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ABSTRACT

Citric acid is a naturally occurring organic acid, it is found in citrus
and is a natural organic preservative, it is known as lemon acid, it
is called in popular circles and consumer markets with food salt,
which is a transparent crystals tend to light white, and its scientific
names are hydrogen citrate, where are part of it consists of six
carbon atoms and seven oxygen atoms and eight hydrogen atoms,
it is chemical compound and it has a high circularity in water.
Chemical reactors are the space where interaction in limited and
converting the reactive materials into products, it is reported that,
the reactor in the images more complex as in laboratories and
medical laboratories, Such as laboratories and booths in which
various chemical processes and carried out.

The complexity of looking at large nuclear reactors, for example,
and the medicine in which the drugs are produced and as
bioreactors, which are the main heart of biochemical technologies.
In this paper, the mechanical mixing speed of STR reactor was
studied and their effect on fermentation processes, biomass growth
and the amount of citric acid production.
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Our study and results showed that the high speed of mixing in
stirred tank reactor is effect on the fermentation process and
production of citric acid.
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ABSTRACT
Yeasts are microscopic plant biopsies, does not contain

chlorophyll, it is a fungus, bread is yeast. A fungus is classified
into chromases, it has the ability to resist chemical decomposition
and the rapid spreal of water and stay for a reasonable period
without damage in normal conditions, especially when it is dry,
they form the dough and multiply in a split manner.

The idea of producing bread yeast depends on providing the best
conditions to allow the yeast to reproduce and by giving the basic
nutrients and provides the heat and acidity and ventilation necessary to
feed the yeast and its reproduces

Our measurements and results show that the production of baker yeast
in air left bioreactor more than in stirred tank reactor as shown in table
land 2
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Abstract:

Iron is one of the most important metals used in engineering, most
notably in reinforcing bars for construction work. Due to the
continuous competition between the government and private
sectors in the Libyan market, some factories have been established
to manufacture reinforcing steel. One of these factories are Zliten
and Sidi Saih. The difference between the manufacturing methods
where quality and specifications are concerned has become an
issue for researchers because of the economic effects on the
factory and the consumer. Therefore, it is essential to ensure that
rebar is functionally suitable. Many important factors, including
tensile strength, elongation, hardness, and the ratios of some
elements such as carbon, sulfur and phosphorus, play a vital role in
determining the efficiency of reinforcing bars. The main aim of
this study is to conduct a practical comparison of some mechanical
properties and the chemical analysis of reinforcing bar samples
(diameter 12 mm) that the aforementioned manufacturers produced
and that conformed to the Libyan standard. The results of the study
indicated that the yield stress and the maximum stress of the Sidi
Saih and Zliten factories’ steel fell under category (30) in the
Libyan standard specifications. These are intermediate tensile
forms of steel, and the results revealed that the weights and
diameters of the two types fell outside the standard. On the other
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hand, the hardness test indicates that Sidi Saih factory steel is
harder, because it contained a higher percentage of carbon. The
chemical analysis confirmed this result.

Keywords: reinforcement steel, mechanical properties, chemical

components, hardness.
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Abstract

As a result of the advances in information and communication
technology, E-Learning has been integrated as an essential element
in educational settings. Despite its successful implementation, a
significant number of E-Learning projects fail to achieve their
goals. This has motivated researchers and practitioners to study the
reasons for failure and success and the factors that impact E-
Learning. This paper attempts to implement the success of E-
learning in secondary schools in Libya, by investigate the factors
that influence the implementation and development of E-Learning
and the most appropriate framework for secondary schools in
Libya. The paper adopted a quantitative approach to examine both
teachers’ and students’ perceptions of critical factors in secondary
schools in Libya. So it was revealed that there are four sets of
factors which influence the success of E-Learning in the school
education sector. These are: students’ characteristics (computers
skills; motivation and attitudes); teachers’ characteristics
(attitudes; control of technology and pedagogy and teaching style);
technology (quality of technology and effectiveness of
infrastructure) and design and content (perceived ease of use and
quality of content). The main contribution of this research is that it
addresses the success of E-Learning in the schools sector in Libya
as this area of research lacks theoretical and empirical studies. In
addition, the research proposes a conceptual framework that
integrates the critical factors and demographic variables.
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Keywords: eLearning, critical success factors, Libyan secondary
schools, conceptual framework for eLearning success.

INTRODUCTION

1.1 Introduction:

The advances in information and communication technology have
stimulated progress in various areas such as the economy,
business, communication, health, training and education. Since its
inception in 1990, E-Learning has grown rapidly and education has
been motivated to adopt E-Learning to transform traditional
learning environments and create more efficient and attractive
learning experiences. E-Learning is a direct result of the
amalgamation of technology and education, which enables the
creation of innovative research and delivery mechanisms which is
one of the features of modern learning, and the main focus of this
research. The fields of learning and education have benefited from
electronic delivery to overcome obstacles of time, space and
geography providing learning opportunities for anyone, anytime,
anywhere, and in any mode. Therefore, E-Learning creates a
platform to create knowledge-based communities as a source of
education as well as to redesign the future of the nation and
achieve educational security.

Additionally, according to Al-Harbi (2010) E-Learning transcends
temporal and geographical barriers by offering learning anytime
and anywhere; students can access not only the course materials,
but also a massive amount of information from the internet
relevant to their studies at any time and from anywhere. E-
Learning can be scheduled to meet the needs of the learner and is
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the encouragement of lifelong learning. E-Learning has the ability
to bring together two paradoxical concepts, independence and
collaboration (Asiri et al., 2012). E-Learning also supports
synchronous and asynchronous communications in various formats
ranging from text, voice and video, which means connecting
people in personal and public ways and so nurturing both
independence and social interdependence simultaneously as well
as developing students’ understanding and enriching their
educational experiences (Al-Harbi, 2010).

1.2 Problem Statement

The major problems E-Learning projects in the Libyan education
are facing are related to a shortage in user awareness, attitudes and
motivation, lack of a conceptual framework, absence of a clear
vision and strategy, insufficient ICT infrastructure, lack of
adequate internet connectivity, lack of technical and administrative
support, and lack of E-Learning repositories that contain
educational material and content in the Arabic language.

There is also a lack of academic and practical studies that involve
both stakeholders (students and teachers) for a more
comprehensive overview of the obstacles to the educational
process. It is documented in a significant number of articles that
problems and major challenges to E-Learning projects faced are
related to institutions (administrative, academic affairs, and student
services), management (maintenance of E-Learning environments
and distribution of information), technology (infrastructure
planning and hardware and software), pedagogy(teaching and
learning), ethics (learner diversity; social, cultural, political, and
geographical diversity; legal issues; and protocols), interface (the
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overall look and feel of E-Learning programmes), resource support
(the support and resources needed to promote learning) and
evaluation (judgements about the progress of learners and the
effectiveness of the E-Learning environment) (Khan 2005; El-
Gamal and Abd El- Aziz, 2011; Alkharang and Ghinea, 2013).
Further research into the factors of E-Learning implementation
would help to eliminate obstacles and challenges that may hinder
E-Learning projects from achieving their goals and benefits. It is
asserted from the literature that E-Learning is a concept that has
been implemented in higher education. However, taking into
consideration the nature of learners in a knowledge-based
economy and the learning societies as well as the nature of key
players (students and teachers) in the digital era, E-Learning
should also be considered an essential element in the school
education sector (Vrana et al., 2006).

Identifying the successful implementation and development of E-
Learning projects and examining critical success factors is one
method of increasing the percentage of success and effectiveness
and of minimizing the percentage of failure in these projects. Such
an approach is believed to overcome different types of obstacles
and challenges when implementing and developing E-Learning
such as focusing on the technological aspect of E-Learning and
neglecting other dimensions of E-Learning such as human and
individual characteristics, content and design and the
administrative and guidance aspects, which include support and
assistance. Therefore, the literature in the field of E-Learning has
witnessed increasing academic and practical contributions to the
subject.
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In particular, there is little empirical research that has attempted to
develop a conceptual framework to examine the success of E-
Learning implementation (Sun et al., 2008). There is therefore a
need for a conceptual framework that can be used to identify the
factors that result in the success of E-Learning (Al-Sabawy, 2011,
Wagner et al, 2009). Furthermore, much of the research on the
implementation of E-Learning has largely focused on higher
education rather than the school sector, even though E-Learning
implementation in the school sector faces many challenges and
obstacles such as ICT infrastructure, school support human
capacity teachers attitudes and learners readiness (Ajelabi and
Agbatogun, 2010;Redempta and Elizabeth, 2012; Mulwa and
Kyalo, 2013).

Moreover, the majority of the research has largely focused on
students or teachers only, even though both students and teachers
play a crucial role in E-Learning (Kituyi and Tusubira, 2013).
Therefore, there is a need to investigate the perceptions of both
students and teachers (Penna and Stara, 2008; Umrani-Khan and
Iyer, 2009). Thus, this research focuses on both students and
teachers. Understanding why the students and teachers adopt or
reject E-Learning will help to create a more favorable learning
environment for greater adoption and implementation, as well as
help to develop a conceptual framework to promote its success and
effectiveness (Al-Harbi, 2010). Predominantly, when a new system
is introduced, a greater understanding of the factors affecting its
implementation and development will lead to an improvement of
development, deployment and implementation. Likewise, careful
consideration of the factors affecting E-Learning implementation
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is important to avoid a failed of E-Learning projects (Salmon,
2005; Ozkan and Koseler, 2009; Al-Harbi, 2010; Shroff et al.,
2011; Alsabawy et al. 2013).

Thus, there is a great need for more research in this context to
better understand and implement E-Learning. In addition, the
current study creates a conceptual framework which identifies the
factors that influence the success of E-Learning in secondary
schools. It hoped that this research will provide significant
information to promote the successful and effective
implementation of E-Learning within Libyan schools.

1.3 Aim and Objectives

Prior studies have emphasized the importance of E-Learning
success, yet there is a lack of clarity about how E-Learning could
be implemented successfully and effectively. Moreover, little
systematic empirical research has been directed towards a
thorough investigation and analysis of key factors that impact E-
Learning success. The primary aim of this research is, therefore, to
investigate the factors that influence the implementation and
development of E-Learning and the most appropriate framework
for secondary schools in Libya.

The above aim drives development of a conceptual framework that
can be used as a frame of reference by government and school
educational settings which seek to implement and develop E-
Learning projects and initiatives in Libya. It is hoped that this
conceptual framework will contribute to the field of E-Learning by
helping to establish a better understanding in the field of E-
Learning, and in particular the issues surrounding implementation
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and development in a Libyan context. Further, it is proposed that
this conceptual framework could serve as a decision-making
framework for practitioners in their efforts to implement and
develop E-Learning in Libya. The conceptual framework will
integrate critical E-Learning factors and independent demographic
variables for both teachers and students as a way to understand the
successful implementation and development of E-Learning in
school education. This research will contribute to the current
knowledge about E-Learning success in general and the current
situation of E-Learning in the school education sector. The
importance of this research is generated from the absence of
studies that focus on E-Learning frameworks and critical factors as
a way to leverage the success rate and effectiveness of E-Learning
projects in school education. Given this context, this thesis aims to
answer the following questions as follows:

What are the critical factors that influence the success of E-
Learning?

How do the teachers and students differ in their perceptions of
critical E-Learning factors?

How do the teachers differ in their perceptions of critical E-
Learning factors based on selected demographics (e.g., gender,
specialization, teaching experience and E-Learning experience)?
How do the students differ in their perceptions of critical E-
Learning factors based on selected demographics (e.g., gender,
level of study (years in school) and specialization)?

To achieve the research aim, and attempt to answer the research
questions, the following research objectives will be pursued:
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To critically analyze the literature on E-Learning.

To identify critical factors that influences the success of E-
Learning.

To develop a conceptual framework that integrates critical E-
Learning factors and demographic variables.

To revise and modify the conceptual framework for the successful
implementation of E-Learning in the educational sector.

1.4 The Significance of the research:

The significance of this research is generated from its usefulness to
various fields. The research extends the line of developing an E-
Learning success Framework by identifying the critical factors of
E-Learning. The educators and the practitioners may use the
findings of this research to design the learning and teaching
process in learning environments to create suitable E-Learning
based on specific elements of the environment. In addition, the
research provides the E-Learning Success framework as a guide to
unravel and investigate key factors that might help and drive the
successful implementation of E-Learning in school education in
particular and the educational sector as a whole. Therefore, it is
significant that educators and practitioners understand the effects
of E-Learning CSFs and how this might affect the quality of E-
Learning in school education and help to develop effective E-
Learning that can cater to both teachers and students.

1.5 Possible outcomes
The possible outcomes of using the success E-Learning in
secondary school in Libya is that Learners follow their own
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rhythm in learning and filter the knowledge that suits their needs.
Students may explore current and future technologies and learning
systems; they can also impact E-Learning development,
management, and implementation. Ideally, E-Learning often works
best when it is combined with face-to-face classroom experience.
In the following a sequence of steps an online course could go
through:

Students are enrolled in the online course and given private access
to course material.

A facilitator is assigned to each course, and can also have many
courses at the same time.

Technical background is a required facilitator’s skill.

The instructor of the course and its facilitator manage lessons and
materials, quizzes and assignments and other activities.

Students work on their own time and pace, going over the online
course material using any personal computer with web access.
Students submit completed assignments via the e-learning software
tool and communicate with the instructor and the facilitator at any
time by using the school’s email as a tool of online
communication.

Students are assessed and graded on a combination of assessment
components: quizzes, individual assignments, project, participation
in class discussion, etc.

Students can develop knowledge and skills when they need it.
Self-paced learning provides teachers with the time to focus more
attention on students who need assistance. Although students who
are not having difficulties certainly should not be neglected, this
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approach allows the teacher to spend time with participants who do
require assistance.
1.6 The secondary school in Libya:

Secondary education is by definition including the last 3 years of
primary education. After the 9 years, pupils may pass 3-4 of
schooling to prepare for universities and other higher institutions at
Upper Secondary Schools.

Upper secondary education is offered in the fields: (science and
arts); it takes 3 years. Pupils in the last year must take final exams,
and with a score above 65% they are awarded the Secondary
Education Certificate.

There are a number of challenges facing the education sector, these
are: low enrolments, inadequate and obsolete physical facilities
and infrastructure at all levels; inadequate qualified teaching staff
at all levels; inadequate teaching and learning materials and
equipment at all levels; curriculum not demand driven; inadequate
capacity in governance, management, monitoring and evaluation;
inadequate capacity of the existing education system to address
cross cutting issues; inadequate linkages and synergies within the
education sector and the overall inadequate funding of education
programmes. The capacity of secondary education in Libya is still
very low.

Secondary education in Libya occupies a strategic place in the
education and employment motives for many of the students at that
level to remain in school, and it feeds the tertiary and higher
education sector with its graduates. Most workers in the formal
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and informal sectors of the economy are likely to remain
secondary school leavers for a long time to come and the
expansion of the modern sector depends, to a great extent, on the
supply of suitably educated and trainable secondary schools
students. It is crucial that secondary education to be developed in a
systematic way if the diverse challenges and expectations of
Libyans in an expanding free market economy are to be effectively
addressed.

Education is one of the most powerful instruments for reducing
poverty and inequality and lays a foundation for sustained
economic growth. The importance of secondary education includes
(MoEC, 2004);

(@) Modern economies needs educated and trainable labour force
with secondary education as the minimum qualification

(b) Secondary education is essential for the improvement of the
quality and retention in primary education

(c) Secondary education is a necessary condition for economic
competitiveness in the context of globalization and liberalization.

(d) Secondary education is one of the major components of the
poverty reduction in Libya.

(e) Expansion of secondary education especially at advanced level
in order to enlarge the supply of students for expansion of tertiary
and higher education

(f) Chances of achieving gender balance in tertiary and higher
education is depend on the girls graduates of secondary education.
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Thus secondary education occupies a strategic place for future
growth and economic development of the country.

2 E-Learning Overview
2.1 E-Learning Definitions

E-Learning has become a core element in the educational process,

transforming traditional learning environments to integrate
technology to create more efficient and attractive learning
experiences.

In the context of this study, E-Learning can be defined as
educational and learning instruction supported by the use of
information communication technology tools and applications
which allow learners to acquire new knowledge and skills, and
support teaching and learning processes, deliver content and
enhance interactive learning among students and teachers. In
essence, E-Learning in this research refers to the use of the
technology tools and applications as either a resource utilised by
the students to aid their study or as a means for delivering learning
courses and content.

2.2 E-Learning Benefits

It is important to cover briefly the major benefits of E-Learning in
order to provide a context aimed at explaining why E-Learning is
crucial for the development of the learning process and the reasons
why E-Learning provides more efficient learning environments
compared with the traditional learning experience. E-Learning is
rapidly growing as an acceptable way of education. E-Learning
provides a wealth of benefits which serve the main educational
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stakeholders in the learning environment, namely students and
teachers (Al-Harbi, 2010; Bhuasiri et al., 2012; Alkharang and
Ghinea, 2013; Al-Marabeh and Mohammad, 2013).

These include an increased accessibility to information, better
content delivery, personalized instruction, content standardization,
accountability, on-demand availability, self-pacing, interactivity,
confidence, and increased convenience. E-Learning reduces costs,
enables a consistent delivery of content, and improves tracking.
The benefits of E-Learning can be summarized in three advantages
as follows:

A- Delivering Effective Learning

E-Learning has the potential to create successful and meaningful
learning environments that motivate the learners and offer
powerful tools for interaction and communication. Al-Harbi,
(2010) argues that in an E-Learning course, using stimulations
created by software, such as Flash and Shockwave can support the
cognitive work of analyzing data, manipulating models and
exploring ideas and concepts (Khan, 2005). In addition, using
multimedia enrichment resources develops the learners’
understanding and enriches their educational experiences (Al-
Harbi, 2010). E-Learning also creates an opportunity for learners
to learn according to their individual learning styles and preferred
cognitive style, be it visual, audio or text oriented, and allows
learners to arrange the content and knowledge for their own needs
and learning styles, and to improve the quality of learning
experience and support learning by offering differentiated learning
(Jethro et al., 2012). lbrahim et al., (2007) report that the learner
must be responsible for actively seeking solutions to problems
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contained within the course framework and through knowledge
generation as students generate and construct their own knowledge
in line with the guidance and help them receive from the instructor.

B- Enabling Interaction and Communication

E-Learning has the potential to enhance the traditional
communication patterns between students and teachers and
students themselves by creating a new learning environment.
Mahdizadeh et al., (2008) specified that the relationship between
teachers and students is no longer a one-way relationship, but
rather it is about creating more collaboration and interaction
between students to increase their participation and involvement in
the classroom. E-Learning can be more flexible and often involves
technologies such as audio-chatting, video- conferencing and
online discussion, which provide learners the opportunity to
interact with teachers and others students effectively and flexibly
(Al-Adwan and Semedly, 2012). The literature highlights that the
role of teachers and students is changing under the impact of the
new learning environment (McGhee and Kozma, 2003). These
changes have repercussions on the roles of both teachers as well as
students. McGhee and Kozma, (2003) and Dargham et al., (2012)
suggested that students play a vital role in collaborative learning
environments as they participate in discussions among the whole
class or within smaller groups, search for information and
exchange opinions with their peers, where there is both shared and
individual responsibility for their success in the learning process.
They also pointed out that students work collaboratively with other
students and with their teachers to achieve success, and that their
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role of team member is supported through the use of
communication hardware and software.

Additionally, Dargham et al., (2012) suggested that teachers play a
vital role in E-Learning as collaborators. Additionally, they
explained that teachers work with other teachers to create a variety
of activities and to improve the instruction process. They also
work with students to achieve the same ends. Vrana et al., (2006)
and Al-Homod and Shafi, (2013) argued that providing teachers
and students with opportunities to interact, collaborate and use
educational technologies improves students’ participation in the
educational process (Vrana et al., 2006; Ibrahim et al., 2007). This
indicates that E-Learning creates real prospects for learners and
teachers to get more involved in the learning process by allowing
them to share their ideas and suggestions in different E-Learning
modes (synchronous and asynchronous E-Learning). Moreover, E-
Learning environments encourage students to construct knowledge
and to communicate with the teacher to enhance learning
experience and educational performance (Yongsheng et al., 2012).

C- Providing Flexibility in Learning Delivery

One of the main potentials of E-Learning is flexibility. The
literature indicates that educational settings have been found to
share certain common beliefs about the practical benefits that E-
Learning can provide in delivering flexible learning. As John
Chambers, president and CEO of Cisco Systems stated; "There are
two fundamental equalizers in life: the Internet and Education. E-
Learning eliminates the barriers of time and distance, creating
universal, learning-on-demand opportunities for people, companies
and countries.” Al-Harbi (2010) supports the idea that E-Learning

82 Copyright © ISTJ A% giae aadal) (5 68a
;\mb ?3""“ @3.\1\ M




International iyl 5 i
Science and Technology Journal Volume 18 2 tsans eenr o Teekasng Joursl

R R ERAE uyzo s Q| /&

transcends time and geographical barriers and offers new learning
environments. Alkharang and Ghinea, (2013) and Kwofie and
Henten, (2011) also agree with this concept and mention that the
key benefit of E-Learning is the provision of flexibility. In this
context, many researchers support the fact that E-Learning projects
provide flexibility and offer improved learning environments by
focusing on learning without any bounded geographical location
(Asiri et al., 2012; Odunaike et al., 2013; Al-Yaseen et al., 2012).
Kwofie and Henten, (2011) suggested that the flexibility of E-
Learning can be provided by the various forms of learning
materials which allow the learner to select from a variety of
options based on their needs and demands (Mapuva, 2009).
Dargham et al., (2012) specified that the flexibility of E-Learning
consist of different aspects relating to time, place and online
feedback, as they increase the opportunities for life-long learning.
This indicates that E-Learning implementation and development
can generate flexible learning environments, bring together
different people from different locations and increase accessibility
to information. Al-Adwan and Semedly (2012) supported some of
the above benefits of E-Learning as they pointed out that E-
Learning provides the opportunity to interact between teachers and
students at any mode and from any source (Rajasingham, 2009).

2.3 Critical Success Factors (CSFs) of E-learning:
2.3.1 Definition of a Critical Success Factor of E-learning:

To be able to assess E-Learning projects to identify strengths and
weaknesses, the researcher utilised the concept of CSFs. CSFs
provide insight into the relationship between factors with the
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greatest impact on the major components of any given system.
Rockart (1982) identified the concept of CSFs as “the limited
number of areas in which satisfactory results will ensure successful
competitive  performance for individual, department or
organisation” and he added that CSFs are the few key areas where
things must go right (Rockart 1982). Leidecker and Bruno (1984)
and Boynton and Zmud (1984) affirmed that the CSFs are those
few things, characteristics, conditions, or variables that when
properly sustained, maintained, or managed can have a significant
impact on the success of the system. In addition, Frimpon (2011)
considered CSFs as variables that are fundamental to the success
of the implementation stage, and an organisation must handle
CSFs well in order to have a successful implementation. It is
evident from the previous definitions that CSFs are variables and
features that must be considered carefully during the planning
phase to ensure a robust execution of the project. Therefore, CSFs
must be verifiable, controllable and measurable to dictate the
success of the whole system.

2.3.2 Exploring Critical Factors Influencing E-Learning

In order to identify the critical factors that influence E-Learning, it
must be follow four steps: 1) A systematic analysis of the relevant
studies in the E-learning literature were reviewed, which
comprised a total of 33 studies that looked at E-Learning factors in
both higher and further education; 2) Identify and calculate the
frequency of the critical e-learning factors; 3) Categorize the
factors according to the core components of the E-Learning
environment, which are students, teachers and technology. The
analysis of the study revealed an additional category of design and
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content; and 4) Categorised sub-factors under the main factors,
which were renamed as follows: students’ characteristics
(computer skills, students’ attitudes, and motivation), teachers’
characteristics (teachers’ attitudes, control of technology and
pedagogy), technology (quality of technology, effectiveness of IT),
and design and content (perceived ease of use and quality of
content).

To summarise, previous studies have investigated the importance
of critical factors in E-Learning implementation. For example,
Selim (2007) identified students’ characteristics as a major factor
during the implementation and adoption of various integration
technologies such as E-Learning (Presley and Presley, 2009;
Hammoud, 2010; Chokri, 2012; Taha, 2013). In addition, Al-
Fadhli’s (2008) study found that the teacher dimension is the most
important factor in the E-Learning environment which directly
influences the students’ satisfaction (Sun et al., 2008; Chen et al.,
2009; Wang and Wang, 2009; Owens and Price, 2010; Jan and
Contreras, 2011; Musa and Othman, 2012). In terms of the
technology factor Pituch and Lee (2006) showed that technology
in general and the effectiveness of the technology employed is
considered the most significant. These highly influence E-Learning
acceptance.

2.3.1.1 Student Characteristics

E-Learning is about using new technology to provide flexibility in
learning to deliver and enable interaction and communication
between students and teachers, and to deliver effective learning.
Therefore, the progress and growth and implementation of E-
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Learning will greatly depend upon students’ characteristics (Chen
and Lin, 2002; Masoumi, 2006; Liaw et al., 2007; Al-Fadhli,
2009). A number of studies have examined the influence of the
students’  characteristics in  E-Learning implementations.
According to Selim (2007), the student factor is considered crucial
to determine the acceptance of E-Learning technologies and tools.
Also, the characteristics of students play an important role in the
success of E-Learning implementation. One of the important
factors that influence E-Learning is computer skills and
competencies in order to be successful in the E-Learning era
(Selim 2007). Students’ characteristics commonly consist of
computer skills, motivation and attitudes towards E-Learning
(Selim 2007; Sun et al., 2008; Teo et al., 2011). Malik (2010)
emphasises that the most critical skill for students is computer
efficacy, which is necessary for engaging in online environments.
Alack of computer skills leads to anxiety in the online experience
and will result in the student’s inability to reap the benefits of E-
Learning (Selim, 2007).

Another factor that influences E-Learning implementation is
students’ attitudes towards E-Learning. Students’ behaviour and
attitude determine their satisfaction and acceptance of E-Learning;
a more positive attitude towards a newly introduced technology
enhances the experience and, ultimately, influences students’
satisfaction rates (Malik, 2010; Friedrich and Horn, 2010;
Zewayed et al., 2011). Fageeh (2011) also mentioned a strong
correlation between a learner’s attitude, enhanced communication
and ease of technology. In addition, other researchers (Abdel-
Wahab, 2008; Presley and Presley, 2009; Hammoud, 2010) also
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concur that students’ attitudes contribute significantly to the
successful implementation of E-Learning. Moreover, Fageeh
(2011) mentions other factors that determine the acceptance of
technology by the learner: motivational and learner’s control
factors (Chen and Tseng, 2012).

2.3.1.2 Teacher Characteristics

In an E-Learning environment, it is necessary for the instructor to
acquire a new set of skills and roles since the latest technologies,
and their rapid development, create challenges for adoption even
though the same tools increase efficacy (Ali and Ahmad, 2011). In
addition to students’ characteristics, teachers’ characteristics are
also considered as an important factor that affects E-Learning. A
number of studies investigated the influence of teacher’s
characteristics in E-Learning implementation. According to Chen
et al. (2009) who investigated the students’ perspective on Critical
Success Factors in E-Learning, the participants who completed the
questionnaire were 46 adult students selected from National Open
University in Taiwan that attended a training program about
distance learning. The results revealed that the instructor was the
most important factor influencing E-Learning projects and the
students believed that instructors must approach E-Learning in a
friendly and energetic manner to create a positive E-Learning
environment.

Other studies (Volery and Lord, 2000; Govindasamy, 2002;
Bolliger and Martindale, 2004; Sun et al., 2008) suggested the
significance of instructor’s characteristics, attitude, and teaching
styles, as the instructors play a key role in learning activities in
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interaction between the students themselves, and between the
students and the teachers, and in the traditional role of guiding the
learning process. Ali and Ahmad (2011) mentioned that there is a
relationship  between student satisfaction and instructors'
performance and student-instructor interaction in a distance
learning environment. Ali and Ahmad’s (2011) study results
closely echo those of the previous results mentioned in this
section: the instructor’s conduct influenced the student-instructor
interaction and the student’s acceptance of and satisfaction with
the learning experience.

Moreover, the study discussed the aspects of teachers’
characteristics that influence E-Learning: teachers’ availability for
consultation and their readiness to provide feedback and answer
questions (especially in distance education) is crucial for the
success of the learning experience. Moreover, Chen et al. (2009)
emphasised that the instructor was the most important factor
influencing E-Learning projects and students believe that
instructors must approach E-Learning in a friendly and energetic
manner to create a positive E-Learning environment. However,
these findings are in line with that of studies by Selim (2007) and
McPherson and Nunest (2008), which indicated that the teaching
style and methods applied during the instruction process, and
collaboration and interaction during the instruction process also
increased the students’ motivation and attitudes towards E-
Learning and improved the students’ satisfaction.

These results are generally consistent with research on the impact
of teachers’ characteristics on E-Learning (Al- Fadhli 2009; Goi
and Ng, 2009; Ferdousi, 2009; Friedrich and Hron, 2010; Malik,
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2010), which concludes that teachers’ characteristics are an
important ~ contributor to the success of E-Learning
implementation. Furthermore, Mosakhani and Jamporazmey
(2010); Teo (2011); FitzPatrick (2012) reviewed the teachers’
characteristics that influence in E-Learning and concluded that in
any E-Learning environment , teachers’ characteristics can be
assumed to be an important factor in E-Learning and must be taken
into consideration when implementing and developing successful
and effectiveness E-Learning.

2.3.1.3 Technology

Technology is the core enabler of E-Learning. To achieve a
successful implementation of E-Learning the quality of technology
and the effectiveness of Information Technology need to be
considered (Malik, 2010). Pituch and Lee (2006) studied the
influence of interaction on students’ intentions to use E-Learning.
The results revealed that the functionality of the system, perceived
usefulness, and perceived ease of use had the strongest effects on
E-Learning for supplementary learning purposes. The results also
indicated that system functionality and use for supplementary
learning was the most important factor and had the strongest effect
on E-Learning. Ahmed (2010) found that the technology
infrastructure had significantly affected learners’ decisions to
accept a hybrid E-Learning course and it could increase the
successful introduction of E-Learning and impact the attitudes of
both groups of users: students and teachers.

In addition, Malik (2010) and Selim (2007) have reported that the
quality of technology and the efficiency of the infrastructure
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encouraged students and teachers to interact with the multimedia
resource in E-Learning environments and increased the satisfaction
of the users with regard to E-Learning implementation. Friedrich
and Hron (2010) pointed to a positive significant effect of
technical variables on the perceived usefulness which successfully
predicts students’ acceptance of the E-Learning system. Zewayed
et al. (2011) showed that the perceived ease of use of the
technology was found to be an important determinant that
influenced students’ intention to use the E-Learning system
because it did not require advanced computer skills and
competency.

2.3.1.4 Design and Content

In addition to students’ characteristics, teachers’ characteristics,
technology, content is also considered as significant factors that
affect E-Learning (Zewayed et al.,, 2011; FitzPatrick, 2012;
Hassanzadeh et al., 2012; Musa and Othman, 2012). Content
characteristics include the accuracy, authenticity, accessibility, the
design and the appropriateness of outputs (Al-Ammary and
Hamad, 2008; Hassanzadeh et al., 2012). Several studies have
investigated content and its effect in the success of E-Learning and
have found that the quality of content influenced the learning
experience and students’ satisfaction with the E-Learning
environment. Al-Ammary and Hamad (2008), for example,
investigated the content quality factor affecting the acceptance and
use of the E-Learning system at the University of Libya. The
results showed that the content quality affect the perceived ease of
use and perceived usefulness which, ultimately, affect students’
performance. Similarly, Sun et al. (2008) found that the course
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quality is the most significant element of an E-Learning
environment and also suggested that a well-designed delivery
process, with appropriate assistance to students for meeting their
needs, can increase students’ confidence when using E-Learning
environments.

The aforementioned studies suggested that a higher quality of
content provided to students enables them to fully absorb the
delivered knowledge to meet their needs and demands while
increasing the students’ satisfaction towards E-Learning. The
studies show that the content indirectly affects other factors
(mentioned in previous sections) and sub-factors and, therefore,
this indirect relationship must be examined further to uncover the
possible subtle effects of content on E-Learning environments.

Research Methodology:

In this study, quantitative research and the survey strategy will be
selected to investigate the critical factors . It will distribute a set of
questionnaires to collect data from the respondents. The collected
data will be analyzed through statistically using the SPSS software
package. Inferential statistical analysis will be conducted in order
to achieve the objectives of this study. The Likert scale rating is
used for data collection. The Likert scale rating is a rating system
in which the respondents indicate how strongly they agree with the
questions or disagrees with them (Saunders et al., 2009).

The finding and result:

With the advancement of information and communication
technology, E-Learning has become more widespread in
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educational settings. E-Learning can enhance educational reform
by creating a paradigm shift from teacher-centered and retention-
based education to a student-centered education where students
work collaboratively, construct their own knowledge, and enhance
problem solving and higher-order thinking skills.

E-Learning is also characterized by flexibility of access to the
information, emphasizing a learner-centered approach, and
promote the opportunities to the learner to produce knowledge and
enable the learner to turn the information into useful knowledge to
meet their needs and capabilities. However, existing research
indicates that not all E-Learning in an educational setting is
successful and effective, which suggests that as the adoption of E-
Learning increases, there is a need to develop a conceptual
framework to successfully deploy an E-Learning environment.
Therefore, this paper has two major goals: firstly, to investigate the
Critical Success Factors (CSFs) that influence the success of E-
Learning and secondly, to develop an E-Learning conceptual
framework for a successful deployment of E-Learning projects.

Figure 1.1 shows an E-Learning conceptual framework. It shows
the ranking of the sub-factors of each main factor from teachers
and students perceptions and ranking based on in its important as
follows: students’ characteristics (motivation, attitudes and
computer skills), teachers’ characteristics (control of technology,
pedagogy and attitudes), technology (quality of technology and
effectiveness of IT), design and content (quality of content and
perceived ease of use). This means that the factors and sub-factors
should be considered based on its priorities and importance in
successful implementation and development of E-Learning.
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Recommendations and Implications:

Recommendation 1-Develop learning activities
The aim of this recommendation is to address the issues of the lack
of effective and meaningful learning opportunities to stimulate the
individual learning styles and preferences of students. The

potential solutions are as follows:

Firstly, teachers can provide activities which integrate visual,
audio or text materials, for example by using software such as
flash to allow students to explore relevant ideas and concepts and
provide tailoring opportunities to adapt the learning content to the
learning needs. Secondly, teachers must show a genuine interest
level in the students by replying to their e-mails promptly and
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allowing them to actively contribute to the course content.
Additionally, teachers should be enthusiastic about teaching in E-
Learning in order to motivate the students. Thirdly, teachers
should rely on E-Learning tools such as online exams, posting e-
announcements, and attracting the students to rely on E-Learning
tools embedded in the course. They should provide activities that
encourage students to rely on e-tools embedded in E-Learning
such as e-mails, e-discussions, virtual classrooms, online
collaboration, and an active role in classroom. The students in an
E-Learning environment should gain a high level of computing
competency. They should master applications such as e-mail,
presentation and communication, and all the software applications
needed to enhance the E-Learning process.

Fourthly, as teachers are keen on findings suitable teaching and
learning methods that will enrich the learning experience of
students and increase the learning attainment of students, teachers
should be selective in finding the most suitable E-Learning
activities to achieve the aforementioned factors. Teachers should
include wherever possible interesting and motivating E-Learning
activities such online games, educational videos, online testing to
increase students” centric learning and other factors such as
independence, self exploring, creativity, taking the initiative and
life long learning. It is worth noting that the quality of student
learning is partly a function of their learning environment. If
students perceive their learning environment as positive or
satisfying, their motivation to learn will increase and they become
more apt to engage in positive learning. Therefore, it is important
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to provide a positive and rich learning environment to provide
support for quality learning among students.

Recommendation 2-Facilitate engagement between students
and teachers

The aim of this recommendation is to address the issue of the
paucity of interaction, particularly in the male-only schools.
Additionally, for male social interaction is a salient factor affecting
the success of E-Learning, a potential solution is to provide
educational forums through an E-Learning portal to exchange
ideas and transfer experience around best practices between
teachers and students either from the same schools or from other
areas. Another potential solution is to provide social media such as
instagram and twitter. For instance, students can record their
experiments and share the results by posting them online on social
media channels such as instagram and youtube. This will allow for
the development of social relationships that will enrich peer
learning, and allow educators to observe all students™ social
interaction.

Additionally, students will be more socially engaged and satisfied
with their learning if they see ,liveliness™ and ,,dynamism® with
the diverse media formats used by the teacher. This may include
opening asynchronous discussions, facilitating quality interaction,
and providing useful resources in the form of images, graphics and
even audio or video files. In addition, it should be noted that the
primary goal in online learning is not only to increase a social
presence among participants, but to ultimately enhance student™s
learning through constructive discussions and collaborative
inquiry. Building a social atmosphere by putting welcome
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messages and including students™ profile on course sites using
humor and emoticons and disclosing the self can only be
meaningful when it comes with learning activities such as
generating and facilitating effective discussions, providing timely
feedback and meeting overall students” academic demands via
emails and the e-forum. Only then can social presence contribute
to students™ successful and quality learning experiences. Teachers
should provide both synchronous and asynchronous tools to
minimize communication barriers. They can also employ a variety
of get-to-know.

Recommendation 3 - Build the capacity of the teachers

The aim of this recommendation is to address the issues of
teachers having problems with integrating technology in their
teaching methods and therefore preventing them from delivering
material that suits different style of student learning. A potential
solution is to introduce professional development training
programs that empower and support the teachers in developing
their competencies to use multimedia and virtual laboratories. The
teachers professional development programs should enhance
teachers™ skills to manage and organize the technology tools and
applications during class. The teachers should be able to handle the
technology used in E-Learning based courses such as e-mails, e-
discussions, and website maintenance.

Another potential solution is to provide training programs such as
simulation programs and instructional games programs that
increase the ability of teachers to integrate technology while
teaching in a time and manner suitable for the students™ learning
style. In addition, construction of teachers™ development plans in
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both the short and long term to enhance and improve their
technology-related skills and different interactive learning
methods. For teacher™s content development, and management, the
teachers should learn about the benefits and risks of technology.

Recommendation 4 —Provide supportive infrastructure

The aim of this recommendation is to address the issues of the
inefficiency of the technology infrastructure and the lack of
resources. Two potential solutions are: to provide new authoring
tools, which would help both the teachers and the students to
customize learning materials and also to increase the number of
computers in the classroom with new ways of sharing and
expanding knowledge such as a networked curriculum that
promotes the results of experiments in labs. Another potential
solution is to install enough bandwidth in order to have fast
enough web access and browsing, and also install a wide single
student authentication in order to have access to data from
anywhere at any time.

Recommendation 5-Create an e-content bank

The aim of this recommendation is to address the issues of the lack
of flexible and customizable learning opportunities that are
targeted at both the E-Learning content and the various learning
styles and preferences of students. A potential solution is to
provide a comprehensive electronic library that comprises different
resources which would help teachers to plan lessons and select the
most appropriate assessment to evaluate the students™ level of
learning. Another potential solution is to provide the content in a
consistent manner that introduces the objectives and the content,
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and deliver the feedback and provide support and assistance to the
students.
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Abstract

This paper study the effect of inlet flow conditions on the counter
flow double pipe heat exchanger performance. The results were
obtained by both theoretical analysis and experimental data. The
experimental investigation was performed on a counter flow
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double pipe heat exchanger at variable values of hot and cold
water mass flow rates and cold and hot water inlet temperatures.
Increasing hot water mass flow rate and hot water inlet
temperature increase the hot and cold water outlet temperatures
and the heat transfer rate between the two fluids. Increasing the
cold water inlet temperature increases the hot and cold water outlet
temperatures and decreases the heat transfer rate between the two
fluids. The results obtained from the theoretical analysis were in
agreement with those obtained from the experiments.

Keywords: heat exchanger, counter flow, performance, double
pipe, inlet conditions.

1. Introduction

Heat exchangers are devices that provide the flow of thermal
energy between two or more fluids at different temperatures. Some
everyday examples of heat exchangers are the automobile radiator,
and the domestic hot water heater. Heat exchanger are widely used
in chemical industries and power plants [1].

Dang, Teng, and Chu [2] study the effect of flow arrangement on
the heat transfer behaviors of a micro channel heat exchanger. The
results were obtained by both numerical simulations and
experimental data. The solver of numerical simulations COMSOL
was developed by using the finite element method.

Vinothkumar, Raveendiran, and Salman [3] analysis the thermal
performance of double pipe heat exchanger using heat pipe, with
composite of wick, are compared with three different working
fluid. The working fluid chosen for the study were water, methanol
and ethanol.
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Khaled et al. [4] evaluate the thermal performance based on known
parameters, namely, distribution of upstream velocity of an air
liquid heat exchanger, the flow rate of heat exchanger liquid, and
the inlet air and liquid temperatures.

Abu-shanab [5] develop mathematical relationships describe the
dimensionless temperature profiles for both fluid streams along
parallel and counter flow heat exchangers for steady state case for
the two case.

Idrissi and Bagui [6] obtain governing mathematical relationships
to describe the dimensionless temperature profiles of hot and cold
fluids depending on the convective heat transfer coefficients of hot
and cold fluids in the case of a counter flow heat exchanger.
Bhanuchandrarao, Chakravarthy, Krishna, Rao, and Krishna [7]
use ANSYS FLUENT12.1 software and hand calculations to
analyze the temperature drops as a function of both inlet velocity
and inlet temperature and how each varies with the other in a
double pipe heat exchanger.

The purpose of this paper is to analysis the thermal performance of
the counter flow double pipe heat exchanger under variable inlet
conditions. The experimental work was performed on a counter
flow double pipe heat exchanger at different values of inlet
temperatures and mass flow rates for both hot and cold water.

2. The Experimental Setup

The experimental test rig used to characterize the effect of
operating conditions on a counter flow double pipe heat exchanger
performance presented schematically in figure (1). Figure (2)
shows a photograph of the test rig and the measuring instruments.
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The flow rate of the hot water can be measured by means of flow
meter 2 and adjusted by means of control valve 2. The
temperatures of the hot water entering and leaving the exchanger
are measured by means of two thermocouples (Type T) located at
inlet and outlet of a heat exchanger. The thermocouples readings
were measured by a digital thermometer via a selector switch. The
digital thermometer is (T) type with accuracy of +0.3 °C.

The cold water taken directly from the water network is measured
by means of flow meter 1 and controlled by means of control valve
1. The temperatures of the cold water entering and leaving the heat
exchanger are measured by means of two thermocouples, and can
be read by a digital thermometer via a selector switch. A series of
valves (1, 2, 3, and 4) make it possible to select parallel or counter
flow for the heat exchanger.

A concentric tube heat exchanger was manufactured and used in
the present work. The heat exchanger consisted of two tubes, one
fitted in the core of the second. The inner tube made from copper,
and used for hot water. The second one made from galvanized cast
iron, and used for cold water. The physical and geometrical
characteristics of the tubes are reported in table (1) and (2).

The heat exchanger was insolated thermally by using wool glass
with 3cm thickness. Therefore, only heat exchange takes place
between hot and cold fluids.

Table (1) The physical characteristics of inner and outer tubes.

Tube Thermal Conductivity Specific heat | Density
(W/m°C) (J/kg°C) (kg/m?)
inner 348 394 8900
outer 52 420 1272
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Table (2) The geometrical characteristics of inner and outer tubes.

Outer diameter Inner diameter Length
Tube
(m) (m) (m)
inner 0.0142 0.0126 2.5
outer 0.034 0.0284 2.2
by
F
Valve 4

Control valve 2

Control valve 1 x\

Flow meter 1§

po—2 ==1"8

Y
Pum Heater

Figure (1) General layout of The Experimental Test Rig.
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Figure (2) Photograph of The Experimental Test Rig.

3. Data Processing

In this experimentation, data was evaluated with the help of
following relations:

To obtain the Reynolds number for both inner tube Re; and
annulus Re,, the following relations presented in [9] were used:

_ 4my

Re; = s 1)
_ am

Reo = ivdn) )

Where my, and m, mass flow rate of hot and cold water, 1 viscosity
of water, d; and d, inner and outer diameter of inner tube, and D;
annulus inner diameter.

105 Copyright © ISTJ A% giae aadal) (5 68a
wu ?M @3.\3\ M



International gt A
Science and Technology Journal Volume 18 3l Inersatns e s Tchasogy Jowrss

il gl Ay Ll July 2019 sis ISTIJ/&

The Nusselt numbers Nu are calculated from correlations
presented in [1].
For laminar flow in circular annular duct:

Cos Pep,Dp) 08
Nu = Nuy, + [1 + 0.14 (d—o) ] 0.19( - ) 0.467 (3)

Dj 1+0.117(@)
Where Pey, is the Peclet number at a bulk fluid condition (Pe =Re
Pr), Pr Prandtl number, Dy, hydraulic diameter of a tube, L length
of a circular annulus, and Nu,, Nusselt number for fully developed
flow, and the outer wall of the annulus is insulated which is given

by:

-0,5

do
Nu, = 3.66 + 1.2 (—)
D;

Dh = Di—do
For turbulent flow:

(f/2)RepPry
Nu = 373
1.07+12.7(f/2)%-5(Prp, %/ > —1)

(4)

Equation (4) predicts the results in the range 10*<Re,<5*10° and
0.5< Prp<200. In the transition region where the Reynolds numbers
are between 2300 and 10

(f/2)(Re,_1000)Pry,

T 1+12.7(£/2)05 (Pry¥/3-1) (5)
f = (1.58InRey, — 3.28)72
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The hot and cold water outlet temperatures were calculated from
mathematical relationships presented in [5].

0 = 2 ©
i R "
= e ®
b= e ®

Where 0 and 6. dimensionless temperature of hot and cold fluid,
C; heat capacity rate ratio (= Cpin / Cmax), and X dimensionless
distance in x direction (= x / L), x = L at the outlet of hot fluid.

T — Tc,i
Thi — Tei

y=NTU(1 - C,)

T temperature in x direction, T¢; and Ty; inlet temperature of cold
and hot fluid, NTU number of heat transfer units (= UA / Cnin),
where U overall heat transfer coefficient, A heat transfer area, C
heat capacity rate (= m c;), c, specific heat at constant pressure.

Equations (6) and (7) using when the heat capacity rate of a cold
fluid is smaller than for the heat capacity rate of a hot fluid, while
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(8) and (9) when the heat capacity rate of a hot fluid is smaller than
for the heat capacity rate of a cold fluid.

The overall heat transfer coefficient U is calculated from the
following relation presented in [9].

(10)

Where h; and h, convection coefficient at inner tube and annulus.
The analytical relation for heat transfer are available in [8-10] .
To calculate the heat transfer rate following relations were used :

Qn = mpCpp (T — Tho) (11)
Q.= mccpc(Tco = Te) (12)

The average value of heat transfer rate Qayg, supplied and absorbed
by both fluids calculate from the following relation:

Qavg = % (13)

To calculate the LMTD (logarithmic mean temperature difference)
the following relation was used :

_ (Th.i_TC.O)_(Th,o _Tc,i)
LMTD = ln[(Th,i_TC.O)] (14)

(Th,o _Tc,i)

The effectiveness € is determined by:
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€= Th,i—Th,o (15)
Th,i—Tc,i
Tc o_Tci

€ = —= 16
Th,i—Tc,i ( )

Equation (15) was used when the heat capacity rate of a hot fluid is
smaller than for the heat capacity rate of a cold fluid, while (16)
when the heat capacity rate of a cold fluid is smaller than for the
heat capacity rate of a hot fluid.

4. Results and Discussions

Experiments have been conducted to evaluate the heat exchanger
performance under variable inlet conditions. For study the effect of
hot water volume flow rate variation, the inlet temperature and the
volume flow rate of cold water were fixed at 23°C and 250Lt/hr
respectively, the hot water inlet temperature fixed at 42°C, the heat
exchanger was tested at hot water volume flow rate 100, 200 and
300Lt/hr. The influence of hot water volume flow rate on the cold
water outlet temperature is plotted in figure (3) for both
experimental readings and theoretical calculations. It can be noted
from the figure that the cold water outlet temperature increases as
the hot water volume flow rate increases. The influence of hot
water volume flow rate on the hot water outlet temperature is
plotted in figure (4) for both experimental and theoretical results. It
can be observed that the hot water outlet temperature increases as
the hot water volume flow rate increases. The increasing on the hot
water outlet temperature is greater than on the cold water outlet
temperature and is found to be 3% higher for the hot water at
300Lt/hr volume flow rate than that at 100Lt/hr, and for cold water
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is found to be 0.25%. The relationship between heat transfer rate
and hot water volume flow rate is plotted in figure (5) It can be
noted from the figure that the heat transfer rate in the heat
exchanger increases as the hot water volume flow rate increases.
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Hot Water Volume Flow Rate (Lt/hr)

Figure (3) Effect of hot water volume flow rate on cold water outlet
temperature.
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Figure (4) Effect of hot water volume flow rate on hot water outlet
temperature.
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Figure (5) The relationship between heat transfer rate and hot water
volume flow rate.

The heat exchanger effectiveness decreases with the increase of
volume flow rate of both hot and cold water, The relationship
between effectiveness and hot water volume flow rate is plotted in
figure (6).
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Figure (6) Effect of hot water volume flow rate on heat exchanger
effectiveness.
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The heat exchanger effectiveness is found to be 57.2% higher for
the hot water at volume flow rate 100Lt/hr than that at 300Lt/hr.
For study the effect of cold water volume flow rate variation, the
inlet temperature and the volume flow rate of hot water were fixed
at 42°C and 250Lt/hr respectively, the cold water inlet temperature
was 22.8°C, the heat exchanger was tested at cold water volume
flow rate 100, 150, and 200Lt/hr. The influence of cold water
volume flow rate on the cold water outlet temperature is plotted in
figure (7) for both experimental readings and theoretical
calculations. It can be noted from the figure that the cold water
outlet temperature decreases as the cold water volume flow rate
increases.
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g 232
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Cold Water Volume Flow Rate (Lt/hr)

Figure (7) Effect of cold water volume flow rate on cold water outlet
temperature.

The influence of cold water volume flow rate on the hot water
outlet temperature is plotted in figure (8) for both experimental
readings and theoretical calculations.
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Figure (8) Effect of cold water volume flow rate on hot water outlet
temperature.

It can be observed that the hot water outlet temperature decreases

as the cold water volume flow rate increases. The decreasing on
the cold water outlet temperature is greater than on the hot water
outlet temperature as showed in figures 7 and 8. The relationship
between heat transfer rate and cold water volume flow rate is
plotted in figure (9).
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Figure (9) The relationship between heat transfer rate and cold water
volume flow rate.
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It can be noted from the figure that the heat transfer rate in the heat
exchanger increases as the cold water volume flow rate increases.
For study the effect of hot water inlet temperature variation, the
inlet temperature and the volume flow rate of cold water were
fixed at 23°C and 100Lt/hr, respectively, the hot water volume
flow rate fixed at 250Lt/hr, the hot water inlet temperature
changed from 42°C to 47°C to 52°C. The influence of hot water
inlet temperature on the cold water outlet temperature is plotted in
figure (10) for both experimental readings and theoretical
calculations. It can be noted from the figure that the cold water
outlet temperature increases as the hot water inlet temperature
increases.
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Figure (10) Effect of hot water inlet temperature on cold water outlet
temperature.

The influence of hot water inlet temperature on the hot water outlet
temperature is plotted in figure (11) for both experimental readings
and theoretical calculations. It can be observed that the hot water

114 Copyright © ISTJ A% giae aadal) (5 68a
wu ?3""“ @3.\1\ M




International Ly g g
Science and Technology Journal Volume 18 3l Inersatns e s Tchasogy Jowrss

ALl gl Adyal Ll uysy ) QT /\Q

outlet temperature increases as the hot water inlet temperature
increases.
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Figure (11) Effect of hot water inlet temperature on hot water outlet
temperature.

The relationship between heat transfer rate and hot water inlet
temperature is plotted in figure (12).
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Figure (12) The relationship between heat transfer rate and hot water
inlet temperature.

115 Copyright © ISTJ A% giae aadal) (5 68a
3,3.'\3’.'\3\3 ?3""“ @3.\1\ M



International gt A
Science and Technology Journal Volume 18 3l Inersatns e s Tchasogy Jowrss

il gl Ay Ll July 2019 sis ISTIJ/&

It can be noted from the figure that the heat transfer rate in the heat
exchanger increases as the hot water inlet temperature increases.
The heat transfer rate in the heat exchanger with hot water at 52°C
inlet temperature is found to be 34.6% higher than the hot water at
42°C.

The logarithmic mean temperature difference increases with the
increase of both hot and cold water inlet temperature. Figure (13)
shows that at the logarithmic mean temperature difference with hot
water at 52°C inlet temperature is found to be 34.5% higher than
the hot water at 42°C.
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Figure (13) Variation in logarithmic mean temperature difference with
hot water inlet temperature.

For study the effect of cold water inlet temperature variation, the
inlet temperature and the volume flow rate of hot water were fixed
at 42°C and 250Lt/hr respectively, the cold water volume flow rate
fixed at 100Lt/hr, the cold water inlet temperature changed from
17.9°C to 20.1°C to 22.4°C. The influence of cold water inlet
temperature on the cold water outlet temperature is plotted in
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figure (14) for both experimental readings and theoretical
calculations. It can be noted from the figure that the cold water
outlet temperature increases as the cold water inlet temperature
increases. The influence of cold water inlet temperature on the hot
water outlet temperature is plotted in figure (15) for both
experimental readings and theoretical calculations. It can be
observed that the hot water outlet temperature increases as the cold
water inlet temperature increases. The relationship between heat
transfer rate and cold water inlet temperature is plotted in figure
(16). It can be noted from the figure that the heat transfer rate in
the heat exchanger decreases as the cold water inlet temperature
increases.
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Figure (14) Effect of cold water volume flow rate on hot water outlet
temperature.
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Figure (15) Effect of cold water volume flow rate on hot water outlet

temperature.
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Figure (16) The relationship between heat transfer rate and cold water

inlet temperature.
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5. Conclusions

In this study, effect of variable inlet conditions on the performance
of a double pipe counter flow heat exchanger is investigated
experimentally and analytically.

Increasing the hot water mass flow rate increases the hot and cold
water outlet temperatures and the heat transfer rate between the
two fluids. Decreasing the cold water mass flow rate increases the
hot and cold water outlet temperatures and the heat transfer rate
between the two fluids.

The heat exchanger effectiveness decreases with the increase of
mass flow rate of both hot and cold water.

Increasing the hot water inlet temperature increases the hot and
cold water outlet temperatures and the heat transfer rate between
the two fluids. Increasing the cold water inlet temperature
increases the hot and cold water outlet temperatures and decreases
the heat transfer rate between the two fluids.

The logarithmic mean temperature difference increases with the
increase of both hot and cold water inlet temperature.
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Abstract

This work aims to identify the quality of polyamide PA3200 GF
and reduce the orange-peel effect and consequent improvement of
part quality. The research intends to study the orange-peel effect
and its causes, and implement screening test to determine the range
of laser sintering LS parameters for acceptable build quality. The
work begins with the experimental procedure and examination of
the orange-peel texture, followed by analysis of results, and
determination of improvement and control of input parameters.
The benchmarking of the sintered part designs and their geometric
features were intended to allow for evaluation of the performance
of the LS process in terms of the orange-peel effect. These
investigations were intended to find a systematic approach to the
setting of the baseline for the quality of powder in terms of
minimum acceptable value of MFR that can be used without the
occurrence of the orange-peel effect.
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Keywords: Powder EOS PA3200, Laser sintering, Benchmarking, Melt
flow rate and Orange peel texture.
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1. Introduction
The production of sintered parts with an orange-peel texture on the

surface is directly dependant on the degree of exposure of the
composite powder to the laser beam, the orientation of the sintered
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parts and the properties of the powder. This work investigates the
PA3200 material developed by EOS GmbH and is a mixture of
PA2200 polyamide powder and glass beads. PA3200 is used to
produce sintered parts via a rapid prototyping process known as
Selective Laser Sintering (SLS) or simply Laser Sintering (LS).

Laser Sintering LS is a complicated comprehensive process
affected by chemical, physical and mechanical properties, thus
owing some of problems such as orange peel texture. Various
process parameters that are effective on the orange peel texture in
LS, and the relations between the effective process parameters and
material properties and the resulting part orange peel texture are
sought [1]. Polymer powders can be easily reinforced with other
materials in order to further improve their mechanical and thermal
properties [2]. Several grades of glass fiber reinforced PA powders
are readily available on the market. Parts fabricated from glass
filled polyamide (PA3200 GF for example), have excellent
mechanical properties and high accuracy [3]. The polymer
composite has two main components of a polymer matrix such as
Polyamide 66 (nylon 66 or PA 66 - the first nylon produced was in
1935 after extensive and classical research into condensation
polymerisation) reinforced with a glass fiber filler [4]. The filler is
usually applied in the form of solid additives such as glass beads or
glass fibres, incorporated into the polymer to modify its physical
(usually mechanical) properties. Once glass filler has been added,
the name becomes PA 66 GF. Currently available are PA6 with
glass beads, PA11 with glass beads, PA12 with glass beads and
Acrylonitrile- Butadiene- Styrene (ABS). The commonly used
thermoplastic matrices for composites are polypropylenes,
polyamides, and polyketones. Engineering thermoplastic
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composites, such as PA66 reinforced with 30% short glass fibre,
are high performance materials with high added value. The
performance gain of these composites is more than compensates
for their higher economic cost; therefore the recycling of such high
performance plastics usually requires that their characteristic high
level of properties is maintained. The most studied materials are
PA 66, polycarbonate and polyeretherketone [5].

Several researchers have been devoted to the recycling of PA66
polyamide. Most of them used glass fibre reinforced PAG6,
although carbon fibres have also been used [6]. The tensile
strength of 20% short glass fibre reinforced PA66 was studied by
Yang (1976). The influence of reprocessing on the properties of
the 20% short fibre reinforced PC was also studied by
Chrysostomou and Hashemi (1996); reprocessing reduced the
mean fibre length and increased the melt flow index (MFI) [6]. In
other work, Eriksson, Alertsson and Praautsch studied re-used
PA66 reinforced with 30% short glass fibres that had been through
the LS process. The thermal stability and melting temperature of
re-used composites were investigated by Licea, Carrillo and
Castano and were found, generally, to be lower than for the virgin
composite [5].

1.1 Powder

1.1.1 Definition of powder
Powder is a dry, bulk solid composed of a large number of very

fine particles that may flow freely when shaken or tilted [7]-[8]. A
powder particle may be defined as a small solid object having
precise physical boundaries in all directions. Particles are
sometimes described as fine or coarse according to the particle size
[9].
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1.1.2 Main characteristics of powders
The main characteristics of powders are the particle size and

distribution (granulometry) and particle shape (morphology).
Technological properties of powders are its bulk density,
flowability and surface area. The potential areas of their
application depend on these characteristics [10]

1.1.3 Morphology of powders
The morphology of powders can be critical in determining flow

characteristics and plays an important role in heat and momentum
transfer to the powder during the LS process "3D Systems"[11].
Generally, the morphology of powders can be described as
irregular, blocky or spherical. Irregular powders are characterised
by the presence of a wide range of shapes from cube-like
structures through to needles. Blocky powders tend to have shapes
where the largest and smallest dimensions of the powder particles
are quite close. Spherical powders are broadly spherical in shape.
Size parameters (for example, average diameter, area or perimeter)
describe a geometrical object independently of its shape [9].

1.1.4 Particle size range and distribution
Powders are designated in terms of a simple size range.

Historically these are often quoted in terms of the mesh size used
in traditional sieving classifications, where the mesh number
actually defines the number of wires used per inch in a "standard"
sieve. While sieves are still used for classification of powders, the
laser light scattering techniques is used today to carry out the
measurement of particle size [12] and [13]. The particle size
distribution of a powder is a list of values or a mathematical
function that defines the relative amounts of particles present,
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sorted according to size. Particle size distribution method produces
information about the average particle size and the distribution of
particle size and the output data as histograms.

1.1.5 Density of powders
The mechanical and physical properties of an LS fabricated part

were found to be highly related to its density, and one of the
methods employed in increasing the density of fabricated parts is
to increase the density of the powder bed prior to LS processing
[14]. The density of powder is a variable that depends not only on
the density of the solid particles but also on their packing. Packing
density is a function of the particle size, particle size distribution,
particle shape and the particulars of the process used to pack the
particles. Common packing processes that are used to characterize
powder density include random placement of particles through
pour or bulk density measurement or tap density measurement
[15]. An optimal packing density of the powder bed could be
achieved if the voids between the largest particles in the bed are
filled with smaller particles, the spaces between which are, in turn,
filled with smaller particles, and so on [9]. In principle, spherical
particles can be packed in different arrangements such as the
cubical and the orthorhombic. PA has an irregular shape with a
range of particle sizes, while the glass beads have a spherical shape
with a range of particle size which varies from one supplier to
another, depending upon the sieving process used. It is expected
that the smaller the diameters of the finest particles, the denser is
the bed, which is due to the finest particles filling more of the
interstitial spaces between the more coarse particles. To achieve
maximum density the powders should be vibrated to help the finer
particles fill the spaces between the larger [9]-[14].
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1.1.6 Relationship between powder properties, fabrication
parameters and parts produced using LS process
It is well known that powder properties are directly related to

the fabricated parameters in the laser sintering process [16]-[17]. It
is also identified that both powder properties and fabrication
parameters have a great influence on the mechanical properties and
surface qualities for LS parts. A relationship between powder
properties, fabrication parameters in LS process and parts quality
produced as in Fig.1 was investigated. In rapid prototyping parts
quality appearance is usually defined by the dimension of the
accuracy and quality surface put the mechanical properties are
usually defined by tensile strength and density [16]-[17].

Material properties

Qualitv surface
+

+

\4

Fabrication parameters

Mechanical part
performance

Figure 1. Relationship between LS input factors and part output
factors.

1.1.7 Normal cycle management of new and recycled powder

In an ideal process, all of used powder can be recycled; the
repeated heat cycles change material characteristics resulting in
part quality issues. Starting with virgin powder can provide good
builds with excellent surface finish as the powder reused.
However, the surface finish can be deteriorated at some point and
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becomes unacceptable. Therefore virgin powder is blended into the
mix in a challenge to maintain the part quality at a tolerable level
[18]. The normal cycle of flow of the powder in HIQ and EOS
machines is classified into several stages as shown in Fig. 2. These
technologies have high level of automation, easily handling (EOS)
and machine manual loading, and easily handing (3D) [19].

Old powder Y% New powder X%
[ I ]
Automatically s :
Mixing & Blendin Manually (3D
(E0S) g g ually (3D)
|
LS process -Spreading
[ -Heating
Coolina down
|
Clelaninq

Sifting unsintering powder
(Old powder)

[
Boxing

Figure 2. Flow chart of the powder in LS machine [20].

2.0 General proposed design for the benchmarking part
Benchmarking part is designed using ProE software. The

geometric features of benchmark part aimed to improve the
performance of evaluation of LS process in terms of the orange
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peel texture. The evaluation is based on a benchmark part
consisting of 3D part features of different sizes at different
locations, and orientations. The geometry dimensions of the
benchmark part are 80X80mm in area and 38mm in thickness
designed of the top surfaces which varies in orientation angles
0,20°,30°,40°, 50°,60°,70° and 80° for thicknesses 2 and 6mm, and
90° with the flat surfaces thickness of 1,2,3 and 4mm. The radius
R8 has orientation angles of 10°, 20°,30°,40° and 50 thickness 2
and 6mm, while R10 has orientation angles of 50°, 54°and 90°
from the four sides of top and bottom surfaces, from the bottom
surface different features designed thickness 1,2,3 and 4mm
designed with 45° angle ,thickness 4mm with 90° and three
different thicknesses cylindrical 1,2 and 3mm specified to evaluate
the orange peel texture. The parts separately fabricated where
different exposure time of old polyamide PA3200 glass filled used.
Figure 3 shows the details of the assumed benchmark. The
geometric features of benchmark part are identified by two latter,
such as CH, SB and the ranges for parameters are summarised in
Table 1 in section 4.1. Orientations and curved shapes are also a
major factor in affecting the quality of surfaces formed by the
same approximation. Orientation is quantified in terms of the build
angle between the parts of longitudinal axis and the horizontal
plane of the powder bed. The range for part orientation is chosen
so that surfaces built at an angle can be compared to the best
surfaces obtained from horizontal built parts; thus, part orientation
varies between 0° to 90° as in Fig .3[19]-[22].
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Figure 3. Front and back sides and features of the proposed
benchmark.

3.0 Laser sintering machine and powder used
A sinterstion 2500 HiQ machine was used in the experiments.

MFR test was used to evaluate the quality of powders. Simple test
part was fabricated to select the parameters ranges and this
combination of parameters was used to fabricate the benchmark
parts. Old powder glass bead was used in this work have 26, 74,
114 and 144MFR, respectively. Benchmark parts designed with
different thickness, shapes, and orientations. Visual evaluation and
touch was used to indicate the degree of quality of surface finish.

4.0 Methodology
This work is based on two methods; these are powder quality

improvement, and part quality improvement in case of orange peel
texture. In the later method the investigation is divided into nine
phases: define the problem, causes, screening test, benchmarking
part design, experiments, measurement, analysis, improvement and
control parameters (DCSBEMAIC). In these investigations the aim
was to find a systematic approach to improve the quality of powder
and quality of parts aimed to minimize the orange peel texture.
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4.1 Method 1 (New/Recycled Powder Blends)

Pham, et al. [1] classified the powder grades of PA2200 powder
consistency. Table 1 shows the different levels of grades as (A, B
and C), and this classification is estimated according to MFR testing
to clarify the quality of powder. The samples were taken from new
powder, once used and recycled powders, which, were heated
continuously at different exposure time [23]-[24]. Three factors were
considered: classifications of grades, time of exposure and different
powders. The levels of grades are defined as follows:

Grade A: New powder is the best powder grade. The different
batched (LOTS) of new powder have variation in the MFR.

Grade B: Old powder is type of powder that has been used in the LS
process; quality was deteriorated due to long hours expose at
elevated temperature caused molecular weight and thermal
properties changed and can be reused, according to MFR
measurements Grade B divided into six groups.

Grade C: Old powder is the worst grade of PA3200 powder quality
(tablel). This type of powder deteriorated due to long hours expose
at elevated temperature caused molecular weight and thermal
properties changed. For this reasons the powder must be discard if
the quality of the powder badly that related to MFR measurement.

TABLE 1. The quality of polyamide PA3200 powder consistency.

GRADE A Bl B2 B3 B4 B5 B6 C

MFR (g/10min) | >50 | 49-45 | 44-40 | 39-35 | 34-30 | 29-25 | 24-20 | 19-15
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4.2 Method 2 (Quality of parts)
Part quality improvement is divided into nine phases; definition of

the problem and causes, screening test and benchmarking part
design, run of experiments, measurement and analysis, improvement
and control parameters (DCSBEMAIC) as shown in Fig. 4.

Determine Identify the Process | Select the Design the
the parameters and response variable experiment
p]‘ob lem their levels —
Conclusions Analyze Run the experiment
and the and record the
Results data results

Figure 4. The flow chart of the quality improvement of the process [25].

5.0 Orange peel phenomenon
5.1 Orange peel definition
Orange peel is a surface defect where the surface condition texture

can appear if the part is subject to high or low heat as it enters the
oven. High heat can make the reaction happen before the part has
had time to properly flow out. A surface roughening (defect)
encountered in forming products from powder that has a coarse
grain size as shown in Figure 5 [23].

One of the most common causes for this effect is the quality of
the powder, mainly the particle size distribution, inadequate flow-
out characteristics, and incorrect choice of powders mixture. Other
cause of orange peel is high viscosity that develops orange peel
during application. In this case, the powder does not flow enough
to "level” and achieve a smooth surface. Fast cooling rate tends to
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orange peel because of its short "open™ time. But adding the blend
of powder may lower viscosity causing it to flow enough to
eliminate orange peel. Changing the powder blend to increase
cooling time may also help.

Figure 5. Orange peel texture.

5.2 Orange peel texture causes
LS is a complicated comprehensive process affected by chemical,

physical and mechanical properties which owing some of problems
such as orange peel texture. The orange peel texture can be
occurred due to many factors as shown in Figure 6. These include
orientation, position, geometry and number of parts, reuse of
powder, process parameters, and thermal problem in the process
chamber, slice thickness, lack of density at the parts surface and
inconsistency of new powder.
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Figure 6. Fishbone diagram of factors influencing the orange peel.

6.0 Screening test
6.1 Test part
A rectangular part having (L x w) 114 x 25.4mm cross section

with 5mm thickness as shown in Fig. 7 is selected as the test
specimens. It is designed on the basis of selection of the range of
the LS process parameters and screening test. The material used
was polyamide (PA3200) EOS glass filled powder 26 MFR and 28
hours exposure time. The LS sintering parameters used are: Part
heater=174 °C, Piston heater=150 °C and Cylinder heater=130 °C.

Sy t
N
w I 1 e i
- 18" e
v | : |

A
v

Figure 7. The dimensions of test part specimen.
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6.2 Selection of laser sintering parameters and their ranges
The range of parameter values of laser power, laser speed, scan

spacing, layer thickness and the maximum energy density are
chosen based on the practical considerations because higher energy
density causes degradation of the material and the lower energy
density causes sintering not to occur, or may produce a weak part.
Equation 1 of [26]- [30] was used to determine the energy density.

Lp
= (1)
Ls.ScSp.L¢

Where ED is energy density, L, laser power (watt), Ls laser speed
(mm/s), ScSp scan spacing (mm) and L; layer thickness (mm). The
parameters in the experiments are laser power, layer thickness,
laser speed and scan spacing. Laser power determines the severity
of temperature gradients, which introduce deviations due to
thermal modes on parts. The laser powder is the mechanism by
which melting and sintering of the powder particles is initiated. As
a result, the level of power is a significant contributor to the
surface quality. Layer thickness affects the quality of the surfaces
that are approximated due to the layer —forming property of SLS,
creating an irregular pattern on angled surfaces.

7.0 Details of experiments
The selection of the parameters is initially chosen based on the

experience and default parameters which recommended by the
manufacturer (EOS supplier). Test parts fabricated according to
those parameters are shown in Table (2 and 3) and the energy
density calculated based on Eq.1.
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TABLE 2. LS process parameters and energy density calculation.

Parts Laser Scan Layer Laser Speed 5080
No. Power spacing thickness (mm/s)
(Watt) (mm) (mm) Ed Weight
(Jlem?) (@)
1 10 0.15 131.20 11.1
2 12 0.15 157.48 12.8
3 15 0.10 295.20 154
4 0.15 196.85 14.2
5 18 0.10 0.10 354.30 15.8
6 0.15 236.20 145
7 20 0.10 393.70 15.8
8 0.15 262.46 15.8
9 23 0.10 452.75 15.8
10 25 0.10 492.12 15.6
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TABLE 3. LS process parameters and energy density calculation.

Parts Laser Scan Layer Laser Speed 5080
No. Power spacing thickness (mml/s)
(Watt) (mm) (mm) Ed Weight
(Ifem’) (9)
1 10 0.15 109 11.2
2 12 0.15 131 12.3
3 15 0.10 246 15.5
4 0.15 164 13.7
5 18 0.10 0.12 295 15.7
6 0.15 196 14.7
7 20 0.10 328 15.9
8 0.15 218 15.0
9 23 0.10 377 16.0
10 25 0.10 410 15.9
7.1 Results

All test parts were examined by visual observation and touching of
the surfaces, and Fig.8 shows examples of test specimens. The
high and low levels of the processing parameter window were
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chosen as follows: at the combination of all the parts were built
with energy density higher than 280 J/cm® over heated and details
on parts disappeared.

Figure 8. Test parts specimen of the rectangular geometry.

In contrast the parts were built with lower energy 180 J/cm® were

weakly parts and colour became white rather than grey. The
default energy density according to EOS recommendation is 196
Jlcm®. Therefore, ranges of the parameters chosen depend on the
maximum and minimum energy density of the parts varies from
180 to 280 J/cm®. The glass filled powder was melted by using
these values, emitting small amounts of smoke. Figures 9 and 10
show the ranges of this energy density.
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Figure 9. The range of energy density for layer thickness 0.1mm.
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Figure 10. The range of energy density for layer thickness 0.12mm.
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7.2 Taguchi method
Taguchi method is used in this work as a powerful tool to run the

experiments and to eliminate the number of experiments as the
process is affected by number of parameters. In classical methods
of experimental planning (factorial design, fraction factorial
design) a large number of experiments have to be carried out as
number of the process parameters increases, which is difficult and
time consuming and results in higher cost. To solve this difficulty
Taguchi planned an experimental arrangement in terms of
orthogonal array which gives different combinations of parameters
and their levels for each experiment [28].

8.0 Fabrication of the benchmark part on LS machine
Six parts were fabricated as shown in the build chamber in Fig 11.

The material used of Polyamide PA3200 glass beads was old
exposed to 28 hours exposure time 26 MFR, 74 hours 21MFR,
114hours 19MFR, 144hours 15MFR, and a mixture of recycled
and new PA3200 powder was in the ratio of (70:30) %.

Figure 11. Arrangement of the parts in the LS build.
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8.1 Powder deployment
The SL process can be generally described in four steps:

e Runabuild

e Break out the parts, segregating the unsintered powder that can
be easily broken up as ‘used’ powder.

o Sift the used powder in a vibratory sifter.

e Blend in a weight percentage of virgin powder and old [21].

Powder management and blending is a key part of the LS
process as powder used in LS process is too expensive comparing
with other processes. When the amount of virgin powder is too
high, costs of the parts may increase in contrast to small amount of
virgin powder as the details and function of the part will not
satisfy. In this work five runs each with six parts were evaluated
after break out the parts and unsintered powder sift and its
deployment depends on their exposure time, properties and its
quality. The height of the benchmark was 38 mm and the total
weight of every build was 4.6 kg. The five runs showed that about
half of the remained powder (%) through away during the process
for instance build run number 2 remained powder was
approximately 63% and powder discarded during cleaning in this
run was approximately 30%. In general, the average deployment
powder for the five builds was approximately 7.8 %, the powders
have lost during process and cleaning was approximately 30% and
the powder not sintered and could be recycled for once build
approximately 63.5%.
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9.0 Discussion

9.1 The effects of PA3200 powder grades on the quality of
powder

The effect of PA3200 powder grades on the quality of powder with

the default parameters can be better clarified by observing the
MFR values against the powder time heating. The aim of these
experiments is to realize and find out significance refresh rate and
minimum level of MFR required to determine good surface finish
without orange peel appearance on the parts. The data of samples
were taken from five different samples 30, 26, 21, 19 and 15MFR;
respectively. The results of the experiments are shown in Figs 12,
13, and 14. For instance the powder 30MFR produced a good
quality surface and a lesser amount of deteriorated as show in Fig
12. It can also be seen from the part produced by 26 MFR powder
was signed orange peel texture and 21, 19 and 15 MFR used as
well to evaluate the quality of powder and the results clarified the
fabricated parts were not strong and more whiter.

According to data presented in Table 1, it can be seen the quality
of the powder consistency, samples from Bl to B4 grads have
higher values of MFR more than 30MFR this lead to unwanted to
refresh these groups of grads, the purposed of this experiments are
to investigate the grads of powder less than 30MFR B5, B6 and C
to improve the quality of powder and to evade the orange peel
texture appearance. The samples B5, B6 and C grads were mixed
with virgin powder (Grade A) in diverse ratio from 40% to 70%
virgin powder. The quality of powder tested using MFR test and
the average of these measuring was taken and the results were
recorded. The results in Figure 15 report the effect of grades and
on the quality of these powders, it can seen from the Fig.13 grade
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B5 (26MFR) were blended with different ratios of virgin powder.
40% virgin powder blended with B5 grade still under the mean
line 30MFR recorded as grade B5this powder can not be used once
more. By increasing the ratio of virgin powder (50%, 60% and
70%) the mixed powder is improved, undergoes above mean line
30MFR above grade B4 and can be reused in the LS process.

Figure 13. Orange peel texture for the part fabricated using 26 MFR
powder.

143 Copyright © ISTJ A% giae aadal) (5 68a
wu ?3""“ @3.\1\ M



International gyl 0 g
Science and Technology Journal Volume 18 3l A ——

A4l polal g ) uysy ) QT /&

Figure 14. Part fabricated using: a) 21MFR and b) 15MFR powders.

Grade B6 in this case the powder improved when blended with
60% and 70% virgin powder and the quality of the powder
undergoes above mean line and recorded as grade B5. 19MFR
grade C can be improved just with 70% virgin powder and quality
of powder was 30MFR. it is evidence that the quality of 26 MFR
glass filled powder can be improved with 50, 60 and 70% virgin
powder. 60% virgin powder must be blended with 21 MFR and
more. In case of 19MFR the experiments showed slightly
improvement in the quality of powder with all the ratios. For
instance 70% virgin powder blended with grade C has been
improved but still with the same level of mean line, 50% and 60%
with grade C the powder became badly and undergoes a worsening
of the these powders also orange peel texture will still appearance
in this case of powder.
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Figure 15. The MFR of B5 to B6 powder grades mixed with different
Ratio of virgin powder.

9.2 The effect of laser energy density on orange peel
In order to study the orange peel phenomenon with the features of

benchmark which could be signed in LS process for the test part
fabricated, the range of the LS process parameters was selected.
The screening test and data obtained from Eq.1 was used to
calculate the energy density with parameter combination to predict
the range of parameters where the values of energy density less
than 180 J/cm® were considered weak parts and the values of
energy density higher than 280 J/cm?® were considered over heated.
In general, it was found that in all experiments, the powder
surrounding the features part that fabricated with the energy
density higher than the upper limit 280 J/cm® was stuck with the
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features and found difficulty to remove it. The score of the quality
of surface can be classified as shown in Table 4. The results of
experiments of the designed benchmark are presented and
discussed in terms of runs as follows:

TABLEL 4. The scoring system for evaluation of the surface quality.

No. Score Part quality
Orange peel texture 0 Poor
Slightly rougher and orange peel 0.5 Good
Excellent surface finishing 1 Excellent

Run No 1: In the first run, the parameters were adjusted and the
part bed temperature maintained at 170 °C, with fixed layer
thickness and laser speed. After the fabrication of benchmark, sand
blasting alone was used to remove the unsintered loose powder
around the features of benchmark parts. All the six benchmarks
were examined and each feature in the benchmark evaluated
carefully by touching and visual inspection.

Run No. 2: The 2" run of the benchmark was manufactured
similar to the 1% run with the part bed temperature was increased to
174 °C. As in run no. 1, in the higher energy density 328 and 295
Jlcm® the amount of orange peel texture eliminated for all the
thicknesses and small amount still appeared, and the benchmark
can be accepted in case of quality surface. In contrast the details
were disappeared similar as the high energy density of the run
no.l. In this case of high energy density the powder inside and
near the features part was difficult to remove. The fabricated part
with energy density 264 J/cm® occurs with the acceptable range,
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and all features has good surface and can be accepted. For 218
Jlcm?®, the orange peel can not be eliminated for 3 and 4 mm
thickness and orange peel still appeared but the details of the
features become clear compared with the high energy density.

Run No. 3: Unlike runs no.1 and 2, run no.3 includes changes in
energy density due to change in the laser speed from default value
5080 mm/s to 4000 mm/s which is selected according to the
orthogonal matrix. The combinations of parameters of fabrication
was selected based on the setting of the machine where the
machine can use one value of laser speed and one value of layer
thickness in one layer of manufacturing process in which the tables
of runs were set.

Run No. 4: Benchmark in the run 4 was manufactured similar to
run 2. However, the parameters were selected during the process
according to the setting of HiQ machine where layer thickness is
reduced from 0.12 to 0.1mm, this combination of the parameters is
shown in Tablel8. In this combination the higher energy density
was 295 J/cm?® and the lower one was 177 J/cm® which means the
energy density changed due to variation of the parameter
combination. It is seen that the benchmark parts improved and
orange peel is eliminated in some thicknesses.

Run No.5: Benchmark in the run 5 was manufactured similar to run
4. However in this case, the parameters were also selected during
the process according to the setting of HiQ machine where layer
speed is reduced from 5080 mm/s to 4000 mm/s to run the process
in one layer and the part bed temperature value was fixed the
combinations of the parameters used in these experiments. In these
combinations the highest energy density was 333 J/cm® and the
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lowest one was 187 J/cm® means the energy density changed due
to varies of the combination and higher than the parts which
fabricated with energy density in the run no.4, it can be noticed
from this batch of benchmark parts, the quality surface of all
thicknesses are improved.

Run No.6: Based on the method implemented in the previous runs,
the orange peel was eliminated and in some parts still signing. In
the following run the part bed temperature is increased from 174
°C to 176 °C to explore the affect of this factor on the quality of
surface. The combinations of parameters were selected based onto
the best batch run which was found run no. 6. It can be concluded
that the part bed temperature highly influences the quality of
surface (orange peel texture).

Run No.7: The benchmark in this run was fabricated from more old
powder specified by 74 hours, 21 MFR and mixed before used
with ratio (70:30) using the default laser speed 5080 mm/s, layer
thickness 0.1 mm, part bed temperature 174 °C and vary laser
power and scan spacing. The results showed the parts have rough
surface and little bit orange peel signed in the thickness 4mm.

Run No.8: In the following experiments the benchmark has been
fabricated from more old powder specified by 114 hours, 19 MFR
and mixed before used with ratio (70:30) using the same
combination which are used in the run no.7. The results and the
observation noticed no change in the results owing to the melt flow
rate 19 and 21 MFR which was fairly close.

Run No.9: In the following experiments the benchmark has been
fabricated from more old powder specify by 144 hours, 15 MFR
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and mixed before used with ratio (70:30) using the same
combination which are used in the run no.7. The results and the
observation noticed all parts in this batch weak companied with
change in the colour of the parts to the white. From these
experiments it can be concluded the powder 144 with 15 MFR is
deteriorated and must be discard as shown in Figs 16.

Figure 16. Orange peel texture for the part fabricated using old
powder 144 hours.

9.5 Optimal processing parameter combination development

The limits of the parameters that were used for experiments of
glass filled PA 3200 EOS; 28 hours exposure time and 26MFR in
order to determine the optimal processing parameters, after the
processing parameter window was then expanded to the high part
bed temperature of 176 °C. The produced parts were examined by
visual inspection and touching, which showed that all the
benchmark has been improved and the orange peel disappeared
and newly deposited powder layers were smooth and continuous
using the combination parameter in the run 6. The part fabricated
by combination parameters laser powerl5 Watt , scan spacing
0.15, laser speed 4000 mm/s, layer thickness 0.1mm and part bed
temperature 176 °C was the best combination for this powder 28
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hour exposure time 26 MFR as shown in Figure 17. At the
substrate temperature with the highest energy density, the powder
in the part build area began to cake severely and at the same
temperature with the lower limit of energy density, the powder
surrounding the part was more easily to remove.

\ )

Figure 17. Orange peel texture for the part fabricated using optimum
parameters.

10. Conclusion

In this work, a HiQ sintersation 2000 machine was used for
conducting experiments on old PA3200 EOS glass filled powder in
case of orange peel phenomenon. The improvement for the quality
of the powder by blend different ratio of old with new powder, and
the surface quality of the parts was considered. It was evidence
from the experiments the quality of 26 MFR glass filled powder
can be improved with 50, 60 and 70% of virgin powder. A 60%
virgin powder must be blended with 23 MFR and more. In case of
19MFR the experiments showed slightly improvement in the
quality of powder with all the ratios. It was shown that an evidence
of density parts processed in LS was influenced by the layer
thickness and laser speed, as density of parts decreased with
increasing of this factor.
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The optimal processing parameters for selective laser sintering of
the old powder 28 hours exposure time and 26MFR were
determined by a systematic design of experiments which indicates
that all the benchmark has been improved and the orange peel was
disappeared, and the newly deposited powder layers were smooth
and continuous using the combination parameter in the run 6. The
part fabricated by combination parameters laser powerl5 Watt,
scan spacing 0.15, laser speed 4000 mm/s, layer thickness 0.1mm
and part bed temperature 176 °C was the best combination for this
powder 28 hour exposure time 26 MFR. It can be concluded that
the effect of laser power and layer thickness are largest and laser
speed and scan spacing are smallest. Thus, the laser power, layer
thickness and the part bed temperature are more critical than the
others for achieving high surface quality that results in no orange
peel occur.
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Abstract:

In recent years, a great deal of attention has been paid by
several international scientific institutions and organizations to
search for the development of human communication to machines
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(machine learning). Researchers in these institutions have gone
through many attempts which most of them failed and others
partially succeeded in some way that made other researchers to
reach the stage of understanding the machine to human voice even
if few command words to implement simple orders. Therefore, our
propose in this paper is figuring out findings on machine
recognition for a particular human voice by comparing the
frequency spectrum of that voice with the frequency spectrum
components of the voice stored in the memory of that machine
using the magnitude-squared coherence function . Accordingly, a
reaction is made by the machine to that command word.

Keywords: recognition, machine learning, frequency spectrum.

I. Introduction:

The frequency domain of the signal is the easiest way to
process any signal, so conversion to the frequency domain has
been made to facilitate handling it by using Fourier Transform,
which helps study the frequency components of that signal, where
many studies in this area have shown that the ratio of matching
among frequency components of human voices is up to 75%, So it
IS made as a standard reference threshold to make sure for the
matching process.

"Since frequency domain contains exactly the same information
as the time domain, just in different form, so by knowing one
domain, it's possible to calculate the other. Given the time domain
signal, the processing for finding the frequency domain is called
decomposition analysis; the forward Discrete Fourier Transform
(DFT). While the number of samples in the time domain is usually
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represented by some variable N (which is the number of samples
in the message signal) can be a positive integer to the power of two
chosen, i.e 128, 256, 512, 1024, etc. there are two reasons for this,
the first one, digital data storage uses binary addressing, and the
second, the most efficient algorithm for calculating the DFT
usually operates with N that is a power of two. Typically, N is
selected between 32 and 4096.Some way of calculating the DFT
for any signal is called convolution. This is based on detecting a
known wave form in another signal [1] "

"Convolution is a formal mathematical operation just as
multiplication, adding , and integration. It takes two signals to
produce another signal so, convolution is used to describe the
relationship between tree signals of interest: the input signal (the
recorded), impulse response (the filter impulse response), and the
output signal (the filtered signal).

Computer generation and recognition of speech are formidable
problems; many approaches have been tried with only middle
success. This is the active area of DSP research where we've been
trying to figure out how to build speech synthesis and recognition
system. Nearly all techniques synthesis and recognition are based
on the model of human speech production which mostly contains
sounds that can be classified as either voiced or fricative. Voiced
sounds occur when air is forced from lungs, through the vocal
cords, and out of the mouth and\or nose. This vocal cords vibrate
at frequencies between 50 and 1000 Hz resulting in periodic puffs
of air being injected into the throat. Since vowels are an example
of voiced sounds combined with some other fricative. Propagation
through this structure is a linear process that can be filtered by a
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linear filter with appropriately chosen impulse response. In most
cases, a finite impulse response is used in this model, with the
recursion coefficients specifying the filter's characteristics.

Getting a high-quality voice in terms of purity and not being
affected by the jamming factors during recording is very important
for the machine for recognition, so it is necessary to filter this
signal using frequency response filters through which we get rid of
the unwanted reciprocating components. Speech recognition
algorithms take this matter a step further by trying to recognize
patterns in some execrated parameters. This typically involves
comparing the segment information with templates of previously
stored voiced sounds in an attempt to identify the speaker voice

[2]"

Most speech recognition algorithms rely on only the sound of
the individual word, so they attempt to recognize the word, but not
understanding it. We have tried in the process of comparing
similarity between similar frequency spectrums for both instantly
recorded and filtered stored voice as a template in the device using
Matlab as shown in Fig(4) (the Recorded Signal in Time Domain)
and Fig(5) which shows the Recorded Signal (Filtered using FIR
filter) (where the word is created by recording a speech segment
by the user " the word is (Hello) in Arabic (Marhaban)". Then the
recorded speech samples are stored into .wav format in Matlab to
get the best results by butting a mechanism for showing this
similarity using the Magnitude-Squared Coherence (MSC).

The development of our speech recognition process system is
divided in four stages. Fig(l) illustrates Speech recognition
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process system ,the first is filtering stage , estimating the power
spectral density, using the magnitude-squared coherence and the
recognizing stage where feature detection can be implemented by
correlation and limited threshold:

Filtering the
Speech Signal

Estimating the
Power Spectral
Density

Using the
Magnitude
Squared
Coherence

L Recognizing the
Similarity

Fig (1): Speech recognition process system.

I1. Filtering the Speech Signal:

"The purpose of obtaining a pure, uninterrupted speech voice is
for the machine to compare it with the previously recorded voice
in the device's memory. The process of selecting filters which pass
only the desired frequencies, made us in need to study the human
frequency component accurately, so that we came up with how to
design filters for specific frequencies in a range of human voice of
frequency ranging from approximately 85 to 185 Hz.
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In the design of frequency-selective filters, the desired filter

characteristics are specified in frequency domain in terms of the
desired magnitude and phase response of the filter. In the filter
design process, the coefficients of casual Finite Impulse Response
(FIR) must be determined closely to approximate the desired
frequency response specifications. However, as a general rule, a
(FIR) filter has high side-lobes in a stop-band than an Infinite
impulse Response (IIR) filter having the same number of
parameters.

Characteristics of Practical Frequency-Selective Filters:
Casualty implies that the frequency response characteristic
H(f) of the filter cannot be zero except at a finite set of points
in the frequency range (the same condition needed for our
implementation) also H(f) cannot have an infinitive sharp
cut-off from pass-band to stop-band so, H(f) cannot drop
from unity to zero abruptly.

The transition of the frequency response from pass-band to
stop-band defines the range of frequencies allowed to pass
through this filter (also known as Transition Band) is
illustrated in Fig(2) (magnitude characteristic of physically
realizable filters) . The band-edge frequency w, defines the
edge of the pass-band while the frequency w, denotes the
beginning of the stop-band [6] ":
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Fig (2): magnitude characteristic of physically realizable filters.

Since:

M —-iwk
H(w) = _Lk=o bk e (1)

1+38_, ax e~iwk
In any filter design, we must specify the following:

The maximum tolerable pass-band ripple (5;).

The maximum tolerable stop-band ripple (6,).

The pass-band edge frequency (wy).

The stop-band edge frequency (ws).

The parameters ay , b, ,M and N are selected according to the
input signal and output of the filter.

M owonNne
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After designing a FIR filter using Matlab, the impulse response is
showed in the Fig(3) (the impulse response for the designed FIR
filter (Matlab R2016a)) :

Magnitude Response Estimate
T T T T T

T T T T

o =y N
\

5 .

10

15

201

25

Magnitude (dB)

=30

=35

40

45}

. I | L L
o 0.1 02 03 04 05 06 07
Normalized Frequency (< rad/sample)

Fig (3): the impulse response for the designed FIR filter (Matlab
R2016a).

108 The Filtered Recorded Signal
T T T

Amplitude

Time

Fig(4): the Recorded Signal in Time Domain.
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108 The Filtered Recorded Signal
T

Amplitude

Fig(5): the Recorded Signal (Filtered using FIR filter).

I11. The Power Spectral Density Estimation Discrete Fourier
Transform (DFT):

"The power spectral density (or simply power spectrum) of a
random signal can be estimated using the DFT. There are two
basic approaches: the first is called periodogram analysis and the
second is an indirect approach based on the autocorrelation
sequence. While computing the DFT of a signal is generally easy
(requiring no more than the execution of a simple program such "
periodogram” ) the interpretation of these computations can be
difficult because the DFT only provides a complete representation
of finite-duration signals.

It is not in general possible to compute the discrete-time Fourier
transform of a signal because this would require an infinite number
of operations. However, it is always possible to compute a finite
number of frequency samples of the DTFT in the hope that, if the
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spacing between samples is sufficiently small, this will provide a
good representation of the spectrum. Simple results are obtained
by sampling in frequency at regular intervals. Therefore, defined
the N-point discrete Fourier transform x[k] of a signal x[n] as

samples of its transform X (f) taken at intervals of 1/N:

Xk 2 X|x] = So_ox[n]e @™/ foro<k<N-1 (1)
Because X (f) is periodic with period 1, x[k] is periodic with

period N, which justifies only considering the values of x[k] over

the interval [O,N — 1] [7]".

Rhetorically, by applying x;[k] as a filtered recorded speech
signal and x,[k] as a filtered stored speech signal on Matlab:

X f] = 2wkl 8 (F— 1) @)

Xolf] = o xalk] 8 (f — ) (3)

The preceding results show that a linear estimation can be
realized by means of the DFT provided where the two signals to be
convolved must have finite durations. In many applications,
however<one needs to convolve a relatively short unit sample
response (say a few tens to a few hundred points) with a signal of
indefinite duration.

After applying DFT on both signals for estimating the power
spectral density as shown in Fig(6) the Power Spectral Density
using DFT for the Recorded Signal and Fig(7) the Power Spectral
Density using DFT for the Stored Signal, in such cases, the method
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outlined above may no longer be applicable because the signals
x1[k] & x,[k] might be too long to fit in the computer memory.

Power Spectral Density Using DFT for the Recorded Signal
 —— S—

0 u'\ L 1
500 1000 1500 20 20 %00 3500 4000
Frequency (Hz)

Fig(6): the Power Spectral Density using DFT for the Recorded Signal.

Power Spectral Density Using FFT for the Stored Signal
T

Fig(7): the Power Spectral Density using DFT for the Stored Signal.
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By applying periodgram for both spectrums as in Fig(8), it's
noticeable that there are similarities between the frequencies
representing spectrums which contains hundreds of components
needed to be compared.

Even if sufficient memory were available, computational times
might be too long depending on the computer properties, and
inaccuracies resulting from finite-precision arithmetic might be too
great to make the DFT method useful.

Power Spectrum
T

&P,

Fig(8): Periodgram for both spectrums.

IV. The Magnitude-Squared Coherence (MSC) :

"The coherence function is a frequency domain scaling of the
"similarity” of two functions or signals. Basically, it is a
correlation coefficient against frequency, although the equivalence
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should not be followed in any strict sense. The correlation
coefficient is a normalized covariance, while the coherence
function is a normalized cross-power spectrum. The correlation
coefficient is a scalar measure of the similarity of the overall
shapes of two functions; the coherence function is a vector
measure of the similarity in frequency content of two signals. For
two identical signals, the correlation coefficient is harmony and the
coherence function is unity. Two random uncorrelated signals
yield a correlation coefficient and coherence function of zero.
However, unlike the coherence function, the correlation coefficient
is sensitive to phase. Two sinusoids at the same frequency have a
correlation coefficient that varies from -1 to +1 as the relative
phase of the sinusoids varies from zero to m. but, the coherence
function is insensitive to phase and it is amplitude normalized, but
the coherence is sensitive to uncorrelated noise and system
nonlinearities because both introduce disparities between the two
signal spectra. Within a frequency band, coherence is reduced by
additive noise that is uncorrelated in the two signals, and thus it
can be a useful vector measure of signal-to-noise ratio. For
example, the coherence of input and output of a linear system can
show the frequency bands where signal-to-noise ratio is
sufficiently high for useful calculations in system identification

[3]".

The frequency convolution theorem states that the multiplication
of two functions in time domain is equivalent to convolution of
their spectra in frequency domain. Mathematically, if:

x1[n] & Xa[f] and x,[n] « X;[f] (by applying DFT) (4)
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x(Wxz(n) © 5= (X1[f] = X3[f1} (Convolution) (5)

Then Fx1(n) x2(m)] = X1(f) * Xa2(f) (6)

And here for sufficiently large values of parameter N for a period
of T:

X [f] = X [5r] = Zitceo xy[n] e=i2mkn/ (7)

Where x, is a periodic summation :
xy[n] £ Xi-—cx[n —mN] (8)

So, evaluation for all integers, k, between 0 and N-1, the array for
both signals:

K o i 2
Sx1x2 (ﬁ) = |Zn=—ooxN [Tl] e lann/Nl (9)
— L _ o0 —i2mkn/N
S0 ,Sx1x1(f) = Sx1x1 (NT) = Yn=—Xy[n]e (10)
— L — [ —i2mwkn/N
AN Sy22(F) = Siza (3) = Eitemoo xw[n] € (12)

The coherence function of two signals x1[t] and x2[t] is defined
by:

2 ISP
Cirxz = Sx1x1(F)-Sx2x2(f) (12)

The coherence function can also be expressed in terms of the
system transfer function. In general, the transfer function is:
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H[f] = 2] (13)

By multiplying numerator and denominator by the complex
conjugate of X[f], Equation (13) becomes:

_ XAf1 X1 Sxaxa(F)
MH_&m&m“'%ﬂm (14)

The squared magnitude of the transfer function is:

NAlINE _
X1

X1 f
X[f

2

2 _
|H[f]| B B (5x1x2(f))2

]
]

This method is based on the discrete Fourier transform
representation of a finite-duration discrete-time series and has the
advantage that can be applied to a relatively shorter discrete-time
series than that required by nonlinear dynamical methods.

The estimated the coherence function as given by:

_ Sx1x2 (%) _ Sx1x2 (f)
MSC(f) = L] T K]

(16)

They defined the magnitude-squared coherence (MSC) as a
frequency domain measure of the phase consistency between two
signals, x1[n] and x2[n], as given by:

_ Sx1x2 ()2
MSCx1x2 (f) - lexl(f).sszCZ(f) (17)

"MSC is dimensionless and can vary from 0 to 1. A MSC value
of 1 at some frequency would indicate a linear relationship or
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perfect coherence between the two signals at that frequency, while
a value of 0 would indicate no relationship or perfect incoherence
between the two signals at that frequency. MSC is sensitive to
noise and interference, whereas uncorrelated noise in either of the
two signals decreases MSC, and correlated interference increases
MSC [4] .

Based on this information, and by calculating the matching
ratio using MSC (in threshold of 85 %) for plotting coherence
ratio for the chosen threshold in Fig (9) (Coherence ratio showing
chosen threshold) for proportion of ability to highlight the desired
voice by the computer.

Coherence Estimate

Fig (9): Coherence ratio showing chosen threshold.
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In this research, several experiments were conducted to
compare the voice of a specific person with his recorded voice in
the first fifteen attempts and other attempts assisted by other
fifteen people to compare their voices with the recorded voice. The
table (1) showing these attempts and the matching ratio:

Table (1): Number of attempts and the matching ratio

Number of attempts and the matching ratio

Attempt No. | MSC ratio % | Attempt No. MSC ratio %

1 16 28
2 74 17 44
3 71 18 25
4 72 19 5

5 81 20 12
6 79 21 27
7 76 22 58
8 77 23 14
9 72 24 10
10 75 25 23
11 73 26 8

12 84 27 21
13 80 28 40
14 70 29 12
15 73 30 34

Here is a chart in Fig (10): the relationship between the number
of attempts and the ratio of matching to the recorded voice. This
chart is showing the relationship between the number of attempts
made by the person whose the computer is trying to recognize his
voice (with the same pronunciation) and the ratio of matching to
the recorded voice:
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Fig (10): the relationship between the number of attempts and the ratio of
matching to the recorded voice.

It is noted in the previous figure that there is a difference in the
level of ratios because the ratios of the first person is between 70
and 85% while other people, the ratios do not correspond at the
best to 50%.

V. The Conclusion:

As a result of what has been achieved, it can be said that the
process of recognizing the machine to a certain human voice (by
uttering a certain word) has been in some way successful. Despite
the different methods had made by researchers in this field (voice
recognition), almost all methods reached a certain level of success.
The method we used (using MSC) as a function to calculate the
rate of similarity and convergence between frequency spectra of
different voices may be more efficient in terms of work
mechanism . Using MATLAB placed a given value for each
frequency in the spectrum as an element within a matrix that is
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compared to elements in other matrices for reaching the best
matching between the two matrices. And through our study of this
process, we found that increasing in the number of matching
frequency spectrums with each other as the proportion of
similarity, the ability of the device to distinguish between these
voices reduces. Depending on this, We determined a certain
number of spectrums that must match, (our choice was three
different frequencies), one of them is the most required voice
frequency. This is the basis on which we relied on the threshold of
the matching ratio. We also found that if the word spoken by the
same person whose voice was previously recorded differs from the
word to match, this function gives us a ratio of less than the
required ratio, but at the same time, this ratio is higher than the
matching ratio if it matches the voices of others.
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The relationship between HbA;c and hypertension in
newly & old type-I1 diabetes mellitus
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Abstract

Objective: Hypertension and diabetes are closely related
morbidities. There is a researches examining the relationship
between blood pressure (BP) and HbA;. level newly and among
older diabetes mellitus. The objective of the current study was to

investigate the association of high BP and HbA . level.
Materials and methods: A cross-sectional study, 48 diabetic

patients in (Diabetes & Endocrinology Center Tripoli — Libya)
were chosen. Blood pressure was measured using a mercury
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sphygmomanometer, Serum HbA;. and Lipids were measured by
enzymatic method COBAS INTEGRA. HbA;. was measured by
immunoturbidimetrically COBAS INTEGRA. Correlation
(Pearson) analysis was used to explore the association between
hypertension and hyperglycemia. Independent risk factors for
systolic and diastolic BP were analyzed using correlation.

Results: Subjects in HbA;1. group newly type-11 diabetes mellitus
(n = 24) and old type-Il diabetes mellitus (n = 24), as compared
with normal HbA;. (n = 24). There was significant correlation
between glycated haemoglobin (HbA;;) and Systolic blood
pressure (SBP) (r=0.308", P=0.033), Diastolic blood pressure
(DBP) (r=0.137, P=0.353), but there were strong significant
correlations between glycated haemoglobin (HbA;c) and Systolic
blood pressure (SBP) (r=0.607"", P=0.001), Diastolic blood
pressure (DBP) (r=0.203, P=0.166), had a significant higher risk
for hypertension, respectively. correlation analysis revealed HbA .
was an independent factor of systolic and diastolic BP.
Conclusions: in study present a relationship between
hyperglycemia and hypertension in a type-Il diabetes, our findings
suggest that hyperglycemia as well as higher HbA;. within the old
type-11 diabetes range is associated with a higher prevalence of
hypertension independent of other cardiovascular risk.

Keywords: diabetes mellitus, glycated haemoglobin HbA,,
diabetes, hypertension.

Introduction

Hypertension (HTN or HT), also known as high blood pressure
(HBP), is a long-term medical condition in which the blood
pressure in the arteries is persistently elevated.! High blood
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pressure typically does not cause symptoms.’2l Long-term high
blood pressure, however, is a major risk factor for coronary artery

disease, stroke, heart failure, atrial fibrillation, peripheral vascular
3][4][5][6

disease, vision loss, chronic kidney disease, and dementia.
High blood pressure is classified as either primary (essential) high
blood pressure or secondary high blood pressure.”l About 90—
95% of cases are primary, defined as high blood pressure due to
nonspecific lifestyle and genetic factors.Z!8 | ifestyle factors that
increase the risk include excess salt in the diet, excess body
weight, smoking, and alcohol use.’2”l The remaining 5 — 10% of
cases are categorized as secondary high blood pressure, defined as
high blood pressure due to an identifiable cause, such as chronic
kidney disease, narrowing of the kidney arteries, an endocrine
disorder, or the use of birth control pills.Z!

Blood pressure is expressed by two measurements, the systolic and
diastolic pressures, which are the maximum and minimum
pressures, respectively.’2 For most adults, normal blood pressure at
rest is within the range of 100-130 millimeters mercury (mmHgQ)
systolic and 60-80 mmHg diastolic.2!*® For most adults, high
blood pressure is present if the resting blood pressure is
persistently at or above 130/80 or 140/90 mmHg.L2! Different
numbers apply to children2l Ambulatory blood pressure

monitoring over a 24-hour period appears more accurate than
711

office-based blood pressure measurement.
Lifestyle changes and medications can lower blood pressure and
decrease the risk of health complications.t2 Lifestyle changes
include weight loss, physical exercise, decreased salt intake,
reducing alcohol intake and a healthy diet.” If lifestyle changes
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are not sufficient then blood pressure medications are used.*2 Up
to three medications can control blood pressure in 90% of
people.” The treatment of moderately high arterial blood pressure
(defined as >160/100 mmHg) with medications is associated with
an improved life_expectancy!2l The effect of treatment of blood
pressure between 130/80 mmHg and 160/100 mmHg is less clear,
with some reviews finding benefit® 2423l and others finding
unclear benefit. 217138 High blood pressure affects between 16
and 37% of the population globally.Z In 2010 hypertension was
believed to have been a factor in 18% of all deaths (9.4 million
globally) 2l

Type-I11 diabetes mellitus (DM) and Hypertension (HT) are among
the most common chronic non-communicable diseases and
multifactorial disorders affecting both developed and developing
countries and occur at a higher prevalence in the older age group
and result from both genetic and environmental -etiological
factors™ (2%

They are the main preventable risk factors for coronary heart
disease, stroke, end-stage renal failure, disability and increased
health-care costs. Although DM and HT are not among the top
leading causes of death, such as cancer and stroke, these two
diseases draw attention from the public due to their increasing
trends, while cancer and stroke are declining .

Epidemiological and clinical studies have shown that these
diseases often cluster in individuals and in families, and are
collectively known as Syndrome X 22,

The term DM describes a metabolic disorder of multiple etiologies
characterized by chronic hyperglycemia with disturbances of
carbohydrate, fat and protein metabolism resulting from defects in
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insulin secretion or insulin action or both. It continues to increase
in numbers and significance, as changing lifestyles lead to reduced
physical activity, and increased obesity 2! 24],

A patient who suffers from type-1l DM has a 2 — 4 times greater
risk of death from cardiovascular causes than the patient without
DM. The most common cause of death in the diabetic patient is
heart disease. In addition, peripheral vascular disease, end-stage
renal disease, blindness and amputations are common co-
morbidities in diabetic patients %°!.

Similarly, HT is considered to be one of the most common causes
of morbidity and mortality affecting mankind. HT is a common
health problem in developed countries and a major risk factor for
cardiovascular diseases (CVD) 1?1,

HT exhibits an iceberg phenomenon where unknown morbidity
exceeds the known morbidity. The prevalence of HT is rapidly
increasing in developing countries and is said to be one of the
leading causes of death and disability among the elderly 7.

Its prevalence is probably on the increase in developing countries
where adoption of western lifestyles and the stress of urbanization
both of which are expected to increase the morbidity associated
with unhealthy lifestyles unfortunately are not on the decline %,
Genetic and environmental factors are also reported to play a key
role in HT, 90% of which are better classified as idiopathic. High
blood pressure in adults has a high impact on the economy and on
the quality of life of individuals with important implications for
resource expenditures 2%,

Several studies conducted in different ethnic groups show a close
association between HT and DM, where the prevalence of HT is
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significantly higher in the patients with non insulin-dependent DM
(NIDDM or type-11 DM).

Both systolic and diastolic HT has been reported, and conclusive
evidence indicates that the link between DM and essential HT is
hyperinsulinemia 1. The prevalence of HT is 1.5 — 2.0 times
more in those with DM than in those without DM, whereas almost
one-third of the patients with HT develop DM later B,

The presence of hypertension in diabetic patients substantially
increases the risks of coronary heart disease, stroke, nephropathy
and retinopathy. When HT coexists with DM, the risk of CVD is
increased by 75%, which further contributes to the overall
morbidity and mortality of already high risk population. Generally,
HT in type-11 diabetic persons clusters with other CVD risk factors
such as microalbuminuria, central obesity, insulin resistance,
dyslipidaemia, hypercoagulation, increased inflammation and left
ventricular hypertrophy B,

This clustering risk factor in diabetic patients ultimately results in
the development of CVD, which is the major cause of premature
mortality in patients with type-11DM.

DM and HT are interrelated diseases that strongly predispose
people to atherosclerotic cardiovascular disease, and hence have
been referred to as “the bad companions” 2]

The objective of the present study is to determine the prevalence
rate and risk factor associated with DM and HT it populations of
Libya as till date very little information exist about the prevalence
of DM and HT from Libya.

Material and methods

Blood samples were collected from 48 type-II diabetic patients and
24 controls. Patients and controls were matched for age. The aged
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30- 84 years from diabetes and endocrinology centers in Tripoli -
Libya. Fasting overnight venous blood sample (about10 ml) were
drawn by the researcher himself into vacutainer plane tubes from
all individuals. The blood was left for a while without
anticoagulant to allow blood to clot. Then, serum samples were
obtained by centrifugation at room temperature at 5000 rpm/ 5
minutes.

Determination of serum Glucose, HbA;, lipid profile by COBAS
Integra 400 plus

The Roche Cobas Integra 400 plus

The Roche Cobas Integra 400 plus chemistry analyzer is used for
diagnostic  clinical chemistry testing. Classic chemistry,
electrolytes, specific proteins, therapeutic drug monitoring, drugs
of abuse, and thyroid hormone testing are consolidated into one
system with one reagent cassette design.

BP Measurements: BP was measured using a mercury
sphygmomanometer by an experienced physician. Subjects were in
a seated position with an arm flexed at the level of the heart. After
the cuff was wrapped around the upper arm with the cuff ’s lower
edge one inch above the antecubital fossa, the cuff was rapidly
inflated to 180 mmHg, then air was released from the cuff at a rate
of 3 mm/s. During this period, the physician listened carefully with
a  stethoscope  while  simultaneously  observing  the
sphygmomanometer. The first knocking sound (Korotkoff) was the
subject’s systolic pressure. When the knocking sound disappeared,
that was the diastolic pressure. BP was measured in either the right
upper or left upper arm after each subject had been seated for at
least 10 min. B
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The arm with the higher blood pressure would be measured twice.
The average was used for analysis. If the difference of SBP or
DBP between the twice was over 5 mmHg, it would be measured
for the third time, and then the average of three times was used for
analysis. !

Hypertension was defined as systolic blood pressure (SBP) >140
mmHg and/or diastolic blood pressure (DBP) >90 mmHg or
reported receiving antihypertensive medication.

Results

Total (72) subjects comprising of 24 newly diabetic, 24 old
diabetic and 24 controls were included in the present study.
Measurement of blood pressure and HbA;., blood glucose, lipid
profile was done in all the groups. Who attended (Diabetes &
Endocrinology Center Tripoli — Libya).

Table-1. Sample characteristics of group A, group B and group C.

Characteristics Group A Group B Group C

N (72) 24 24 24

Age (years) 4753+129 56.29 +14.99 || 55.79 + 15.22

Gender (Male/Female) 14/10 14/10 14/10

Group A: non- diabetic, Group B: newly diabetic, Group: C old diabetic
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Serum analysis:

Table 2: Comparison of mean values of variables in newly & old

Type-11 Diabetes Mellitus (T2DM) and healthy control groups

NS(:: Paramge;g: Group | N Mean +SD t VaIEt;
Group A || 24 90.77+14.25
1. FBS Group B 24 192.20+74.32 6.56 0.001
Group C 24 263.16+111.90 7.48 0.001
Group A || 24 5.35+0.37
2. HbA, [ GroupB | 24 9.30+167 || 11.27] 0.001
Group C 24 10.33+£2.0 11.44 0.001
) Group A || 24 119.16+9.28
3. SySto"CrebS'S‘Lorg Group B | 24 131.29+19.40 || 276 | 0.025
P Group C 24 140.83+18.39 5.15 0.003
) ) Group A || 24 77.91+7.21
4, || Diastolic blood =20 B0 83.12+13.33 168] 013
pressure
Group C 24 82.75+9.63 1.96 0.20
Group A 24 128.13+32.14
5, Chole';t[;r"o’l Group B || 24|  117.16+31.67 | 119] 068
Group C 24 104.91+30.87 2.55 0.72
Group A || 24 156.79+84.88
6. Triglyceride Group B || 24 153.75+77.84 0.129 0.86
Group C 24 117.40455.67 1.90 0.18
Group A || 24 182.08+29.15
7. Cholesterol GroupB || 24 181.54+33.71 0.06 0.90
GroupC || 24 142.33+44.98 3.63 0.10

(Reference range of FBS =70-110 mg/dl. Reference range of HbA;. = 4-6 mg/dl. Reference range of
Cholesterol = 50-200mg/dl. Reference range of Triglycerides = 50-200 mg/dl. Reference range of
LDL-C = 10-100 mg/dl. Group A: non- diabetic, Group B: newly diabetic, Group: C old diabetic
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Figure 1: Comparisons of HbA. level & blood pressure in newly
diabetic, old diabetic and non- diabetic

Table 3: Correlation of HbA,, values with blood pressure
parameters in group B and group C Type-11 Diabetes Mellitus

Group B HbA, Group C HbA |
Sl. Parameter Pearson Pearson
No. mg/dI o i a
g correlation(r) P-value correlatlor:§ P-value
Systolic blood 0.308" 0.033 0.607" | 0.001
pressure
Diastolic blood 0.137 0.353 0203 0.166
pressure
LDL-C -0.143 0.331 -0.220 0.133
Triglyceride 0.050 0.738 -0.269 0.065
Cholesterol 0.040 0.789 -0.270 0.063
**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
185 Copyright © ISTJ A% giae aadal) (5 68a

W\Jejhﬂf\,gj.m;\.\yﬂ



International g ok 4050 iy

Science and Technology Journal Volume 18 3l A — ) Q
il el Al Al July 2019 sis: I STJ/\
Discussion

The age and gender wise distribution of the study subjects is given
as shown in Table 1. They were in the age group of 30 - 84 years.
The mean age of newly diabetic subjects was 56.29 + 14.99 years,
old diabetic subjects was 55.79 * 15.22 years whereas the controls
were in the age group of 30 - 84 and mean age was 47.58 + 12.9
years. Out of 24 newly diabetic 14 were males and 10 were
females, 24 old diabetics were males and 10 were females and in
case of 24 controls 24 were males and 10 were females.

The blood pressure was measured separately as systolic blood
pressure and diastolic blood pressure. The results of blood pressure
measurement are shown in Table 2. and Figure 1. The mean
systolic blood pressure (SBP) of newly diabetic subjects was
131.29 £ 19.40 mmHg, old diabetic subjects was 140.83 + 18.39
mmHg and that of controls was 119.16 + 9.28 mmHg. The mean
systolic blood pressure was found to be higher significant in old
diabetic subjects than controls (p < 0.05) and found to be
significant in newly diabetic subjects than controls (p<0.05). Mean
diastolic blood pressure (DBP) of newly diabetic was 83.12+13.33
mmHg, old diabetic subjects were 82.75 + 9.63 mmHg and that of
controls was 77.91 + 7.21 mmHg. The mean diastolic blood
pressure of old diabetic was not found significant than controls
(p>0.05). and not found significant in newly diabetic subjects than
controls (p > 0.05).

The mean HbA;. in newly diabetic was 9.30 = 1.67 %, old diabetic
was 10.33 = 2.0 % and that of among normal healthy controls was
5.35 + 0.37 %. The mean HbA;. in old diabetic was higher than
newly diabetic and normal healthy controls and the difference
between the three groups was found to be statistically higher
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significant (p < 0.001) in old diabetic subjects and found to be
higher significant in newly diabetic subjects than controls (p <
0.05). The results of HbA; levels are shown in Table 2 and
Figure.1.

this study showed strong significant (0.308) correlation between
HbA;. with Systolic blood pressure in newly type-1l diabetic
subjects. and The present study in old type-ll diabetic subjects
shows a highly positive significant (0.607) correlation of HbA.
levels with Systolic blood pressure.

This study showed observed a highly positive significant
correlation between HbA;. and Systolic blood pressure in old type-
Il diabetic subjects; but, in there was week correlation between
HbA;. and Systolic blood pressure in newly type-Il diabetic
subjects.

Conclusion

The result of This case study presents a relationship between type
Il DM in patients with of blood pressure. There is a positive
significant correlation between the levels of HbA;. concentration
and blood pressure of newly type-ll diabetes, a highly positive
significant correlation between the levels of HbA;. concentration
and blood pressure of old type-1I diabetes individuals.
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ABSTRACT

Autogeneous TIG welding (without filler metal) is used
in thin square edges section up to 2 mm, while in thicker sections
(more than 2 mm) edge preparation and filler metal are needed.
This paper presents the influence of different input parameters of
TIG welding process like welding current, welding speed, and gas
flow rate on ultimate tensile strength and micro-hardness of
AISI304L austenitic stainless steel using autogeneous TIG welding
process. Sheet plate of 3 mm thickness have been used as the base
material for preparing single pass butt welded joints. The selected
three input parameters were varied at three levels. Taguchi (L9)
orthogonal array design was used as a design of experiment
approach to conduct the experiments. Signal to noise (S/N) ratio
and analysis of variance (ANOVA) were employed to designate
the levels of significance contributions of input parameters.
Welding speed has stronger effect on the output characteristics of
welded joints. Autogeneous TIG welding process has validation in
sheet plates of austenitic stainless steel with thickness 3 mm
without any edge preparation or filler metal addition when using
argon as shielding gas.
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1. INTRODUCTION

Tungsten Inert Gas (T1G) welding, which is also known
as Gas Tungsten Arc Welding (GTAW) uses a non consumable
tungsten electrode and an inert gas for arc shielding to produce the
weld [1]. Austenitic stainless steels form the major class of
materials used in the industry today. TIG welding process is one of
important process for fabrication of the various components of
stainless steel in the industry whenever quality, productivity, and
cost are concerned. The principle disadvantaged of TIG welding
lie in the limited thickness of material which can be welded in a
single pass. TIG welding parameters are the most important factors
affecting the quality, productivity, and cost of welding. The input
process parameters play a very significant role in determining the
quality requirements. The joint quality can be defined in terms of
properties such as tensile strength, micro-hardness, and many
others [2]. While the productivity and the cost of welded joints are
related to the welding speed factor, edge preparation, and filler
metal addition needed to the welding process. Autogeneous semi-
automatic TIG welding process produce a welded joints at high
productivity and low cost. For proper welding and control on TIG
welding parameters a semi-automatic welding setup has been
developed in-house. Semi-automatic TIG machine is very easy to
set up and can be customized by using conventional TIG welding
equipment as shown in Figure (1).
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Figure (1). Experimental set-up for TIG welding

2. LITERATURE REVIEW

Many researchers have studied in the field of TIG
welding process for different alloys by using conventional, semi-
automatic, and full automatic TIG machine.

A.A. Shirali and K. C. Mills [3] investigated the effect of
various welding parameters on the penetration of SS304 and
SS316 plates with 6mm thickness using GTA welding process.
From experimental results, they were concluded that weld
penetration was found to decrease with increasing welding speed
for low, medium, and high sulfur casts. Increased welding current
was found to increase the weld penetration in high sulfur casts, but
decreased penetration in low sulfur casts. Increasing linear energy
(which is dependent upon both welding speed and current) was
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found to cause increases in penetration for low and medium sulfur
casts, but had little effect on penetration in low sulfur steels.
Increases in arc length were found to decrease weld penetration.
This is in agreement with the observations of other workers. Weld
penetration was found to increase with increasing vertex angle of
the electrode for medium and low sulfur casts. The use of frustum
electrodes was found to reduce the differences in weld penetration
for casts with different sulfur contents.

Juang and Tarng [1] adopted a modified Taguchi method
to analyze the effect of each TIG welding process parameters such
as gas flow rate, arc gap, welding current and welding speed on the
weld pool geometry, i.e. front height, back height, front width,
back width and then to determine optimal combination of the
process parameters associated with the optimal weld pool
geometry. The base metal was AISI 304 stainless steel plates with
a thickness of 1.5 mm. Experimental results showed that the front
height, front width, back height, back width of the weld pool in the
TIG welding of AISI 304 stainless steel were greatly improved by
using this approach.

Mukesh and Sharma [4] studied the influence of different
input parameters such as welding current, gas flow rate and
welding speed on the mechanical properties during the gas
tungsten arc welding of austenitic stainless steel 202 grade. In this
study, they investigated the microstructure, hardness and tensile
strength of weld specimen using nine experiments were performed
based on L9 orthogonal array of Taguchi’s methodology. From the
experimental results, it was found that the current had the
maximum influence on the output characteristics. Microstructure
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of weld metal structure showed the delta ferrite in matrix of
austenite.

Raghuvir Singh et al. [5] investigated the effect of TIG
welding parameters like welding speed, current, and flux on depth
of penetration and width in welding of AISI304L stainless steel
has been studied. From the study, it was observed that flux used
has the most significant effect on depth of penetration followed by
welding current. However, SiO, flux has more significant effect on
depth. Optimization was done to maximize penetration and having
less bead width.

Oyetunji et al. [6] studied the Effects of welding speed
and power input on the hardness property of Type 304L Austenitic
Stainless Steel (ASS) Heat Affected Zone (HAZ) welded with Gas
Tungsten Arc Welding (GTAW) process. The authors used
standard approaches to find hardness, tensile, and impact
measurements. From experiment and investigation, results
obtained from the HAZ micrographs showed that the hardness
property of the HAZ was influenced at varying degrees at the
range of welding speeds and power inputs. Microstructure of the
HAZ was a mixture of austenite and ferrite, also variation in
volume fraction and grain size of the phases was observed.
Chromium carbide formation and precipitation due to sensitization
was seen at the grain boundaries. Optimum hardness property was
obtained at fast welding speed of 9.5 m/min and 9.20 kW power
input.

Sudhakaran et al. [7] studied the effect of welding
process parameters, namely welding current, welding speed,
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shielding gas flow rate, and welding gun angle on the
microstructure of AISI202 grade chromium manganese stainless
steel plates, welded by TIG welding. The authors were used
method to keep one parameter at the minimum and maximum
levels and other parameters kept constant. Also, they were studied
the metallographic concentrated on the grain structure, presence of
carbides and formation of ferrite, austenite and martensite in the
weldment. From the investigation, they obtained results helped in
selecting quickly the required process parameters to achieve the
desired weld quality.

Anawa et al. [8] investigated the weldability of austenitic
stainless steel AISI 316, welded by automatic TIG welding under
various welding conditions, and studied the effect of input welding
parameters, like welding current and gas flow rate on impact and
tensile strength of prepared welding joints used statistical
approach. From experimental results, they showed that impact
energy was increased when gas flow rate of (CO,) was increased,
also increasing of welding current caused to increasing of impact
energy up to (1200 Ampere) then decreased. While the tensile
strength results showed that as welding current was increased the
tensile fracture load was decreased, while increasing of gas flow
rate caused to increase of tensile fracture load up to 12 L/min. then
reduced.

3.METHODOLOGY OF STUDY
3.1 Taguchi Design method
Genichi Taguchi has developed a method based on
"Orthogonal Array" to study the control parameters with a small
number of experiments. The experimental results are then
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transformed into a signal-to-noise (S/N) ratio. There are three
Signal-to-Noise ratios of common interest for optimization: the
nominal is better, smaller is better, and the higher-the-better.
Regardless of the category of the objective function for
optimization, a larger S/N ratio corresponds to better performance
characteristic. Therefore, the optimal level of the process
parameters is the level with the highest S/N ratio.

2 _v2 _v2
msp = &=V + (G2 PR+ (= ¥ )for nominal is better. (1)

n

2 24...4v2
MSD = w for smaller is better. @)
1 1 1
(Y—%'F E-F ....... + g) ) )
MSD = for bigger is better. 3)
S/N = —10log (MSD) for all characteristic. 4)

3. 2 Work Material and Experimental Parameters
In this experimental works, 3mm thick of AISI304L
austenitic stainless steel was used. The dimensions of the work
piece, length 150mm, width 150mm with autogenous single pass
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square edge butt joints. The workpiece is welded at three different
levels of welding parameters, i.e. welding current, welding speed,
and gas flow rate as shown in Table (1). The welding conditions
which have been kept constant in this experiment are shown in
Table (2). The chemical composition of Stainless Steel 304L sheet
using for this study is shown in Table (3).

Table (1). Welding parameters and their levels

Process Parameters Level 1 Level 2 Level 3
A: Welding Current (Amp.) 130 135 140
B: Welding Speed (mm/min) 180 190 200
C: Gas Flow Rate (Liter/min) 4 6 8

Table (2). Fixed welding conditions

Polarity DCEN (Direct Current
Electrode Negative)
Power Supply 230 V
Shielding Gas Argon (99.99%)
Electrode Diameter 1.6 mm

Tungsten Electrode Characteristics

2% Thorated, Red color code

Torch Nozzle Material Ceramic
Nozzle Size 4
Torch Position (Gun Angle) Vertical (zero deg.)
Electrode to plate distance (Arc gap) 3 mm

Table (3). Composition of the base material

Type %Cr %Ni %C %Si %Mn %P %S
304L | 18.0-20.0 | 8.0-12.0 0.03 | 1.00 2.00 | 0.045 | 0.03
202 Copyright © ISTJ A% giae aadal) (5 68a
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3.3 L9 Level Taguchi Orthogonal Array

L9 orthogonal array has been selected with considering
three factors and three levels for each factor. The input parameters
considered in the study are: welding current, welding speed, and
gas flow rate. Nine butt welded samples have been made using
different levels of welding current, welding speed, and gas flow
rate. Real values of the factors are shown in the experimental
design matrix in Table (4).

Table (4). Experimental design matrix as per L9 orthogonal array

S.No. | A: Welding Current | B: Welding Speed | C: Gas Flow Rate
1 130 180 4
2 130 190 6
3 130 200 8
4 135 180 6
5 135 190 8
6 135 200 4
7 140 180 8
8 140 190 4
9 140 200 6

4. EXPERIMENTAL WORK
4.1 Experimental Procedure

In the present study, AISI304L austenitic stainless steel
material has been selected. Welding set-up has been prepared.
Welding process has been carried out in TIG welding machine.
Experiments were conducted based on Taguchi L9 orthogonal
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array. Photos of welded specimen before and after welding are
shown in Figure (2).

Figure (2). Photographic view of welded specimen before and after
welding

4.2 Ultimate Tensile Strength (UTS) Test
The ultimate tensile strength (UTS) of the machined
specimens were tested on Zwick universal tester machine. Tensile
test carried out according to ASTM standards. The dimensions of
each of the tensile test specimen is shown in Figure (3).
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Figure (3). Dimensions of the specimen prepared for tensile test

Test specimens prepared according to ASTM standards (three
sample for each specimen) are shown in Figure (4).

The tensile test was carried out on Zwick universal tester machine
with 1000KN load capacity. Nine specimens were tested at each
condition, three samples for each specimen as shown in Figure (5).
The results of average ultimate tensile strength are given in Table

(5).
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Figure (5). Specimens after tensile test

4.3  Micro-hardness Test

For micro-hardness test, the base metal is cut out from
the specimens and placed in the mounting press as shown in Figure
(6) in below. After placing, the samples are first rubbed with
emery papers and then cleaned with acetone solution. In the
present study, Vickers hardness tests are used to measure the
hardness by MVK-E micro-hardness tester with magnification
X400 and 200g indentation load. Vickers indenter made of
diamond in the form of square based pyramid was used for
indenting purpose. The results of micro-hardness test are given in
Table (5).
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Figure (6). Specimens for micro-hardness test

5. RESULTS AND DISCUSSION
5.1 Effect of process parameters on UTS.

Based on the experimental results data in Table 5, main
effect plots for UTS have been obtained. From these plots the
nature of the relationship between UTS and input parameters has
been predicted. In Figure (7), inconsistent trend of UTS with
welding current and welding speed can be observed. With increase
in welding current from 130 to 140 Amp., UTS first increases from
549.223 to 580.556 MPa and then decreases from 580.556 to
541.78 MPa beyond the 2" level of welding current. While with
increase in welding speed from 180 to 200 mm/min, UTS first
increases from 580 to 620 MPa and then decreases to 471.556 MPa
beyond the 2" level of welding speed because of less penetration
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depth at high level of speed. As gas flow rate increases from 4 to 8
I/min, UTS decreases from 598.556 to 533.89 MPa.

Main Effects Plot for UTS (MPa)
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Figure (7). Main effect plots for ultimate tensile strength (MPa)

5.2  Effect of process parameters on micro-hardness

Based on the experimental results data in Table 5, main
effect plots for micro-hardness have been obtained as shown in
Figure (8). Main effect plot shows that micro-hardness increases
from 176 to 184.34 HVN when welding current increases from
130 to 140 Amp. Micro-hardness first increases from 180.83 to
188.5 HVN and then decreases from 188.5 to 173.5 HVN when
welding speed increases from 180 to 200 mm/min. While, micro-
hardness decreases from 188.67 to 178.5 HVN when gas flow rate
increases from 4 to 8 I/min.
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Main Effects Plot for Micro-hardness (HVN)
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Figure (8). Main effect plots for micro-hardness (HVN)

5.3 Analysis of S/N ratio for UTS

In the Taguchi Method the term 'signal’ represents the
desirable value (Mean) for the output characteristic and the term
'noise’ represents the undesirable value (Standard Deviation) for
the output characteristic. Therefore, the S/N ratio used to measure
the quality characteristic deviating from the desired value. The S/N
ratio of the output characteristic (ultimate tensile strength) was
analyzed in accordance to the criterion of the bigger is better, in
order to maximize the response. The S/N ratio for the bigger is
better target for the response can be expressed as:

1 1 1
<—2+ —2+ I —2>
MSp = L2 (3)
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where, M.S.D. is the Mean Square Deviation for the output
characteristic, Yi is the value of ultimate tensile strength.

Table (5). Experimental results and S/N ratios for ultimate tensile
strength and micro-hardness.

) ) S/N Ratio of
Sample Average of_ S/N Ratio of Micro- VI
number ultimate tensile UTS (dB) hardness
strength (MPa) (HVN) (dB)

1 630.00 55 0868 186.5 45.4136

2 581.67 55.2935 172.5 44.7358

3 436.00 52.7897 169.0 44.5577

4 581.00 55.2835 180.0 45.1055

5 636.67 56.0782 190.5 45.5979

6 524.00 54.3866 177.0 44.9595

7 529.00 54.4691 176.0 44.9103

8 641.67 56.1462 202.5 46.1285

9 454.67 53.1539 174.5 44.8359

Regardless of the category of the quality characteristic, a greater
S/N ratio corresponds to better quality characteristics. The S/N
response table for ultimate tensile strength is shown in Table (6)
and presented in Figure (9) as shown in below.
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Table (6). Mean S/N ratio table for ultimate tensile strength

Level A: Welding B: Welding-Speed C: Ga_s Flovy
Current (Amp.) (mm/min) Rate (Liter/min)
1 54.69 55.25 55.51
2 55.25 55.84 54.58
3 54.59 53.44 54.45
Delta 0.66 2.40 1.06
Rank 3 1 2

The rank (1) in Table 6 indicates that welding speed
parameter has stronger effect on the process followed by rank (2)
gas flow rate parameter which has less effect, while rank (3)
welding current parameter has the minimum effect on the process.

Main Effects Plot for SN ratios (UTS)
Data Means
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Figure (9). Main effect plots for S/N ratio of ultimate tensile strength
(MPa)

5.4  Analysis of S/N ratio for micro-hardness
The S/N ratio of the output characteristic (micro-
hardness) was analyzed in accordance to the criterion of the bigger
is better, in order to maximize the response. Regardless of the
category of the quality characteristic,c a greater S/N ratio
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corresponds to better quality characteristics. The S/N response
table for micro-hardness is shown in Table (7) and presented in
Figure (10) as shown in below.

The rank (1) in Table (7) indicates that welding speed
parameter has stronger effect on the process followed by rank (2)
gas flow rate parameter which has less effect, while rank (3)
welding current parameter has the minimum effect on the process.

Table (7). Mean S/N ratio table for micro-hardness

Lt A: Welding Current | B: Welding Speed C: Gas Flow Rate
(Amp.) (mm/min) (Liter/min)
1 44.90 45.14 45.50
2 45.22 45.49 44.89
3 45.29 44.78 45.02
Delta 0.39 0.70 0.61
Rank 3 1 2

5.5 Analysis of variance (ANOVA) for UTS

Analysis of variance for S/N ratio and mean data for
ultimate tensile strength are summarized in Table (8) and (9)
respectively at 95% confidence level and it is observed that
welding speed is the most prominent factors which affected on
ultimate tensile strength with percent contribution of 75.70%
followed by gas flow rate with percent contribution 16.25% then
welding current with percent contribution 6.15%.
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Main Effects Plot for SN ratios (Micro-hardness)
Data Means
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Figure (10). Main effect plots for S/N ratio of micro-hardness (VHN)

Table (8). Analysis of variance for S/N ratio of ultimate tensile

strength
Source df Seq. SS Adj. MS F Cont. (%)
A: W. Current 2 0.7583 0.3791 3.18 6.15
B: W. Speed 2 9.3430 4.6715 39.14 75.70
C: Gas FlowRate | 2 2.0067 1.0034 8.41 16.25
Residual Error 2 0.2387 0.1194 1.90
Total 8 12.3467 6.1734

Table (9). Analysis of variance for means of ultimate tensile strength

Source df Seq. SS Adj. MS F Cont. (%)
A: W. Current 2 2541 1270.4 1.90 5.40
B: W. Speed 2 35397 17698.3 26.51 75.30
C: Gas Flow Rate | 2 7743 3871.3 5.80 16.50
Residual Error 2 1335 667.5 2.80
Total 8 47015 23507.5
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5.6 Analysis of variance (ANOVA) for micro-hardness

Analysis of variance for S/N ratio and mean data for
micro-hardness are summarized in Table (10) and (11) respectively
at 95% confidence level and it is observed that welding speed is
also the most prominent factors which affected on micro-hardness
with percent contribution of 38.15% followed by gas flow rate
with percent contribution 31.70% then welding current with
percent contribution 13.25%.

Table (10). Analysis of variance for S/N ratio of micro-hardness

Source df Seq. SS Adj. MS F Cont. (%)
A:W. Current 2 0.2579 0.1290 0.79 13.25
B: W. Speed 2 0.7415 0.3707 2.26 38.15
C: Gas Flow Rate | 2 0.6156 0.3078 1.88 31.70
Residual Error 2 0.3280 0.1640 - 16.9
Total 8 1.9431 0.9715 - -

Table (11). Analysis of variance for means of micro-hardness

Source df Seq. SS Adj. MS F Cont. (%)
A: W. Current 2 115.1 57.53 0.77 13.0
B: W. Speed 2 337.6 168.78 2.25 38.25
C: Gas Flow Rate | 2 280.4 140.19 1.87 31.75
Residual Error 2 150.2 75.11 - 17.0
Total 8 883.2 441.61 - -

6. CONCLUSION
In the present study, autogenous single pass butt welding
of austenitic stainless steel AISI 304L has been done using semi-
automatic tungsten inert gas welding machine, at varied levels of
welding current, welding speed, and gas flow rate. The L9
orthogonal has been used to assign the identified parameters.
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ANOVA analysis was performed for the analysis purpose which
shows that welding speed is the most significant parameters that
influenced on ultimate tensile strength and micro-hardness of the
weld. The highest ultimate tensile strength and maximum micro-
hardness obtained in the research is 641.67 MPa and 202.5 HVN
respectively at the same level of a welding current of 140 amp,
welding speed of 190 mm/min, and gas flow rate of 4 I/min.
Autogeneous TIG welding process has validation in sheet plates of
austenitic stainless steel with thickness 3mm without any edge
preparation or filler metal addition when using argon as shielding
gas.
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