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Observations on student performance and learning outcomes in a class 

project for materials and manufacturing course 

 

1. Abstract 

Course related projects have long been widely regarded as critical component of engineering 

education. They are an important way to assess how well the students have learnt the theoretical 

material and how skillfully they can apply it to real life situations. At Rowan University a 

Material and Manufacturing course is offered every spring semester. For the Spring 2015 

semester a hands-on lab component on material testing was conducted while for Spring 2016 a 

software simulation based project was assigned. The objective was to assess a key pedagogical 

parameter “achievement of ABET student outcomes”, focusing mainly on (a) an ability to design 

and conduct experiments, as well as to analyze and interpret data, (b) an ability to design a 

system, component, or process to meet desired needs within realistic constraints and (c)  an 

ability to communicate effectively. The paper will discuss the experimental methods (uniaxial 

tensile testing, cyclic tensile-relaxation testing on stainless steel ASTM dog-bone samples), 

evaluation techniques and results obtained in assessing students’ knowledge on the course topic, 

their programming and data analysis skills, their skill at learning and using engineering tools 

such as simulation software, and the effect such an activity has on their performance on the in-

class exams. We also discuss some of the simulation analysis performed by the students to 

investigate the material behavior under various loading conditions and the results interpreted by 

them in their reports. 

2. Introduction 

Engineering materials possessing the right mix of properties and performance characteristics that 

satisfy the needs of future technological demands will play the most vital role in shaping the 

world around us. Identifying the opportunities that exist in the field of material innovation and 

research, a number of educational entities have adopted this relatively new but broad field - 

Material Science, and offer educational or degree programs to increase public awareness and 

generate student interest.   In 2011 approximately 1.4 % of engineering students in the US 

graduated with a Material Science degree1. 
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The business of making things or manufacturing, has always been at the heart of the US 

economy. After the recent wake-up call – the great recession of 2007-2009, academic, business, 

and government leaders have experienced a renewed realization of the importance of developing 

a high-tech industrial manufacturing base in America in order to solve some of the most 

challenging issues confronting the world today and restore the global American economic 

competitiveness. Manufacturing education and training seems to be a likely answer. In 2011 

approximately 4.5 % of engineering students in the US graduated with a Manufacturing degree1. 

Currently ABET requires manufacturing to be an optional consideration for measuring learning 

outcomes for engineers.  

Studies reveal that one the biggest challenges facing the US is increasing student interest and 

retention in materials science and manufacturing undergraduate disciplines1. Along with teaching 

students, the fundamental concepts of materials science and manufacturing at the undergraduate 

level, emphasis should be placed on developing research based skills which is crucial for 

remaining competitive in an international workforce, and developing the next generation of 

educators and industrial leaders. Material Science and Manufacturing, both being rapidly 

evolving disciplines, always present us with the challenge 'to define what constitutes a core 

knowledge base in those disciplines?' and 'how should they be taught?' 

In most of the universities the undergraduate materials and manufacturing course is split into 

'Materials Science' and 'Manufacturing Science' courses. The material science courses are 

focused on the study of structure, properties, synthesis and applications of different materials; 

while the manufacturing courses are focused on the applications and principles of different 

technologies, machines, processes and their control procedures in producing a product. The low 

enrollment and retention of students in these disciplines raises concerns about the impact of the 

curriculum and teaching methods being practiced in these courses. Some of the recent efforts to 

attract a larger student pool to these disciplines are (a) creating an awareness of the impact of 

materials science and manufacturing in our lives, to kindergarten through K-12 students (b) 

inviting students to attend Open Houses where the prospective students learn more about these 

courses, the student’s involvement in the research/project activities of the department, material 

and manufacturing professional societies (c) offering undergraduates summer/semester long 

research opportunities through REU programs (d) offering online/hybrid courses, etc.  
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At Rowan University there are a couple of courses taught in the materials and manufacturing 

discipline by the Mechanical, Civil and Chemical engineering departments. However neither a 

degree nor a minor is offered in either Materials Science or Manufacturing. One of the courses 

currently being taught at the freshmen level in the Mechanical department is general engineering 

course, known as Materials and Manufacturing Engineering (MSME). It is a classroom based 3 

credit hour course. The total student population for spring 2015 semester was 106 students while 

for spring 2016 semester was 93. The first 7.5 weeks of the semester were used for teaching 

topics in Material Science while the remaining 7.5 weeks covered the basics of manufacturing 

science. The breakdown of the materials and manufacturing portions of the course is shown in 

Table 1. 

Table 1. Outline of the MSME course at Rowan University 

Section Topics covered Exams/Projects 

Materials 

1. Introduction to materials  

2. Atomic Structure and Bonding 

3. Mechanical Properties 

4. Physical properties 

Midterm Exam 

Manufacturing 

1. Introduction to Manufacturing  

Project 2. Forming Processes 

3. Metal Cutting Processes 

4. Casting Processes 

  Final Exam 

 

In order to enhance the student learning experience and qualitatively measure the ABET 

outcomes mentioned in Table 2, the students were assigned course project component 

comprising 15% of the course grade. For spring 2015 the course project consisted of a set of 

hands-on laboratory experiments on material testing while for spring 2016 a non-hands-on 

project was assigned. For spring 2016 the students were required to simulate a material property 

or a basic manufacturing process using any finite element analysis software, or write a short 

review article on a topic closely related to the subject of materials and manufacturing. It was 
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intended to add enrichment to the learning experience beyond the confines of the traditional 

classroom and positively impact a students’ academic performance. This would also lead to 

development of better pedagogical practices by the engineering faculty, help the college to better 

meet the ABET objectives by answering pertinent questions related to materials and 

manufacturing course2.  

Table 2. ABET objectives for the course project 

ABET 

OUTCOMES 
DESCRIPTION 

(B) 
The students should develop an ability to design and conduct experiments, as 

well as to analyze and interpret data, 

(C) 
The students should develop an ability to design a system, component, or 

process to meet desired needs within realistic constraints, 

(G) The students should develop an ability to communicate effectively. 

(K) 
An ability to use the techniques, skills and modern engineering tools 

necessary for engineering practice 

 

One of the long term strategy is to develop a richer curriculum for Materials and Manufacturing 

and establish guidelines that could be incorporated into future degree specialization courses.  

The project outcomes were measured on the basis of grades received by the students on the mid-

semester exams as well as on the final exams. 

3. Project description 

3.1 Spring 2015 

The project objective was to study the mechanical response of thin aluminum and steel ASTM 

specimens under uniaxial tensile and cyclic loading. Four membered student groups were formed 

for a total of twenty-seven groups. Using SolidWorks, a CAD drawing of a standard tensile 

specimen (ASTM E8 / E8M - 13a, shown in Figure 1) was to be made. Each group was required 

to water-jet cut three tensile specimens each, of aluminum and steel on a 2626 Jet Machining 

Center device. These tensile specimens were subjected to uniaxial monotonic as well as cyclic 
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tensile tests on a MTS 831.10 tensile testing machine. The test profiles have been shown in 

Figure 2. Strain was calculated by measuring the separation of two reference points marked 

initially 3 inches apart, considered as the gauge length of the specimen. A 50kN Instron load cell 

was used for measuring the load values. 

Rockwell Hardness: After the tensile testing one of the fractured pieces of the steel specimen 

was tested for hardness on the Rockwell B scale (Figure 4). 

The criteria set for choosing the uniaxial tensile and cyclic test parameters was that the 

deformation rate was fast enough to be easily observable and a typical sample failure would 

occur within 4 minutes. The cyclic test parameters were chosen such that the entire cyclic test 

could be conducted within 8 minutes and the strain hardening induced would be significant 

enough to shift the fracture strength appreciably.  

 

Figure 1. Specimen dimensions (mm) 

 

Figure 2. (A) Monotonic tensile and (B) Cyclic test profiles 
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Figure 3. MTS Tensile tester (left) sample mounted in grips (right) 

 

          

Figure 4. Rockwell Hardness Test on a steel specimen 

 

Data analysis and reporting  
 

After conducting the experiments the students were required to write a project report discussing 

the following information mentioned below:  

(1) Description of the test procedure and the test equipment and water jet cutting process,  
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(2) The load-displacement and the corresponding true stress-strain plots for both monotonic 

tensile and cyclic tests,  

(3) On the basis of the acquired data and constructed plots, to report the elastic modulus values, 

yield strength, ultimate tensile strength, failure strength, strain hardening, elastic and plastic 

regimes (Figure 5) and the material ductility (Figure 6). 

(4) From the cyclic curves (Figure 7) the students were required to calculate the area inside the 

last cycle by writing a Matlab or C program. Also to comment on its significance.  

(5) Rockwell B hardness value - Using the hardness to tensile strength conversion chart based on 

Datsko3 and Zhang4, to report the corresponding tensile strength of steel specimens and then 

compare it with the experimentally obtained value in (3).  

(6) Comment on the differences observed between the test results of Aluminum and Steel 

specimens for different cases of loading?  

 

 

Figure 5. Sample uniaxial stress-strain plot for Aluminum specimen extracted from one of the 

student reports. 

 

 
 

Figure 6. Failure of aluminum (top) and steel specimen (bottom).  
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 (A) (B) 

Figure 7. (A) A cyclic stress-strain plot for steel (B) the last cycle extracted from one of the 

student reports. 

 

3.2 Spring 2016 

For spring 2016 semester the project requirements was stated as follows: 

(1) Use a simulation software such as Matlab, Solidworks, ABAQUS, COMSOL, CATIA, or 

AutoDesk to simulate a material property. For example bending, tension, compression, torsion. 

Most of these software can handle both CAD and simulation. 

Or, (2) Using a simulation software such as Matlab, Solidworks, ABAQUS, COMSOL, CATIA, 

or AutoDesk simulate a manufacturing process. Example metal cutting, annealing, bending, 

forging. 

Or, (3) Review a topic on material science or manufacturing and write a short report. 

For (1) and (2) above the students were required to describe how the problem was set up 

including CAD, mesh generation, the boundary conditions, the results of their analysis, and any 

conclusions drawn therein. For (3) the work was meant to be performed individually while for 

(1) and (2) groups of up to 4 students was allowed.  

This project assignment was done keeping in mind the significance of manufacturing simulation 

in the production operations of major corporations for modeling, analyzing, and optimizing their 

complex manufacturing operations. It was also conjectured that finite element modeling and 

simulation is probably the most basic and powerful tool that almost any engineer is required to 

possess to day. An exercise using this tool will help pave way for refinement and expertise in 
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modeling and simulation and would be of vital help in other curricular courses that the students 

are required to take such as FEA, Heat Transfer, CFD, etc.  

4. Results and Discussion 

The only deliverable for both years was a project report per group. Peer discussion and exchange 

of ideas among groups was encouraged. Report formatting, organization, and style were 

expected to convey key learning effort and outcomes. The ABET objectives measured from the 

students report for spring 2015 and spring 2016 have been shown in Tables 3 and 4 respectively. 

 

Table 3. ABET learning outcomes measured based on the project report for spring 2015 

ITEM ON STUDENT REPORT 
ABET 

OBJECTIVE 

Description of the test procedure and the test equipment and water jet cutting 

process 

(B), (G), (C) 

The load-displacement and the corresponding true stress-strain plots for both 

monotonic tensile and cyclic tests, 

(B), (K) 

Using the data plots to report the elastic modulus values, yield strength, ultimate 

tensile strength, failure strength, strain hardening, elastic plastic regions and 

ductility 

(B) 

From the cyclic curves calculating the area inside the last cycle by writing a Matlab 

or C program.  

(K) 

Using the hardness to tensile strength conversion chart based on Datsko3 and 

Zhang4, to report the corresponding tensile strength of steel specimens and then 

compare it with the experimentally obtained value 

(C) 

Answering what differences were observed between the test results of Aluminum 

and Steel specimens for different cases of loading? 

(G) 

 

Table 4. ABET learning outcomes measured based on the project report for spring 2016 

ITEM ON STUDENT REPORT ABET OBJECTIVE 

Setting up a problem in a finite element software (C), (K) 

CAD, Meshing, Boundary Conditions, Running Solver (C), (K) 

Reporting and analyzing simulation results (B) 

Report writing (G) 

Literature review on any topic on material and manufacturing (G) 

 

 As one can see from the project assignment description, the spring 2015 project consisted of a 

set of well-defined tasks for each student group.  The emphasis was placed on student 

engagement through use of hands-on work and collaboration. It also included a problem-solving 

aspect in that the students were asked to determine the modulus by fitting a straight line to the 
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elastic portion of the tensile curve and then finding its slope. Together with it was the 

requirement of writing a Matlab/C code to determine the area inside a closed curve (last cycle). 

The question on describing the differences observed ꞌbetween the test results of Aluminum and 

Steel specimens for different cases of loadingꞌ, promoted critical thinking and communication. 

Therefore the essential motivation was to re-confirm to the well-established perception that 

ꞌhands-on experiences will always outperform traditional or passive learning methodsꞌ. However 

hands-on activities should be done in a way to provide sufficient opportunities for reflection, 

metacognition and a deeper understanding of the principle or physical phenomena underlying the 

experimental activity. Poorly designed experiments would negate the benefits of hands-on 

learning. In order to explore the effectiveness of a modeling tool as a substitution for hands-on 

activity the project for spring 2016 was conceived. The ambit of tasks was much broader. In 

order to model a material test behavior or a manufacturing process the students would have to 

rely more on researching the conceptual details of the subject. Thus the emphasis was on 

acquiring strategic knowledge (knowing when, where, and how to apply the knowledge), 

learning the theory and enhancing conceptual understanding when proceeding with the project.  

Any difference between the finite element simulation activity and the hands-on activity should 

be reflected in the project grades for the students. Appendix B lists the project topics selected by 

the students and the objectives met in their reports. 

Some example simulation cases are shown below in Figures 8, 9, and 10.  

  

Figure 8. Mechanical response of an I-phone5 case. 
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Figure 9. Four point bend test for skateboards. 

 

Figure 10. Deformation and Design of Bar Stools 

 

4.1 Grading Criteria 

This course was graded on the basis of two exams, a homework, a project, and class 

participation. The project constituted 15% of the final grade.   

The project reports for spring 2015 were graded on the basis of relevant guidelines shown in 

Table 5. These guidelines were based on the set ABET objectives mentioned in Tables 3 and 4. 
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Here the term 'skill' implies 'level of proficiency displayed in performing the specific task'.  For 

example, correct sample setup in the grips, calibration of the tensile tester before test, correct 

dimensional measurements, correct experimental data acquisition and processing and its proper 

presentation by means of plots and tables would lead to 100 out of 100 points.  Each item in the 

left column was graded out of 100 points. This type of grading was not standardized against a 

well-defined set of rubrics and was mostly grader dependent, hence should definitely be 

considered as a future extension of this work. However since the grader was the same person for 

both the years, inaccuracies due to variations in grading are not significant. 

 

Table 5. Grading criteria for the spring 2015 project report 

PROJECT ACTIVITY GRADING BASIS 

Water Jet cutting Skill in conducting the water jet cutting operation 

Rockwell Hardness Test Skill in conducting the Rockwell Hardness test 

Monotonic Tensile Test Skill in conducting the Monotonic tensile test 

Cyclic Test Skill in conducting the Cyclic test 

Scientific Conclusions Quality of data analysis and conclusions made thereof 

(scientific merit) 

Matlab/C Skill in programming Matlab/C 

Reporting Skill in Technical Report writing. 

CAD Skill in CAD design. 

 

Figure 11 shows the class average grades for the different components of the course for Spring 

2015. Each component is scaled out of 100. The mean project grade was 89.82 with a standard 

deviation (s.d.) of 3.84 which is better than all other components of the course. The quizzes and 

the midterm exams resulted in the lowest class average scores. This is expected since the project 

was a single component of the course, with well laid out instructions and the students were 

provided with a substantial amount of time (1 month) to complete it. Also since it was a hands-

on activity it allowed for peer exchange of ideas, teamwork and peer motivation. Past studies by 

Bliss5-6, Dowdeswell7, Ogborn8, agree with the above idea that lab courses promote better 
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learning of scientific information and concepts, better understanding between the interplay of 

theory and methodology, improved understanding of the processes of scientific enquiry and 

enhancement of the students’ oral and written communication skills. This outcome also 

reinforces the long standing belief that actively engaging the student by means of hands-on 

curriculum components promotes effective learning to a sufficiently greater degree.    

Figure 12 shows the average skill wise grade distribution for the spring 2015 class (27 teams). 

This assessment scheme was designed keeping in mind the relevance of the skills in the materials 

and manufacturing discipline. For any particular skill set the students were required to present 

evidence of having a very good understanding and command over the conduct of the specific test 

procedure. Figure 12 shows that while the students perform well in monotonic tensile testing, 

CAD design, report writing and scientific data analysis, they do not perform comparatively well 

in workshop skills like operating the water jet cutting machine, and hardness tester. They also 

lack good computer programming skills to some extent. There could be a number of reasons for 

this observation. One reason could be that these students were mostly freshmen and had not 

taken any machining classes or mechanical design or programming classes before. It was more 

of ꞌlearning by trying it for the first timeꞌ for most of the students. It would therefore be 

interesting to carry out a similar assessment for senior level students and compare the results to 

the present one.  

 

Figure 11. Class average grades for the different components of the course for Spring 2015. 
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Figure 12. Student technical skills comparison for spring 2015 

 

The project reports for spring 2016 were graded on the basis of relevant guidelines shown in 

Table 6, also based on ABET objectives. Here again the term 'skill' implies 'ability to perform 

satisfactorily' and includes in its definition 'correct simulation, data processing and its proper 

presentation'.  Each item in the left column was graded out of 100 points.  

Table 6. Grading criteria for the spring 2016 project report 

PROJECT ACTIVITY GRADING BASIS 

CAD design Skill in designing the material test or manufacturing setup in 

CAD. Conceptual understanding of the problem statement. 

FEA analysis Skill at using FEA based solver to simulate the experiment. 

Initializing boundary condition, mesh types, data acquisition. 

Scientific Conclusions Data Analysis and conclusions made thereof (scientific merit) 

Reporting Skill in Technical Report writing. 

 

Figure 13 shows the class average grades for the different components of the course for Spring 

2016. Each component is scaled out of 100. The mean project grade was 89.51 with a standard 

deviation (s.d.) of 14.45. The huge difference in the standard deviation between 2015 and 2016 is 

because of two students dropping out of the course midway through the spring 2016 semester. As 



15 
 

before the scores on the project was better than all other components of the course. It is therefore 

difficult to conclude from the results shown here if the project made any significant difference on 

the performance in exams or on the course altogether. The author would like to agree with the 

thought that it will be of interest to readers to see the difference in student performance (final 

course grade) between the courses with and without the implemented projects. This could be a 

future course of study. The midterm and the final exams contained questions probing students’ 

knowledge on material properties (mechanical, physical) and manufacturing process (metal 

cutting, forming processes, and casting process). It is quite likely that the project had a positive 

influence on the final exams. However this can only be confirmed by pursuing the idea suggested 

above or from some form of student surveys. Figure 14 shows the average skill wise grade 

distribution on the project for the spring 2016 class. It can be seen that while the students were 

strong in CAD design skills they were not quite good when it came to scientifically interpreting 

the results obtained or analyzing the finite element simulation case on a technically sound basis. 

This can only be improved by further study such as taking advanced courses or multidisciplinary 

courses to broaden one’s perspective and understanding of the fundamental knowledge on the 

various phenomena and processes related to materials and manufacturing.  

 

 

Figure 13. Class average grades for the different components of the course for Spring 2016 
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Figure 14. Student technical skills comparison for spring 2016 

 

The grades for the individual course components was compared for the years 2012, 2013, 2015 

and 2016. For 2012, 2013 the course was taught by a different instructor and project did not form 

a course component.  The weights assigned for each year was somewhat different and is detailed 

below 

 

2012 : Homework-20%, Quizzes-20%, Midterm-25%, Final Exam-35% of final course grade 

2013 : Homework-20%, Midterm-35%, Final Exam-45% of final course grade 

2015 : Homework-20%, Quizzes-15%, Project-15%, Midterm-25%, Final Exam-25% of final 

course grade 

2016 : Homework-20%, Quizzes-10%, Project-20%, Midterm-25%, Final Exam-25% of final 

course grade 

The results of comparison are shown in Figure 15. 
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Figure 15. Comparison of course component grades for 2012, 2013, 2015 and 2016. 

It can be seen that the students performed best in the project component for 2015/2016 whereas 

they performed best on their homework in 2012/2013. Also the average course grade of the class 

remains almost the same which is probably due to different weights assigned for the 4 different 

years. Based on a verbal survey of the students about on the influence of a hands-on project 

versus a simulation project on the learning outcomes of this course, their opinion was somewhat 

equally divided. They agreed that the skills acquired in a hands-on project was different than 

those acquired on a non-hands on project, and both were equally influential to the learning 

process.  

5. Conclusion   

At Rowan University a project component to the material and manufacturing course was 

included as an initial effort towards enriching the curriculum and creating a positive impact on 

the student learning experience. An underlying objective was to better meet the ABET program 

outcomes. The laboratory counted as 15% of the total course grade. For spring 2015, the students 
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gained valuable hands-on experience in performing experiments on uniaxial tensile testing, 

cyclic tensile-relaxation and hardness testing on stainless steel ASTM dog-bone samples. 

Reporting component was the team reports, on the basis of which they were graded. The 

students’ observational and analytical skills were evaluated by posing a set of technical questions 

which were based on the experimental data obtained by them, on their laboratory report. For 

spring 2016 the project scope was widened and the students were instructed to use a finite 

element software to simulate a material behavior or write a research report on any topic in the 

materials or manufacturing discipline. They acquired valuable finite element modeling, CAD, 

simulation and data analysis and technical writing skills. 

Results showed that the students performed significantly better on the project, the mean score on 

it being higher than the mean final course grade. While the students performed well in monotonic 

tensile testing, CAD design, report writing and scientific data analysis they performed 

comparatively poor on workshop/lab activities like operating the water jet cutting machine, and 

hardness tester. They were also weak in computer programming to some extent. They also lacked 

good discussion skills when it came to scientifically interpreting the results obtained or analyzing 

the finite element simulation case on a technically sound basis. It is difficult to conclude that the 

project activity led to an improvement in the final exam scores in anyway. Further research by 

way of soliciting student feedback is required or excluding the project component could be 

helpful in revealing the contribution of the project component towards the entire course. 

 

The authors are grateful to Mr Aaron Nolan of Civil and Environmental engineering at Rowan 

University for his help towards the experimental exercise. 
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Appendix A 

 

Uniaxial: The uniaxial monotonic tensile tests were to be done at the rates around of 0.001 

inch/sec (slow) and 0.010 inch/sec (fast) (see Figure 2). 

Cyclic: The aluminum and steel specimens were tested at constant load rates.  

For Aluminum 

Cycle – 1 → Force increases to 100 lb-f at a rate of 20 lb-f/sec, then returns to zero at same rate. 

Cycle – 2 → Force increases to 200 lb-f at a rate of 20 lb-f/sec, then returns to zero at same rate. 

Cycle – 3 → Force increases to 300 lb-f at a rate of 20 lb-f/sec, then returns to zero at same rate. 

Cycle – 4 → Force increases to 400 lb-f at a rate of 20 lb-f/sec, then returns to zero at same rate. 

Monotonic → Force keeps increasing at a rate of 20 lb-f/sec until the sample fails. 

For Steel 

Cycle – 1 → Force increases to 1000 lb-f at a rate of 50 lb-f/sec, then returns to zero at same rate. 

Cycle – 2 → Force increases to 1500 lb-f at a rate of 50 lb-f/sec, then returns to zero at same rate. 

Cycle – 3 → Force increases to 2000 lb-f at a rate of 50 lb-f/sec, then returns to zero at same rate. 

Cycle – 4 → Force increases to 2300 lb-f at a rate of 50 lb-f/sec, then returns to zero at same rate. 

Monotonic → Force keeps increasing at a rate of 50 lb-f/sec, until it fails. 

In addition the students had to determine the Rockwell hardness  
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Appendix B 

 

Project Topics Objectives 
  

Three point bending of a tri-layered 

rectangular material 

(a) Compare the stress distribution with a bi-layered material 

(Aluminum and Steel).  

(b) Compare the bending characteristics (stress vs strain) for 

different combinations cases of layered material composed of 

titanium, steel, Aluminum, tin-bronze, copper, brass.  

(c) Determine the failure strength of the various tri-layered 

materials. 

Compression and bending of a core-shelled 

cylindrical material 

(a) Comparing the stress distribution for different combinations of 

core (iron, tungsten, titanium, 1020 steel) and shell (copper, 

aluminum, lead, silver) materials 

Bending of an AISI 1020 Steel I-beam (a) To study the stress and strain distributions in a steel I-beam 

subjected to bending loads 

Mechanical response of an I-phone5 case 

made of PC/ABS Alloy plastic, under 

biaxial stretching 

(a) To visualize the stress and strain under bi-axial stretching. 

(b) To find the tensile strength under assumed material properties 

and load conditions. 

Four point bend test for skateboards made 

of different materials 

(a) Find the bending characteristic for skateboards made of 

mahogany/maple, maple/aluminum and mahogany/aluminum 

combination and find the strongest combination. 

Compression and bending of a core-shelled 

cylindrical material 

(a) Finding the stress distribution for pure gold core and 1060 

aluminum shell material. 

Mechanical response to the vehicle weight 

and driveshaft torque on the rear axle of a 

vehicle 

(a) Finding the bending and torsional characteristics of the rear 

axle made of 1015 cold drawn steel and Ti-5Al-2.5sn titanium 

Four point bending test of rectangular three 

layered 

material 

(a) Find the bending characteristics (stress vs strain) of 3 layered 

material, top being 1060 Aluminum, the middle being Acrylic, and 

the bottom being Stainless Steel. 

Mechanical response of an I-beam 

subjected to compressive and lateral 

loading 

(a) To study the stress and strain distributions in a steel I-beam 

subjected to compressive and uniformly distributed bending loads. 
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Mechanical response of torsional loading 

on a sprocket for the SAE Baja car 

(a) Explore the suitability of a selected sprocket design for use in a 

Baja car’s gearbox by determining the mechanical strength under 

torsional loading. 

(b) Visualize the von-mises stress distribution on the 1020 cold 

rolled steel sprocket due to normal forces applied by the chain on 

the topmost 4 sprocket teeth only.  

Comparison of the bending characteristics 

of an I-beam, a square billet, a rectangular 

slab, a circular rod and a triangular rod. 

(a) Find the bending characteristics (stress vs strain) of an I-beam, 

a square billet, a rectangular slab, a circular rod and a triangular 

rod made of ASTM A36 steel under 3 point bending. 

Performance of a reinforced skateboard 

under bending loads. 

(a) Studying the bending characteristics of a skateboard added 

with a layer of metal on both the top and the bottom of the wooden 

core, subjected to 3 point bending. 

Deformation and Design of Bar Stools (a) To find the best design for legs on a barstool, based on the 

results from buckling and static tests.  

(b) The variations tested included bends in the legs, numbers of 

legs, mounting angles, and mounting positions beneath the seats. 

Mechanical response to loading of an l-

bracket style shelf holder 

(a) To find safe rating of the weight capacity for a typical I-bracket 

CB radio Antenna Taillight Mount for a 

Jeep Cherokee  

(a) The test performed simulated the force enacted on the mount 

by the antenna at highway speeds. The major weakness of this 

mount being the lack of mounting points available, the mounting 

points are constrained to just two bolts used to attach the taillight 

to the body of the vehicle.   

(b) The test performed analyzed the strength of the mount at the 

center bolt since the common mounting orientation put most of the 

force on the center bolt. 

Compression test on a Ford Raptor shock 

absorber  

(a) Studying the compressive stresses on 2 shocks with an AISI 

1010 steel spacer between them. 

Tensile testing of a rectangular specimen 

consisting of two different materials joined 

in series and in parallel 

(a) Studying the mechanical response of a rectangular specimen 

consisting of AISI 1020 Steel and 1060 Aluminum Alloy joined in 

series and in parallel 

Tensile strength test of a cylindrical 1060 

aluminum alloy  reinforced with alloy steel 

wires 

(a) Studying the mechanical response of a of a cylindrical 1060 

aluminum alloy reinforced with alloy steel wires. 

Simulation of the capping forces acting on a 

pharmaceutical Vial 

(a) To estimate the seal force on a capped pharmaceutical vial 

under atmospheric pressures. To visualize the stress distribution. 
  



23 
 

Report on: Evolution of the Automotive 

Production Line 

Tracing the history behind the evolution of the present day 

automotive assembly line, starting from the time Karl Benz of 

Benz Patent Motorwagen in Germany produced the ‘production’ 

automobile in 1888. The spread of the idea of an automobile, 

across Europe, its arrival to the United States leading to its 

adoption by Ransom Olds, of Oldsmobile, and Henry Ford, of the 

Ford Motor Company. The eventual creation of Ford’s assembly 

plant and its subsequent evolution. A brief review of BMW, 

Toyota, Aston Martin or Rolls Royce production lines. 

Report on: Materials Simulation as The 

Future of Manufacturing 

A short review on the Materials Project, and how it is designed to 

develop the infrastructure for supporting discovery and 

manufacture of functional materials economically. Focus on the 

contribution of Dr. Gerbrand Ceder's, “materials genome” 

database at UC Berkeley, which has simulated over 60,000 

material properties, and anticipates additional 100,000 in the next 

five years.  

Report on: A short review on 3D printing 

using titanium 

Describe the process of 3D printing using metals such as the 2D 

direct metal laser sintering process, the Rapid Plasma Deposition 

process and its impact in the medical field. Citing the example of 

Benjamin Hubert's 3D printed wheelchair for people with 

disabilities. 

Report on: 3-D Printing in the Medical 

Field 

A short review on the development of the 3D printing technology , 

its recent adaptation into the Bioprinting process, the development 

of the Robohand- A 3-D printed prosthetic and the 3-D Printing of 

Human Organs. 

Report on: Carbon Nanotubes in Modern 

Materials Engineering 

A short review on what are carbon nanotubes, their properties and 

present applications, history of their development starting with 

Sumio Iijima in 1991, their structure and synthesis, and their 

future applications in industrial, medical and defense fields.  

Report on: Alternative Materials in Musical 

Instruments 

A discussion on the hollow body instruments used in flamenco, 

classical, folk, or bluegrass and the improvements that can be 

made using alternative materials in these string instruments. The 

present challenges before the manufacturers like Fender or Gibson 

in incorporating plastics and composites into the guitar materials. 

Some experiments performed by the Spanish guitarist Antonio 

Torres using Spanish Cedar with a paper maché back, the Japanese 

Teruaki Ono and Akira Okuda using carbon fiber composites. 
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Mention of the fully carbon fiber composite instruments by 

Journey Instruments OF660 as well as other models like the 

McPherson Kevin Michael guitar.  

Report on: Additive manufacturing within 

the Auto-Industry 

A discussion into stereolithography (SLA) rapid prototyping 

system developed by Chuck Hull, Connex printer by Objet in 

2007, RepRap's Darwin 1.0 in 2008, Urbee - the first car to be 

made primarily of 3D printed parts in 2010 by Kor Ecologic and 

Stratasys, and the more recent, One - the car made mostly from 3D 

printed parts by Koenigsegg. Some references to Aventador-

Lamborghini and Stratasys partnership product and the role of 

alloys Alumide and Carbonmide in Formula One cars. 

Report on: A review of Hydrogel materials A report on the history of hydrogels, natural and synthetic, their 

use in agriculture, contact lenses, tissue scaffolding, drug delivery, 

biosensors. Description of the research work on application of 

poly(N-isopropylacrylamide)-graft-chondroitin sulfate (PCS) 

hydrogels with alginate microparticles as a replacement for 

nucleus pulposus tissue in the spine. 

Report on: Graphene and other 2D 

Materials in Flexible Electronics 

A discussion into Graphene's discovery, chemical structure 

(honeycomb), development using the “Scotch tape method”, its 

optoelectronic, mechanical and, good adhesion properties, 

graphene oxide films. Its applications in lithium-ion batteries, and 

supercapacitors, OLED's.  

Report on: Paper Plate manufacturing Starting from Martin Meyers molding machine in 1903, to today's 

new automatized machinery such as AJM Packaging, a description 

of the main processes- cutting, pressing and packaging in the 

manufacture of paper plates. 

Report on: Tungsten in Manufacturing A review of Tungsten and its alloys in the manufacturing industry.  

 


