
A REPORT ON 
PROJECT BASED LEARNING (PBL) 

for  
Second Year and Third Year Undergraduate Students of Mechanical and Automobile Engineering Departments  

of MES’s Pillai College of Engineering, New Panvel  
for the Academic Year 2017-2018 (Odd Semesters) 

Semesters – III(CBCGS) & V(CBSGS) 

Objective—To enable the students to apply concepts of the present semester subjects (including those of previous 

semesters) in the form of a design project based on certain application.  It is hoped that it shall eventually 

lead to a better learning experience as opposed to text-book learning. 

 A common topic is assigned to all students of the same year, to provide a common yardstick for 

comparison and enable healthy competition among the different teams.  The students work in groups 

(maximum 5-6 students per group) and assign and distribute various aspects of work so as to realize the 

project based on a timeline of about 2 months. Queries and doubts are clarified by interactions with the 

PBL coordinators and subject experts.  Student groups submit the PBL report during their demonstrations 

on a specified date in front of the faculty members. 

PBL Coordinators—M.Durga Rao and Shaligram Avinash 

Judges for the PBL Demonstrations—All Mechanical and Automobile Engineering Faculty Members, including 

Teaching Assistants. 

 
 
PBL Topic for Second Year Mechanical/Automobile Engineering: MOUNT-BOARD STOOL 
 

Develop a Mount-board Stool with the idea of creating structural module, which can hold a person’s weight for seating 

usage, with only mount-board material. With fine-tuned detail and precisely manufactured pieces, the stool should be 

assembled without any glue or fasteners. 

The Challenge— Design a Stool!   This activity asks student to design and build a full-sized stool from mount-board (a 

type of paper board which is ideal for presenting artwork, picture framing and model making).  The stool must support 

a pre-determined weight that is selected by the team for at least a few minutes.  Students will get an opportunity to 

learn about paper and mount-board as a building material and the statics and dynamics of structures. This design 

challenge is designed to encourage and reward excellence in design that integrates function (does the stool work); 

aesthetics (is it pleasing to the eye); ergonomics (is it comfortable for the average person); details (are my drawings 

and actual construction accurate); and fun. 

Objective— Create a fully functional mount-board stool that holds the weight of an adult without the use of adhesives 

of any kind (glue/tape/hot-gun etc.) or mechanical fasteners.      

 

Rules for Construction— 

1. The stool must have a seat, without any arm-rests and back (as in a chair). 
2. No mechanical fasteners will be permitted. 
3. Glue of any type is not accepted. 
4. The maximum weight of a person for the stool to support is limited to 80 kg. 
5. The seat of the stool must be at least 16” from the floor. 
6. The stool should be aesthetically pleasing to the eye, and comfortable to sit on. 
7. The stool is not expected to swing. 
8. Student may find stool designs in some sources, but advised to build a stool based on student’s unique ideas. 



Procedure/Steps— 

1. Study the properties of papers of varying thickness: Perform simple tests on paper, journal-file card paper, 
and mount-board materials to assess their properties viz., tensile strength, tearing strength, and critical-load 
estimation for buckling of columns.  Students may make use of the Strength of Materials laboratory 
equipments for the same, or build a basic kit themselves.  Observe the location of failures, and the shape 
taken by the failed specimen.   Discuss on the above.  Document the same in student reports.  Check out the 
paper tensile test in the Ed Goldman’s “Design in the Classroom” Timeline Videos, at 
http://designintheclassroom.com/designTasks/cChair/index.html. 

2. Watch the videos/links/documents, and look up examples of stools.  
3. Start the brainstorming process of creating a unique stool with mount-board.  Have various possible ideas 

drawn in pencil (freehand) in the form of orthographic projections (minimum two views).  Each member of a 
group is expected to come out with some unique idea. 

4. Understand the proper use of the materials. 
5. Study various methods for joining mount-board pieces without glue or fastener. 
6. Create small models of the stool— ¼ scale using A4 sized card paper, and ½ scale using journal-file card 

paper.   Each student in a group shall prepare a model stool of his/her idea, to both the scales mentioned.  
7. Select the best possible idea in the group based on various considerations.  Students may make certain 

modifications in the final design.  Sign-off is required prior to initiating the CAD model or the build phase of 
final design. 

8. Prepare a Computer Aided Design (CAD) model of the selected design, using SolidWorks or similar CAD 
software. 

9. Create the full size stool that supports the weight of a person, based on the final design idea. 
10. Document the process of creating the stool in a video or slideshow, and also as a detailed report.   

NOTE: The structural strength of the stool is created by the material property and surface friction. Due to its structural 

system and using neither fasteners nor glue, the most challenging aspect of designing mount-board stool is the precise 

dimensioning and accurate manufacturing. A few prototypes or models may need to be created to test the joint/s and 

the tolerance of mount-board material. The structure may become weak when the joint gap exceeds even a fraction of 

a millimeter.  The changes in dimensions and design may happen a few times to achieve perfect fitting.  Student may 

also opt to use Laser Cutting Machine (in the Research Lab./Components Library) to cut development profiles on the 

mount-board for precise assembly of the mount-board joints. Student may need to perform scoring/creasing to bend 

the mount-board properly.  Students are also advised to consider a combination of 3-D solid primitives (basic 3-D 

shapes viz. cone, cylinder, cube, pyramid, prism etc.) along with planar elements, for attaining a variety of stool design 

ideas. 

Materials Required— 

1. A4 Paper and Journal-File Card Paper (for scaled models) 
2. Mount-board (Any number of sheets and thickness) 
3. Ruler 
4. Thermacol or Cardboard Cutter, or a Utility Knife 
5. A pair of Scissors 

 

Expected Questions asked by faculty/jury members while project is in progress (student-groups are required to 

answer these questions in their document reports, briefly): 

a. What makes some mount-board structures stronger than others? 
b. Why do other designs support more weight?  
c. What's the best way to orient, combine, and join the mount-board for maximum strength?  
d. What's the best way to hold the different parts of the stool together?  
e. How do student keep the stool from wobbling and twisting when student sit on it (stability issues)?  
f. How do student keep the seat from tearing and breaking, or bending/deforming? 

http://designintheclassroom.com/designTasks/cChair/index.html


g. How the five forces that affect engineered structures were considered when designing and building their 
stools. The five forces are: compression, tension, bending, shear, and torsion.  What location/part in the stool 
caused each of the forces mentioned?  

h. Is there any chance of buckling in the original design? If yes, indicate the possible failure location of buckling in 
the stool.  What preventive action has been taken to avoid buckling?  

i. What factors seem to affect strength, stiffness, and stability? What would student change about student’s 
original design?   
(Note—During the design and prototype phase, consider stiffness, strength, and stability. Try building small-

scale prototypes before building full-scale stools. If student’s design is not stiff, there will be too much 

deflection when student sit in it and the stool might collapse. The strength of any material can be increased or 

decreased by changing its form.  Weak materials can be strengthened through folding, creasing or other 

modifications.  Load distribution is key in identifying areas of potential weakness. Stability will also be an issue. 

Make sure the stool won’t be too easy to tip over, even when student lean slightly on the back side.) 

 

Rubrics for assessing the overall PBL work include (but not limited to)— 

1. Form & Function of the stool (comfort & aesthetics). 

2. Presentation of the Solution (academic display / presentation / report) 

3. Structural Integrity of the Stool (stability, rigidity, strength*) 

(*Actual weight supported divided by the weight of stool model equals a strength design factor.  High 

numbers are best.) 

 

Additional References (referred to Chair as a structural module): 

1. https://www.questia.com/library/journal/1G1-162183845/designing-and-building-a-cardboard-chair-children-s 
2. http://www.mschangart.com/architecture/card-board-chair-design-challenge  
3. http://blog.nomadpress.net/blog/maker-space-project-design-a-chair   

 
NOTE—In order to avoid last minute hassles and for ensuring effective learning, the project work was evaluated and 

monitored continuously, in two stages as follows: 

Stage I: Steps 1-8 of the Procedure/Steps section (till preparation of CAD model of the final selected 
design idea)—scheduled on the re-opening day/week after Ganesh Chaturthi holidays. 
Stage II: Steps 9-10—scheduled at the end of the theory course. 
 

Related Subjects:  Strength of Materials, Materials Technology, Production Processes, Engineering Drawing, 
Computer Aided Machine Drawing. 
 
Term-Work Marks Allocation for PBL:  
  CAMD: 10 marks (out of 50) 
  MSP-I:  10 marks (out of 50) 
  SOM:    05 marks (out of 25) 
  MT:       03 marks (out of 25) 
 
In this academic session, we introduced and conducted online feedback of the Project Based Learning, as 

experienced by the SE and TE students, and the results were very satisfying.  A majority of the students 
enjoyed this way of learning and found to be better as compared to conventional class-room learning.  
Students strongly felt that this method of learning should be continued in future academic sessions too. 

 

https://www.questia.com/library/journal/1G1-162183845/designing-and-building-a-cardboard-chair-children-s
http://www.mschangart.com/architecture/card-board-chair-design-challenge
http://blog.nomadpress.net/blog/maker-space-project-design-a-chair


Some photos taken during the Mount-Board Stool Project Demonstration (on 09 October 2017):  
        

 
    

 
 

 
 

 



Before the actual demonstration of the student projects, a short faculty-training session was conducted to make 
them aware of all the do’s and don’ts and update on the technical aspects.  The following document was shared 
with the faculty summarizing the same before the faculty training session began.  
 

 
 
 
 
 
 
 



Rubrics & Assessment Sheet for the topic MOUNT-BOARD STOOL (Second Year): 
 

 
 
 
 
 
 



PBL Topic for Third Year Mechanical/Automobile Engineering: AEOLIPILE (HERO’S or HERON’S ENGINE) 
 

 
 
 



 
 
Some photos taken during the Aeolipile Project Demonstration (on 09 October 2017):  
 

 
 

 
 

 
 

 
 



 
 
There were two student group evaluations—Stage I and Stage 2.  Students were asked to form groups consisting of 
minimum 2 and maximum 5 numbers.  In all, approximately 45 groups of students participated.  The students were 
quite excited to work on this topic as it was both interesting and challenging.  The following sheets give the rubrics 
formats for State I (Design) and final demonstration stage (Stage2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TE PBL Progress (Stage 1) Review on 7/9/2017 

Branch:   Div:     Group No (if any): 
 
Name(s) of Students:     1) 
      2) 
      3) 
      4) 
      5) 
 

Sr 
No 

Calculations/Design/Material Selection Done 
Y/N 

Remarks 

1 Theoretical Equations/Calculations for  
 i) Time required to start the spinning 
ii) Time for which the device will spin 
iii) Angular velocity/Max RPM of the device 
iv) Torque generated when the chamber is 
prevented from rotating 

  

2 Axis orientation of the spinning device : 
horizontal/vertical 

  

3 Whether the spinning device will be separate from 
the steam generating chamber 

  

4 Materials selected for components : Should 
withstand temp of 200 0C  

  

5 Nozzle design : Inside diameter/No of nozzles   

6 Safety of the device considered   

7 How the steam pipes will be connected to the 
spinning chamber? 

  

8 Generating voltage: what device will be 
connected? 

  

9 SolidWorks Assembly/Component drawings/BOM     

10 Whether bearings are included in the design? What 
type of bearings? 

  

  
Note: Finally students can be told to study/read about Reaction Turbines which will give them more insight. 

Overall progress: Poor/Satisfactory/Good/Excellent 

Remarks/Suggestions for further work: 

 

 

Reviewed by: 

 



 
 

Rubrics & Assessment Sheet for the topic AEOLIPILE (Third Year)—Final Demonstration (10 October 2017): 
 

 


