and design of these promising
networks.

Keywords : CRN, IC, DSA.WI-FI. TFR,OFDM.

I. INTRODUCTION

In recent years. wireless technology is proliferating rapidly
and vision of pervasive wireless computing and
communication offers the promise of many social and
individual benefits. This has inspired the development of
hierarchical spectrum-sharing-systems. where secondary
systems are allowed to utilized the spectrum of incumbents
without causing harmful interference to primary systems. So.
cognitive radios offers the promise of being a disruptive
technology innovation that will enable the future wireless
world. Cognitive radio networks have a DSA(Dynamic
spectrum access) network a number of challenges in wireless
network and challenges 1in  wireless network and
communications. This article contains various Interference
cancellation techniques are successfully applied to a number
of wireless systems to mitigate various types of interference in
communication. In addition we also model and analyze
cognitive networks in order to very intelligently design and set
their operating parameters.

II. MOTIVATION AND DEFINITIONOF A

COGNITIVE NETWORK
Cognitive networks are initiated by the apparent lack of
spectrum under the current spectrum management policies.
The right to use the wireless spectrum in the United States is
controlled by the Federal Communications Commission
(FCC). Most of the frequency bands useful to wireless
communication have already been licensed by the FCC.
However, the FCC has designated a few unlicensed bands.
most notably the industrial scientific and medical (ISM)
bands. over which the immensely popular Wi-Fi devices
transmit. These bands are filling up fast. and, despite their
popularity, the vast majority of the wireless spectrum is in
fact licensed.
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Figure-1 the interference wave in Cognitive radio networks [5]
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IIT. FEATURES

o Cognitive networks are wireless networks that consist
of several types of users: often a primary user (the
primary license holder of a spectrum band) and
secondary users (cognitive radios).

e Cognitive networks are initiated by the apparent lack
of spectrum under the current spectrum management
policies.

e Cognition may take various forms of learning and
adapting to the environment.

e For such networks, the different communication
possibilities explode, and to date. precise network
capacity region results are lacking.

e In the interference was defined as the expected
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fraction of primary users with services disrupted by
nearby CR transmitters.

o  The mterference from primary to CR networks can be
directly measured by CR receivers with passive
sensing
techniques.

e The interference temperature limit characterizes the
worst-case Interfering scenario m a particular
frequency band and at a particular geographic
Location.

e In cognitive networks white spaces refer to spectra
where primary signals have negligible power and can
be simply treated as background
noise.

e The amm of introducing IC techniques at a CR
recetver 1s to enable it to successtully operate under
higher levels of interference
from primary networks.

e  We address only those considered most relevant to
internetwork  interference  cancelation in  CR
networks.

e This has mspired our mnvestigation on applying IC
techniques to CR networks with a special focus on
mitigating the internetwork interference.

o Coguitive radio are fully programmable wireless
devices that can sense their environment and
dynamically adapt therr waveform
channel acsess method. spectrum use, and networking.

transmission

V. TECHNIQUES USED

Cognitive radio networks are wireless network that consist of
several types of users: often a primary users and secondary
users. The study of

Cognitive radios network and relatively new and many
question have yet to be answered. Cognitive radio network
have the DSA(Dynamic Spectrum Access) networks pose a
number of challenges in wireless networking and
communications. The first and obvious challenges is that we
need radios that can operate in multiple frequency band to use
since 1t is in most cases unrealistic that the user will be able to
pick the right band. Cognitive radio network are a perfect fit to
realize these functionalities:-

» Operating environment should be interpreted very
broadly.

» Effective interference management is therefore
essential to the coexistence of primary and Cognitive
radio networks.

» Various aspects of system design from network
planning.

» Radio resource management.

» Medium access control to physical layer mechanism
and signal processing.

» Our interest in this study lies on the physical layer
processing schemes. which commonly known as
Interference cancellation(IC) techniques.

Firstly the cognitive radio network nitiated by the
apparent lack of spectrum under the current spectrum
management policies. The right to use the wireless
spectrum  controlled by FCC 1e Federal
Communication Commission. FCC licensed the most
of the frequency bands which are very useful in the
wireless communication. However, the FCC has
designed a few unlicensed bands, most notably the
unlicensed band and industrial standard and ISM
bands over which the popular WI-FI devices
transmit. The general cognitive network exploits
cognition at the subset of 1ts nodes. (users).
Cognition may take various forms of learning &
adapting to the environment. We focus on the
cognition in the form of node about extra
formation of wireless technology they tranmit.

1. Achievable Rates and Capacity Region (Small
Networks).-

A communication channel 1s modeled as the set of
conditionally probably density functions relating to
mput and output of the channel. Capacity 1s defined
by the spectrum over all rates for which capacity 1s
central to many information theoretical studies it 1s
otten the challenging to determine. Inner bounds or
achievable rates, as well as outer bounds to capacity
may be readily available. This is particularly in
channels which are multiple transmitters and
multiple receivers want to communicate independent
message to two independent Receivers. Although
channel capacity region is known as in the certain
cases, the general capacity region despite advanced.
remains a mystery.

(o} Intactorence Avoiding

(b Indecderence Controling (edesence Temperature)
(¢) Oppartunistic Interlerence Cascaliation

{d) Asymmeto Transowtiar Side Information

002 0406081121416
Ry

Figure-2. The primary users(white) and secondary
users (grey) wish to transmit over the same channel.
Solid lines denoted desired transmission, dotted lines
denote interference. The achievable rate region under
four different cognitive assumption and transmission
schemes are shown on the right.(a)-(d) are in order of
increasing cognitive abilities.[16]
2. Simulaneous, controlled fransmission
[Interference Temperature]

While white spaces filling demand that cognitive transmission
be orthogonal to primary transmission, another intitutive
approach to secondary spectrum licensing would involve non-
orthogonal transmission. Rather than detecting white spaces. a
cognitive radio would simultaneously transmit with the
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primary device. It would use its cognitive capabilities to
determine at what power level it should transmit so as not to
harm the primary transmission. That 1s primary transmission
schemes may be designed to with stand a certain level of
interference which cognitive radio may exploit for their own
transmission.
Provided the cognitive radio knows -

1. The maximal interference temperature level.
The current interference temperature level.
How its own transmit power will translate to received
power at the primary receiver, then the cognitive
radio may adjust its own transmission power so as to
satisfy any interference temperature constraint the

W o

primary users.
’
Frequency Freguency
smrﬂl Primary
Primary Primary I[
Time Time

Figure-3 One of the simplest instance of cognition: a cognition
senses the time/frequency white spaces and opportunistically
transmit over these detected spaces.[15]

3. Laige Networl : The Scaling Laws
As single-link wireless technologies have matured over the
past decadeds.it 1s of great interest to determine how these
devices perform m large networks. These networks can
contamn primary and cognitive users that are adhoc (adhoc
cognitive networks), or they can contain some infrastructure
support for the primary users (infrastructure supported
cognitive networks).

4. Cognitive Users Model And Design
In this section. we model and analyze cognitive networks in
order to very intelligently design and set their operating
parameters. Specifically, we focus on the impact of cognitive
users in terms of the interference power or interference
temperature generated by these cognitive user and primary
user. We aim to provide only an example of this interference
analysis and its application n two different network with
beacon and a network with exclusive region for the primary
users.
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Figure-4 An upper bound on the average mterference versus the beacon
threshold level [17]

5. Interference Analysis

Consider again an extended network i which the cognitive
users are uniformly distributed with constant density. Assume
a circular network shape with radius Rn, which increases as
the number of cogmtive users increases. Consider a channel
with path loss and small-scale fading. The interference
depends on the locations of the cognitive users, which are
random, and on the random channel fading.

6. Interference Assessment and Modeling

Interference in the context of CR networks can be classified
mto two types: intra- and internetwork interference.
Intranetwork interference. also known as self-interference.
refers to the mterference caused within one network (either a
primary or CR network). Typical examples of intranetwork
mterference include intersymbol interference in frequency-
selective channels and multi-access interference (MAI) n
multiuser networks. Intranetwork mterference exists to some
extent i every wireless communication system, and there 1s a
wealth of techniques established to mitigate them effectively.
On the other hand, nternetwork mnterference refers to the
mutual interference between the prumary and CR networks.

7. Interference from CR to Primary Networks

It represents the maximum amount of interference that
receiver can tolerate. The interference temperature model
serves as the useful tool to characterized the interference from
CR to primary network. An ideal interference temperature
model should account for the cumulative radio frequency
energy from multiple CR transmission and sets a maximum
cap on their aggregate level. CR users are then allowed to use
a frequency band as long as their transmission do not violate
the interference temperature limits. As a new metric to assess
the interference in spectrum sharing systems, the interference
temperature model has recently been proposed in [2]. Unlike
traditional transmitter centric approaches that seek to regulate
mterference indirectly by controlling the emission power.
time. or locations of interfering transmitters, the interference
temperature mode] takes a receiver centric approach and aims
to directly manage interference at the receiver through
interference temperature limits. The interference temperature
limit characterizes the worst-case interfering scenario in a
particular frequency band and at a particular geographic
location.

8. Interference from Primary to CR Networks

The interference from primary to CR networks can be directly
measured by CR receivers with passive sensing techniques.
On the basis of power-spectrum density (PSD) of the
interfering primary signals. we can broadly classify the spectra
into three categories: 1) black spaces are spectra occupied by
high-power primary signals. which can usually be decoded by
CR receivers; 2) gray spaces refer to spectra with low to
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medium power primary signals, which are too weak to be
decoded satisfactorily but are still significant sources of
interference to the CR network; and 3) white spaces refer to
spectra where primary signals have negligible power and can
be simply treated as background noise.

9. IC at CR Receivers

The aim of introducing IC techniques at a CR receiver is to
enable 1t to successtully operate under higher levels of
mterference from primary networks. Let us consider a CR
receiver operating in a given frequency band. It first performs
primary signal sensing and identifies the band as a white, gray.
or black space. Based on the sensing results. the CR receiver
can then choose to apply corresponding IC techniques to
obtain optimized performance.

Figure -5 Coexistence of a primary network and randomly distributed CR
networks with illustrations of the exclusion region, black space (service
region). gray space (mnterfering region).
and white space.[8]

10. IC for White Spaces

While white spaces are detected, the interference in the
frequency band of interest is negligible and can be treated as
noise. Therefore, no particular IC technique 1s needed.

11. IC for Gray Spaces

The key feature of gray spaces is that the band of interest
suffers low- to medium-level interference from primary
networks. For this type of interference, it is desirable to use a
special type of IC  technque called interference
suppression,which suppresses the power of primary signals
and thereby improves the signal-to-interference-and-noise
ratio (SINR) of secondary signals. There exist various schemes
of Wireless technology which contains Interference
cancellation techniques are successtully applied to a number
of wireless systems to mitigate various types of Interference.

Transform-domain approaches first convert the received signal
to the transform domain, remove certain transform
components, and then use the inverse transform to synthesize
the SOI. For example, an orthogonal frequency division
multiplexing (OFDM) CR receiver can process signals in the
frequency domain and remove narrowband interference by
excising the interfered subbands. In practice, nterference
usually cannot be completely removed from the SOI using
pure time- or frequency-based processing. Time—frequency
analysis then provides amore powerfulmeans for signal
separation and classification. Tume—frequency representations
(TFRs) describe signals m the form of their joint time and
frequency characteristics.

if. Receive Beam forming

In addition to the transform domain, spatial domain can also
be exploited to separate the SOI and mterference if they have
different spatial signatures. This requires a CR receiver to be
equipped with multiple antennas to perform beam forming,
which applies weights on the antenna array to form a desirable
reception pattern. More specifically, when the SOI and
mterference arrive from different directions, a multiantenna
CR receiver can adaptively form different beam patterns to
enhance reception in the direction of the SOI and put nulls
toward the directions of the interference. In complex
propagation environments. a tradeoff is often needed between
SOI signal enhancement and interference suppression.

ifi.  Higher Order Statistics-Based Approach
Many signal-processing schemes in communication systems
assume that the signals are stationary random processes and
can be sufficiently characterized by the mean (first-order
statistics) and  covariance  (second-order  statistics).
Incorporating higher order statistics, having orders higher than
two. into signal processing can provide additional distinction
on the SOI and interfering signals [13]. Signal separation
using higher order statistics works better when multiple
diversity copies of the received signal are available. These
diversity copies can be obtained from antenna arrays or, in
case of signal antenna systems, from fractionally spaced
sampling or oversampling.

iv.  Predistortion Filtering
In practice, one major cause of the adjacent channel
interference is the transmission nonlinearity due to cascaded
nonlinear components in the RF chain. High linearity is
usually required for CR transmitters to ensure minimal
interference to primary users. However, high linearity
transmitter chains are not only more expensive but also less
power efficient. One way to reduce the linearity requirement is
to use pre-distortion techniques.

V. Transmit Beam forming
Similar to receive beam forming, transmit beam forming [6]
and transmit pre-coding [7] can be applied to CR networks for
mitigating interference to primary systems by adaptively
choosing weights on the transmit antenna elements to form an

i Transform-Domain Approach S . o :
/ i emission pattern with nulls toward the directions of primary
receivers. It is an effective and flexible approach to balance
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between the interference minimization for the primary users
and the SINR maximization for the secondary users.
Implementations of transmit beam forming are more
complicated than receive beam forming since a feedback
mechanism is required to inform CR transmitters about the
instantaneous channel-state information (CST).
1. IC for Black Spaces

Black spaces are usually regarded as unusable for CR users
because 1) the potential deployments of primary receivers in
the vicinity may prohibit CR transmissions and 2) the high-
power interfering primary signals that may block CR
receptions. The interference estimation and cancellation is
performed 1n two successive steps :-

» Estimating the exact interfering signal.

» Subtracting the estimating interference from the
received signal.

Therefore there are two approaches for estimating
interference:

» Interference extraction.

» Interference reconstruction.

Region Techniques

At the CR receiver White Space No IC needed
Grey space Interference
suppression

Filter based

Transform based

Receive Beamforming

Cyclostatinarity based

Higher-order statistics
based

Interference
suppression

Black space

Interference
cancellation

At the CR
transmitter

Extraction and
cancelation

Reconstruction  and
cancelation

All Regions Spectrum shaping

Predistortion filtering

Spread spectrum

Transmit
beamforming

Figure- 6 Interference cancellation techniques for cognitive radio network

2. Interference Extraction

Extracting mterference from the received signal can be
achieved by suppressing the SOIs. Therefore, previously
discussed interference suppression techniques can be used to
suppress the SOIs and thereby extract the interfering primary
signal.

3. Interference Reconstruction

In the case of digitally modulated primary signals, 1if a CR
recerver receives a strong primary signal and knows its
transmission structure (e.g.. its coding and modulation
schemes), 1t can first demodulate and decode the primary
signal to recover the original primary information bits. Then,
the CR recerver can reconstruct the corresponding primary
signal based on the knowledge of its transmission structure
and channel information.

L (o]

Figure-7 Desired CR signal[9]

SOl +

Interference Desired

CR Signal

4. IC at CR Transmitters

In this section. we consider the internetwork interference from
CR transmitters to primary receivers. The CR transmissions
should be well managed to guarantee that the primary services
are not harmfully interfered with. It is therefore important for
CR transmitters to adopt certain signal processing schemes.
referred to as transmitter-side
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Figure-8 Comparison between interference suppression techniques for CR
receivers
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IC techniques, to mitigate both the co-channel interference and
adjacent channel interference (i.e., out-of-band interference)
caused to primary receivers.

5. Spectrum Shaping

The focus of spectrum shaping, also referred to as pulse
shaping, i1s on generating proper waveforms for secondary
signals to minimize the power leakage into the primary bands
to be protected. In the literature, spectrum-shaping techniques
have been well investigated in the context of ultra wideband

nemitted
signal /
seheduling { A
’/_[" S S Spetum Hoe  § \
ST A . Infcrmat :r},/ . 'mum\" | F
f Spectrum ) ( Spectrum \f' o ) Simuli
\ Sharing / \_ Mamsgment N, - Densing / ‘
N NP / 8 /
= . — /
e = /
A.’ \ | Spedrum Holg /
channal i Infenation /
| tlon —
rformation Y - . s
/ Spectrum N\
Hando¥ R b—‘/
ormetion Motiity
ormation. N

Figure -9 Spread spectrums [5]

6. Spread Spectrum

Spread spectrum is a well-known technique that can be used
by a CR transmitter to spread the signal energy across a
wide bandwidth. The resulted wideband secondary signal
would have a low PSD. and therefore. the interference to a
particular narrowband primary system can be reduced. An
obvious drawback is that more primary systems operating in
the wider band can be interfered with.

7. Other IC Technigues

When the primary signal i1s sufficiently strong., the CR
recerver can form a beam toward the primary signal. The
enhanced primary signal is then estimated (using either
extraction or reconstruction) and subtracted from the
receirved signal. When the primary signal is too weak to be
reliably estimated, the CR receiver can form a different
beam pattern to enhance the CR signal and nullify the
primary signal.

8. Spectriim Sensing

Spectrum sensing plays an important role in the cognitive
radio cycle. There are several existing and widely used
methods including the energy detector [12], the matched
filter detector [13] and the cyclostationary detector [14].
Energy detector i1s the most popular choice due to its
magnitude square of the FFT output gives us the energy

(UWB) systems and software-defined radios. The goal 1s to
design adaptive pulse waveforms, which can dynamically
react to the spectral environment and produce desired spectral
shapes/notches. Preferably, the signal waveforms should be
constructed as the linear combination of a imited number of
orthogonal basis functions, also known as the core pulse
wavelets. These basis functions should be bandwidth limited,
time limited, orthogonal to each other, and flexible enough to
form any desired shape of the power spectrum.
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]
3
]
!
€
<
rse Use Medium Use
I 1 b "~

Frequency (MHz)

Figure -10 Sparse and medium use of spectrum|6]

contained 1n a band. If a channel 1s occupied then it has a
higher energy level than an empty band. A value slightly
greater than the noise floor 1s usually taken as the threshold
to decide the binary occupancy st ate of a spectrum.

Cognitive Radio Network in Action

Cognitive Radic Network  Interferers are Detected Network Self-Adjusts

%s;e.:::'“%;‘ %\..“‘f
\ g

. ’ \ ‘ /:;::Jh-mnm
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Figure-11 Interference cancellation and detected [7]
CONCLUSIONS

CR networks inevitably lead to complex and sophisticated

interference scenarios. This has inspired our investigation

on applying IC techniques to CR networks with a special
focus on mitigating the internetwork interference. We have
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found that a CR receiver assisted by proper IC techniques
can effectively combat interference from primary networks,
given that the secondary signals have dissimilar
characteristics to those of primary signals. In addition,
various IC techniques have been found to be useful for CR
transmitters to rigidly control their emission patterns and
thereby mitigate the interference caused to primary systems.
Moreover, we have shown that hybrid IC schemes can be
obtained by combining simple IC techniques. Our
mvestigations have suggested that the performance of CR
networks can be sigmificantly improved by using IC
technologies. We have showcased a number of results
relating to the fundamental communication limits in
cognitive networks. We first discussed how. for small
networks, different levels of cognition, or information about
the wireless environment, i the secondary node(s) leads to
different achievable rate and capacity regions. In large
networks, we provide the throughput scaling law for three
cognitive networks. Turning attention to the design of
network parameters and communication protocols, the
mterference seen by the primary recetvers from cognitive
radios 1s of great importance.

FUTURE SCOPE

Coguitive radio 1s not just a new generation of software
radio, to sense spectrum. Cognitive radio shall sense the
communication and networking environments. Future
terminal devices shall be cognitive and determine the most
appropriate way of communications, that 1s, to form
cognitive radio networks. Cognitive radio “networks™ shall
be the final goal m future wireless communications.
Intranetwork Interference exists to some extent in every
wireless communication system, and there i1s wealth of
techniques established to mutigate them effectively. Several
modified Interference models have been proposed as more
practical models of the Interference at primary receiver.
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Abstract: A fundamental change in the development of
software industry came with the emergence of Open Source
Software projects. The source code of which is publicly
available for inspection, modification and redistribution.OSS
development section use electronic means, like emails to
communicate and to have open discussions. Each software
project has maintained its own mailing list. Many works have
been done related with the mailing lists. The previous works
included the identification of the list participants, number of
posts and replies of the individual participant, correlation of
developer’s list and user’s list. The focus in our paper is on the
mailing lists of different open source software which give a
better value of analysis regarding the communication. We are
creating a story line on the bases of the releases occurring in a
particular software. And for that the mails are extracted from
the mailing list. The next step is, according to the release of the
software versions a frequency occurrence of the keywords and
tags is examined from the mailing list.

Index Terms:- Open source software (OSS), collaboration,
communication, dynamic nature, mailing list.

L INTRODUCTION

Open source software whose code is available for
modification [1] or enhancement by any user. In general
open source software, projects. or initiatives are those that
and celebrate exchange, collaboration

embrace open

participation,  rapid  prototyping, and
community development. OSS projects can be considered as
people-oriented and knowledge sharing development
environments. OSS 1s based on the geographically
distributed concept. In OSS different developers can be
linked to a project, how may not be physically all together
present at one place of work. Rather they work on a project
from different parts of the worlds and even suggestions to
the modification can be put forward. So. concluding this we

can say that OSS 1s distributed in nature.

transparency

Now the question that arises is how this is managed, worked
and interacted on. Till now all the researchers are trying to

uncover all these hidden questions related with OSS. Being
distributed in nature, in OSS projects it becomes entirely
important to communicate and interact with the
development team on different forums. The other works
[2.3.4.5] were based on the conventional ways of
developing a relation with the development team.

As explained that open source has the source code available,
so any modification occurring in the code of the version is
openly available to all. The developers who propose the
change 1n the project don’t directly implement the modified
code. Infact they interact and present forward questioners
with the help of mails. Like this the communication channel
develops. We will be studying the mails of the few projects
and check out how the release from one version to another
occur. With the help of the tool we will first extract the
mails according to the certain time slot. And filer the release
mails and from these mails a story line will be formed. This
story line 1s about the changing activity from one release to
another releases. The next step is the frequency calcution of
the tags and the keywords occurring in the messages. Based
on the frequency the graph plotting is done.

1. Elements of OSS Communication

A) Collaboration

Computer-supported work environments when effective.
afford new means for collaborative learning. The developers
who are geographically dispersed and want to share
knowledge, online  artifact
infrastructures etc can perform through collaborative
activities [6]. One should aim to collaborate with different
participates involving in a project. The interests and views
get clearly specified. The work should be transparent and be
fed back. Fust the views should be gone through and
outputs related to that view should be forwarded back. This
increases communication in a collaborative way.

access communication

=
tY] ST U
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B) Communication

The developers and users of OSS projects are dispersed
throughout the world. The mdividual sitting in India can be
the core developer, reviewing the suggestions given by
reviewing the suggestions given by a individual sitting in
London. Now. suppose this individual is a newcomer at the
present time. How this individual will interact and share his
views to the core developers?

This 1s the main question to be answered in the OSS project.
Communication 1s the only medium between the two
individuals. And now how this communication occurs is
another question.Communication can occur through emails.
messages. forms. open and public discussions [7]. In
Emails. which is a electronic method of communication of
messages 1s the fastest and most efficient one.

C) Mailing List

The smallest unit or token of information posted by the
individual is the “message™ [7]. A message can be any
valuable information or detail regarding the topics of
projects.

New message: A message can be an initiating message.
which give rise to or we can say initiates a new topic. A
message can be a replied message. which response to the
other messages (these messages can be new messages or
replied) [8].An individual posting a message on a list 1s
called a “poster”. This poster can be an initiator or a replier.
Initiator is the one which mmtiates the message. If already a
sequence of message i1s going on, the reply to the already
posted message is known as a replied message.

User’s Developer’s, project Managers. bugs detectors and
maintainers share ideas, exchange knowledge on a form
which 1s known as the “Mailing List”. The two types of
Mailing List are called as:

a) Developer’s Mailing List
b) User’s Mailing List

Why Mailing List is of Importance in OSS?

Maximum OSS Developer’s communicate through Mailing
List. Mailing List 1s the best and fastest way of interacting
and sharing language. The type of communication makes a
rich source of information which researchers use in the
development and improvement of software. As mailing is an
electronic medium based so mnteracting geographically is

also very simple. Storage of the details of emails is
available.

D) Change Activity

Any changes/modifications occurring in OSS due to the new
arising suggestion or certan bug detection leads to an
activity which 1s known as “change activity”

1IT. LITERATURE SURVEY

By now. in the fields of sottware evolution and in OSS allot

of researchers have given their best workers to us. Talking

more precisely the main focus of the researchers was to get
mto the insight of OSS projects collaboration and
communication.

The researchers thought of this because as we know that

OSS 1s dispersed geographically [9], so 1t becomes

extremely necessary to study how the interaction occurs

between the different developers sited away from each
other. And how the collaborate together and resolve the
issues in OSS projects.

Past analysis has treated OSS as static phenomena .As the

knowledge about how developers sustain and reproduce

over time was not known.

Analysis of Socialization in an open source software

community [l10]. extends the study of collaborative

development of the software. The socialization was
analyzed from the two perspectives:

1) Firstly, that involves an individual learning process.
Under this individual can interact and gain the
knowledge regarding the OSS project issues.

2) Secondly. is a political process. Under this a participant
who first was a newcomer enroll progressively to turn
himself to be a major contributor.

Figure 2: Socialization in OSS Community[9]

From static to dynamic improvisation of OSS [11]:

In past analyses. organization of OSS projects were taken
as static phenomena .But further studies summarized. that
the position of a participant mside a project changes

Oy
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frequently based on this active participation and interaction
through message postings.

Evolution was explained in the case study of python. In this
even the static to dynamic phenomena was also highlighted.
It was said they when a participant first posts a post, he/ she
1s considered as a newcomer. When that newcomer gets
replies on his posts and further discussion proceeds, the
newcomer move a step in the socialization community [12].
Slowly. if the newcomer keeps on contributing to that
project then a stage will reach that he will be considered as
the major contributor of the project. And the same
newcomer takes the core most position in the Socialization
Circle of OSS.

N
T ted
—tr

i R ®fred
January 2002

Febru_ary 2002

Qctober 2002 |

Figure 3: movement in a socio community [5]

In the figure 3. we have seen the how a participant named
Fred enters into the socialization community of OSS project.
a) In first figure. in January he started as a newcomer
b) And in February in got more mto the community
circle
¢) And by October he managed to obtain a stable
position of major contributor. And reached near the
core position of the developer.

Researches extended therr work on Understanding and
Knowledge sharing Activities in OSS 1s the next step to
collaboration and communication.

Studies explained that the projects of OSS are people-
oriented. and many researchers focused on Mailing Lists to
ponder on the coding activities of software developers. The
best way to know about the interaction in a project 1s to
view the Mailing Lists [13]. The Mailing List of Developer
and User are both gone through. The emphasis of the
research 1s sharing of knowledge between knowledge
providers and knowledge seekers [7].

Knowledge Sharing Model (KSM):

Before jumping on to the knowledge model. one should be
familiar with the terms being used in these types of models
as like knowledge provider, knowledge seeker.

The Knowledge Provider 1s defined as the project expert or
software developer who has the deep knowledge about
project participants on the various issues regarding the

software development and use. And the participant who
seeks knowledge from these experts is known as knowledge
seeker.

There exists a strong relation between knowledge providers
and knowledge seekers. The relationship bridge between
them only complete the process of communication or one
can say the bridge of knowledge sharing activities.

In the view knowledge sharing in OSS project is in
agreement with Zeldin (1999) [14]. “Sharing knowledge is a
Synergistic Process”- which means you gain out more than
you put in. When two or more participants exchange emails,
messages, they are said to share knowledge. In our common
language a conversation is built up. Knowledge Sharing in
OSS projects 1s just all about interacting, helping each other
and collaborating. Knowledge Sharing dynamics in Mailing
Lists enables the foundation of Knowledge sharing Model
(KSM).

In this model the knowledge provider and knowledge seeker
participates to share their knowledge and exchange the
views on the public bases.

= £ Email
. Knowladge Seskor message
: |
i K ® — ®
i SoEmm—
oriat dise sion I
o o) xnen:sgwu::- am—
! ® )
: ! ©)
|
i
1 12 Email
== Knowledge Provider Message
KE = Knowledge Extornalization
Ki = Knonhd: Internalization

Figure 4 : Knowledge Sharing Model [§]

Knowledge secker sends an email message regarding what
he/she seeks the knowledge about. The seeker transfers their
knowledge to the Mailing List by the means of a process
known as “Externalisation”. The Process of acquiring
knowledge from the Mailing List 1s known as
“Internalisation” [15]. The Mailing List here acts as a
Knowledge Base.

Through mining the information of developer’s commits.
researchers within the community of software engineering
can Investigate evolutionary aspects of OSS projects and
analyze developer’s behaviours and collaboration [16]

The latest research of 2013 regarding the communication
unfolds most of the facts and figures which were not
disclosed in the previous researches. As the researchers
mentioned before [1.5.6.8,13] that electronic means such as
emails, instant messaging or public discussions are the
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various techniques used in the communication of OSS
development team.

Researchers investigated that the hub for project
communication 1s the “Mailing List” [13]. Prior works
focused on the bug detection mails. handling of the patches.
social networks. With this new thoughts brought forward
questions regarding what the developers communicate
about. The objective 1s to increase the understanding of
development Mailing List communication.

The categories and subcategories are shown in the figure 6
on which the discussion was based.

The distribution showed that mmplantation has the most
frequent occurring category, having 36% threads. The
implementation alone takes the one third of the total thread.
The second most frequently occurring category 1s the usage
comprising about 27%. This chart of categories explains that
how are the topics distributed among the threads.

Total message | 572012
count

Message 25
according to

version. release 1

Release 2 86
Release 3 348
Release 4 12

TOTAL MESSAGES
572021 messages 25
86348 12

version 4
3%

version 1
5%

Implementation ‘F
Foaturs Sugpssbons ?‘
mm“""""‘"
Bug Tracking
Suiding [
Documomation [
"Ml-ml.- h
oz
=1
Now Comlinsors -::,
e Ee—— Figure 7 : Representation of the messages based on releases
Mm == [ _' (11! e 8
Dscasdod ?\ ' 11) Tags based analysis:
e N et il Patch 30807 572021
_ - Rfc 2985 572021
Figure 6 Dlstn_butlon of th;eads per cat.e'gory[g] ' Bug 63811 572021
The next guestl?n of unp9ﬂapce 1s that 1s Mf'ulmg List {s the Git 39449 372001
or;ly medu‘lm o.f ccz:m!'l‘umcatlon. tha_t occurs u:h 0SS prQ]ects.f Config 36440 375001
The ans.welf 18 “no”. Repositories are the source o Yorsion 109849 572021
coampumucaton, Without tags | 1549 572021
IV.  ANALYSIS WORK AND METHODOLOGY
By taking an example of a single project (android) T just
want to explain the implementation techniques to be used in
my work.
a) Release based message analysis:
Project Android
Data source Sept 2008-dec 2013
(©) e use ... - ISBN No: 978-81-924847-1-0
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keyword based mails
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tags  patch
1% 11% ffc

1%

%

config
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Figure 8 : Pie Chart Representation of Tags
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Figure 9: histogram representation showing the frequency
occurrence of tags

V.  CONCLUSION

The conventional roles on OSS communication is that the
development mailing lists are central to the entire
development process and act as the hub for project
communication. It has turned to be successtul for projects
like LINUX and Apache. This paper concludes with the
posting and replying activity occurring between the two
participates and studying of the coorelation that exists

between the Developer’s mailing list and the User’s Mailing
List. The other important aspect taken into consideration in
this paper is the type of discussion that occurs in the projects
Mailing List. The topics of discussion 1s divided mto 6
categories and 24 subcategories. It has been observed that
the implementation category alone constitutes one third of
the discussion in the mailing List.

The analysis study gives a clear view of what discussion
goes on in the mailing lists from the developers prospective.
The tag frequency 1s the number of times a tag has occurred
in the communication or can say a set of mails( as 1f we are
considering the release based mails).

VL FUTURE WORK

The Researchers has given alot of information regarding the
OSS, collaboration. communication, Mailing lists, change
activity and so on. All these are basic elements of OSS have
being presented in detail by many Researches. Now, in our
paper we want to continue the aspects given by researchers
with certain new ideas which we want to implement in our
work. Our focus is on the communication activity through
the Mailing List. The objective of our work 1s to study the
few Open source software for creating a better value of
studying by correlating the activities occurring in each
software with the other.

The research questions to be undertaken by me are:

Studying the activities of communication of Five different
Open Source Software. What co-relation occurs?

Analysis of the frequency - the keywords and tags occurring
in the mailing list is examined.
»  For this the two step procedure 1s performed:
1) Extraction of the mails of a particular software
for analysis.
TOOL: MARKMAIL
2) After extraction by the help of text miner the
frequency can be examined.
TOOL: QDA MINER( WORDSTAT)
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Abstract: As the cost of manual testing in practice is very high,
there is an increasing interest in methods to automate
construction of good test inputs. Search-Based Software Testing
is one of the meta-heuristic algorithms to automate a testing task.
There is a wide range of optimization and search techniques.
This paper discusses algorithms named hill climbing, simulated
annealing, and genetic algorithms for software testing. Key to
any optimization algorithm is the definition of fitness function
that guides the search to find good solutions in a reasonable time.
The search-based algorithms are strongly dependent on the
domain of the problem under consideration because they use
heuristics or knowledge related to the particular domain. This
paper presents the comparison among the search-based software
testing algorithms.

Keywords: Search-Based Software Testing, Meta-Heuristic
Search Algorithms, Genetic Algorithms.

L INTRODUCTION

Software testing is an 1important phase of software
development life cycle. It is the process of assessing the
quality of the developed software by detecting as many faults
as possible. Tt alone accounts for 40% to 50% of software
development cost. Since cost of manual testing in practice is
very high. therefore 100% automated testing is desirable to
improve the quality of modern complex software system.
There have been constant attempts to reduce the efforts and
time required for software testing by automating the process
of software test data generation. This led to an increasing
interest in methods to automate construction of good test
mputs.

The last decade has witnessed a considerable increase i the
areas of applying Search--based optimization methods to this
problem. This area of search has come to be known as Search-
Based Software Testing (SBST) [1]. This 1s an instance of
Search-based Software Engineering (SBSE). The term SBSE
was coined by Harman and Jones i 2001[7]. Search-Based
Software Testing 1s the use of meta-heuristic algorithms to
automate a testing task. A wide range of different optimization
and search techniques can and have been applied. The most
widely used are local search, simulated annealing, genetic
algorithms and genetic programming. However no matter
what search technique i1s employed, it is the fitness function
that captures the crucial information: it differentiates a good
solution from a poor one, thereby guiding the search.

II. LITERATURE SURVEY

4. Meta-heuristic Search Algorithms

Even though varied test case generation approaches are
available, research is still being carried out to optimize the
generation of test cases with mimmum human effort. The
focus has been on meta-heuristic algorithms and evolutionary
algorithms. Search-Based Software Testing is the use of these
meta-heuristic search techniques [4] [6] to automate a testing
task. Each of these Search-based algorithms is strongly
dependent on the domain of the problem under consideration
because they use heuristics or knowledge related to the
particular domain. Algorithms used in this field are hill
climbing, simulated annealing. genetic algorithms etc. Each of
these algorithms has its own advantages and disadvantages
compared to other algorithms.

In general, there are two requirements 2][3] that need to be
fulfilled 1 order to apply a search-based optimization
technique to a testing problem.

¢ Representation: The candidate solutions for the problem
at hand must be capable of being encoded so that they can
be manipulated by the search algorithm- Usually as
sequences of elements as for chromosomes with genetic
algorithm.

e Fitness Function: The fitness function guides the search
to promising areas of the search space by evaluating
candidate solutions. The fitness function is problem
specific and needs to be defined for a new problem. It
differentiates a good solution from a poor one, thereby
guiding the search.

1) Hill Climbing

Hill climbing [1] [2] is a technique that starts from a randomly
chosen candidate solution. At each step, the elements of a set
of “near neighbors’ to the current solution are considered. Just
what constitutes a near neighbor is problem specific, but
typically neighbors’ are a “small mutation away’ from the
current solution. A move is made to a neighbor that improves
fitness. There are two choices: In next ascent hill climbing, the
move 1s made to the first neighbor found to have an improved
fitness. In steepest ascent hill climbing, the entire
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Neighborhood set 1s examined to find the neighbor that gives
the greatest increase 1n fitness. If there is no fitter neighbor,
then the search terminates and a (possibly local) maximum
has been found. Figuratively speaking, a ‘hill’ in the search
landscape close to the random starting point has been climbed.
Clearly, the problem with the hill ciimbing approach 1s that
the hill located by the algorithm may be local maxima, and
may be far poorer than global maxima in the search space. For
some landscapes, this 1s not a problem because repeatedly
restarting the hill climb at a different location may produce
adequate results. Despite the local maxima problem, hill
climbing 1s a simple technique which 1s both easy to
implement and surprisingly effective.

2)  Simulated Annealing

The simulated annealing search algorithm [1][3][6] 1s based
on the chemical process of annealing — the slow cooling of a
highly heated material. The structural properties of the cooled
solid depend on the rate of cooling. Simulated annealing is
similar to hill climbing: however. it allows probabilistic
moves to poorer solutions (less restricted movement around
the search space) to avoid local maxima. The probability of
acceptance of an inferior solution changes as the search
progresses. and is dependent on the difference in objective
value between the current solution and the neighboring
inferior solution being considered (drop in fitness value). and
a control parameter known as the temperature. Initially the
temperature 1s high, in order to allow free movement around
the search space so that the search is less dependent on the
starting solution. As the search progresses. the temperature
decreases and there is less freedom of movement. However. if
cooling is too rapid, not enough of the search space will be
explored. and the chances for obtaining a local maxima are
increased.

3)  Genetic Algorithms

Genetic algorithms [1] [2] [3] use concepts of population and
of recombination. Of all optimization algorithms, genetic
algorithms have been the most widely applied search
technique in SBSE, though this has largely been for historical
reasons, rather than as a result of any strong theoretical
indications that these approaches are in some way superior.
An iterative process is executed, mitialized by a randomly
chosen population. The iterations are called generations and
the members of the population are called chromosomes,
because of their analogs in natural evolution. The
process terminates when a population satisfies some pre-
determined condition. On each generation. some members of
the population are recombined, crossing over elements of their
chromosomes. A fraction of the offspring of this union is
mutated and, from the offspring and the original population a
selection process is used to determine the new population.
Crucially. recombination and selection are guided by the
fitness function; fitter chromosomes having a greater chance
to be selected and recombined. There is an alternative form of

evolutionary computation, known as evolution strategies
developed independently of work on Genetic Algorithms.
However, evolution strategies have not been applied often in
work on SBSE.

III. INFERENCE

The three meta-heuristic algorithms that can be used in
software testing are compared in this section. As we know that
the search based software testing algorithms are strongly
dependent on the domain of the problem so each algorithm
has its own applications where they can be used more
efficiently. This paper has reviewed some common search
algorithms. The various algorithms that have been reviewed
are hill climbing. simulated annealing. and genetic algorithms.
Key to any optimization algorithm is the definition of fitness
function that guides the search to find good solutions in a
reasonably time. But in this section some crucial parameters
are taken into consideration and on the basis of these
parameters it is seen that which algorithm can be used in a
given situation. The various algorithms are compared on the
basis of various parameters taken mto consideration. The
various parameters taken into consideration are:

e  Meta-heuristic approach
domain specific
local search approach
global search approach
search one point at a time
fitness unction used to guide search
backtracking used to deal with local maxima
neighborhood dependent
principle of crossover. mutation used
simplicity

Each algorithm is characterized by its special features. Every
algorithm cannot be used in every situation. Based on
heuristics one algorithm is chosen based on our requirements.
Requirement specifications while choosing an algorithm is
very important. So we can say that each algorithm has its own
advantages and disadvantages so the chosen problem will
define which algorithm will be appropriate for a given
problem. Hill climbing is a local search approach. On the
other hand simulated annealing and genetic algorithms are
global search algorithms finding many solutions in the search
space at a given time. In each algorithm, fitness function is
essential as it helps in guiding.
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TABLE 1.COMPARISON AMONG META-HEURISTIC SEARCH

ALGORITHMS
ALGORITHMS
HILL SIMULATED GENETIC
CLIMBING | ANNEALING ALGORITHM
PARAMETERS
Meta-heuristic yes yes Yes
Approach
Domain specific yes yes Yes
Local Search yes no No
Approach
Global Search 1o yes Yes
Approach
Search one yes yes No
solution at a time
Fitness function Yes yes Yes
Simplicity yes no No
Neighborhood yes yes No
Dependent
Principle of No no Yes
mutation used
Backtracking yes no No
used to deal with
local maxima

The fitness function is problem specific. It should be defined

IV. CONCLUSIONS

Since the cost of manual testing in practice is very high,
research into automated software testing 1s very generic
approach m which solutions may be sought for various
software testing problems automatically, usually optimization
algorithms. Search-Based Software testing is a dramatically
growing research field in which optimization techniques are
used to automate various aspects of software process.
Comparison has been made between these algorithms based
on some relevant parameters. This paper has reviewed some
common search algorithms like hill climbing. simulated
annealing. and genetic algorithms. Each of these algorithms
has its own advantages and disadvantages compared to other
algorithms. Hill Climbing algorithm (HC) is known as local
search approaches because they consider only one solution at
a time. This approach is simple but sometimes inefficient and
time consuming as they move only in the local neighborhood
of those solutions. They could not escape from local optima in
the search space of possible mput data. To overcome this
problem backtracking to some earlier nodes 1s required.
Simulated Annealing (SA)is similar to hill climbing in a way
that it considers one solution at a time and moves in local
neighborhood of those solutions. However it allows
probabilistic moves to poorer solutions to avoid local maxima.
On the other hand Genetic Algorithms (GA) is a form of
global search, sampling many solutions at a time. In the last
two decades genetic algorithms have been widely employed
for test data generation.
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Abstract:-A Mobile ad hoc network is a gathering of various
data transmission node. The nodes in the MANET are
movable. Due to this quality of Mobile ad hoc network, the
topology is highly dynamic. There is no fixed infrastructure
in this type of network. Any node that wants to transmit the
data from source to destination, the data has to promote from
one node to another node to reach the destination node. In
this paper we have done a comparative investigation of three
routing protocols in MANET by varying the pause time. The
simulations have been made by considering the three
parameters throughput, packet delivery ratio and end to end
delay. The simulator used for making the comparative
analysis NS-2.33. The results shows that the DSR protocol
outperforms the other two protocols AODV and DSDV in
Throughput and packet delivery ratio and DSDV outperform
the AODV and DSR in end to end delay.

General Terms—MANET, AODV, DSR, DSDV

1. INTRODUCTION

A Mobile ad hoc network 1s a group wireless mobile node
that transfers the packet from source to destination by using
the transitional nodes. The nodes in the network act as
routers for transferring the packets. As nodes in the
network are highly mobile, this causes the topology to be
highly dynamic in nature. Routing in the mobile ad hoc
network 1s a challenge n this type of network where
topology is getting change highly. The MANET 1s a
collection of self-configuring nodes which does not depend
on any mfrastructure [1]. The property of MANET is its
easy exploitation. Due to this property 1t can be used in
military and emergency areas. Many routing protocols are
proposed in MANET like AODV, DSR and DSDV [2].

Q

Figure 1: A Mobile Ad Hoc Network with 6 Nodes.

In MANET all the computing resources are battery based
and hence are having less powerful computing resources
[3]. Another feature of mobile ad hoc network is that it can
pertfectly be used in military applications as setting up this
type of network is cost effective and takes less time [3].

2. ROUTING PROTOCOLS IN MANET
Routing protocols in MANET are broadly classified into 2
categories:
1. Table driven routing protocols.
2. Reactive routing protocols.

Routing Protocols

w T TSeel

Table Driven Reactive
E.g DSDV E.g. AODV,DSR

Figure 2: Basic Category of Routing Protocols.

3. Table Driven Routing Protocols

e Distance Sequenced Distance Vector

Distance sequenced Distance Vector (DSDV) is a table
driven routing protocols which promote the packets from
one node to another node using routing table. The routing
table usually contains the next hop information and
sequence number [4]. DSDV routing protocol depends on a
well recognized algorithm Bellman-Ford algorithm where
each device maintain the shortest path to the next device in
the network of devices [4]. DSDV routing protocols is a
proactive routing protocol that solves the major setback of
wired network which is count to infinity problem by
introducing the distance sequence number [4]. The major
use of sequence number used in DSDV routing protocol is
to check freshness of route. The node with the greater entry
is used to forward the packet as it will contain a new fresh
route. The sequence number is also used to discriminate the
stale route from new one [5].

Each node in the network using DSDV protocol
periodically circulates the routing information to all its
neighbors. The any change in the routing table is circulated
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by using two techniques full dump updates and incremental
updates.

Routing update
circulation

/\

Full Dump Update

Incremental Update

Figure 3 Routing Update circulation technique.
The main diversity between Full Dump update and
incremental update 1s the full dump sends the full routing
table mformation to all the neighbors and incremental
update propel only that information to the neighbors that
has metric changed since the last update [5].

4. Reactive Routing Protocols

e ADHOC on-Demand Routing Protocol
AODV 1s a reactive or source initiated routing protocol
which is based on the concept of DSDV. AODV mostly
consists of two phases [6]:
Route Discovery stage
Route maintenance stage

e Route Discovery phase
AODV 1s a source initiated routing protocol in which
source broadcast the route request packet (RREQ) to all the
neighbors. The neighbors in turn broadcast the packets to
other neighbors until one of the node send the route reply
(RREP) packet or the RREQ packet reaches to destination
node. There are three types of control packets used in
AODV [6]
Route request (RREQ)
Route Reply (RREP)
Route Error (RRER)
RRER control messages are used when the link between
the two nodes break then the consulting node send the
RRER control message to the source node so that route
discovery can be mitiated again. The node that has the path
to the destination node or the node itself sends the reverse

path to the source node.

RREQ
e

Figure 4: Route discoveries Process in AODV.

5. Route Maintenance Phase
As the nodes in the mobile ad hoc network are mobile.
there are chances of breaking of route between the nodes.
In this case route maintenance comes into action.
Whenever the path between the two nodes breaks it send
the route error control message to the source node [6].

RREP

—’ . - . ~ .
Figure 5: Propagation of route reply in AODV.

6. Distance Source Routing
Distance Source Routing (DSR) 1s a source initiated routing
protocol. In DSR. the sender knows the complete hop- by-
hop route to the destination. These routes are stored m a
route cache [6]. When a sender wants to transmit the source
packet to another node. which is not in the range of that
node, send an information packet to all the neighboring
nodes. This process is called route discovery process.
Detection of the appropriate route is done with the help of
propagation of RREQ packet. There is a flooding of route
request packets to all the nodes in the network until the
destination node reaches [7].
The Route request packet carries the entire mformation
about the route to be traverse by the node. The destination
node replies with the entire route to the source in the
reverse direction.
The main task of the sender is to transmit the route request
packet to all the neighbors for propagation of RREQ packet
until the destination node met. If the node 1s not the
destination node then 1t broadcast the packet to the
neighboring node. Then the destination node send the
reverse path bask to the source node [7].
Now the feature of DSR protocol 1s route maintenance.
Each node which 1s transmitting the packets is responsible
for confirming the packets sent by it has been successfully
received by the destination node. If it is not happening then
it 1s the responsibility that a route error packet should be
transmitted to back to the source node. So that the source
can again initiate the route discovery process. This process
1s called route maintenance [7].

7. PARAMETERS USED FOR SIMULATION

The following parameters are used for simulation
e Throughput
Throughput may be defined as the total useful
packet size acknowledged by all the destination
nodes in a specific duration of time [5]. In
networks throughput is calculated in Kilobits per
second (Kbps).

O
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e Packet Delivery Ratio
It may be defined as total data packets recerved by
all the destination nodes to those generated by
constant bit rate source node [5].

e Endto End Delay
End to End delay may be defined as the sum of all
the delays encountered at each node and all the
delays caused at link on the path in a network [6].

&. SMULATION TECHNIQUE

The simulations were performed using Network Simulator
2 (Ns-2.33).Constant bit rate have been used as traffic
source for simulation results. Different pause tume have
been taken for simulation are 3,6,9.12. The number of
nodes was kept constant 30 in a simulation area of
585mX935m. The random way point model have been used
for the simulation purpose. In random way point model
node start moving in random direction with a specific speed
and then after reaching the destination 1t stop for a specific
time and starts again.

TABLE 1 Simulation Parameter

Parameter Values
Number of nodes 30
Simulation Time 60s

Protocols taken AODV.DSR and DSDV
Propagation Model Two-Way model

Pause Time 3.6.9.12
Mobility Model Random Way Point
Simulation Area 585X935 m”
Maximum Speed 1000m/s

Traffic used CBR on UDP

9. OUTCOMES AND DISCUSSION

During the simulation we have used three routing protocols
AODV, DSR and DSDV. We have compared the protocols
by varying the pause time. The simulation has been
repeated for three rumes for three pause time 3, 6,9.12. The
number of nodes 1 the network 1s 30. The mobility model
used 1s Random Way point Model.

Throughput

2500
1500 -

u 1000 g.o-:-r ——D5DV

t

500 == AODV

T T S0 = T -

Pause Time

Figure 6: Throughput versus Pause time.

In figure 6 a comparison of three routing protocols AODV.
DSDV and DSR have been made by varying the pause
time. The results show that DSR perform well in all the
simulation setup. The AODV protocol shows average
performance if we talk about the throughput of the network.
In the end DSDV underperform all the routing protocols
due to routing table overheads.

e Packet Delivery Ratio

50
40 +————gu—a—

3 30 dﬁwﬁ

D 5 —o—DSDV

. G >
10 —@—AODV
0 T T T 1

Pause Time

Figure 7: PDR versus Pause Time.

In figure 7 packet delivery ratios of three routing protocols
have been compared by varying the pause time of the
nodes. It has been observed from the results that the DSR
and AODV protocols outperform the DSDV routing
protocol. The AODV protocol gives the approximate the
same reading as that of DSR. In some simulation setup
DSR outperform AODV as well. Hence we can say that
DSR gives better PDR than AODV and DSDV.

End to End Delay
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Figure 8: End to End Delay versus Pause time.

In figure 8 the end to end delay of three routing protocols
has been compared against pause time. The results show
that DSDV outperform all the routing protocol 1.e. it deliver
the lesser delay than AODV and DSR. On the other hand
DSR shows the maximum delay. This is due to the fact that
DSR stores the entire route to the destination. Hence packet
becomes quite heavy. Time taken to segmentation and
reassembly causes grater delay. AODV shows the average
performance i case of delay.

10. CONCLUSION AND FUTURE WORK

In this paper we have analyzed the performance of three
routing protocols by varying the pause time of the nodes
used in the network. It has been observed from the results
and discussion that DSR protocol outperforms the AODV
and DSDV in throughput and PDR. AODV and DSDV
show the good performance mn End to End delay. AODV
being the reactive protocol gives average performance in all
the simulation setup. In we can extend the protocols and
parameters to be evaluated for making the extended
comparative study of routing protocols.
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Abstract:-From few years parallel computing is used in every
field so that desirable results can be obtained in less time.
Parallel computing enhances the speedup, performance,
efficiency, cost etc. This paper discus the effective design of
binary multiplication using modified booth’s algorithm and
systolic multiplier. The systolic architecture increases the
computing speed by combining the concept of parallel
processing and pipelining into a single concept. Systolic array
is an arrangement of processors in an array where data
flows synchronously across the array between neighbors,
usually with different data flowing in different directions.
The design is simulated using model sim by mentor graphics
tool and Xilinx is used for the implementation of the code in
FPGA.

Keywords. Systolic array, FPGA, Processing element, binary
multiplication.

1. INTRODUCTION

Systolic systems consists of an array of PE (Processing
Elements) processors are called cells; each cell is connected
to a small number of nearest neighbors in mesh like
topology. Each cell performs a sequence of operations on
data that flows between them. Generally the operations will
be the same n each cell: each cell performs an operation or
small number of operations on a data item and then passes it
to 1its neighbor. Each cell at each step takes in data from one
or more neighbors (e.g. North and West), processes it and.
in the next step, outputs results in the opposite direction
(South and East). Systolic arrays compute in “lock-step”
with  each cell (processor) undertaking alternate
compute/communicate phases.[1] The systolic array can
be defined as —Imagine n simple processors arranged in
a row or an array and connected m such a manner that
each processor may exchange mformation with only its
neighbors to the right and left. The processors at either end
of the row are used for input and output. Such a machine
constitutes the simplest example of a systolic array and
—Systolic Arrays are regular arrays of simple finite state
machines, where each finite state machine n the array is
identical A systolic algorithm relies on data from
different directions arriving at cells in the array at
regular intervals and bemng combined. By pipelining,
processing may proceed concurrently with input and output.
and consequently overall execution time 1s minimized.

Pipelining plus multiprocessing at each stage of a pipeline
should lead to the best-possible performance. [2]

Systolic architecture can be used for special purpose
processing architecture because of

1. Simple and Regular Design.
2. Concurrency and Communication.
3. Balancing Computation with [/O.

The paper is organized as follows. Section 1 says about the
introduction. Section 2 deals with description of systolic
array architecture. Literature review discussed in section 3.
Section 4discuss the design methodology and section 5
Implementation of the methodology. Conclusion of the topic
1s discussed in section 6.

2. DESCRIPTION
ARCHITECTURE

OF SYSTOLIC ARRAY

A systolic array 1s composed of matrix-ike rows of
processing elements called cells. Processing elements (PE)s
are similar to central processing units (CPU)s. except for
the usual lack of a program counter, since operation is
transport-triggered. means by the arrival of a data
object. Each cell shares the information with its neighbors
immediately after processing. The systolic array is often
rectangular where data flows across the array between
neighbors PEs. often with different data flowing in different
directions. The data streams entering and leaving the ports
of the array are generated by auto-sequencing memory
units, ASMs. Each ASM includes a data counter. In
embedded systems a data stream may also be mput from
and/or output to an external source

Deparment of

ISBN No: 978-81-924867-1-0

101



P OF PTU 5P EON
LATEST DEVELOPMENTS IN SCIENCE, ENGINEERING & MANAGEMENT

MARCH 28-29, 2014

7 LDSEM

ik

T3

=LA
L
e
L

outputdata stmm]

I inputdata stream I
A

output data stream

Figure 1. Architecture of systolic array

Systolic arrays are arrays of DPUs which are connected
to a small number of nearest neighbor DPUs in a mesh-
like topology. DPUs perform a sequence of operations on
data that flows between them. Because the traditional
systolic array synthesis methods have been practiced by
algebraic algorithms, only uniform arrays with only
linear pipes can be obtained. so that the architectures are the
same in all DPUs. The consequence is that only applications
with regular data dependencies can be implemented on
classical systolic arrays. Like SIMD machines. clocked
systolic arrays compute in  "lock-step"  with  each
processor undertaking alternate compute and
communicate  phases.  But systolic  arrays  with
asynchronous  handshake between DPUs are called
wavefront arrays. One well known systolic array 1s
Carnegie Mellon University's iwrap processor, which has
been manufactured by Intel. An iWarp system has a
linear array processor connected by data buses going in
both directions. A linear systolic array in which the
processors are arranged In pairs where one multiplies its
input by xand passes the result to the right and the next adds
a) and passes the result to the right. [3]

3. LITERATURE REVIEW

A.Implementation of Binary Multiplication using Booth and
Systolic Algorithm on FPGA using VHDL. [4]

In this paper. an attempt 1s made to implement the prototype
of binary multiplier using Booth  algorithm (for signed
number) and the systolic array multiplication algorithm (for
unsigned number). This 1s implemented using Xilinx I SE6
software, simulated using Modelsim XE 5.5

a  Simulator by Mentor graphics. The synthesis is done on
Field Programmable Gate Array (FPGA) Spartan2S15 kit
Using Very High Speed Integrated Circuit(VHSIC)
Hardware Description Language (VHDL).

B. Design & Implementation of Systolic Array Architecture.

(5]

The paper describes the mmplementation of 2-D systolic
array matrix multiphier architecture in RTL using one
dimensional array to target the design on a appropriate
FPGA/PROM/CPLD devices. It also discusses the digital
realization of a binary multiplier. The system development
started with top-down planning approach and the blocks
were designed using bottom-up implementation. The
programs were written. simulated and synthesized using
Mentor Graphics tools, Modelsim and Leonardo Spectrum.

C.Design and Implementation of an Etfficient Modified
Booth Multiplier using VHDL. [8]

This paper presents an efficient design of Modified Booth
Multiplier and then also implements it. The Modified Booth
Recoding method is widely used to generate the partial
products for implementation of large parallel multipliers.
which adopts the parallel encoding scheme. In this paper the
software design of the Modified Booth Multiplier is
explained with the help of flow chart. The simulation is
done using Xilinx ISE Design Suite 14.2 tool and Modelsim
tool and the results obtained are shown both for 4 bit and 8
bit multiplication. The implementation of this multiplier is
done using VHDL on Spartan 3E kit and the hardware
results are also shown.

4. DESIGN METHODOLOGY

According to Modified Booth's algorithm, the two input
binary numbers the one with minimum number of bit
changes is considered as multiplier and the other as a
multiplicand in order to reduce the time taken for
calculating the multiplication product. Modified Booth
Multiplier consist of three basic components namely
Booth encoder (BE), Booth Selector (BS) and adder
tree summation. The basic operation of Booth Encoder
is to decode the multiplier signal and output will be used
by booth selector to generate the partial product. Adder tree
summation accumulates the entire partial product to
produce the result. This method is explained in flow chart
as below:-
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Figure 2: Flowchart of Modified Booth’s algorithm Figure:3: Block Diagramfor Booth’s Multiphier

In systolic multiplication, to carry out the multiplication and

*: Modugd Bpody algombhis  @or wRgned get the final product following steps should be followed

numbers)

1. The multiplicand and multiplier are arranged i the form

Pad the LSB with one zero. of array as shown in the Fig. (4).

2. Pad the MSB with 2 zeros if n is even and 1 zero if n 1s

aidd 2. Each bit of multiplicand 1s multiplied with each bit of

multiplier to get the partial products.

3. Divide the multiplier into overlapping groups of 3-bits. 3. The pattial products of the same col are added along

4. Determine partial product scale factor from modified with carry generated.

L g 4. So the resulted output by adding partial products and the

5. Compute the Multiplicand Multiples carry is the final product of the two binary numbers.

6. Sum Partial Products

@
-
&

|
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Figure 4: Block Diagram For systolic multiplier

4. IMPLEMETATION

The simulation of the program 1s done using online tool to
find results which 1s shown in Fig (5). Another method for
simulation of the program 1s done by using Modelsim tool
by mentor graphics and Xilinx 1s used for the
implementation of the code in FPGA which 1s shown in Fig

(6).

Here are some screenshots at various stages of the
implementation procedure:

Modified Booth's |4 0001 00 §
Algorithm X 1001000 ¢
Y 011000 tecodsd mtpker
A
2315k sy 00000 0000
X AU 1111000
LA 11110 0000
Nabo s ptie e M 11011100000
AR +0000100
Coopts
00000 100000
23Sk 00000 001000003

Figure 5: Modified booth algorithm using online tool

Figure 6: Output in waveform using Modelsim

6. CONCLUSION AND FUTURE SCOPE

There are many binary multipliers used at present. they can
be replaced by FPGA binary multiplier which ~ consumes
less area, takes less time to multiply and consumes less
power, which are the main criterions of the present
system. In this paper, binary multiplication is done with the
help of modified booth algorithm and systolic multiplier.
The modelsim simulator is used to implement the multiplier.
In future, synthesis can be done by FPGA Spartan 2 S15 kit
using Very High Speed Integrated Circuit (VHSIC)
Hardware Description Language (VHDL).
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Abstract—Mobile Ad hoc Networks is a collection of wireless
mobile nodes, which form temporary networks without relving
on any existing infrastructure or centralized administration or
standard support services regularly available in wide area
networks to which the host may normally be connected. In this
paper we discuss the selection of nodes for the cluster was not
randomly and the selection of nodes is based upon the capacity of
the cannel, so that the distribution of load in the clusters was
balanced which enhance the bandwidth and lifetime of the
network. Simulation is carried by using the simulator NS2

Index Terms— Mobile Ad hoc Networks, simulator NS2

I. INTRODUCTION

All Mobile Ad hoc Networks 1s a collection of wireless
mobile nodes, which form temporary networks without relying
on any existing infrastructure or centralized administration or
standard support services regularly available m wide area
networks to which the host may normally be connected.
MANETS is one of the most important technologies that have
gained interest due to recent advantages in both hardware and
software techniques. MANETs technology allows a set of
mobile uses equipped with radio interfaces (Mobile nodes) to
discover each other and dynamically form a communication
network. MANETs incorporates routing functionality into
mobile nodes so that they become capable of forwarding
packets on behalf of other nodes and thus etfectively become
the infrastructure. Providing multiple routing paths between
any source-destination pair of nodes has proved to be very
usetul in the context of wired networks. They are opening up to
various applications of Quality of service, Such as delay.
throughput. packet loss and network lifetime. The mobility of
nodes and the error prone nature of the wireless medium pose
many challenges. including security.

A. Advantage of MANETS

e They provide access to information and services
regardless of geographic position.

e They are independent from
administration.

e Network is Self-configuring, nodes also act as routers.

e Lessexpensive as compared to wired network.

e  Scalable—MANETSs can accommodate the addition
of more nodes.

central network

Improved Flexibility as compared to wired networks.
Robust due to decentralize administration.

The network can be set up at any place and time.
MANETS 1s used in various practical applications
such as military applications, emergency operations
and wireless sensor networks.

Load balancing mechanism allowing the traffic through the
less congestion route [3]. Load balancing 1s distributing
processing and communications activity evenly across a
computer network so that no single device 1s overwhelmed
Load balancingis a methodology to distribute workload
across multiple computers or a computer cluster. network links,
central processing units, disk drives, or other resources. to
achieve optimal resource utilization, maximize throughput,
minimize response time, and avoid overload. Using multiple
components with load balancing, instead of a single
component, may increase reliability through redundancy [12].
Load balancing 1s iterative in nature. Local iterative load
balancing algorithms were first proposed by Cybenko. These
algorithms iteratively balance the load of a node with its
neighbors until the whole network is globally balanced. There
are mainly two iterative load balancing algorithms: the
diffusion algorithms and the dimension exchange algorithms.
Diffusion algorithms assume that a processor simultaneously
exchanges load among all neighbor processors, whereas DE
algorithms assume that a processor exchanges load with only
one neighbor at each time step [10]. With Load balancing,
MANETS can minimize traffic congestion and load imbalance,
as a result, end to end packet delay can be minimized, mobile
nodes lifetime can be minimized [11]

B. Advantage of Load Balancing

e TLoad balancing can minimize traffic congestion and
load imbalance, as a result, end to end packet delay
can be minimized, mobile nodes lifetime can be
minimized [11].

e Load balancing distributes the load among the nodes
[2.13]

e Load balancing i1s used in multiple routing and
provide more than one path for transferring the
packets from source to destination [10]
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e Load balancing is a major issue in time critical and
mnformation intensive applications for increasing
performance of distribution applications on dynamic
networks [10].

e Toad balancing is used to utilize network resource
more efficiently and minimized congestion and 1t also
adjust the distribution of traffic among multiple
disjoint paths based on the measurement of network
traffic[12]

C. Clustering
Clustering [13] 1s the process of building hierarchies among
nodes in the network. In this approach an ad hoc network 1s
partitioned 1nto group ofnodes calledas clusters. The
MANETS can be divided mto several clusters. Each cluster 1s
composed of one clusterhead and many normal nodes. and all
the clusterheads form an entire domuinating set. The clusterhead
1s in charge of collecting information (signaling. message, etc.)
and allocating resources within its cluster and communicating
with other clusterheads. And the normal nodes communicate
with each other through their clusterhead. no matter they are in
the same cluster or not.
Advantages
*  Reusability: spatial reuse of resources at nodes
o Simplification: of addressing
Stability and Localization: smaller and potentially mode
stabile sub-network structures.

IT. RELATED WORK

In the related work, we discussed the work represented by
various researchers on the Load Balancing in Mobile Adhoc
Networks.

In this paper [3], a novel analysis model has been proposed
to calculate the load of wireless ad hoc networks that using
multipath routing. As the result of this paper, multipath routing
can balance the load only when the density of the nodes 1s very
high and there are many paths. In this paper [7] authors
propose Routing with Load Balancing Using Mobile Agent.
The concept of mobile agent for route discovery and balance
the traffic load on the route. This mobile agent selects the
disjomt (alternate) path called Active Path Set (APS) for
rehable transmission to avoid congestion. A mobile agent
provides topology updation and path maintenance also. Result
shows that mobile agent approach outperforms existing ad hoc
routing protocols in terms of packet delivery fraction, average
end to end delay and normalized routing load. In this paper
[10], a new multipath routing protocol 1.e. Load Balancing Ad
Hoc On Demand distance vector was proposed that uses all
discovered paths simultaneously for transmitting data, by using
this approach data packets are balanced over discovered across
many nodes through network. In this Paper [9], a traffic
estimator which makes calculations based on previously sent
packets and a new model for evaluating the load balance under
multipath routing was introduced. Traffic load estimator
method based on an exponential decrease function and then
traffic estimation methods that are applicable in Mobile Ad hoc

networks. In this paper [4], a routing protocol method called
Load Balancing and Asymmetrical Multipath Routing was
proposed. It makes the traffic load distribution more evenly and
protects the node which has less energy. so it can prolong the
life time of the network as long as possible. In this paper [1].
the multipath routing protocol with load balancing provides a
solution for the congestion network and increases its capacity.
A new protocol Load Balancing Ad hoc on demand Multipath
Distance Vector was proposed. As the result the significant
performance improvement of the network for the multipath
routing protocol with load balancing. The protocol works better
mn terms of average delay. capacity and load balance.

To the best of our knowledge no such technique exist that
simultaneously take advantage of both load balancing &
clustering.

III. PROBLEM DEFINITION

Before Movement of node from one location to another
always creates a new cell of nodes that needs to be optimized
for effective transmission. This optimization process takes lot
of computation and can cause latency in the network. Therefore
the new solution is required for approach cell management.
Thus in this scheme a new cluster selection procedure based on
load balancing is proposed that is explain in the next section.

IV. PROPOSED WORK

In this section we discuss the proposed solution of our
technique:

A. The initial condition is to place a moving node in an
appropriate cluster keeping in mind that the average
channel capacity of the whole network is maintained at
certain threshold value.

B. The another condition fo be justified is that, node will join
only that cluster whose average channel capacity is less
than the average channel capacity of the network.

C. The step evolved in the placement of node in a cluster
depends upon the mobility of node, offered channel
capacity and energy left out.

Clusterhead

/N 7 Sl 7

r 4 —
Clusteroatewav ~— — = Clustermember (ordinarv node)

Fig. 1. Formation of Clusters
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V. PROCESS INCLUDED

In this section we discuss the process that can be included
for the formation of the technique:
(a) Cluster formation
(b) Selection of mobile nodes
(¢) Stopping randomly selection of clusters
(d) Cluster selection on the basis of channel capacity
Pseudo code
Connecting time=0.0
While (connecting time < actual time)
{
(1) Cluster formation (Nodes. head, channel capacity):
(1) Select moving nodes ¢———nodes:
(111) Number of cluster formed ¢——cluster;

W e m e e e
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(1v) Movement (node_1d, channel_capacity node,
previous_cluster_1d);

Fig. 2. Shows the number of Nodes. Node 1 & Node 2 are Bidirectional

(v) Join cluster (node id, new_cluster id);
(vi) Carry transmission():
Connectivity time = connectivity time+1
H
Cluster_formation (nodes, head,channel_capacity)
It
8
(a) Select No. of nodes —nodes
(b) Give node id & maintain data
(c) Select cluster head—»head
(d) Store channel_capacity (node)

!
s

Cluster( node id. new cluster id)
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{
While (x<no of cluster)
{

If  avg(channel capacity(node id.cluster id)) < avg

Fig. 3. Shows the transmission between the Nodes

(channel capacity(network))

Join cluster(node id. new cluster id)
>}(=x+ 1

j

else

Join random cluster ();

}

§

In the pseudo code, mmtially the cluster are formed and tabular
entry is maintained that stores node 1d, cluster 1d and channel
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capacity. In the next step the moving nodes are identified and Fig. 4.

the node 1d 1s stored in separate table when this node
approaches another cluster. The average channel capacity 1s
calculated including the approached node if 1s justified the
condition B & C as explain above. It 1s allowed to join the
cluster and the new cluster 1d is allocated otherwise the node
can randomly select the cluster. This allowed load balancing to
be incorporated in cluster selection process in order to maintain
effective lifetime and improve transmission in the network.

: Shows the transmission between Node 5 & Node 6
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Fig. 5. Shows the Node 4 enters the another cluster
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Fig. 6. shows that nodes have common entry detection is done between

different clusters
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Fig. 7. Example shows after conumon entry detection correct comuion entry

algorithm is implemented
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Fig. 8. shows Node 4 is removed from cluster 1 ad Node 12 is removed from
cluster 3
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Fig. 9. shows Cluster Head Node 6 sends packet to Cluster Head Node 2 and
Cluster Head Node 1

The results are based upon the following metrics and the
graphs have been taken by using NS2 Simulator.
Metric used:
Per node network bandwidth utilization(B)
e Network lifetime

Formula used:

B= (min channel rate + waiting overhead/ no of active
connections) /Offered rate

Network lifetime= no of connected nodes * transmission time/
total simulation time
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VI. CONCLUSION & FUTURE SCOPE

In this paper we discuss the pseudo code in which load
balancing and clustering are the main issue. The nodes are
not randomly selecting the cluster but the nodes select that
cluster that have lesser channel capacity. So that the usage of
per node bandwidth is effectively used and the enhancement
of the transmission and network lifetime. In this schema the
base protocol that was used 1s AODV. In future this scheme
can be implemented by using different protocol and the
different results can be compared.
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Abstract— This paper focuses on the Electronic Waste or E-
waste in short, which is the potential threat to the beauty and
well being of the environment .This has been lately understood by
the authorities that it is serious concern and though laws have
been passed in this direction, a lot, still, has to be done yet in
practice. This paper highlights the threats it pose especially in
context of Indian society.

Index Terms—Electronic Waste, BFR (Brominated Flame
Retardants) , Million Tonnes(MT) , Hazardous waste.

I. INTRODUCTION

The sight of an impoverished neighborhood with rows of
hollowed-out computer monitors line a dingy lane or room
after room on either side is piled high with dusty keyboards
and metallic innards of computers and other electronic goods
1s not a tale but a sight of Gali 4, Old Seelampur, Northwest
Delhi. This is the opening gates to a new India. wasteland of
urban refused. Large heaps of so called e-waste, short for
electronic waste spawns incites to be refurbished. dismantled
and recycled. The root cause of this problem 1s technological
advancement because on an average a computer 1s replaced in
18-24 months, not because it is broken or faulty but just
because it has become outdated and the software on it has
become obsolete. Such computers and electronic goods have
no or little resale value and as they have no takers the
comfortably or not so comfortably occupy the garages.
basements, warehouses and lanes. This problem 1s not
confined to India rather it is global. According to the Grass
Roots Recycling Network, there were 300 million to 600
million obsolete personal computers in United States till 2004
and the data must have increased manifold times all these
years and all other places of the world.[1] Another reason is
the fast changing lifestyle, status and perception linked to the
latest and expansive gadget.

‘E-waste” means electrical and electronic equipment,
whole or in part. rejected from their manufacturing and
repairing process, which are intended to be discarded. [2]

The term e-waste 1s applied to all waste caused by
discarding electronic devices, especially consumer electronics.

[3] E-waste is a major concern in areas of personal computing
and wireless devices that are quickly discarded by consumers.
The lifespan of these electronics are short-lived due to rapid
technological advances and lower costs to purchase each year.
Consumers generally buy new instead of reusing because their
electronic device quickly becomes obsolete or it may be
cheaper to purchase new. Inkjet printers are one example of a
common e-waste problem as consumers believe they can save
money to purchase a new printer with ink than to buy ink refill
for their old one.

But the question is why the hue and cry about e-
waste? This is so because this type of waste cannot be ignored
as 1t comes under the category of hazardous wastes. Computer
besides containing high quality plastic and metals lke
aluminum, silver, palladium, nickel, tin etc are also housing
heavy toxic metals like chromium, mercury, lead. cadmium
some of which can be radioactive. Computer monitors contain
brominated flame retardants i circuit boards, cables. wires,
casing and housings. The chemicals in these materials are
environmental toxins. Picture tubes and display devices
contain lead. Computer monitors contain cadmium that causes
damage to nervous system. Backlight system of computer
contains mercury which is again harmful. Alarmingly. most
computers contain at least three t o eight pounds of lead.[4]

1. COMPOSITION AND HAZARDS OF E-WASTE

The health and environmental risks of informal recycling
are high. Extracting metals like copper and gold in open acid
baths, which is illegal. releases toxins such as dioxins. heavy
metals, lead, cadmium, mercury and brominated flame
retardants (BFRs). Acid and chemical residues contaminate
water and soil. Informal recyclers work without protective
clothing. exposing themselves to hazardous chemicals that can
lead to physical injuries. Mercury, for instance, can cause brain
and kidney damage. and BFRs disrupt hormonal function and
chronic illnesses like asthma and skin diseases.

The e-wastes if not properly disposed presents a
threat to environment. All above hazardous metals can leach

{3 AMRITSAR COLLES

& ! o meneiin o fTOWD. 000

Dopartment of
Mechanical Engineering

ISBN No: 978-81-924867-1-0

112



PROCEEDING OF PTU SPONSORED NATIONAL CONFERENCE ON
LATEST DEVELOPMENTS IN SCIENCE, ENGINEERING & MANAGEMENT

MARCH 28-29, 2014

@ LDsEm

into the soil and groundwater, if burned the harmful fumes go
mnto the air polluting it further. After realizing how grave the
situation is several countries have passed legislations requiring
business houses and residents to e-Cycle consumer
electronics, that i1s recycle PC’s color monitors, cell phones
and color televisions. Several other harmful metals commonly
found 1n this type of waste is listed below with its harmful

effects.

Table 1: Composition and Harms in e-waste: [5]

nd power
transistors,
magnetrons, X-
ray-transparent

ceramic
windows.  heat
transfer fins

in vacuum fubes,
and gas lasers.

Sr. | Metal’s
No | Name

Applications

Harmful Effect

1. | Americium

Smoke Alarms

Radioactive, Carcinogenic

2. | Mercury Fluorescent Sensory impairment,
tubes, dermatitis, memory loss,
and muscle  weakness.
: g Environmental effects in
f1lt switches, A 3
animals  include  death,

reduced fertility, slower

flat screen | growth and development.
monitors

3. | Sulphur Lead acid | Liver  damage, kidney
batteries damage, heart damage, eye

and throat irritation.

Currently about 10% of the e-waste are e-Cycled in
US by companies like Viatek solutions in Tumpa, Florida that
dissembles old computers .monitors, fax machines. printers
and other electronic equipment that they obtain from business
houses and individuals.[6] For example, the broken plastic
equipments are recycled to make benches and shelving. Here
as these companies whose waste it 1s. have not developed
proper dissembling methods this all poses potential danger to
health of the workers. But the bigger question is what 1s done
with large part of this US e-waste. Well. 1t 1s smartly discarded
by the formula ‘Not in my Backward’: they export it to
countries like Pakistan, India. China. Some companies are
smarter, they save the cost of importing the e-waste to
Southeast Asia, they simply dump it in Haiti. small island
country in proximity to US. If the so called most responsible
country treats it e-waste 1n this way, what to expect from
others. Some developing countries like India and China have
progressively dealing with this menace but the pace. with
which it is mushrooming. by local refuse and imports, is
making all efforts futile. Still people are not so equipped with

4. | BFR’s Flame retardant Impaired development of | formal procedures of e-Cycling and this poses an acute danger
the nervous system. thyroid | o health of human beings and animals and to environment as
Plastics problems, and liver siole,
problems.
IT. E-waste Generation in India
5. | Cadmium Light-sensitive Kidney damage, leaches Accordin_g to a study by the Manufacturers Association for
resistors, into soil harming | Information Technology (“MAIT™). together with GTZ, the
corrosion- TICTOOrganisims and | German Technical Cooperation agency. India generated
;Ei'srzil:fm:llgzs gg:‘i?:li the soil | 335 979 MT of electronic waste in 2007, while an additional
aViﬂliOl(l B 50,000 MT was illegally imported into the country. By 2011,
enviromments, it was estimated that e-waste generated in India would touch 4.
and nickel- 70,000 MT. Of the total e-waste generated. only about 40%
E:?;:rll‘:: finds its way to the recycling stream while the remaining 60%
remains in warehouses, storages of companies due to poor and
6 | tead CRT. lead acid | Harms nervous system. mefficient collection system followed by them. The study also
batteries. PVC cardiovascular system, | brought out that around 94% of the organizations polled did
kidneys. ' not have any policy on disposal of electronic and electrical
waste. Though a number of corporate houses were aware
7. | Beryllium Filler in some | Carcinogenic, causes | about the environmental threats arising on account of
oxide thermal interface | beryllium disease. improper disposal of e-waste. the level of awareness and depth
235231121 such of understanding was found lacking [7]
grease used
on heat
sinks for CPUs a
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Key statistics relating to the extent of e-waste generated,
available for recycling and ultimately processed is given
below:

Table 2: E-Waste Generation in India — Breakup

Components | Generated | Available | Processed for
Recycling
Computers 56,324 24.000 12,000
Cellular 1,655 143 7,000
Phones
Televisions 2.75,000 70,000 ———
Imports | - 50,000 | 0 eeee-
Total 3.32.979 1.44.143 19.000

All data in MT; Source: MAIT[8]

In early 2010. twenty containers of hazardous waste from
Greece and Reunion, a French colony, imported by a paper
factory in Tamil Nadu were sent back from the Tuticorin Port.
As recently as in August, 2010, more than 120 tones of e-
waste in eight containers and imported from various countries
by different companies were seized in Chennai. Of the total
five consignments. one was from Australia, one from Canada,
two from Korea and one from Brunei Subsequent
examination of the goods revealed that there were very old,
used and unusable computer monitors, CPUs and processors,
control panels, electrical motor parts, printers and keyboards.
These imports were found to be i direct violation of the
provisions of the Customs Act, 1962 read with the Hazardous
Waste (Management, Handling and Trans-boundary
Movement) Rules, 2008.[9]

TII. The Legislations

The e-waste problem for long was not addressed separately
and there was no specific law to deal with this. Until the
MAIT’s report (2007) after which the Indian Law makers
realized the importance of this issue and Ministry of
Environment and forest passed a notification on 12" May.
2011 e-Waste (Management and Handling) Rules 2010 which
became a law on 1"May, 2012 under the ambit of
Environment Protection Act of 1986. [10]

The objective of the law is to establish an effective
mechanism to regulate the generation, collection. storage.
transportation, import. export, environmentally sound
recycling, treatment and disposal of e-waste. This includes a
refurbishment system. collection system and producer
responsibility thereby reducing the wastes destined for final

disposal. Under the rule a fine upto Rs.1 lakh and
imprisonment upto7 years can be awarded to violators. The
rule clearly declares that dealing with e-waste is the ‘Extended
Producer Responsibility’ and that he must devise mechanism
for its proper take back and disposal.[11]

IV. E-WASTE MANAGEMENT: CHALLENGES FOR INDIA

The mantra of "Reduce, Reuse. Recycle" applies
here. Reduce your generation of e-waste through smart
procurement and good maintenance. Reuse still functioning
electronic equipment by donating or selling it to someone who
can still use it. Recycle those Products that cannot be
repaired. While the overall challenges regarding management
of e-waste in India are the same faced by other developing
economies, the vast geographical diversity and economic
disparities between regions often make e-waste management
challenges unique in India. A few of the key challenges faced
are:

a. Rapidly increasing e-waste  volumes, both
domestically as well as generated through imports.
Imports are often disguised as second-hand computer
donations towards bridging the digital divide, or as
metal scrap.

b. Limited accuracy in the estimates of the quantity of
e-waste generated and recycled.

c. Low level awareness among consumers about the
hazards of incorrect e-waste disposal.

d.  Widespread e-waste recycling in the informal sector
using rudimentary techniques such as acid leaching
and open air burning resulting in severe
environmental damage.

e. E-waste workers have little or no knowledge of
toxins in e-waste and are exposed to serious health
hazards. etc.

Despite the legislative measures adopted by the government
the scenario in Indian scene has not much changed because it
1s not yet sincerely being implement and the waste producers
are not doing the rightful that they ought to do. Among the
few hardware manufacturers that have a good e-waste
collection track record is Wipro. Since the time that it
mtroduced the take-back program in 2007, it has improved
and matured its process for take-back and safe processing. In
FY 2010-11. a total of 260.43 tons of e-waste more than 150
percent compared to the previous year was collected from its
17 collection centers across India and disposed through its
network of certified partners. Wipro played an important role
in being part of the committee that helped draft the e-waste
regulation. [12] Though the law was welcomed as the right
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initiative 1n the direction by all environmentalists and NGO's
there were several reasons for which it was criticized.
Following are some of the them:

e Firstly, it ignored the unorganized and small and medium
sectors where 90 percent of the e-waste 1s generated.

e  Secondly, the law currently does not provide for any plan
to rehabilitate those involved in informal recycling
(kabariwala’s).

e  Thirdly. the Rules also do not detail the business model
for collection of e-waste from consumers. The legislations
enacted by the Government cover generation. storage,
transportation and disposal of hazardous waste but do not
propose a streamlined collection mechanism.

e Fourthly, the draft Rules also do not recognize the
magnitude of trans-boundary movement of e-waste under
different categories. for example. under the pretext of
metal scraps and secondhand electrical appliances.

o Lastly, as per the Ministry of MSME. the MSME sector 1s
mainly affected as producer under the new draft rules.
immposing many responsibilities on the producers
(MSMESs) 1n regard to collection, disposal and recycling
of e-waste. It has commented that as per the Fourth All
India Census of MSMEs (2006-07).there are about
1.11.754 units engaged in IT, Telecom equipment.
household appliances. consumer and lighting equipment.
monitoring and control equipment in the country. out of
which only 27, 415 are registered units and 84, 339 are
unregistered units. The average gross output of the
registered MSME units ranges from Rs. 80.00 lakh to Rs.
1.00 crore per annum/unit.[13] It is stated that an
environmentally sound recycling unit may involve heavy
mvestment because of the technology involved . It will be
economically viable only when there is adequate turnover
of such firms.

By the end of the vear, the nation's largest e-waste
recycling plant 1s due to be up and running. Built on
government land in Bangalore. it will have the capacity to
recycle about 60,000 tons of e-waste annually. The
government is simultaneously trying to pass a new law to
oversee formal e-waste management. both through the
establishment of more large-scale recycling plants and by
regulating the formal disposal of e-waste. The transition won't
be easy: 95% to 97% of the e-waste collected in India tunnels
mto the informal sector, in which about 80,000 people work,
for recycling. "The informal sector is well networked, has a

historic presence and provides fiscal incentive to consumers
on collection of waste," remarked Abhishek Pratap. a
Greenpeace India activist It provides livelihood to a huge
number of poor migrant laborers." [14]

V. CONCLUSION

Clearly E-waste 15 a massive threat to the beauty and well
being of the environment .It has been still not clearly
understood by the authorities as well as the people. Laws have
been passed in this direction but they are not exercised vet.
Also, the law put all pressure on producers, who are seldom
mterested and also not m a position to deal with all the waste
that has piled up, so it 1s the consumers who must realize the
responsibility and do not follow the rat race of the latest and he
best. Moreover there 1s need to mend the law further,
formalizing the waste collection sector and this can be done by
NGO’s and authority which provides licenses to the
kabariwalas who have the proper methods for collection and
disposal mechanisms.

General public must also be educated and this new cause of
pollution should be mcluded in the svllabi of educational
mstitutions of our country.
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Abstract: This paper presents a survey on energy efficient
routing protocols for Mobile ad hoc networks. The Internet
Engineering Task Force (IETF) has defined a MANET. A
MANET is a wireless network which consist of many wireless
routers i.e. Mobile devices or also known as associated hosts. It
is a Temporarily Network that is built between various mobile
hosts for forwarding and receiving data packets from each
other. There is no need of any central administration and does
not built infrastructure as compare to cellular networks. There
is no need of any base stations in a Network. MANET is
deployed for emergency situation. In a mobile ad hoc network,
nodes move randomly; therefore the topology may change
rapidly and in unpredictable manner [1].

Keywords: MANET, IETF, Energy Efficient Routing,
Associated Hosts.

I. INTRODUCTION

A MANET term 1s stand for Mobile Ad-Hoc
Network. A MANET 1s a temporarily network that 1s built
between various wireless mobiles or associated hosts. It is
defined by Internet Engineering Task Force (IETF) in
1980's. MANET 1s viewed as suitable systems which can
support some specific applications as virtual classrooms.
military communications, emergency search and rescue
operations. data acquisition in hostile environment.
communication set up in exhibitions, conference and
meetings. in battle field among soldiers to coordinate
defense or attack. at airport terminals for workers to share
files etc. [1] It is used to forwarding and receiving the data
packets and information from one node to another node. It
does not need to have any base station as in the cellular
networks have and any central administration between the
networks. MANET is also called the peer to peer network in
which there 1s no central server is there [3]. It is a wireless
infrastructure less network that can be deploved easily
anywhere. anytime. There 1s no need of any wires to
connect associated hosts (Mobiles) with each other in a
network. Each node will act as a router and forward data
packets to other nodes in a network. It uses multi hop
relaying. Since the nodes are independent to move in any
direction, there may be frequent link breakage. It has a
major advantage is that instant deployment. [3]

II. Importance of Routing Protocols

The importance or need of Routing Protocols is to solve
problems for efficient design and deployment of various
working devices in MANET. It is used to find an efficient
route or way in which a mobile device can communicate
with other devices without any link breakage and efficiently
[4]. The main need of routing protocols is to save the time,
it has to be cost effective and faster route finder so as to
communicate efficiently between various wireless routers
(Mobiles). There are both direct and indirect links that are
established between various mobile devices with the help of
various routing protocols [6]. The network topology keeps
changing in MANET and it 1s very difficult for routing
process The routing protocols are divided into three
categories - Proactive or Table Driven Protocols. Reactive
or On Demand Routing Protocols, Both Reactive and
Proactive Hybrid Routing Protocols [7].

MANET Routing Protocols

v A
Table Driven On Demand
Protocols Protocols

A

Hybnd Protocols

Y \ 4

DSDV TORA, AODV,
DSR

ZRP

Figure. 1: MANET Routing Protocols.
2.1 Classification of MANET Routing Protocols

The MANET routing protocols are divided into three
categories - Proactive or Table Driven Protocols. Reactive
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or On Demand Routing Protocols, Both Reactive and
Proactive Hybrid Routing Protocols. There are various
routing protocols that are DSDV. TORA, AODV., DSR,
ZRP. The Table Driven protocol (Proactive) 1s DSDV, On
Demand Protocols (Reactive) 1s TORA, AODV, DSR and
Hybrid protocol (Bothe Reactive and Proactive) 1s ZRP [2].

(a) Table Driven (Proactive) Routing Protocols:

Table Driven routing protocols are also called proactive
routing protocols. Table Driven routing protocols uses Link
state routing algorithm mn a network [10]. In this type of
routing. each wireless routers keeps information about
another wireless routers (Mobiles) in the form of routing
tables. Whenever there is a change mn network topology or
design of a network that information is updated in routing
tables of each nodes [13].

(b) On Demand (Reactive) Routing Protocols:

In Reactive or on demand routing protocols, when a
sending host want to send some data packets to destination
hosts, then these protocols uses the route discovery
mechanism which discover the various routes from sending
host to destiation hosts and pick the etficient route or way
to deliver the data packets over a network [2]. Unlike
Proactive or table driven routing protocols, all
communication devices or associated hosts need not to be
maintained up to data routing information in routing tables.

(c) Hybrid (Both Reactive & Proactive) Routing
Protocols:

Hybrid routing protocols are both reactive and proactive
routing techniques. In this type of routing technique there
are many less numbers of associated hosts are there in a
network for data and information sharing. ZRP (Zone
Routing Protocol) 1s an example of hybrid routing technique

[8].
2.3 Description of Protocols:

(a) DSDV: Dynamic Sequenced Distance Vector Routing
Protocol. This protocol is based on the Bellmen Ford
algorithm which is used to keep information of all
destination nodes in routing tables and if any change is
occurs in network topology or design of network that
information is updated in the routing tables. Each entry in a
routing tables are assigned with a sequence number. Each
associated host keeps advertise its routing information of
routing table to its neighbor hosts [1].

(b) AODV: Adhoc on Demand Vector Routing Protocol. Tt
1s a type of reactive protocol. It 1s based on Distance Vector
Algorithm. It uses broadcast and unicast communication. In
this protocol., when an associated mobile host or sender

wants to send data to another mobile host or destination, it
will sends a broadcast request propagates to each mobile
host until it didn't find the best or efficient route to
destination host [12].

After finding a best route or way, then a unicast request
(RREQ) is sends back to sender as an (Acknowledgement).
The broadcast request is sends to all its neighbors and then
distributed further until 1t didn't find an efficient route.

RREQ

Ny

N1

RREQ
RREQ

4)
o X
& ©
%

€ N5 N4
?
RREQ

Figure. 2 Broadcast a message from sender to destination in
a network.

Q,O' N2 N3
X

N1 Q

Figure 3: Unicast a request (RREQ) as an acknowledgement after finding
efficient or shortest path.

(¢) DSR: Dynamic Source Routing. Dynamic means it
creates the routes or way dynamically in an mobile adhoc
network and source routing means it contains whole
information about each packet ie. to which node the
information is transferred and that information is saved in
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routing tables. It support working on MAC layer [11]. Tt
provides higher bandwidth and less power consumption. It
provides efficient routes or ways in a network.

(d) ZRP: Zone Routing Protocol. ZRP is a protocol that 1s
used in large MANET or network. In this protocol each
node maintains routes in a region that 1s known as routing
zone [1] [9]. A node is directly communicate with its
neighbors and also used for discovering the neighbors by
checking the direct links in a network of a associated hosts.
Neighbors discovery mechanism i1s done by intra-zone
routing protocol (IZRP) [1].

(e) TORA: Temporary Ordered Routing Algorithm. It is on
demand routing protocol or reactive protocol in MANET. It
1s highly efficient. adaptive and use to build temporal routes
mn a network. This protocol used by many associated hosts
and need only maintain the information about adjacent
hosts. When a sending host wants to send data packets to
their destination hosts, this protocol quickly build routes
from sender to destination and it 1s also used to maintain
that routes [14][15]. TORA protocol 1s based on topological
sort because it 1s used to find shortest path i a directed
acyclic graph. It 15 used to minimize routing traffic [13].
The tailure or removal of any node is quickly resolved
without any source intervation by switching to an alternate
route [5] [9].

It is used to keep up to date information at each node.
TORA 1s very highly adaptive and efficient protocol that is
used to find a best route for uninterrupted communication
[16].

It 15 designed to minimize the communication overhead
associated with adapting to network topological changes.
TORA protocol has three control packets :-

(i) QRY (Query)
(11) UPD (Update)
(1i1) CLR (Clear)

» QRY: It is used for both creating and maintain the
routes in a MANET.

» UPD: This control packet is used for update the
routing information in routing tables when there 1s
a change become in network topology

» CLR: This control packet is used to clear the routes
after delivering the data packets to the destination
hosts.

Working of TORA protocol: -

(1) The figure 4 shows the numbers of mobile hosts and one
sender and one destination.

N1 N7 N4

Sender Destination

N6 N5

Figure 4: No of nodes in a network.

(1) Firstly sender sends or broadcast ORY message to
create and maintain multiple routes to the destination.

Sender E

Figure 5: Broadcast a QRY message in network.

Destination

I\ff it

(111) Then if any topological change is done or any network
design is changed then TORA protocol keeps information
up to date in the routing table.

/ N2 » N3
\ / " Destination

N1

Sender

Routing Table

Figure 6: Information about changing routes are update in
routing tables.

(1v) After that it will finally finds the shortest path or route
to reach to the destination.

&) e
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N2 > N3
Sender Destination
NG o NS

Figure 7: Finds the shortest path 1.e. N1- N7- N4

(v) After communication then TORA 1is used to clear the

routes by the help of control packet CLR.

N2 e (N

TR S—— " S—

Sender » * Destination

Ne ... » N5

Figure 8: Clear all the routes after communication.

IIT COMPARISON TABLE:

Table 1: Comparison of TORA with other protocols [8]

50 99.89 83.53 99.73
75 84.57 91.47 99.67
100 98.24 77.75 99.08
Packet Delivery Ratio
120
. = 1
- ] :.—(_
oc )
O
a ®
1]
n
b | | I
b1 50 fa 3 100
No. of nodes
e ToRa 4 DS W Moo

Figure 9: Packet Delivery Ratio [3]
4.1.1 Results:

e In TORA, the PDR represents zigzag graph or
fluctuated graph. From 25 to 50 nodes. PDR
increases highly, from 50 to 75 nodes, PDR of
TORA becomes low and from 75 to 100 nodes.

PDR increases highly.
e In AODV. the PDR represents a straight line in a

graph. It remains same or represents straight line at
graph at each nodes 1.e. (25,50.75.100).

e InDSDV, the PDR increases at nodes 25,50.75 and
PDR decreases at nodes from 75-100.

4 2 Throughput:

Throughput is measured by total number of packets that is
successfully delivered to the individual destination over

Properties AODV DSR DSDV TORA
Reactive Yes Yes No Yes
Multiple Routes No Yes No Yes
Power No No No No
Consumption

Unidirectional Link | No Yes No No
Support

Multicast Yes No No No
Periodic Broadcast Yes No Yes Yes

total time. It is measured by KB/sec.

IV. SIMULATION PARAMETERS

Table 3. Throughput [3]

No. of nodes TORA DSDV AODV
25 42.75 59.55 76.3
4.1 PDR/ PDF: Packet Delivery Ratio/ Packet Delivery 50 5091 64.02 76.06
Fraction 75 36.87 69.48 75.38
' 100 42.23 5833 7738
PDR/ PDF is a ratio between numbers of packets that are
received and the number of packets sent over a network.
Table 2. Packet Delivery Ratio (PDR) [3]
No. of nodes TORA DSDV AODV
25 8291 7877 99.78
(&) s usss e ey ISBN No: 978-81-924867-1-0
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Figure 10: Throughput [3]
4.2.1 Results:

e In TORA, throughput represents fluctuated or
zigzag graph. From 25 to 50, throughput increases.
from 50 to 75 nodes, throughput decreases and
from 75-100 nodes. throughput slightly increases.

e In AODV. throughput at nodes 25, 50, 75. 100
remains slightly same.

Throughput
- Routing Overhead
By = ) B T
- ™ —— —= o
5 o . P [ _
i — : R == ——w
g 50 ——— 6 iD|
2w — ——— w DB
£ . C
= E > b6
m 3 DA
» o 2
° T T T o
s 50 £ 100 | | |
No_ ofnodies P 50 ™ 100
e TR Dy @ aoov No.afnodes
T TORA | DSDV L

Figure 11: Routing Overhead [3]
4.3.1 Results:

e In TORA, ROH is of zigzag graph or represents
fluctuated graph. From 25 to 50 nodes, it decreases.
from 50 to 75 nodes. ROH increases and from 73
to 100 nodes, it will decrease again.

e In AODV. ROH represents straight line at each
nodes 1.e. at nodes 25, 50, 75, 100 ROH remains

e In DSDV. throughput at nodes from 25 to 75 same.
increases and 75 to 100 nodes throughput e In DSDV. the ROH keeps decreases from 25 to
decreases. 100 nodes.

4.3 Routing Overhead (ROH):

The routing overhead measures the total numbers of control
packets (QRY. UPD. and CLR) sent divided by the numbers
of data packets delivered successfully.

Table 4: Routing Overhead (ROH) [3]

4.4 Average End to End Delay:

Average End to End Delay measures delay time 1n
forwarding and receiving data packets in each intermediate
node. In this unsuccessful route establishment are 1gnored.

Table 5: Average End to End Delay [3]

No_ of nodes TORA DSDV AODV H Dot o TORA DSDV AODV
25 121 127 1.002 25 k49 10:9 1409
50 T 3 1002 50 8.17 8.72 15.01
7 18 09 1003 75 16.43 7.67 15.92
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Figure 12: Average End to End delay [3]
4.4.1 Results:

e In TORA. it represents zigzag graph. From nodes
to 25 to 50, 1t will decreases, from nodes 50 to 75,
it will increases and from 75 to 100, it will slightly
decreases.

e In DSDV. from nodes 25 to 75, the average end to
end delay decreases and from 75 to 100, it will
highly increased.

o In AODV. the average end to end delay. the delay
1s slightly same.

V. CONCLUSION

On briefly survey of this paper. the performance of three
protocols 1e. AODV. DSDV. TORA were examined
closely. Each protocol behaved differently on energy
consumption concepts. The route discovery and route
mechanism of each these protocols were examined
differently. The simulation results of these protocols are
discussed briefly in this paper and revealed that TORA
protocol is more efficient than DSDV and AODV protocols.
TORA is less energy consumption and lifetime of network
is better than DSDV and AODV. TORA is a dynamic
protocol that creates many routes and maintain that routes
and after communication it will clear all routes that have
made between sender and destination. Hence we conclude
that TORA is more energy efficient protocol than the
AODYV and DSR protocol.
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Abstract:-Glowworm Swarm Optimization is a new method of
swarm intelligence based algorithm for optimizing multi-modal
functions raised by K.N.Krishnanad and D.Ghose in 2005[1]. In
this paper the basic Glowworm Swarm Optimization algorithm
and it’s variants have been discussed.

Index Terms— Basic Glowworm Swarm Optimization
Algorithm (GSO)

I. INTRODUCTION
In GSO. each glowworm distributes in the objective function
definition space. These glowworms carry own luciferin
respectively, and has the respective field of vision scope called
local-decision range. Their brightness concerns with in the
position of objective function value [2].

Each glowworm encodes the object function value J(x;(1)) at
its current location x,(f) into a luciferin value /(#) and
broadcasts the same within its neighborhood. The set of
neighbors N,(#) of glowworm 1 consists of those glowworms
that have a relatively higher luciferin value and that are
located within a dynamic decision domain and updating by
formula (1) at each iteration.

Local-decision range update:

rg(t+1)=min{rs,max {0, ry(t) + f my - | (N;(t) }}
(1)
Where ré (t+1) 1s the glowworm /’s local-decision range at the
t+1 iteration, ry 1is the sensor range, n, is the neighbourhood
threshold, the parameter B affects the rate of change of the
neighborhood range.

The number of glow in local-decision range:

Nit) = § :ll %00 - x;00) |[< rgs L)< (1)}
(2)
Where x;(#), 1s the glowworm 7 's position at the ¢ iteration,
l;(t) 1s the glowworm’s luciferin at the 7 iteration.; the set of
neighbors of glowworm consists of those glowworms that
have a relatively higher luciferin value and that are located
within a dynamic decision domain whose range r;; is bounded
above by a circular sensor range r, (0 <rl < r) FEach
glowworm i selects a neighbor with a probability p;;(t) and
moves toward it. These movements that are based only on
local information. enable the glowworms to partition into
disjoint subgroups, exhibit a simultaneous taxis-behavior

toward and eventually co-locate at the multiple optima of the
given objective function [2].

Probability distribution selects a neighbor:

L) = L)
Ny e () — L)

Fult) =5
(3)

Each iteration consists of a luciferin-update phase followed by
a movement phase based on a transition rule [3].

Movement phase: During the movement phase, each
glowworm decides, using a probabilistic mechanism, to move
toward a neighbor that has a luciferin value higher than its
own. That 1s, glowworms are attracted to neighbors that glow
brighter [3].

Movement Update:
v — [ xj®)=xi(t)
Xi(t+1)=x;(1) +s(———” =D “)

“)

Luc