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Abstract

The rising demand for battery electric vehicles has 
resulted in market saturation in terms of various 
start-ups, and established automakers are also intro-

ducing new models every year. The automakers have to put 
a lot of effort into sizing powertrain components optimally 
to get the best performance and efficiency. This paper 
proposes a programming approach for estimating the 
preliminary component sizing based on analytical 

equations regarding electric motor power rating and 
battery-pack energy capacity. Estimating tractive force for 
various vehicle performance goals dictates the motor power 
rating. The battery sizing for lead-acid and Li-ion batteries 
is proposed based on the empirical relationship between 
vehicle curb weight and battery-pack weight and the energy 
consumption approach. The validation and verification of 
the program based on output accuracy and user experience 
are presented.

I. �Introduction

There are thousands of electric vehicles produced every 
year with BEVs accounting for 74% of EV sales [1] due 
to increased demand and environmental concerns 

regarding conventional internal combustion vehicles. More and 
more start-ups and established automakers are in a battle of 
designing and producing new electric vehicles. These auto-
makers are held back by certain constraints such as time limita-
tion, resource exhaustion, and expenses in research and devel-
opment. While designing a new electric vehicle, certain param-
eters are to be considered such as traction battery-pack capacity, 
motor sizing and selection, and the like. These components 
directly affect range, cost, complexity, losses, and vehicle perfor-
mance characteristics. An electric vehicle has fewer components 
and that is why component sizing in an electric vehicle becomes 
a crucial aspect in meeting optimal performance requirements.

Rigorous research has been going on in order to improve 
the relatively limited driving range of electric vehicles while 
having good performance without a major cost increase. 
Hence, it becomes important to investigate the effects on 
energy efficiency as well as performance that different design 
choices have when it comes to the design of primary powertrain 
components of an electric vehicle such as traction battery pack 
and motor. An interesting research aspect is to suggest 

appropriate drive system components according to vehicle 
category and its performance requirements.

Till now, some studies have been done on the component 
sizing of electric vehicles. Mineeshma et al. [2] represented a 
backward simulation approach to choose optimal design 
specifications and performance for making an efficient EV/
HEV system where component and vehicle requirements had 
to be defined in terms of range, gradeability, and the like to 
generate optimum component specifications. Unnewehr and 
Knoop [3] developed and presented a method for modeling 
electric vehicles that are used in the prediction of electric 
vehicle performance and range over variable driving cycles. 
The model could also be used for studying the size, power 
rating, and cost of the electrical drive train. Colzi et al. [4] 
used real-world driving avoiding standard cycles, where the 
data was collected on four different vehicles and was used as 
input to a longitudinal dynamic model of the vehicle, which 
was helpful in the preliminary sizing procedure. Sandeep et al. 
[5] presented a mathematical model for battery-pack sizing to 
evaluate the vehicle energy consumption. Factors such as 
battery mass and energy needed were predicted using inputs 
such as battery-specific energy, range, and so on. The outputs 
are evaluated and an ideal battery pack is suggested. Looking 
at the past work it can be seen that many have focused on 
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Abstract: The effectiveness of academic practices and hence 

student satisfaction in terms of academic engagement is a critical 

issue for any higher education institute. This work proposes the 

NAAC student satisfaction survey as a reliable and effective 

instrument to gauge the academic health of the institute. It 

demonstrates that the student feedback on the academic 

practices if analyzed and followed up with appropriate actions, 

helps improve the student satisfaction index at the institute level 

and that of departments. The work proposes the hypothesis that 

the improvement in the student satisfaction index of the institute 

over four years belongs to concerted efforts and actions taken 

based on annual survey findings. The hypothesis is tested with 

the help of ANOVA to validate the findings and conclusion of the 

work.  

 

Keywords: NAAC student satisfaction survey; student 

satisfaction index; academic health; ANOVA 

 
I. INTRODUCTION AND LITERATURE REVIEW 

Teaching-learning process is at the core of any teaching-

intensive higher education institute. The effectiveness of this 

process directly influence the graduate outcomes in terms of 

placements, higher learning, research outputs or 

entrepreneurial efforts. Thus, assessment of teaching-learning 

process and the need for a metric indicating academic health 

of the institute becomes evident.  Many institutes collect 

course-specific feedback from the students to gauge the 

academic effectiveness; however, a general feedback on 

teaching–learning, irrespective of faculty or the course, is 

desired to form an overall impression about the institutional 

academic ambience. Hence, student satisfaction in terms of 

academic engagement becomes pivotal for any higher 

education institute. 

Earlier works have addressed student satisfaction issue 

in various contexts like evaluation of a new program or 

distance learning program, outcomes based pedagogy, 

effectiveness of vocational program, evaluation framework 

and some other. Daultani et al. (2021) identified key attributes 

of student satisfaction in the context of e-learning while 

Ghansah et al. (2021) investigated student satisfaction 

determinants for academic and administrative services of a 

private university. Silva et al. (2020) lends the students 

satisfaction perspective from Brazil about higher technical-

vocational education. Garnjost and Lawter (2019) 

investigated undergraduate student perceptions across various 

pedagogies. Gunn (2018) addressed student satisfaction while 

developing a Teaching Excellence Framework (TEF) for a  

 

 

 
 

 

 

 

 

 

university in UK. Skea (2017) presented his arguments on 

settling and unsettling of student expectations as a part of 

quality culture of an institute. Gibson (2010) reviewed the 

attributes which influence the students’   perception of overall 

satisfaction. Möller (2006) presented development of a 

student satisfaction monitoring instrument at Utrecht 

University (UU) while Douglas (2006) designed and 

developed a questionnaire to measure student satisfaction at 

the faculty of business and law in a university. The abundant 

literature available also underlines the significance of the 

aspect of student satisfaction for a higher learning institute. 

The simplicity and reliability of the instrument used for the 

assessment of student satisfaction level is a key aspect. 

The NAAC (National Assessment and Accreditation 

Council), a statutory body of UGC (University Grants 

Commission) is responsible for the institutional assessment 

and accreditation of higher educational institutes in India. The 

NAAC as a part of its standard process, uses Student 

Satisfaction Survey (SSS) - a twenty-one question 

questionnaire, to evaluate the teaching-learning process of the 

institute based on the feedback of the students. The NAAC 

conducts this survey online or through emails as a part of the 

assessment and accreditation process of the institute and offers 

five percent weight for the score. Out of twenty-one questions, 

twenty are objective while one is subjective in nature. These 

questions cover all the important and relevant dimensions of 

teaching and learning process like academic planning, course 

design and delivery, performance evaluation and feedback to 

the students. The student responses are sought on the five-

point rating ranging from 0 to 4, indicating various levels of 

conformance to the statement. The questionnaire is available 

at http://www.naac.gov.in/docs/Apply%20now/SSS-

Questinnaire_Students.pdf (2021). The student feedback 

collected offers insights into academic practices and culture; 

and help gauge the academic ambience of the institute though 

it doesn’t provide feedback on individual course or course 

teacher.   This work makes an effort to demonstrate leveraging 

NAAC Student Satisfaction Survey questionnaire as a reliable 

instrument to gauge academic health of an engineering 

institute and thereby improve the academic experience for its 

students. The findings are validated statistically with the help 

of ANOVA. Section 2 presents details about the deployment 

of the survey by the institute while section 3 presents the key 

findings based on the analysis of collected feedback. The 

‘Discussion’ section discusses efficacy of this tool for 

academic health monitoring and further validated with the 

help of ANOVA in section 5 which is followed by the 

conclusion section.  

NAAC Student Satisfaction Survey: A Reliable and Effective Instrument for 

Institutional Quality Assurance 
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Design and numerical investigation for reduction of 
hand-arm vibrations from steering wheel of an 
agricultural tractor 
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Abstract: Steering wheel vibration affects the driver’s comfort in an 
agricultural tractor. In order to increase driver comfort and reduce the hand-arm 
vibration syndrome (HAVS) effect, it is necessary to reduce the vibrations in 
agricultural tractors. The tuned mass damper concept is used to reduce 
vibrations from the tractor’s steering wheel. The paper is focused on measuring 
steering wheel vibration characteristics on the actual tractor, designing a 
vibration control system and carrying out impact assessment using numerical 
analysis. The amplitude of vibration at the steering wheel measured by physical 
measurement on an actual tractor is compared to that determined using 
MATLAB Simulink. The outcomes of the numerical analysis suggest that the 
amplitude of vibration can be reduced by using a tuned mass damper (TMD) to 
achieve the proposed target levels. The effect of hand-arm vibration syndrome 
can also be decreased, resulting in an increased driver comfort. 

Keywords: agricultural tractors; hand-arm vibration syndrome; HAVS; 
hand-transmitted vibration; steering wheel vibration; tuned mass damper; 
TMD; vibration exposure. 
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Investigation on vibration
parameters in aluminum finned
tube arrays subjected to water
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Abstract

Purpose – Predicting the critical velocity is crucial at the instability threshold for shell and tube heat
exchangers in order to prevent tube failure due to vibrations. In this study, the vibration response of an
aluminum tube bundle subjected to water cross flow was analyzed experimentally. Aluminum tubes are
preferred over steel tubes because of aluminum tubes’ excellent corrosion resistance, ease of manufacture, and
high thermal efficiency.
Design/methodology/approach –The fluid elastic instability and vortex shedding mechanisms in a finned
tube array of aluminum tubeswith a base tube diameter of 19.05mmand pitch of 34mmwere investigated. The
current study considers parallel triangular finned tube arrays with fin heights of 3 mm and 6 mm with a
uniform fin thickness and fin pitch. The plain tube array was tested to compare the finned tube array results.
The tube vibration response was measured using an accelerometer mounted on the middle tube of the third
row. In order to define the fluid elastic instability behavior of various tube arrays, the critical velocity at the
instability threshold is measured. By finding the Strouhal number at the small peaks before instability, the
vortex shedding behavior of the tube arrays is examined.
Findings –The results reveal that the critical velocity at instability for coarse finned tube arrays increases
as the fin height increases. The effect of the tube material is evaluated by comparing the results with those
previously reported for parallel triangular tube arrays made of steel. Finally, the occurrence of vortex
shedding in a tube array is confirmed based on the Reynolds number and Strouhal number relationship.
The instability constant K for the plain tube array of steel and aluminum material are 4.97 and 4.87,
respectively.
Originality/value – This paper provides the research findings on the effect of fin height on coarse density
finned tube array. Thiswill add substantial knowledge to the literature in the field of fluid elastic instability and
vortex shedding, which is needed for the safe functioning of shell and tube heat exchangers.

Keywords Critical velocity, Fluid elastic instability, Coarse fin tube array, Vortex shedding

Paper type Viewpoint

Nomenclature
A Test section cross-sectional area (m2)
Ag Amplitude of vibration in terms of “g”

(g 5 9.81 m/sec)
Am Amplitude of vibration (mm)
c Damping coefficient
di Tube internal diameter (mm)

db Tube external diameter (mm)
df Diameter of fin (mm)
deff Tube effective diameter (mm)
De/D Confinement factor
E Young’s modulus of elasticity (N/m2)
fn Tube natural frequency in the air (Hz)
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Fluid elastic instability and vortex shedding in
finned tube arrays: the effects of tube material

and fin density
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Abstract
Purpose – The purpose of this paper is to present investigations on the significant influence of the tube material and fin density on fluid elastic
instability and vortex shedding in a parallel triangular finned tube array subjected to water cross flow.
Design/methodology/approach – The experiment was conducted on finned tube arrays with a fin height of 6 mm and fin density of 3 fins per inch
(fpi) and 9 fpi. A dedicated setup has been developed to examine fluid elastic instability and vortex shedding. Nine parallel triangular tube arrays
with a pitch to tube diameter ratio of 1.78 were considered. The plain tube arrays, coarse finned tube arrays and fine finned tube arrays each of
steel, copper and aluminium materials were tested. Plain tube arrays were tested to compare the results of the finned tube arrays having an effective
tube diameter same as that of the plain tube.
Findings – A significant effect of fin density and tube material with a variable mass damping parameter was observed on the instability threshold.
In the parallel triangular finned tube array subjected to water cross flow, a delay in the instability threshold was observed with an increase in fin
density. For steel and aluminium tube arrays, the natural frequency is 9.77 Hz and 10.38 Hz, which is close to each other, whereas natural frequency
of the copper tubes is 7.40 Hz. The Connors’ stability constant K for steel and aluminium tube arrays is 4.78 and 4.87, respectively, whereas it is 5.76
for copper tube arrays, which increases considerably compared to aluminum and steel tube arrays. The existence of vortex shedding is confirmed by
comparing experimental results with Owen’s hypothesis and the Strouhal number and Reynolds number relationship.
Originality/value – This paper’s results contribute to understand the effect of tube materials and fin density on fluid elastic instability threshold of
finned tube arrays subjected to water cross flow.

Keywords Natural frequency, Water cross flow, Parallel triangular tube array, Stability constant, Tube material

Paper type Research paper

Nomenclature

A = Test section cross-sectional area (m2);
Ag = Amplitude of vibration in terms of “g”;
Am = Amplitude of vibration (mm);
di = Tube internal diameter (m);
db = Tube external diameter (m);
df = Fin diameter (m);
deff = Tube effective diameter (m);
De/D = Confinement factor;
E = Young’s modulus of elasticity (N/m2);
fn = Tube natural frequency in air (Hz);
fw = Tube natural frequency in water (Hz);
K = Connors’ stability constant;

m = Tube mass (kg/m);
mt = Tube structural mass (kg/m);
Xp = Tube pitch ratio;
mh = Tube hydrodynamic mass (kg/m);
Mr =Mass ratio;
P = Pitch between the tube (m);
P/Deff = Effective pitch ratio;
pf = Fin pitch (mm);
Q = Flow rate (m3/h);
tf = Fin thickness (m);
Vf = Free stream velocity (m);
Vg = Gap velocity (m);
Vc = Critical gap velocity (m);
d = Logarithmic decrement;
r =Mass density of the tube (kg/m3);
rf = Mass density of the fluid (kg/m3);
a = Connors’ exponential constant; and
z =Damping factor.
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Abstract— The paper showcases the encouraging results of the 

cooperative learning (CL) method Team Game Tournament 

(TGT). TGT helps students to improve and accelerate their 

learning. In TGT success of the team is dependent on the success 

of the individual [5]. A tournament is played between small 

academically balanced teams. Facilitators form such teams and 

note the performance of each team by visual monitoring, data 

from student questionnaires, and exam results. Exam results of 

Third Year Automobile course Machine Design (AE301) with and 

without TGT are compared. Students' performance in exams is 

improved, they show to be focused and participative, to develop 

their critical thinking. Because of TGT, deep discussions happened 

on topics by students in a group. They enjoy the new learning 

format. Social skills like teamwork and managing conflict are 

developed in students. Students' feedback and improvement of 

their performance in exams confirm the above perceptions. 

 

Keywords— Cooperative learning, Team Game, Tournament 

(TGT), Student attitude. 

 

JEET Category—Practice paper 

I. INTRODUCTION 

In Cooperative learning (CL) students work in small groups to 

help each other learn. CL helps a student to learn the material 

better due to the facility to share their knowledge and discuss it 

with the team. It also improves the social and cooperative 

behavior of learners. The subject AE301 is a traditionally 

difficult subject. Students suffer to understand, remember and 

apply the number of design processes discussed in the subject. 

Many work on selective topics to earn a passing percentage. 

Slow learners find it difficult to pass the course on the first 

attempt. Few advanced learners only achieve excellence in it. 

Therefore, the new learning method needs to provide the 

student with an ability to efficiently work as part of a team in 

addition to facilitating an early and thorough grasp of concepts. 

In Cooperative Learning (CL) students attain their learning 

outcomes through team activities. The success of CL depends 

upon the following elements [1, 2]. 

 

 

 

 

 

 

 
 

 

 

 

 

 

i Accountability of individual in group success: the 

success of a group is dependent on the performance of 

each member of the group. 

ii Group Accountability: The contribution of each member 

is accountable so members help each other.  

iii Encouragement to each other: Group members 

encourage each other to achieve goals.  

iv Social Skills: Skills like leadership, communication, 

managing conflict, and building trust are getting 

developed in students. 

v Group Processing: Group members prepare a plan to 

study material and to find out all possible questions and 

answers. 

vi Group structure: Heterogeneous mix of students in a 

group conforms to fair competition. 

vii Equal Opportunities for Success: Every group and 

student gets an equal opportunity to score because of the 

TGT structure.  

The students participate in TGT more actively because: 

i they get an award when the group wins,  

ii they get recognition in school/class,  

iii interaction with peer help them to understand the 

concepts.  

iv by explaining to others they understand better.  

v even after an initial loss, they get a chance to excel.  

Here TGT is chosen to be implemented in AE301. 

II. TGT PROCESS 

In the early ’70s, DeVries & Edwards developed TGT [6-8]. In 

TGT teams are formed as per the ranking of the students. 

Competition between similar ranking students of different 

teams takes place [9]. The facilitator prepares questions and 

answers in card format. He puts cards on each table. In each 

table, one of the students reads the question, and the other 

students can “pass” or “challenge” the question. If the 

challenger gives the correct answer, then he/she and his/her 

team get a score. For every question role of the student changes. 

The current nature of TGT is not suitable for AE301 because of 

its nature. In AE301 calculations are required so some 

modifications are made to a traditional method.  

Implementation of a Team Game Tournament a Collaborative Learning Method and 

Study of its Impact on Learners' Development 
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Abstract— Engineering and Technology is a very dynamic sector 

and change is very rapid. The knowledge gained in traditional 

classrooms, through online lectures, through search engines, 

online video books, and Wikipedia is just helping to understand 

the theoretical concepts. These information sources cannot 

develop abilities to apply the theoretical concept to real-world 

problems. This can be developed through experiential learning in 

workshops, industrial visits, field visits, etc. The advanced courses 

are not having this scope due to limited lab capacities, high 

instrument costs, a variety of instruments, quick revisions in 

technology, less number of industries, IP securities, and many 

more reasons. The Automobile sector is a vibrant one and the 

Automobile Engineering department is always facing these issues. 

This study presents the teaching-learning experience of the course 

Automotive Control Engineering which faces the above issues. The 

study was conducted for T.Y.B.Tech Automobile Engineering 

students for the years 2018-19. The aim of the study was to increase 

the concept implementation ability of the students. The theoretical 

knowledge that was being received through books, lectures, and 

search engines were used to correlate the working of advanced 

technology. Think Aloud pair problem-solving technique (TAPPS) 

and case study presentation of the real-world system tools have 

been used for the course delivery. The course attainment level of 

the experimental group increased by 11%. The students have 

shown enhancement in competencies like problem-solving, 

application of theoretical concepts, critical thinking, lifelong 

learning, etc. Learning from peers and in groups also improved 

classroom engagement and the joy of learning. 

 

Keywords— Active learning; Control Engineering; Life-

long learning; OBE; Problem based learning; Think Aloud 

Problem Solving Technique. 

 

JEET Category— Research  

I. INTRODUCTION 

utomotive is ever changing field of Engineering and 

technology.  The control system plays a key part in  

 

 

 

 

 
 

 

 

 

 

 

 

efficient and safe working of an automotive system. It becomes 

inevitable to learn concepts of automotive control for 

Automobile Engineering students. Automotive control and 

allied industries are the most fascinating pocket for an 

automotive engineer. Teaching Control Engineering course to 

Automobile Engineering students is a challenging task, as  

students have not studied the basics of electronics and the 

advanced, emerging technologies are complex and setting new 

trends day by day (Govindasamy, 2001; Shulman, 1986).  This 

is an era of transformation and engineering education field is 

also started transforming from the conventional chalk and talk 

method of teaching learning to outcome based design, delivery, 

and assessment of curriculum (Jwaid, Clark, & Ireson, 2014; 

Archambault & Barnett, 2010). The domain-specific 

engineering education is all about developing the problem 

solving skills by applying theoretical knowledge they learnt. 

Nowadays various cooperative and collaborative active 

learning techniques like think-pair-share, jigsaw, project-based 

learning, STAD, puzzle-based, and problem based learning are 

used to make classroom learning more effective so that students 

themselves demonstrate the skills by active participation. 

Various task-based activities with proper planning and 

execution make classroom learning more effective as they are 

based on ‘learning-by-doing’ principle (Hayne, 2011). The 

methods like reciprocal and modified reciprocal teaching 

(Alfassi, 1998; Kadam & Sawant, 2020) are effectively used as 

peer learning techniques. 

There are many evidences in literature in which different 

concepts are worked out and experimented for delivery of 

control engineering course (Govindasamy, 2001). The 

Technological Pedagogical Content Knowledge (TPACK) 

method of learning has been used which helped to communicate 

fresher with specialist (Chilukuri, 2020). The Visual literacy 

aids like the intuitive approach adopted and implemented 

successfully some specially designed tracks for better learning 

of this course are documented (Bencomo, 2004; Krathwohl 

2002; Pantoya, Hughes, & Hughes, 2013). Problem solving 

technique and case study approach have been also implemented 

for enhancing course delivery and classroom engagement of 

engineering courses (Johnson & Chung, 1999; Kani & Shahrill. 

Effectiveness of Think Aloud Pair Problem Solving and Case 

Study based Active Learning Techniques for Engineering 

Classroom  
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1. Introduction 
 

Functionally graded materials (FGMs) are sophisticated 

materials that fall under the umbrella of composites, 

consisting of the gradation of properly tailored properties to 

achieve desired characteristics.  Material property variations 

can be one-directional or multi-directional, and they can be 

graded continuously or discontinuously. The generally used 

FGMs are unidirectional and continuously graded 

Swaminathan and Sangeetha (2017). However, 

multidirectional functionally graded composite materials 

have attracted growing interest in aviation as well as other 

engineering applications due to their enormous advantages 

over conventional laminated composites and unidirectional 

FGMs. The cylindrical structure is well-known as one of the 

most common structural components in engineering 

applications Dai et al. (2016). Hence, researchers have paid 

more attention to estimate the free vibration behavior of FG 

cylindrical structures with the help of numerical, analytical, 

and experimental approaches in the last few decades.  

Pradhan et al. (2000) conducted a vibrational analysis of 

a unidirectional FG cylindrical shells considering various 

boundary conditions. Kadoli and Ganesan (2006) used first-

order shear deformation theory (FSDT) and presented 

thermal buckling and the linear free vibrational behavior of 

1D-FG cylindrical shells with clamped-clamped boundary 

condition.  

Free vibration behavior of non-homogeneous FG 

 

Corresponding author, Associate Professor 

E-mail: edwinsudhagar.p@vit.ac.in 
aPh.D. Student 

E-mail: pankaj.ghatage@ritindia.edu 

 

 

magneto-electro-elastic cylindrical shells in conjunction 

with the finite element approach was investigated by 

Bhangale and Ganesan (2005). Pradyumna and 

Bandyopadhyay (2008) investigated the free vibrational 

behavior of unidirectional FG curved structures, including 

cylindrical shells using a higher-order FEM approach. 

Tornabene (2009)  conducted a free vibrational analysis of a 

one-directional FG conical and cylindrical shells based on 

FSDT. A four-parameter power-law index is used to grade 

the material in the thickness direction. Tornabene et al. 

(2009) studied the vibrational behavior of one-directional 

FG conical and cylindrical shells along with annular plate 

structure using FSDT, the results were compared with 

results obtained from different commercial software. Zhao 

et al. (2009) used an element-free KP-Ritz technique and 

FSDT to investigate the static response and vibrational 

behavior of a unidirectional FG cylindrical shell under 

mechanical and thermomechanical loads. Li et al. (2010) 

studied the free vibration of a triple-layered cylindrical shell 

with a unidirectional FG middle layer. Malekzadeh and 

Heydarpour (2012) used FSDT to study the free vibrational 

behavior of a FG spinning cylindrical shell in a temperature 

environment. Fantuzzi et al. (2016) proposed three different 

two-dimensional and three-dimensional models to analyze 

the free vibration of unidirectional FG cylindrical and 

spherical panels and compared them to show the limitations 

of the two-dimensional model. Haddadpour et al. (2007) 

conducted a free vibrational study of a unidirectional 

cylindrical shell while taking temperature-dependent 

material characteristics into account. The power law index's 

influence on natural frequencies in a thermal environment 

was demonstrated. Punera and Kant (2017) performed a 

free vibrational study of unidirectional FG open cylindrical 

shells using models of higher-order shear and normal 

deformation theory (HOSNT), first-order shear deformation 
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Abstract.  This study presents the free vibrational responses of bi-directional axially graded cylindrical shell panels using 3D 

graded finite element approximation under a temperature field. The cylindrical shell panel is graded in two directions and made 

of metal-ceramic materials. To extract material properties, the Voigt model is combined with a Power-law material distribution. 

Convergence and validation studies are performed on the developed computational model to ensure its accuracy and 

effectiveness. Furthermore, a parametric study is performed to evaluate the developed model, which demonstrates that 

geometrical parameters, imperfect materials (porosity), support conditions, and surface temperature all have a significant impact 

on the free vibration responses of a bi-directional axially graded cylindrical shell panel in a thermal environment. 
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1. Introduction 

 Recently, multidirectional functionally graded composite materials show significant improvement in their 

characteristics, which results in attracting considerable attention in aerospace as well as other engineering application 

because of their enormous advantages over laminated composites and unidirectional functionally graded materials 

(FGMs). Koizumi [1] had proposed the idea of FGM in Japan for producing thermal barrier materials, in the 19th century 

many researchers had contributed to the development of unidirectional FGMs but some modern structures like advanced 

space crafts, shuttles, etc. demand advanced FGMs, whose micromechanical properties should vary not only in one 

direction but also vary in two or more than two directions and hence the concept of multidirectional FGMs was introduced 

in plate structure in which the micromechanical properties graded in two or more than two directions from one surface 

to another. FGM structures are typically composed of a grouping of metal and ceramic, metals exhibit good strength and 

toughness while ceramic materials are having good anti-oxidant as well as thermal resistance behavior. Free vibrational 

behavior of plate structure is one of the important concerns for structural designers; hence various researches have been 

conducted to evaluate the free vibrational behavior of FGM structures [27-29], whereas in recent decades, a group of 

researchers has worked to model and analyze multi-directional FGM structures [2-10].  

Abstract: The frequency characteristics of bi-directional functionally graded (FG) rectangular panels with and without 

porosities are examined in this work using 3D finite element approximations. The properties of graded panel consist metal 

and ceramic material varied smoothly in bi-direction. The material properties of this highly heterogeneous material are 

obtained using the Voigt material model and Power-law. The present model is developed using a customized computer 

code and discretized using three-dimensional solid 20-noded quadrilateral elements. The mesh refinement is conducted to 

present the convergence test. The validation test is presented by showing comparison of the obtained findings with the 

results reported in the previous literature. At a later stage, comprehensive parametric research is presented through 

numerical illustrations which reveal that the geometrical and material parameters of bi-directional functionally graded 

panel affect its frequency characteristics, significantly. Finally, the developed 3D FEM model to predict the free vibrational 

characteristics of multidirectional FG rectangular plates with and without porosities will be the reference for the 

continuation of research in this area.  

 

 

Keywords: Bi-directional FGMs, free vibration, finite element approximation 
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Abstract— The Engineering Drawing is one of the important and 

compulsory course for all the engineering students in first year 

engineering. This course improves the visualization, imagination 

and drawing skill of the students which are helpful them to draw 

their ideas clearly and rapidly, to read the drawing drawn by 

others and to create successful design. Engineering Drawing 

course includes projection, section and development of solids in 

which students are expected to imagine, visualize and develop the 

drawing as per given conditions also it includes orthographic 

projections in which 3D objects are required to convert in 2D 

drawing. The students of first year engineering find this task 

difficult due to no prior basic knowledge of technical drawing, 

poor imagination and visualization skill. Hence the attainment of 

the course learning outcome related to these topics is recorded low. 

To overcome this problem, a problem based learning approach 

implemented along with classroom teaching in order to enhance 

the, visualization, imagination and technical drawing skill of first 

year engineering students. In this article, the author has presented 

the efforts taken to improve the visualization, imagination and 

drawing skill through active engagement of students for learning 

in the classroom and outside of classroom. Due to systematic 

implementation of problem based learning (PBL), student’s 

engagement towards learning, attainment of the course outcomes 

(COs) and overall exam result of the course have been improved. 

Keywords— Course Learning Outcome, Engineering Graphics, 

Engineering Drawing, Problem Based Learning 

 

 

JEET Category—Engineering Education for sustainable 

development 

I. INTRODUCTION 

Engineering drawing is a universal technical language of an 

Engineers which is globally accepted technical language to 

communicate between engineering professionals. Based on 

Engineering drawing skill Engineers can able to create designs, 

represents them on drawing sheet and finally prepare blue print 

before the manufacturing (Murthy et al., 2015). The ability to 

understand important topics in engineering drawing such as 

orthographic projection, isometric drawing, hidden views, and  

 

 

 

 
 

 

 

 

 

 

sectional views are very critical as it represents the 

fundamentals of engineering drawing education (Serdar and De 

Vries ,2020). Engineering drawing is the compulsory course in  

first year engineering class to improve the drawing and 

imagination skill of the students, however due to lack of prior 

basic knowledge of technical drawing, poor imagination skill of 

the students and time restrictions in the classroom teaching, it 

is challenging for the faculty members to train the students for 

good drawing skill with conventional teaching methodology. 

Hence many faculty members implemented innovative teaching 

methodologies. Murthy et al. (2015) implemented Augmented 

Reality (AR) as a tool for teaching Engineering Drawing and 

improved 3D visualization of the students. Chen et al. (2011) 

developed tangible and AR models for Engineering Drawing 

course to increase the learning interest of students and to 

improve the visualization of the students. Pucha and Utschig 

(2012) implemented learning-centered strategies like case 

studies and real-world problems for freshman engineering 

students while teaching Engineering Drawing course. Authors 

have presented the impact of the learning-centered strategies on 

students learning, engagement and performance. Soundattikar 

and Naik (2016) conducted case study while teaching Total 

Quality Management course. They found that case study is 

effective tool for engaging students with different learning 

styles. Perumaal (2018) created effective learning environment 

for the course Engineering graphics through different active 

learning activities to improve the spatial visualization of 

students. Govil (2021) introduced sketching as an iterative tool 

in engineering education to improve visual communication skill 

of the students. Shreeshail et al. (2021) implemented problem-

based learning technique to impart engineering drawing 

standards. Zemke (2018) discussed case study on efforts taken 

to teach Engineering Graphics for blind students. The author 

has presented the progress of blind students while learning 

orthographic and isometric projections. Moyano et al. (2009) 

presented the case study on Engineering Graphics learning, 

author evaluated the prior knowledge and background of the 

freshman engineering students. Author concluded that the rate 

of students’ cognitive development does not follow the efforts 

An Attempt to Enhance the Visualization, Imagination and Drawing 

Skill of Freshman Engineering Students through Problem Based 

Learning Approach 
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Abstract— In recent years’ students are very reluctant to read 

books for studying for any course. They are preferring only 

teachers’ notes or PowerPoint slides and mobile apps for exam 

study. Any type of information or study material is easily available 

on various networking sites. This can lead to poor interest and less 

engagement of students in the classroom teaching learning 

process. Also, in class activities are not fulfilling the expected level 

of learning of students, especially in the conceptual courses. So 

students need an activity based learning approach in the 

classroom. Nowadays most of the teachers in engineering 

institutions face these challenges. Hence, to utilize the capabilities 

of students, make them aware of course related books and achieve 

expected level of learning of students, a poster presentation 

module was implemented.  In this practice paper, implementation 

of poster development and presentation (PDP) to improve learning 

of course fluid mechanics and machineries is detailed. This PDP 

approach empowers the student in life-long learning skills. 

 

Keywords— Poster development and presentation, assessment, 

book reading, life-long learning. 

 

JEET Category— Research Paper 

Poster presentations are commonly used for assessment in 

the all disciplines of education, this is an innovative approach 

of assessment in disciplines such as business, law, and the 

humanities. Posters have the ability to demonstrate reflection in 

learning and are an excellent demonstration of experiential 

learning and assessing authentically. 

An educational poster is a tool that enables visualization in 

the classroom to foster student learning. A great example is an 

educational poster in the format of an infographic. An 

infographic is a collection of imagery, charts, and minimal text 

that gives an easy-to-understand overview of a topic. 

The main function of a poster is to capture a moving audience 

with a message. When designing a poster, plan its design 

carefully. Within a short amount of time posters will attract 

audience and hold attention. 

The best advantage of poster making is that it facilitates team 

work and understanding along with facilitating creative 

thinking. It provides students with an opportunity to learn by 

doing, in turn strengthening the learning. 

 

 
 

 

 

 

 

 

 

The basic purpose of this activity that students can synthesize  

information visually at a glance on one page. Poster should be  

self-demonstrated so anyone can understand the concept. The 

prepared poster can help student in the exam study. The poster 

will present the individual learning of students. 

The purpose of these activities is to get students out of being 

passive audience and observers and to keep the student into the 

learning-teaching phenomenon in person. But it is not only to 

participate simply in the learning process for the learners but 

also to encourage them to use their mental abilities, to think 

themselves, to comment on learned topics, and to make relevant 

decisions in the learning process. The student is actively 

involved in the learning process, directs his / her own learning, 

uses high-thinking and decision-making skills, and engages in 

cooperation with friends. 

Posters include original studies that the students perform on 

a specific topic with their friends in the classroom. Thus, an 

authentic learning environment is created in the classroom. In 

such an environment, students involve in their own activity and 

they are also in an active process. Therefore; the students learn 

the knowledge permanently by keeping their learning alive on 

their own. Thus, the students use library resources effectively, 

develop critical thinking, group work and presentation skills.  

Individual presentations improve the validity of an 

assessment as it is easier to gauge the performance of students 

individually. As Dunn et al. point out “an assessment task is 

considered to be valid if it permits a student’s performance, on 

what has actually been taught, to be measured: a task would be 

valid if it measures what the teacher intended it to measure.” 

Individual assessments are necessary to evaluate the efficacy of 

a course as well as the progress of students enrolled in the 

course. 

I. MOTIVATION OF ACTIVITY 

In this paper, the authors have introduced an assessment 

method that motivates students, encourages them to relate 

Fluid Mechanics and Machineries course with other fields. 

This paper describes an innovative approach of the poster 

presentation to these challenges that involve a mixture of 

traditional and modern assessments. Creating and presenting 

Enriching life-long learning Skills of Students by Poster 

Development and Presentation (PDP) Approach  
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Abstract: C is a primary programming language for 

computers. C is a fundamental language for 

successful programmers, from the perspective of a 

student and a teacher. Because C is the base of all 

other computer programming languages. Therefore, 

it is essential to understand every single C 

programming concept both theoretically and 

practically. As many students were lagging in 

programming skills, it is a very challenging task to 

teach subjects like C programming. While teaching 

subjects like C programming, we used a variety of 

innovative activities to increase students' 

performance in programming. These activities 

significantly improved the performance of the 

students. At the end of the semester, it shows a 

noticeable improvement in the final grade of students 

by doing a result analysis. Also, course outcome 

attainment is calculated and analyzed. The use of 

different activities while teaching C programming 

leads to improvement in student performance. 

Keywords: C programming, Activity Based Teaching 

Learning, logical and programming skill, placement. 

1. Introduction 

C is a general-purpose programming language. C is 

the basic fundamental language for any programmer. 

As C is a structural language programmer needs to 

follow a specific pattern of code while writing a 

program. So, this may differentiate the C language 

from other languages and make it beautiful. There is 

a variety of real-world applications which are 

developed by using the C language. Google, UNIX 

OS, Adobe Photoshop, and Mozilla Firefox are some 

famous applications for the C language. So, from a 

programmer's point of view knowledge of the C 

language is very essential. In this paper, we analyze 

the programming skill of different students and find 

out the basic reason behind the lack of skill in 

programming in students. As per analysis, every 

student has a different learning style and different 

level of understanding. Hence, the application of 

different activities during course delivery may 

improve the performance of the student and they can 

understand the concepts easily. 

Here, during course delivery of C programming 

language, following activities are conducted to 

analyze and improve performance of students. 

A. Online Quiz (Google Form) 

B. Find missing line of codes 

C. Find out error in the code 

D. What will be the output of code? 

E. Online Quiz (Kahoot) 

F. Programming Test 

G. Mock Interview for placement preparation 

Initially, an online quiz is conducted for the whole 

class through google forms to analyze the basic 

understanding of C programming after completion of 

the first unit. Also, the performance of the quiz is 

considered for ISE-I. After that, finding missing lines 

of code, finding errors in given code, and identifying 

the output of code without execution are some 

activities performed among a group of students. Each 

activity was conducted after the completion of the set 

of two experiments. At the fourth level of completion 

of the experiment programming test is conducted and 

at the end of the course student worked on a mini 

project by using real-world problems among the 

group of four students. As the major purpose of this 

course delivery is to develop a good programmer and 

focus on placement mock interviews of students are 

conducted as internal examination by making a panel 

of three faculty members. 

 

JOURNAL OF ENGINEERING, COMPUTING & ARCHITECTURE

Volume 13, Issue 2, FEBRUARY - 2023

ISSN NO:1934-7197

http://www.journaleca.com/    Page No: 16

















 

 

Comparative Study of Lane Detection Algorithms 

Prabhanjan Pradipkumar More1, Mahesh S. Kumbhar 2 

 
1 Research Scholar, Shivaji University Kolhapur,  

Assistant Professor, Rajarambapu Institute of Technology, 

Islampur, Maharashtra, India 
2 Associate Professor, Rajarambapu Institute of 

Technology, Islampur, Maharashtra, India 

 

 

Abstract: This review paper presents a comparative study of various lane detection algorithms 

used in Advanced Driver Assistance System (ADAS) of Vehicle. Lane detection systems are 

key parameters in the ADAS which helps to go for autonomous or adaptable ability of vehicle. 

Presently there were various methods for lane detection used with their own capabilities but at 

certain circumstances, such algorithms are failing shortfall in the different parameters. Hence, 

the acceptance ratio for such lane detection algorithms are less. So, there is a need to develop 

a hybrid algorithm which will improve the accuracy and give success in all decided parameters. 

In the recent technology, there is vast development in deep learning using artificial intelligence. 

So we are focusing to develop a hybrid algorithm which consists of deep learning along with 

artificial intelligence and machine learning. In this paper, we have focused literature survey of 

recent developed mechanism algorithms for lane detection. 

 

Keywords: ADAS, Lane detection, Image Processing, CNN 

 

Introduction 

Advanced Driver Assistance System formerly known as ADAS is one of the highly used 

features in car industry now a days. It helps to enhance, adapt and automate the driving 

exposure and abilities of a vehicle. Also, we have seen that mobility has become a key social 

and economic factor as it is the backbone of commercial trading and services. For the same, 

ADAS helps mobility to explore its key aspects. Lane detection System is the key factor of 

ADAS in which lane on the roads are detected and used as characteristic feature for various 

applications like lane Keep Assist, lane departure, autonomous driving, etc. The ability to take 

effective decisions is crucial factor and hence lane detection should be done as faster as real-

time to avoid any causalities on the road as well as proper implementation of ADAS. There are 

various ways for lane detection like using cameras and video processing for lane detection or 

using LIDAR sensors. Also, there are algorithms which modifies for each user with their own 

capabilities and advantages. We have referred research papers from last decade and reviewed 
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Abstract: 

With an improvement in Technology and raise of sensors, there have been attempts to 

utilize the new technology in various areas to improve the quality of human life.One 

main area of research that has seen an adaption of technology is the automotive sector. 

The main objective of workis for monitoring and controlling of electric bicycle 

parameters. It comprised of three main parts. The part being, detection of vehicle 

parameters using sensors, second for generating IP address and the last part is 

providing the android app. This data enables the user to monitor parameters like 

temperature, speed in rpm, detection of obstacles within the range set and controlling 

the movement of the vehicle by using android app. The Internets of Things (IoT) 

concepts have been widely used to interconnect the automobiles and offer smart, 

reliable and effective controlling and monitoring of the vehicle. The proposed system 

collects the sensor data through ESP32microcontroller and then processes and 

analyses for viewing. Based on the analyses, vehicle parameters can be monitored and 

controlled using the android app. 

Keywords: E-bicycle, IoT, monitoring, 

IIntroduction 

Over the years, advances in technology have enhanced our lives. Currently, a majority 

of nations are embracing electric bicycles. Cycling is always more eco-friendly than 

driving a car, but the most significant endorsement of green transportation in recent 

years has been electric bicycles. Instead of a regular bicycle, consider an electric-

powered scooter as an alternative to petrol-operated scooters. An E-bicycle is 

powered by rechargeable batteries and can reach speeds of 25 to 45 kmph. 

Consequently,it will get you to your destination swifter and in better condition than a 

regular bicycle. 

II. Background and Related work 

Electric bicycles, often known as an e-bike, are motorized bicycles with built-in 

electric motors that help with propulsion. Now there are many different types of e-

bicycles out there, but they may be divided into two main groups: peddles, which help 
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Abstract: Internet of Things (IoT), a near future world which will become key factor in everyone’s daily life. 

With ubiquitous growth of Internet of Things, various IoT platforms and protocols are required to 

interconnect a huge number of IoT devices. Such network structure introduces heterogeneity and this high 

heterogeneity between such different IoT platforms and protocols decreases interoperability among IoT 

devices. So design and implementation of software defined networks (SDN) with this scenario is required to 

cope up this situation. IoT with SDN framework handles bi-directional communication and thus allows 

interoperation among various IoT devices supporting different application-layer network protocols. Large 

numbers of different sensors and heterogeneous devices are the terminals in IoT. To control infrastructure of 

smart word, terminals in IoT continuously generates data and exchanges messages through complex network 

supporting machine-to-machine communications. A technique to provide local computing for the issues as 

resource congestion in IoT, edge computing (EC) a new paradigm has emerged. As compared to cloud 

computing, a network referred as ‘edge’ placed near to the terminals in IoT and relocate data computation or 

storage to the edge network. Definitely computational overhead of centralized network is now reduces due to 

distributed nodes present in edge network. Also latency in message exchange is decreases which is major 

requirement of real time IoT applications, thus response will be fast compared cloud services. As 

computation and communication overhead of limited battery power node is transfer to nodes with significant 

power resources, increases individual nodes life. Different comprehensive surveys prove that edge computing 

improves the performance of IoT in terms of network latency, bandwidth occupation, energy consumption, 

and overhead. Researchers provide novel platforms in edge computing for heterogeneous IoT and proved 

with considering case study of application in IoT. In this paper, we conduct survey on such different 

platforms and compare performance based on results. 

    Keywords: Heterogeneous IoT, Software Defined Network, Edge Computing, Smart Healthcare system. 

 

I. INTRODUCTION 

A decade ago, one notion has announced as Internet of Things which includes our daily lives physical objects 

like wireless sensors, smart phones, RFID. It can be described as digitally connected universe of everyday 

physical devices. These devices are intelligent and are embedded with internet connectivity, sensors and other 

hardware that allow communication and control via web [1]. The concept was a ubiquitous future network 

where everything including live objects can be attainable, sensed, and interconnected inside the global, 

dynamic structure of the Internet. 

As Internet of Things encompasses every physical object, it is required to interconnect more-capacity and 

full-functional traditional computers as well as small-size and constrained devices. It is necessary that every 

physical object is able to communicate with each other regardless of features that it having and therefore 

research work is focused on the design and implementation of IoT standards and platforms, to attain machine-

to-machine communication between all types of IoT  devices. In every network architecture, use of 

appropriate communication methods by smart devices is helpful for integration of digital information and 

physical objects, which offer users with new exciting applications and services. Even if moving ahead to 

develop robust Heterogeneous IoT applications, heterogeneous network configuration, different 

communication technologies and complexity of application impose many challenges for researchers.  

With rising edge of Internet of Things, requires interconnection of stack of IoT devices and for that purpose, 

numerous IoT platforms and protocols are suggested. Thus heterogeneity in IoT enhances, and high 

heterogeneity between IoT standards lowers the interoperability in IoT devices. As different approaches are 

introduces for enhancement in interoperation of heterogeneous IoT, this paper includes work done by 

different researchers in HetIoT field.   

For heterogeneous IoT, to enhance interoperation between various devices, recently software defined network 

(SDN) concept has been used. SDN confer a new networking design that focuses to centralize the network 

control and to separate the data and the control planes. Thus, gives benefit from SDN to extract the major 

management complexities present in this ubiquitous network of networks i. e. IoT [2]. IoT network structure 

based on SDN provides centralization of the network control with decentralization of the data management 
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Abstract: Technology made many changes in payment system. Students are more familiar with 

technology. After the bitcoin boom in India, mostly young generation are attracted toward the 

cryptocurrency. Cryptocurrency is decentralized and it is based on blockchain technology. Bitcoin, 

Ethereum, Cardano, Dogecoin, Litecoin, Bitcoin Cash, and Potcoin are more popular cryptocurrencies 

in India. As per report majority investor are between age 18 to 24 years. This study mainly focuses on 

awareness of colleges students about cryptocurrency. This study also focuses on various factor affected 

on awareness of cryptocurrency. For this study, we are collected 120 students’ responses. Sample are 

selected on the basis of non-probability snow ball sampling method. The finding of this study is, mostly 

respondentsare aware through friends and social media about the cryptocurrency. And male 

respondents are more aware than female respondents. Higher level educational qualification also 

impacts on the high-level awareness about cryptocurrency. Majorityrespondents are interested to 

invest in cryptocurrency. 

Keywords: Cryptocurrency, Bitcoin, Blockchain Technology, Awareness, Investment 

I.  INTRODUCTION 

In India, more than 20 million people invest their money in cryptocurrency. The major age investor 

belongs to the 18-24 categories. Technology changes rapidly and its impact is made on growing digital 

payment. Due to blockchain technology digital payment is more secure. Cryptocurrency is based on 

blockchain technology and it is decentralized. Due to the cryptocurrency boom in India, the young 

generation is attracted to cryptocurrencies. According to the report by industry research firm 2021, the 

cryptocurrency market growth is increased by 641%. In Indian, there is the highest rate (30%) on 

income earned from the digital currency. This is the impact on the investor of the cryptocurrency. 

According to the study, the relation between cryptocurrency ownership and age is vice versa. It means 

that, if you get older crypto is not more attractive. Cryptocurrency is attractive to the young generation. 

So, the first purpose of the study is, To Study the college students’ awareness and perception of 

cryptocurrency. 

In India, many brokers or platforms are available that provide an easy way to exchange or Buy/Sell 

cryptocurrency. Following are some popular cryptocurrency exchange platforms in India.Paxful, 

Zebpay, CoinSwitchKuber, Binance, Unocoin, Coin DCX. All the cryptocurrency platform help to 
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a b s t r a c t

Cobalt-chromium alloys, Stainless steel and alloys of titanium are the traditional implant materials used
in orthopaedic applications. However, these implants induce stress shielding effect and release harmful
ions in the human body. Also, on the completion of bone healing, these must be removed by performing
additional surgery. Magnesium (Mg), being biocompatible and biodegradable, can be a potential replace-
ment for these traditional implants. But, Mg is having low corrosion resistance in the physiological envi-
ronment. Surface coating proves to be an elixir to ameliorate the corrosion resistance of Mg.
Biocompatibility and biodegradability are the paramount requirements of the coating material.
Therefore, Hydroxyapatite (HA) is preferential material for coating. This review is intended to study
the microstructure, characteristics and degradation behaviour of HA-coats deposited on Mg-based
implants by electrochemical methods. The beneficiaries of this study will have a guideline for selecting
particular compatible process and parameters to maximise the performance of implants.
Copyright � 2023 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 2nd International Con-
ference and Exposition on Advances in Mechanical Engineering.

1. Introduction

Magnesium (Mg), being biodegradable and biocompatible, can
be a promising candidate to replace traditional implant materials.
It has the natural ability to degrade when placed within a physio-
logical environment. The degradation of Mg in the physiological
environment releases Mg2+ ions, which cause no harm to the
human body. Thus the requirement of additional surgery is elimi-
nated. But the degradation of Mg in physiological environment is
rapid. Therefore the Mg-based implant may lose its integrity before
accomplishment of the bone healing process. Therefore, improve-
ment in corrosion performance of these biodegradable alloys is
strongly needed. One of the valuable methods is a surface coating
to slow down the corrosion rate of Mg alloys. These coats will not
act as perfect inhibitors for corrosion but will decelerate the
implant’s initial corrosion rate. Along with implants, coatings will
also degrade in the body gradually. The HA coating and its

degraded product are non-toxic, biocompatible and biodegradable
[1]. Hence, HA is extensively used for coating the Mg-alloyed sub-
strate. This review is mainly intended to understand the degrada-
tion behaviour of HA coated Mg-based implants where the HA is
deposited by various electrochemical methods.

2. Mg as othopaedic biomaterial

In Comparison with traditional implants, the yield strength,
modulus of elasticity, as well as the density of Mg-alloys are lower
and nearer to human bone. This closeness of Mg’s properties with
natural bone, limits the stress shielding effect, which is commonly
observed in the traditional implant. Table 1 illustrates that Mg’s
mechanical properties are closer to the bone. The prime biological
functions such as enzymatic reactions, normal heart rhythm,mus-
cle contraction, synthesis of protein, DNA and RNA involve Mg [2].
In the human body, Mg is available mainly in teeth and bones. It
has a vital role in remodelling of bone. The Mg2+ ions augment
the process of bone healing by encouraging deposition of calcium.
Almost no shreds of evidence that highlight the ill-effects of Mg are

https://doi.org/10.1016/j.matpr.2022.09.331
2214-7853/Copyright � 2023 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 2nd International Conference and Exposition on Advances in Mechanical Engineering.
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Abstract—Every economy needs entrepreneurs to fill gaps and 

promote innovative products with the necessary expertise and 

hard work. An entrepreneurial culture hastens a nation's overall  

development because it promotes nurturing a greater number of 

venture capitalists which eventually boosts nation’s economy. 

Rajarambapu Institute of Technology (RIT) Rajaramnagar, an 

Autonomous Institute has adopted choice-based curriculum 

system (CBCS) in 2017-18 which included Entrepreneurship 

development (ED) as one of the four tracks with the objective to 

transform students into entrepreneurs. It was observed that, there 

is dire need to initiate entrepreneurial thinking course in first year 

engineering curriculum to acquaint students with problem solving 

and creative thinking skills, communication skills and teamwork 

which are very important for an entrepreneur. Hence, the course 

‘Creativity, Design Thinking and Entrepreneurial Mindset’ was 

commenced as an open elective for first year engineering students 

from the academic year 2018-19. In this paper, course details are 

presented along with course outcomes and In-Semester evaluation 

(ISE) plan. Design thinking methodology is illustrated phase wise 

with help of students’ project case study. Innovative active 

learning tools and techniques were developed to map the required 

skills for an entrepreneur. Due to this strategically developed 

active learning tools, course CO attainment has improved from the 

year 2018-19 to 2021-22; CO1 has improved by 37.09 %, CO2 

increased by 47.54%, CO3 by 40.30 % and CO4 improved by 

28.98 %. Moreover, number of prototypes developed by the 

students were 4 in the year 2018-19, which elevated to 15 

(increased by 275 %) in the year 2021-22. Furthermore, there was 

improvement in final year ED track students of 2021-22 as 

compared to 2020-21; 25 students entered ED track during the 

year 2020-21, out of which 6 students (24 % students) converted 

their ideas into startups, while during the year 2021-22, 28 

students opted for ED track, from which 13 (46.4 % students) 

established their startups. Lastly, ED track mentors survey results 

are reported for the year 2020-21 and 2021-22, which clearly 

illustrate that ED track students’ entrepreneurial knowledge and 

abilities, students’ attitude towards entrepreneurship as a career 

option and students’ entrepreneurial self-efficacy has improved 

than the previous years. 

 
Keywords— Design Thinking; Entrepreneurial culture; Startup 

Ecosystem; Active learning. 

I. INTRODUCTION 

Entrepreneurs play a vital role in building nation’s economy. 

They help in solving customers’ pain points and thus lead to the 

development of new product, technology or service which 

eventually creates an employment. As a result, government 

place a high priority on promoting entrepreneurial activities 

because they are correlated with a nation's level of economic 

growth (Bosma, Hill & Ionescu-Somers, 2020). India, which 

has the second-highest population in the world and aims to have 

the third-largest economy by 2030, is making significant efforts 

to cultivate an entrepreneurial culture in this environment 

(Hassan, Anwar, Saleem, Islam & Hussain, 2021). However, 

there are many challenges involved in penetrating this 

Entrepreneurial culture in the society (Irfan, Rajamallaiah & 

Ahmad, 2018). The majority of engineering students 

concentrate primarily on MNC jobs because they believe these 

positions have a bright future (Lynch, Kamovich, Longva & 

Steinert, 2021). Therefore, there is a tremendous need to instill 

an Entrepreneurial culture in students' brains, which will help 

few of them become successful Startup founders. Rajarambapu 

Institute of Technology (RIT), Rajaramnagar has implemented 

choice-based curriculum system (CBCS) since 2017-18. 

According to this system, final year students can opt for any one 

choice between Undergraduate research experience (URE), 

Industry internship and projects (IIP) and Entrepreneurship 

development (ED) (Suryawanshi, Patil & Kulkarni, 2021). 

However, it was observed that ED track students are lagging in 

some prerequisites required for becoming successful startup 

owners. As a result, we determined which skill sets should be 

covered in a foundation course during the first year of 

engineering. Problem solving, creative thinking, 

communication skills and teamwork are very crucial primary 

stages of entrepreneurship journey (Jonassen, Strobel & Lee, 

2006; Passow & Passow, 2017). Secondly, young entrepreneurs 

must also comprehend how technology can be successfully 

commercialized and brought into the market (Barr, Baker, 

Markham & Kingon, 2009; Bilén, Kisenwether, Rzasa & Wise, 

2005). In addition, students have myths about creativity, 

innovation and feel that creativity is not methodical. Hence 

there was overall need to develop students’ entrepreneurial 

mindset which gave rise to foundation course entitled 

10.16920/jeet/2023/v36is2/23041 
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Abstract
Nickel-based superalloys have superior strength properties at higher temperature ranges and thus
have become increasingly important inmanufacturing gas turbine components for aerospace
industry.However, the desire for a larger thrust-weight ratio has raised the typical operating
temperature in a gas turbine; thus, thermal barrier coatings are essential. The present work compares
themicro-drilling performance of ceramic-coatedNimonic 90 nickel superalloy under dry, flood and
0.5%graphene-basedNMQL conditions. The biodegradable acid oil was used as a base oil, and the
assessment comprised surface integrity in terms of surface roughness inside the hole andmicro-crack
formation and hole quality based on the diametrical overcut and taper ratio. Spindle speed (1000, 2000
and 3000 rpm) and feed rate (3, 6, and 9μm/rev)were changed in three levels, andTaguchi L9 array
was applied for the design and analysis of the experiments. Ti-Al-N coated tungsten carbide drill of
diameter 700μmwas used, andAnalysis of variance (ANOVA) revealed that spindle speedwas the
utmost important parameter impacting surface roughness, while speed and feed rate both influenced
overcut and taper ratio. 0.5%Graphene-basedNMQL lubrication condition significantly diminished
the surface roughness by 52.67%, overcut by 46.86% and the taper ratio by 48.87% as compared to dry
condition. Furthermore, in theNMQL condition,micro-crack development and ceramic layer
damagewereminimized, resulting in better surface integrity. In addition, burr development was
minimized at the hole periphery, and tool wanderingwas not seen in theNMQL condition. Hence the
hole quality was superior inNMQL conditions as compared to the dry andflood lubrication.

1. Introduction

Superalloys exhibit excellentmechanical properties at elevated temperatures. They have superior creep
properties,making them sustainable for a prolonged time at a temperature near theirmelting point [1]. In
addition, superalloys have high oxidation and corrosion resistance,making thempossible candidates for specific
applications [2, 3]. There are various types of superalloys like Iron-based, Cobalt-based orNickel-based.
However, Nickel-based superalloys possess high strength at elevated temperatures. They thus arewidely
preferred in themanufacturing of aero-engine (gas turbine) components such as combustor cans, afterburners,
casing, turbine blades etc [4–6]. Nickel superalloys account formore than 40%of theweight of an aero-engine
[7]. The thrust-weight ratio of an aero-engine is directly proportional to the inlet temperature of a turbine [8].
However, high temperature increases the stresses and oxidationwhich decreases the service life of the engine
components [9]. Hence thermal barrier coatings (TBCs) are extensively used to prevent the engine components
fromhigh heat, and thus thrust-weight ratio can bemaintained [10]. TBCs generally consist of a basematerial on
which the bond coat is applied, and a ceramic layer is sprayed, generally 150–200μm,which has low thermal
conductivity [11]. In addition, closely spacedmicro holes are required to be drilled on engine components which
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Abstract— The Engineering Drawing is one of the important 

and compulsory course for all the engineering students in first year 

engineering. This course improves the visualization, imagination 

and drawing skill of the students which are helpful them to draw 

their ideas clearly and rapidly, to read the drawing drawn by 

others and to create successful design. Engineering Drawing 

course includes projection, section and development of solids in 

which students are expected to imagine, visualize and develop the 

drawing as per given conditions also it includes orthographic 

projections in which 3D objects are required to convert in 2D 

drawing. The students of first year engineering find this task 

difficult due to no prior basic knowledge of technical drawing, 

poor imagination and visualization skill. Hence the attainment of 

the course learning outcome related to these topics is recorded low. 

To overcome this problem, a problem based learning approach 

implemented along with classroom teaching in order to enhance 

the, visualization, imagination and technical drawing skill of first 

year engineering students. In this article, the author has presented 

the efforts taken to improve the visualization, imagination and 

drawing skill through active engagement of students for learning 

in the classroom and outside of classroom. Due to systematic 

implementation of problem based learning (PBL), student’s 

engagement towards learning, attainment of the course outcomes 

(COs) and overall exam result of the course have been improved. 

Keywords— Course Learning Outcome, Engineering Graphics, 

Engineering Drawing, Problem Based Learning 

 

 

JEET Category—Engineering Education for sustainable 

development 

I. INTRODUCTION 

Engineering drawing is a universal technical language of an 

Engineers which is globally accepted technical language to 

communicate between engineering professionals. Based on 

Engineering drawing skill Engineers can able to create designs, 

represents them on drawing sheet and finally prepare blue print 

before the manufacturing (Murthy et al., 2015). The ability to 

understand important topics in engineering drawing such as 

orthographic projection, isometric drawing, hidden views, and 

sectional views are very critical as it represents the 

fundamentals of engineering drawing education (Serdar and De 
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Vries ,2020). Engineering drawing is the compulsory course in 

first year engineering class to improve the drawing and 

imagination skill of the students, however due to lack of prior 

basic knowledge of technical drawing, poor imagination skill of 

the students and time restrictions in the classroom teaching, it 

is challenging for the faculty members to train the students for 

good drawing skill with conventional teaching methodology. 

Hence many faculty members implemented innovative teaching 

methodologies. Murthy et al. (2015) implemented Augmented 

Reality (AR) as a tool for teaching Engineering Drawing and 

improved 3D visualization of the students. Chen et al. (2011) 

developed tangible and AR models for Engineering Drawing 

course to increase the learning interest of students and to 

improve the visualization of the students. Pucha and Utschig 

(2012) implemented learning-centered strategies like case 

studies and real-world problems for freshman engineering 

students while teaching Engineering Drawing course. Authors 

have presented the impact of the learning-centered strategies on 

students learning, engagement and performance. Soundattikar 

and Naik (2016) conducted case study while teaching Total 

Quality Management course. They found that case study is 

effective tool for engaging students with different learning 

styles. Perumaal (2018) created effective learning environment 

for the course Engineering graphics through different active 

learning activities to improve the spatial visualization of 

students. Govil (2021) introduced sketching as an iterative tool 

in engineering education to improve visual communication skill 

of the students. Shreeshail et al. (2021) implemented problem-

based learning technique to impart engineering drawing 

standards. Zemke (2018) discussed case study on efforts taken 

to teach Engineering Graphics for blind students. The author 

has presented the progress of blind students while learning 

orthographic and isometric projections. Moyano et al. (2009) 

presented the case study on Engineering Graphics learning, 

author evaluated the prior knowledge and background of the 

freshman engineering students. Author concluded that the rate 

of students’ cognitive development does not follow the efforts 

taken by faculty member during teaching learning process, 

hence new suitable methodology could be developed to 

improve the cognitive abilities of the students. Potter and 

An Attempt to Enhance the Visualization, 

Imagination and Drawing Skill of Freshman 

Engineering Students through Problem Based 

Learning Approach 
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a b s t r a c t

Achieving microholes with dimensionally higher accuracy on the Ti-6Al-4V alloy using

traditional machining techniques is challenging. Micro-electric discharge drilling (mEDD)

has become a prominent machining technique in fabricating microholes. Though there are

extensive applications of mEDD in producing microholes in difficult-to-cut materials, the

appropriate tool materials and process parameters determine the process characteristics

and accuracy. Because of the uneven machining and inadequate debris flushing, the

technique is less productive and results in high overcut (OC) and hole taper (HT) for the

microholes as well as poor material removal rate (MRR). Additionally, the rate of electrode

wear affects hole precision. To address these issues, a rotating tool electrode set-up was

used to drill microholes in Tie6Ale4V alloy. The impact of three distinct electrode mate-

rials, copper (Cu), tungsten copper (WCu), and tungsten carbide (WC), as well as various

process parameters, was investigated. The mEDD was accomplished by changing input

process parameters, viz. voltage (V), capacitance (C) and tool rotation speed (TRS) and using

Cu, WCu and WC tool electrodes to examine their influence on the process response var-

iables such as MRR, TWR, OC, and HT. The experiments for each electrode were designed

using a Taguchi-based L9 array, and the results were examined using Analysis of Variance

(ANOVA). Capacitance was found to be the most significant electrical parameter in the

mEDD of the titanium alloy. At 10,000 pF capacitance, the WCu electrode showed the

highest MRR 0.009247 mm3/min, which was 6.11% and 21.92% higher than the Cu and WC

electrodes. In contrast, the WCu electrode had the lowest tool wear rate (TWR) of

0.002033 mm3/min, which was 280.61% and 61.61% less than the Cu and WC electrodes,

respectively. The WC electrode exhibited more accuracy by reducing the OC and HT

compared to the Cu and WCu electrodes. The Cu tool electrode owing to its lower melting

point and high thermal conductivity ensued in higher TWR than the WCu and WC
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ABSTRACT
Circular supply chain (CSC) has gained traction amongst academicians, practitioners, and policymakers
across the world due to its wide range of sustainable benefits to business organizations. CSC amalga-
mates the circular economy (CE) thinking into supply chain operations of industry and improves the
three sustainability dimensions of the organizational performance. However, manufacturing organiza-
tions in developing economies are finding difficult to measure the impact of CSC adoption on organ-
izational performance. Therefore, this research aims to explore the CSC performance measures and to
develop a performance measurement framework for assessing the impact of CSC implementation on
business organizational performance. This research proposes a modified balanced scorecard (BSC)
based hybrid framework of Pythagorean fuzzy analytic hierarchy process (PF-AHP) and Pythagorean
fuzzy weighted aggregated sum product assessment (PF-WASPAS) methods. The effectiveness of the
proposed framework is validated through an empirical case study of an Indian manufacturing com-
pany. Further, the proposed framework is tested with other three Indian manufacturing companies
and their results are compared with the case company. The finding reveals that the overall perform-
ance of empirical case company is 62.88% based on define set of performance measures and perform-
ance of other three companies are 64.51, 56.47, and 52.43%, respectively. The outcomes of this study
shows that the proposed research framework is more reliable, consistent, and robust with circular per-
spectives and it also offers an effective way to measure and benchmark the impact of CSC adoption
on organizational performance. This research contributes to the knowledge of CSC management for
achieving sustainability in the business environment.
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1. Introduction

In the present dynamic and cutthroat business environment,
each manufacturing organizations want to have their produc-
tion network more feasible towards three elements of sus-
tainability (Abbasi et al. 2022; Lahane, Kant, and Shankar
2020). Many of the business organizations across the globe
are facing the various issues of unsustainability, such as cli-
mate change, global warming, waste generations, resource
paucity, and environmental deprivation (Das, Konietzko, and
Bocken 2022; Bressanelli et al. 2021). Thus, to deal with these
issues and threats of unsustainability, organizations need to
adopt innovative and sustainable initiatives into their supply
chain practice. Lately, the term circular supply chain (CSC)
has received much more interest from academicians, practi-
tioners, and managers of a business organization (Lahane
and Kant 2022b; Bag et al. 2022). CSC acts as a one of the
most effective and sustainable strategies for the waste man-
agement in a manufacturing organization. CSC assimilates
the circular economy (CE) principles into supply chain opera-
tions. It is considered as an alternative approach to linear

economic model (i.e. extract-produce-use-dump), where
products are dumped into landfill after end-of-use phase (de
Souza et al. 2022; Batista et al. 2018; Jain, Jain, and Metri
2018).

CSC maintains the materials, products, components in cir-
cular loop as long as possible till the maximum value can be
obtained from it (Angelis, Howard, and Miemczyk 2018). CSC
focuses on the CE 6Rs principles. CSC network is design
based on recuperative aspects of CE (Bressanelli et al. 2021).
CSC emphases on value gain aspects of CE (Pinheiro et al.
2022; Mhatre et al. 2021). It also deals with the triple bottom
line concept of sustainability (Goyal, Chauhan, and Mishra
2021). The businesses organizations can attain numerous
benefits, such as reduces emissions, reduce resource scarce-
ness issues, improves competitiveness, reduces energy usage,
improves end-of-life strategy, improves product design,
improves material and resource efficiency, improves social
and economic efficiency, improves sustainability and prod-
uctivity, etc. by adopting CE in supply chain of an industries
(Farooque et al. 2022; Mhatre et al. 2021; Farooque et al.
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A Novel Incipient Fault Detection
Technique for Roller Bearing
Using Deep Independent
Component Analysis and
Variational Modal Decomposition
Roller bearing failure can result in downtime or the entire outage of rotating machinery. As
a result, a timely incipient bearing defect must be diagnosed to ensure optimal process oper-
ation. Modern condition monitoring necessitates the use of deep independent component
analysis (DICA) to diagnose incipient bearing failure. This paper presents a deep indepen-
dent component analysis method based on variational modal decomposition (VMD-ICA) to
diagnose incipient bearing defect. On a newly established test setup for rotor bearings, fast
Fourier techniques are used to extract the vibration responses of bearings that have been
artificially damaged using electro-chemical machining. VMD techniques diminish the
noise of the measurement data, to decompose data processed into multiple sub-datasets
for extracting incipient defect characteristics. The simplicity of the VMD-ICA model
enriched the precision of diagnosis correlated to the experimental results with weak fault
characteristic signal and noise interference. Moreover, deep VMD-ICA has additionally
demonstrated strong performance in comparison to experimental results and is useful for
monitoring the condition of industrial machinery. [DOI: 10.1115/1.4056899]

Keywords: rolling bearing, incipient defect, vibration analysis, deep independent
component analysis, rolling element bearings

1 Introduction
Rolling element bearings, like a ball, cylindrical, or conical

rolling bearing, are majorly used in power generation industries,
process industries, machine tools, and automobiles. The rolling
bearing is repeatedly invoked as anti-friction bearing. When pre-
ferred and appropriately tested, they can operate effectively over
a lengthy duration of time. A rolling element bearing’s average life-
span is known because of fatigue behavior. Ball bearings implicate
a point association betwixt the races and the balls, which produces
high stress at the contact. Failure of bearings causes deficient of the
machines and abandon, which impacts the final product’s price and
quality. Anti-friction bearings are believed to be responsible for
30% of machinery failures. As a result, bearing condition monitor-
ing in rotating machinery is extremely crucial. A new regulating
instrument for the shift from reactive to proactive is condition-based
monitoring in industries. Premature failures can be identified and
analyzed with the help of conditional monitoring, which reduces
downtime and costs.
Different fault diagnosis techniques are developed and utilized

efficiently to forecast imminent machine failures at their current
stage. Some include vibration analysis, oil debris analysis, non-
destructive testing, thermal, noise, motor current analysis, compo-
nent error, oil flowrate, oil viscosity, and statistical features. It is
among the most common methods for analyzing vibration. Using
experimentation or model-based techniques, one can forecast the
health status of bearings in rotating machinery’s by analyzing vibra-
tion signatures. The model-based technique can convert complex

engineering problems into simplified mathematical models. The
model-based theoretical approach builds the circumstances for the
effectiveness of experiments and evaluation of mathematical
models with experimental results. Therefore, the model-based
vibration conditioning monitoring techniques have been to pick
up in-depth study throughout the earlier decades. Using signal pro-
cessing techniques makes it feasible to attain significant character-
istic frequency from the vibration signals. The present work uses the
innovative technique of model-based study to determine the effect
of speed, load, surface defects size, and other physical parameters
on bearing failure.
Stefatos and Hamza [1] developed Tennessee Eastman challenge

technique by independent component analysis (ICA)-based meth-
odology to identify the primary source of the fault. Fan and
Wang [2] proposed kernel-dynamic independent component analy-
sis for fault identification. Plotting of non-linear contribution with
Tennessee Eastman process showed greater effectiveness. Mao
et al. [3] developed deep transfer learning with a pre-trained VGG
16 model for fault identification in auxiliary bearing. Deep features
with fine-tuning technique are used for training model with support
vector machine.
Cai et al. [4] developed noisy independent component analysis

for condition monitoring. Fourth order cumulant matrix with joint
diagonalization is estimated by noisy intercluster separation algo-
rithm. Three variable system with stirred tank reactor system
detects fault by recursive independent component kurtosis. Cai
and Tian [5] investigated robust independent component analysis
(Robust ICA) algorithm for extracting non-Gaussian features for
robust whitening and determination. Cai et al. [6] developed a
model for milling chatter with energy entropy and variational
mode decomposition (VMD). Number of modes with quadratic
penalty is an input function to VMD for kurtosis selection with
total energy absorbed by frequency band. Simulation and
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Abstract— This Paper gives an insight into an essential part of 

practicing outcome-based education (OBE). One of the crucial 

parts of OBE is measuring the quality and quantity of Program 

learning skills that student has acquired through various 

assessments. Course Outcome attainment heads up the learning in 

a specific course. However, the Program Outcome (PO) 

attainment needs the relation of Course Outcome & Program 

Outcome (CO-PO), i.e., mapping levels for calculations. The 

author has demonstrated the CO-PO mapping level underpinning 

the competency and Performance Indicators. The methodology for 

CO-PO Mapping has been shown in the Paper. A review on 

Mapping has been taken on an online feedback survey and found 

that mentoring is required in the CO-PO mapping level and 

interpreting it at hard-shell. CO-PO Mapping for a course has 

been demonstrated w.r.t. the process followed, and calculations to 

the end have been explained. There is an opportunity to take PO 

assessment methods further with mapping levels concentrating on 

defining competencies and Performance Indicators. 

 

Keywords—Course Outcome (CO), Program Outcome (PO), 

CO-PO Mapping, Competency, Performance Indicators OBE. 

 

I. INTRODUCTION 

HE teaching-learning process is the heart of any educational 

system at a level and takes the stakes to their wisdom. 

Outcome-based education has emphasized the same, and the 

focus of learners' learning is at the center of the teacher's 

teaching. 

In outcome-based education, the education focuses on learners’ 

skill development at Cognitive, Psychomotor, and Attitude 

levels. The above skill level varies with education streams and 

level of education from school to higher education colleges & 

universities. (Spady, 1993) While implementing outcome-

based education ensures a certain amount or level of 

measurement quality has been imparted to the learner.  

Measuring of quality of education imparted to students leads to 

the assessment and evaluation of learning by students in 

examinations (Yuet Yen Wong, 2015). AICTE has been 

defined and guided through Examination reforms and Policies, 

which also support better assessment in studies, measuring 

outcomes at the course and program levels. Model question 

papers that will help in the evaluation program skills 

incorporated by a student.  

Exam Reforms (REFORMS, 2018) this reform has guided the 

Assessment strategy for outcome-based Education (OBE). It 

suggested a two-step process bringing clarity to PO, Mapping 

PO to examinations/examination tools, what skills 

competencies curriculum of a program develops, and 

performance indicators through which can assess these 

competencies. Examination tools that evaluate higher-order 

abilities and professional skills are also demonstrated (Dr. A. 

Kavitha, 2018). 

It becomes abstruse to justify the CO-PO mapping level defined 

by the course teacher (Jayasree & Durga, 2018). There becomes 

a necessity for scientific or any statistical relevance that will 

rigid the CO-PO mapping level (Reddy, Karuppiah, Asif, & 

Ravivarman, 2021). The Mapping of the CO-PO level 

concerning Competency and Performance Indicators makes it a 

cakewalk for the course in charge to demonstrate for a third 

person. 

Competencies are simplified statements that focus on different 

abilities to be attained by the learners. These are Domain-

specific and can be used to assess the student's learning ability. 

Competencies are statements that showcase what students 

demonstrate concerning PO from the program curriculum. Each 

PO and Program Specific Outcome (PSO) can be implied by an 

ability that is needed to be shown by the program 

student/learner. This demonstrative ability requires assessment 

procedures, creating a shared understanding that students want 

to achieve through their respective programs. A program needs 

to identify what competencies and various skills can be built in 

students concerning each PO, these competencies will give an 

idea for performing indicators through which we can measure 

these competencies, and subsequently, the quality of PO can be 

measured. 

Performance Indicators (PI) - Measuring tool in Assessment, 

Performance Indicators are the statements used to evaluate 

various competencies; they can be designed to find the 

appropriate level of Competency of each indicator so that 

instructors can target and students can achieve the acceptable 

level of proficiency 

A feedback survey has been taken, and an understanding of CO-

PO mapping levels and how mapping levels are justified is 

analyzed. The next section describes the feedback survey 

followed by the methodology proposed and the tool used at the 

Institute of the same. 

A. Responses of faculties involved in OBE and teaching – 

Learning Practices 

Online feedback is taken, and responses have been analyzed 

for the ten questions stated below, responses for understanding 

T 
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ABSTRACT

Software maintenance is the longest process of SDLC. It continues with the distribution of applications 
till the software is not in operation. Software modifications are an unavoidable aspect of the life 
cycle of software growth. The optimization of software testing is still an important task, as the 
average percentage of detected failures (APFD), the average percentage of branch coverage detection 
(APBCD), and output of time are unsatisfactory in priority test cases. The authors also suggested in 
this document to give priority to test cases using butterfly algorithms optimally. They use butterfly 
algorithm with a fitness function specified with a similitude-distance model to optimise the ordering 
of test cases. Three testing suites selected from the software testing case repository experimented 
with three benchmarking programmes. The test case prioritization technique (TCP) was better than 
current works with the butterfly APFD algorithm as the output matrix. Overall, APFD results show 
butterfly algorithm being a successful competitor in TCP applications.

Keywords
APBCD, APFD, Butterfly Algorithm, Regression Testing, Test Case Prioritization

INTRODUCTION

Software testing requires a long-running time and can be the costliest step of the software development 
process Reid, S. (2004). The checking of applications is understood as the least comprehensive aspect 
of the development process. Also, testing of applications is done over and over again, because of 
time limitations and resources it is often done in hurry. In light of this, the Test Case Prioritization 
application (TCP) has been stated to increase test viability in software tests (Rothermel et al., 1999) 
(Khatibsyarbini et al., 2017) (Khatibsyarbini et al., 2018) (Jiang & Chan, 2015). First stated by (Wong 
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Abstract— Educationalists among the globe are innovating and 

experimenting innovative teaching practices to the students to 

trigger students involvement, grasp of the concepts and 

performance. Engaging students in practical and challenging 

activities is one of the way to engage students in the learning 

process. The learning through inference drawn from these 

activities and experience is referred as an experiential learning. 

Experiential learning has evolved as a superior teaching-learning 

methodology over conventional classroom teaching. Autonomy in 

learning to the students and triggering creative thinking in 

students are the key aspects of experiential learning methodology. 

Educationalists have adopted experiential learning to science and 

technology, medical, management and engineering disciplines and 

is being more popular day by day. This article presents 

experiential learning model applied to engineering 

thermodynamics course (subject) for validation of basic 

thermodynamic concepts. Student validated working of a machine 

without any work input by reproducing the machine claimed in 

the videos uploaded on video sharing platforms. Flexible learning 

system helped students to have proper understanding of basic 

concepts, laws of thermodynamics and understanding and to 

improve academic performance. The activity conducted resulted 

in the improvement in the overall CO attainment by 14.12% along 

with improvement in the average marks of the students for UT1, 

UT2 and ESE assessment collectively by more than 55%. 

 

Keywords— Experiential learning; learning by doing; 

engineering thermodynamics; flexible learning framework. 

I. INTRODUCTION 

XPERIENTIAL learning is an active learning strategy that 

involves learning through experience gained through 

activities like experiments, field observations, hands on 

experience etc. It enables students to learn by doing by their 

own. It helps students, trainee and learners to inculcate new set 

of skills, viewpoint by involving in an experiential task and 

analysis and synthesis about the experience. The critical 

analysis and synthesis, initiative and decision making 

opportunities for students, becoming accountable, intellectual, 

social and physical involvement of students and learning 

opportunities to students are key elements of experiential 

learning.  

It is evident that the conventional classroom teaching- 

 

 

 

 
 

 

 

 

 

learning involving ‘chalk and talk’ approach proves 

unproductive for science and engineering education (Freeman 

et al., 2014; Waldrop, 2015). In order to improve students 

learning, active learning techniques like group problem solving 

and demonstrative examples have become essential part of 

classroom teaching (Kober, 2015). In addition to this, active 

learning approaches like ‘peer learning’ and ‘think-pair-share’ 

are becoming more popular amongst educationalist in recent 

year to improve learning of students (Lom, 2012). Learning 

experience in science and technology can be enhanced by 

including hands on exercises like laboratory session (Freeman 

et al., 2014). At present, many laboratory exercises have fixed 

learning framework with fixed set of instructions (Handelsman 

et. al., 2004). By implementing creative and flexible learning 

framework that gives more learning freedom to students, 

considerable utilization of practical sessions can be done 

(Handelsman et. al., 2004). 

Inference drawn from the research carried out in a Spanish 

business school shows that adopting experiential learning 

activities helps students’ grasp of theoretical concepts and 

improves academic performance (Rodriguez and Morant, 

2019). Patil and Meena implemented experiential learning to 

computer engineering undergraduate students at a private 

engineering college in India (Patil and Meena, 2018). Powar 

and Patil employed 3D printing as a learning tool for 

undergraduate mechanical engineering students developed a 

technology-enhanced project based learning (TEPBL) model 

(Powar and Patil, 2022).  It was found that utilizing experiential 

learning activities enhances the employability of engineering 

students (Patil and Meena, 2018). Gadola and Chindamo 

presented a case study of Motostudent event, Europe and 

Formula SAE competition (Gadola and Chindamo, 2017). It 

was concluded that, engineering student competitions involves 

students in experiential learning to an open-ended 

multidisciplinary problem and triggers students’ creativity and 

innovation (Gadola and Chindamo, 2017). 

Engineering thermodynamics course is a part of 

undergraduate mechanical engineering programme at 

Rajarambapu Institute of Technology (RIT), Rajaramnagar, 

India. Course content of engineering thermodynamics includes 

basic thermodynamic concepts like system, boundary, 

surroundings, first and second law of thermodynamics, entropy, 

exergy, properties of gases and properties of steam. The 
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Performance analysis of sodium alanate hydride
reactor with different nanofluids
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h i g h l i g h t s

� Developed and validated mathematical model of sodium alanate based hydride reactor.

� Used nanofluid as a heat exchange fluid.

� Presented performance for Al2O3/HTF, CuO/HTF and MgO/HTF Nanofluids.

� Absorption time is improved by 14% for given conditions.

� Reported up to 10% enhancement in the heat exchange rate for CuO/HTF nanofluid.
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a b s t r a c t

The thermal management of the hydride based hydrogen storage reactor is the key factor

to realize the complete storing potential of hydrides. In this regards a hydride reactor filled

with sodium alanate in multiple tubes is numerically analyzed for absorption process.

Based on various governing equations, a mathematical model of hydride reactor is

developed and validated with the help of ANSYS Fluent. The hydride reactor uses mainly

water or oil for heat exchange during hydrogen sorption. In the present study conventional

heat transfer fluid (HTF) is replaced with the nanofluid since it has a greater heat exchange

properties. The CuO/HTF, Al2O3/HTF and MgO/HTF nanofluids are selected based on pre-

vious studies and results of numerical experiment are recorded. The outcomes are attained

for various parameters such as material and concentration of nanoparticles, supply pres-

sure of hydrogen and inlet temperature of heat exchange fluid. The CuO/HTF nanofluid

with concentration of 5 vol% exhibited better rate of absorption in comparison with other

vol% concentrations and other selected nanofluids. It shows improvement in hydrogen

absorption time up to 14% under selected conditions. Additionally, it is observed that CuO/

HTF nanofluid with 5 vol% concentration is thermodynamically superior to other selected

nanofluids; as a result it enhances the rate of the heat exchange up to 10% for hydride

reactor. It is realized that the performance of CuO/HTF nanofluid with 5 vol% concentration

is superior among picked nanofluids. Therefore for the hydride reactor the use the nano-

fluid is advantageous.

© 2023 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.
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A B S T R A C T   

The present work contributes to the current state of art in fracture modeling of carbon fiber 
through development of virtual internal bond (VIB) model based on Tersoff-Brenner potential for 
carbon fiber. The underlying VIB method is multiscale in nature and the stress–strain relation 
which while retaining the microscopic attributes handles crack initiation and propagation 
without addition criterion. A variant of VIB method viz. multi-dimensional virtual internal bond 
(MVIB) method is employed to model epoxy resin, wherein the stiffness involved in the inter
action potential is penalized based on the strain levels to capture damage. Following calibration 
based on elastic properties and tensile strength, the potential of the current work is demonstrated 
through simulation of damage in two-dimensional assemblage of carbon and epoxy under the 
action of bi-axial loading characterized via bi-axiality ratio.   

1. Introduction 

The excellent mechanical properties viz. high specific strength, specific modulus, fracture toughness and corrosion resistance 
exhibited by carbon fiber reinforced polymer (CFRP) composite are usually attributed to the layout and proportion of carbon fibers 
relative to the polymer and are leading a transformation from the conventional metal-based to polymer-based structures in areas as 
diverse as naval, aviation, automobile [3,48,49]. The carbon fiber reinforced polymer composite (CFRP) consists of two parts: the 
carbon fiber as the reinforcement and polymer resin (e.g. epoxy) as the matrix. The former provides strength and the latter binds the 
reinforcement together [2]. The primary element of CFRP is a carbon filament produced from the precursor polymer such as poly
acrylonitrile (PAN), rayon or petroleum pitch [3]. CFRP composite parts can be manufactured by using methods like molding, vacuum 
bagging, compression molding and filament winding [4]. A large quantum of experimental and modeling research centered around 
CFRP has simultaneously emerged [e.g. 2–3, 5, 6–9] and researchers have either attempted to enrich the mechanical properties or 
predict the fracture process and its dependent parameters via damage models. The concerned experiments demand state-of-art 
instrumentation and setups making them quite expensive and niche. Hence although insightful, experiments are always limited in 
number and variety. On the other hand, computer simulations can cover up for the limited experiments, provided the model captures 
the multiscale effects ranging from micro-structural phenomenon like interaction amongst fibers, interaction of fiber with adjoining 
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Abstract. Diasporic literature is a pivotal term in literature that includes the literary works of 
the authors who are the outsiders for their native country but their work is deeply rooted in 
homeland by reflecting native culture, background, displacement and so on. Indian women’s 
literary work is at the forefront of diasporic literature. The advent of Indian women novelists on 
the literary horizon is an important development in the Indian English literature. These women 
writers have also contributed to other genres, such as drama, poetry and short stories, not only in 
English but also in regional languages like Hindi, Marathi, Bengali, Punjabi, Tamil, Kannada 
and so on. Some modern women writers flourish their writing in the form of fables as a literary 
genre in an impressive way to focus on the specific themes. In last two decades, Indian women’s 
writing in English is blossomed, both published in India and abroad. The present paper is 
the review of diasporic consciousness in select works of contemporary Indian women novelists. 
It focuses on the attempt to highlight the quest for identity of those women who played a crucial 
role in defining themselves through their literary work in diasporic background. 
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Аннотация. Диаспорная литература – ключевой термин в литературе, включающий в 
себя литературные произведения авторов, которые являются аутсайдерами для своей 
родной страны, но их творчество глубоко укоренено на родине, отражая местную куль-
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