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DEPARTMENT OF TECHNICAL EDUCATION (DTE), KARNATAKA — C-20 SCHEME 
FINAL YEAR (6TH-SEMESTER) INDUSTRIAL INTERNSHIP & PROJECT REPORT TEMPLATE 

WITH 12 BRANCH-WISE TECHNICAL VIVA-VOCE EXAMINER QUESTION BANKS (240 QUESTIONS) 

This master handbook provides the exact topic-by-topic report structure mandated by the Directorate of 

Technical Education (DTE), Karnataka for the 6th-Semester C-20 / C-25 Industrial Internship & Capstone 

Project (16 Weeks / 16 Credits / 400 Total Marks). It includes complete preliminary certificate pages, 5 

comprehensive chapters with topic-by-topic section templates, formatting guidelines, and exhaustive 

technical viva-voce question banks (20 questions per department = 240 total questions) tailored 

individually for all 12 diploma branches. 

PART 1: DTE KARNATAKA REPORT FORMATTING & SUBMISSION STANDARDS 

 

Paper & Margins A4 Size (75–80 GSM White Paper). Margins: Left = 1.25 inches (for binding margin), Right = 
1.0 inch, Top = 1.0 inch, Bottom = 1.0 inch. 

Typography & Line Spacing Font: Times New Roman. Body Text: 12 pt, 1.5 line spacing, Justified. Chapter Heading: 16 pt 
Bold UPPERCASE Centered. Subheading Level 1: 14 pt Bold Left. Subheading Level 2: 12 pt 
Bold Left. 

Page Numbering Preliminary Pages (Title to List of Abbreviations): Roman numerals (i, ii, iii, iv...) centered at 
bottom. Chapter 1 through Appendices: Arabic numerals (1, 2, 3, 4...) centered at bottom. 

Binding & Hardcopy Three Hardbound copies (Navy Blue / Black with Golden Embossed Lettering as per 
polytechnic norms) + 1 Digital Copy (CD/Pen drive containing PDF and source 
code/drawings). 

Minimum Page Count 50 to 80 Pages (including diagrams, testing observations, calculations, code snippets, and 
appendices). 

Course Weightage & Marks Course: 6th-Sem Industrial Internship & Capstone Project (Course Code: 20XX61P). 16 
Credits. Total: 400 Marks (300 Marks Continuous Internal Evaluation [CIE] + 100 Marks 
Semester End Examination [SEE / External Viva-Voce]). 
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PART 2: PRELIMINARY PAGES (COVER, CERTIFICATES & DECLARATIONS) 

 

[TEMPLATE 1: TITLE COVER PAGE] 

 

 

DEPARTMENT OF TECHNICAL EDUCATION (DTE), KARNATAKA 
[NAME OF YOUR GOVERNMENT / AIDED / PRIVATE POLYTECHNIC] 

[College Address & Affiliation Details, Bengaluru / Karnataka] 

 

A 16-WEEK INDUSTRIAL INTERNSHIP & CAPSTONE PROJECT REPORT ON 

"[TITLE OF YOUR INTERNSHIP PROJECT / SHOP FLOOR WORK IN UPPERCASE]" 

 
Carried out at: 

[NAME OF HOST COMPANY / PSU / MSME / INDUSTRY PARTNER] 

[Company Unit Address, Bengaluru / Karnataka] 

 
Submitted in partial fulfillment of the requirements for the award of 

DIPLOMA IN [NAME OF YOUR BRANCH - e.g. MECHANICAL / ELECTRICAL / CS / CIVIL / ECE] 
Under the DTE Karnataka C-20 Curriculum (6th Semester – 2026-2027) 

 

Submitted by: 

[STUDENT FULL NAME] (DTE Reg. No.: [XXXXXXXXXX]) 
[Batchmates if Group Project: Name 2 (Reg No) | Name 3 (Reg No)] 

 

Under the Guidance of: 

Internal Guide: [Faculty Name, M.Tech/B.E., Designation] 

External Industry Mentor: [Mentor Name, Designation, Company Name] 

 

ACADEMIC YEAR: 2026–2027 
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[TEMPLATE 2: COLLEGE BONAFIDE CERTIFICATE] 

 

 

[NAME OF POLYTECHNIC COLLEGE, CITY] 
DEPARTMENT OF [BRANCH NAME] ENGINEERING 

 

CERTIFICATE 

 
 

This is to certify that the 16-Week Industrial Internship and Capstone Project Report entitled "[PROJECT / 

INTERNSHIP TITLE]" is a bonafide work carried out by [Student Full Name], bearing Department of 

Technical Education Register Number [XXXXXXXXXX], in partial fulfillment for the award of Diploma in 

[Branch Name] Engineering under the DTE Karnataka C-20 curriculum during the academic year 2026–

2027. 

 

The project work was conducted at [Name of Host Company / PSU / MSME], [City] between [Internship 

Start Date] and [Internship Completion Date]. The report has been approved as it satisfies the academic 

requirements in respect of project work prescribed for the said Diploma course. 

_____________________ 
Signature of Internal Guide 
[Name & Designation] 

_____________________ 
Signature of HOD 
Department of [Branch] 

_____________________ 
Signature of Principal 
[Official College Seal] 

Name: ________________ 
Date: ________________ 

Name: ________________ 
Date: ________________ 

Date: ________________ 
College Seal 

 

EXTERNAL EXAMINER VIVA-VOCE EVALUATION: 

1. Internal Examiner Signature: 
Name: _____________________________ 
Designation: ________________________ 

2. External Examiner Signature: 
Name: _____________________________ 
College / Industry: _________________ 
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[TEMPLATE 3: DECLARATION BY STUDENT] 

 

 

I, [Student Full Name], student of Final Year (6th Semester) Diploma in [Branch Name] Engineering at 

[Polytechnic Name], bearing BTE Register Number [XXXXXXXXXX], hereby declare that the 16-week 

Industrial Internship and Capstone Project report entitled "[PROJECT TITLE]" submitted to the 

Department of Technical Education (DTE), Karnataka is an authentic record of the practical work done by 

me at [Host Organization Name], [City] under the guidance of [Internal Guide Name], Lecturer/HOD and 

[External Industry Mentor Name], [Designation, Host Company]. 

 

I further declare that this report has not been submitted previously in part or full for the award of any 

other Diploma, Degree, or Certificate course to any Board or University. 

 

Place: [Bengaluru / City]                                                                       _________________________________ 

Date:  [DD/MM/2027]                                                                            Signature of the Student 

                                                                                               [Student Full Name | Reg No: XXXXXXXXXX] 

 

[TEMPLATE 4: ACKNOWLEDGEMENT] 

 

 

First and foremost, I express my sincere gratitude to the Management and Principal, [Principal Name], of 

[Polytechnic Name] for providing the opportunity and institutional support to undertake this 16-week 

industrial internship. 

 

I express my deep gratitude to [HOD Name], Head of the Department of [Branch Name] Engineering, and 

to my internal guide [Internal Guide Name], [Designation], for their continuous encouragement, technical 

guidance, and valuable advice throughout the preparation of this report. 

 

I extend my heartfelt thanks to the management of [Host Company / PSU / MSME Name], particularly 

[External Mentor / Plant Head Name], [Designation], and all engineers and technicians of [Department 

Name] for generously sharing their industrial knowledge, allowing hands-on equipment exposure, and 

providing an enriching workplace environment. 

 

I am grateful to Advitiya Academy of Learning, Vijayanagar, Bengaluru for providing DTE C-20 project 

structures, rubrics, and technical guidance. 

 

Finally, I express my heartfelt love and indebtedness to my parents, family, and classmates for their moral 

support, understanding, and constant encouragement. 
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[TEMPLATE 5: EXECUTIVE SUMMARY / ABSTRACT] 

 

 

Guidelines: The Abstract must be a concise 250 to 350-word synthesis structured across 4 distinct 

paragraphs: 

1. Paragraph 1 (Industry Context & Objective): Introduce the host organization (e.g. HAL / BEL / BHEL / 

Peenya MSME), the department assigned, and the core objective of the 16-week industrial internship. 

2. Paragraph 2 (Department Workflow & Tools): Summarize the technical process workflow observed 

and key machinery, testing equipment, or software suites handled (e.g. CNC machining, PLC/SCADA, PCB 

testing, Revit BIM, Python analytics). 

3. Paragraph 3 (Key Project Tasks & Outcomes): Describe the capstone problem statement addressed, 

calculations/experiments performed, and the quantified findings/results achieved (e.g. reduced cycle 

time by 8%, improved circuit stability, zero safety defects). 

4. Paragraph 4 (C-20 Curriculum Mapping & Conclusion): State how the practical workplace exposure 

mapped to DTE Karnataka C-20 Program Outcomes (POs) and prepared you for Lateral Entry B.E. / 

Industry roles. 

[TEMPLATE 6: STANDARD TABLE OF CONTENTS] 

 

Certificate from Host Company / Industry (Original on Letterhead) i 

College Bonafide Certificate (Signed by Guide, HOD & Principal) ii 

Declaration by the Student iii 

Acknowledgement iv 

Executive Summary / Abstract v 

List of Figures & Flowcharts vi 

List of Tables vii 

List of Abbreviations & Acronyms viii 

CHAPTER 1: ORGANIZATION PROFILE & INDUSTRY OVERVIEW 1 – 10 

   1.1 History, Inception & Corporate Milestones 1 

   1.2 Vision, Mission & Quality Policy 3 

   1.3 Products Manufactured / Engineering Services Rendered 5 

   1.4 Plant Layout, Department Hierarchy & Org Chart 7 

   1.5 Quality Accreditations (ISO 9001 / AS9100 / IATF 16949) 9 

CHAPTER 2: DEPARTMENT WORKFLOW & TECHNICAL PROCESSES 11 – 24 

   2.1 Department Overview & Section Assigned 11 

   2.2 End-to-End Manufacturing / Development Process Workflow 14 

   2.3 Key Machinery, Software Platforms & Test Equipment 18 

   2.4 Standard Operating Procedures (SOPs) & Engineering Schematics 21 

   2.5 Industrial Health, Safety & Environment (HSE) & PPE Rules 23 

CHAPTER 3: TECHNICAL TASKS EXECUTED & CAPSTONE PROJECT 25 – 46 

   3.1 Problem Statement, Objectives & Scope 25 

   3.2 Technical Methodology & Architecture / Schematics 29 

   3.3 Fabrication / Assembly / Code Implementation 34 

   3.4 Experimental Observations & Testing Tables 39 

   3.5 Comparative Analysis & Performance Validation 43 

   3.6 Troubleshooting & Engineering Breakdown Case Study 45 
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CHAPTER 4: QUALITY CONTROL, SAFETY STANDARDS & MANAGEMENT 47 – 54 

   4.1 Quality Control (QC/QA) Standards & Inspection 47 

   4.2 5S Methodology, Kaizen & Lean Practices 49 

   4.3 Industrial Hazards & Risk Assessment 51 

   4.4 Material & Cost Estimation (Bill of Materials / BOQ) 52 

   4.5 Project Management & 16-Week Gantt Chart 54 

CHAPTER 5: LEARNING OUTCOMES, CONCLUSION & FUTURE SCOPE 55 – 60 

   5.1 Technical Competencies Acquired (C-20 PO Mapping) 55 

   5.2 Professional & Soft Skills Developed 57 

   5.3 Limitations, Future Scope & Conclusion 58 
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PART 3: ELABORATE TOPIC-BY-TOPIC CHAPTER SPECIFICATIONS (CH 1 TO 5) 

 

CHAPTER 1: ORGANIZATION PROFILE & INDUSTRY OVERVIEW (Target: 8–10 Pages) 

 

1.1 History, Inception & Corporate 
Milestones 

State when the host organization was founded, its promoters, technological milestones, and 
whether it operates as a Central PSU (HAL, BEL, BHEL, BEML), State Utility (KPTCL, BMRCL), 
MNC, or specialized MSME in CNC Machining & Precision Manufacturing / Industrial 
Hydraulics & Pneumatics / Tool & Die Design / QC & Inspection. Include a chronological 
milestone diagram. 

1.2 Vision, Mission & Quality Policy Reproduce the official corporate Vision and Mission statements. Quote the plant's formal 
Quality & Safety Policy verbatim (e.g., commitment to zero-defect deliverables conforming to 
IS 919 (Limits, Fits & Tolerances), ISO 9001:2015, ASME Section IX, ISO 1302 (Surface Texture 
Designation).). 

1.3 Product Range, Systems & 
Engineering Services 

Categorize the organization's major products, assemblies, or engineering services within CNC 
Machining & Precision Manufacturing / Industrial Hydraulics & Pneumatics / Tool & Die 
Design / QC & Inspection. Include 3–4 annotated photographs or schematic diagrams with 
technical ratings and specifications. 

1.4 Organizational Hierarchy & Plant 
/ Studio Layout 

Insert an organization chart from Managing Director / General Manager down to Department 
Heads, Senior Mechanical Engineering Engineers, Quality Inspectors, and Diploma Engineer 
Trainees (DETs). Include a plant/facility layout diagram showing material/data flow across 
bays. 

1.5 Quality Accreditations & 
Regulatory Compliance 

Detail the official certifications and regulatory frameworks governing the facility: IS 919 
(Limits, Fits & Tolerances), ISO 9001:2015, ASME Section IX, ISO 1302 (Surface Texture 
Designation)., ISO 9001:2015, ISO 14001, and ISO 45001 Occupational Health & Safety. 

1.6 Role of Diploma Engineers in the 
Organization 

Explain the core operational responsibilities of DIPLOMA IN MECHANICAL ENGINEERING 
(20ME) graduates in this industry—covering daily supervision, tool/software operation, 
preventive maintenance, quality testing, and shift reporting. 

 

CHAPTER 2: DEPARTMENT WORKFLOW & 20ME TECHNICAL PROCESSES (Target: 12–15 Pages) 

 

2.1 Department Overview & Section 
Assigned 

Specify the exact department assigned during your initial rotation (Week 1: HR & Safety 
Induction; Week 2: Raw Material Store & Cutting; Week 3: Conventional Lathe & Milling; Week 
4: Tool Room & Cutter Grinding; Week 5: CNC Machine Center Induction; Week 6: CNC 
Turning Operation & Offsets). Describe the engineering team structure, shift schedules, and 
daily production/project targets. 

2.2 End-to-End Operational / 
Manufacturing Workflow 

Present a block flowchart illustrating the complete departmental workflow: from raw 
material/requirement intake (Raw Material Store & Cutting), baseline processing 
(Conventional Lathe & Milling & Tool Room & Cutter Grinding), advanced operations (CNC 
Machine Center Induction & CNC Turning Operation & Offsets), to final inspection and 
dispatch. 

2.3 Machinery, Software & Test 
Equipment Handled 

Provide a structured technical specification table for all equipment and software handled: CNC 
Turning Center (Fanuc 0i-TF Control), 3-Axis VMC, Surface Grinder, Coordinate Measuring 
Machine (CMM), Surface Roughness Tester (Profilometer), Vernier Height Gauge, SolidWorks, 
AutoCAD.. Include Make/Model, Operating Range/Capacity, Least Count/Accuracy, and 
specific application on the shop floor. 

2.4 Standard Operating Procedures 
(SOPs) & Schematics 

Reproduce a genuine plant SOP executed during Weeks 2–6 (specifically covering Facing, 
turning, step turning, grooving, parting, and keyway milling on conventional machines; 
tolerance checks with Vernier. and Fanuc controller navigation, MDI mode, coordinate 
systems (G54 work offset, G43 tool length offset), emergency procedures.). Attach an 
annotated engineering drawing, circuit diagram, P&ID, or system architecture schematic. 

2.5 Industrial Health, Safety & 
Environment (HSE) 

Detail mandatory workplace safety practices enforced from Week 1 (HR & Safety Induction): 
Plant layout study, machine shop safety rules, PPE enforcement (safety shoes, eye goggles, 
hair nets), emergency stop drills. Include Lockout-Tagout (LOTO) procedures, hazard signage, 
and waste/effluent disposal norms. 
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CHAPTER 3: CAPSTONE PROJECT: OPTIMIZATION OF CNC TURNING PARAMETERS AND JIG-

FIXTURE DESIGN FOR AEROSPACE SLEEVE BUSHINGS (Target: 20–25 Pages) 

 

3.1 Problem Statement, Objectives & 
Scope 

Problem Statement: In the production line of aerospace sleeve bushings, manual component 
clamping was causing high dimensional variation (+/-0.12mm against allowed +/-0.03mm) 
and excessive cycle time (14.2 minutes per component), resulting in a 7.5% scrap rate. 
Specific Measurable Objectives: 
(1) To analyze the existing manual turning process and identify root causes of surface 
roughness and dimensional deviations. 
(2) To design a quick-acting pneumatic collet fixture in SolidWorks / AutoCAD to reduce 
workpiece loading/unloading time. 
(3) To optimize CNC G-code program parameters (Spindle Speed S, Feed Rate F, Depth of Cut 
ap) for EN8 / SS304 materials. 
(4) To conduct dimensional inspection using CMM and surface roughness testing (Ra < 0.8 
um) to achieve zero rejection. 

3.2 Technical Methodology & System 
Architecture 

Detail the step-by-step engineering methodology adopted from Week 7 (Problem 
Identification for Project) and Week 8 (CAD Modeling & Fixture Design): Drafting 3D model of 
pneumatic collet fixture in SolidWorks, calculating clamping force requirements and factor of 
safety. Include full CAD/BIM drawings, circuit schematics, block diagrams, or algorithm 
flowcharts designed per IS 919 (Limits, Fits & Tolerances), ISO 9001:2015, ASME Section IX, 
ISO 1302 (Surface Texture Designation).. 

3.3 Fabrication, Assembly, Coding & 
Implementation 

Document the chronological execution carried out across Weeks 8 to 11: [Week 8 - CAD 
Modeling & Fixture Design]: Drafting 3D model of pneumatic collet fixture in SolidWorks, 
calculating clamping force requirements and factor of safety. [Week 9 - Fixture Fabrication & 
Assembly]: Machining fixture base plate on VMC, assembling pneumatic cylinder, 5/2 solenoid 
valve, and hardened collet sleeve. [Week 10 - CNC G-Code Optimization]: Writing optimized 
G71 rough turning and G70 finish turning canned cycles; testing carbide insert grades (TNMG, 
CNMG). [Week 11 - Fixture Rig Trial & Machining]: Mounting pneumatic fixture on CNC lathe 
spindle; measuring clamping repeatability and part runout using dial indicator. [Week 12 - 
CMM & Surface Roughness Testing]: Running 50-part production batch; measuring 
dimensional tolerances on CMM and surface roughness (Ra) on Mitutoyo Surftest. Include 
high-resolution workspace photographs, parameter settings, code modules, or material 
preparation logs. 

3.4 Experimental Observations, 
Calibration & Testing 

Present structured observation tables recorded during Week 11 (Fixture Rig Trial & 
Machining) and Week 12 (CMM & Surface Roughness Testing): Running 50-part production 
batch; measuring dimensional tolerances on CMM and surface roughness (Ra) on Mitutoyo 
Surftest. Furthermore, during Week 13 (Troubleshooting & Defect Rectification): Investigating 
flank wear on cutting edge; fine-tuning coolant nozzle orientation and reducing cutting speed 
from 180 to 150 m/min. Specify instrument least counts, ambient test conditions, and 
permissible tolerance limits. 

3.5 Comparative Analysis & 
Performance Validation 

Compare baseline pre-project metrics against post-implementation results (e.g., cycle time 
reduction, dimensional accuracy, efficiency gain, or defect elimination). Plot performance 
graphs validating conformance to IS 919 (Limits, Fits & Tolerances), ISO 9001:2015, ASME 
Section IX, ISO 1302 (Surface Texture Designation).. 

3.6 Troubleshooting & Root-Cause 
Breakdown Case Study 

Real Field Breakdown & Fix (Weeks 12–13): In our aerospace sleeve bushing project, manual 
clamping caused part ovality (0.08mm) and an 8-minute loading cycle. We designed an 
automated pneumatic collet fixture with uniform radial clamping force, paired with an 
optimized G71 cycle. This reduced part runout to 0.015mm, cut loading time to 45 seconds, 
and reduced scrap from 7.5% to 0.4%. Document the 5-Why / Fishbone root-cause analysis 
and the preventive checklist updated on the floor. 

 

CHAPTER 4: QUALITY CONTROL, 5S, COSTING & 16-WEEK SCHEDULE (Target: 6–8 Pages) 

 

4.1 Quality Control (QC/QA) & 
Standards Compliance 

Detail stage-wise quality inspection protocols executed using CNC Turning Center (Fanuc 0i-
TF Control), 3-Axis VMC, Surface Grinder, Coordinate Measuring Machine (CMM), Surface 
Roughness Tester (Profilometer), Vernier Height Gauge, SolidWorks, AutoCAD.. Explain how 
acceptance criteria are verified against IS 919 (Limits, Fits & Tolerances), ISO 9001:2015, 
ASME Section IX, ISO 1302 (Surface Texture Designation).. 

4.2 5S Methodology, Kaizen & Lean Explain the workplace 5S execution from Week 14 (Statistical Quality Control & 5S): Plotting 
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Implementation X-bar and R control charts for bushing diameter; executing 5S sorting and shadow board 
installation at CNC bay. Describe how Sort (Seiri), Set in Order (Seiton), Shine (Seiso), 
Standardize (Seiketsu), and Sustain (Shitsuke) improved bay efficiency. 

4.3 Industrial Hazard Identification & 
Risk Mitigation 

Construct a Hazard Identification and Risk Assessment (HIRA) table for Mechanical 
Engineering operations, detailing Engineering Controls, Administrative Interlocks, and 
mandatory PPE. 

4.4 Bill of Materials (BOM) / Bill of 
Quantities (BOQ) & ROI 

Compile an itemized BOM/BOQ table from Week 15 (Report Drafting & Technical 
Documentation): Item No., Component/Material Description, Specification/Grade, Quantity, 
Unit Rate (INR), and Total Cost, followed by payback/ROI analysis. 

4.5 16-Week Internship Milestone & 
Gantt Schedule 

Present the complete 16-week progress schedule from Week 1 (HR & Safety Induction) 
through Week 16 (Company Sign-off & Viva Preparation), mapping planned vs actual 
completion dates across all 4 CIE review phases. 

 

CHAPTER 5: LEARNING OUTCOMES, CONCLUSION & FUTURE SCOPE (Target: 4–5 Pages) 

 

5.1 Technical Competencies Acquired 
(C-20 PO Mapping) 

Explicitly map your Mechanical Engineering internship achievements to DTE C-20 Program 
Outcomes: PO1 (Basic & Discipline Specific Knowledge in 20ME), PO2 (Problem Analysis of 
shop bottlenecks), PO3 (Design & Development of 'OPTIMIZATION OF CNC TURNING 
PARAMETERS AND JIG-FIXTURE DESIGN FOR AEROSPACE SLEEVE BUSHINGS'), PO4 (Modern 
Engineering Tools: CNC Turning Center (Fanuc 0i-TF Control)), PO5 (Safety & Sustainability 
per IS 919 (Limits), PO6 (Project Management), and PO7 (Life-Long Learning). 

5.2 Professional & Industrial Soft 
Skills Developed 

Reflect on workplace competencies gained: shift discipline, technical logbook maintenance, 
cross-functional coordination with senior engineers and QA inspectors, and formal viva 
defense. 

5.3 Limitations & Operational 
Constraints 

State realistic constraints encountered during the 16-week study (such as production line 
downtime windows, sample batch size limits, or proprietary data access controls). 

5.4 Future Scope & Technical 
Enhancements 

Propose 3–4 concrete engineering upgrades for 'OPTIMIZATION OF CNC TURNING 
PARAMETERS AND JIG-FIXTURE DESIGN FOR AEROSPACE SLEEVE BUSHINGS'—such as IIoT 
sensor integration, automated closed-loop feedback, or advanced composite/algorithmic 
optimization. 

5.5 Conclusion & Diploma-to-Career 
Bridge 

Conclude by summarizing how completing this 16-week capstone project bridged DIPLOMA 
IN MECHANICAL ENGINEERING classroom theory with real-world industrial engineering, 
preparing you for Lateral Entry B.E. (DCET 2027) and core industry roles. 
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PART 4: 12 BRANCH-WISE EXTERNAL EXAMINER VIVA QUESTION BANKS (240 QUESTIONS) 

 

BRANCH 1: DIPLOMA IN MECHANICAL ENGINEERING (20ME61P) — 20 VIVA Q&As 

 

Capstone Focus: OPTIMIZATION OF CNC TURNING PARAMETERS AND JIG-FIXTURE DESIGN FOR AEROSPACE SLEEVE BUSHINGS 

Key Equipment & Tools: CNC Turning Center (Fanuc 0i-TF Control), 3-Axis VMC, Surface Grinder, Coordinate Measuring Machine (CMM), 

Surface Roughness Tester (Profilometer), Vernier Height Gauge, SolidWorks, AutoCAD. 

Standards: IS 919 (Limits, Fits & Tolerances), ISO 9001:2015, ASME Section IX, ISO 1302 (Surface Texture Designation). 

Q1: What is the fundamental difference 
between G-codes and M-codes in CNC 
programming? 

Ans: G-codes are preparatory codes instructing machine motion, coordinate systems, and 
interpolation (G00 rapid, G01 linear feed, G02/G03 circular, G54 work offset). M-codes are 
miscellaneous auxiliary codes controlling machine hardware functions (M03 spindle CW, M05 
spindle stop, M06 tool change, M08 coolant ON, M30 program end and rewind). 

Q2: Explain single-point cutting tool signature 
and the functional role of rake angles. 

Ans: Tool signature per ASA specifies 7 parameters: Back Rake, Side Rake, End Relief, Side 
Relief, End Cutting Edge, Side Cutting Edge angles, and Nose Radius. Rake angles control the 
direction of chip flow, shear deformation, and cutting forces. Positive rake reduces cutting 
force and power consumption; negative rake provides higher edge strength for hard 
materials. 

Q3: What are the three types of chips formed 
in metal cutting and their formation 
conditions? 

Ans: 1. Continuous chips: ductile metals (mild steel, aluminium) at high speeds and high rake 
angles with effective coolant. 2. Discontinuous chips: brittle metals (cast iron, brass) where 
shear failure occurs periodically. 3. Continuous chips with Built-Up Edge (BUE): ductile metals 
at moderate cutting speeds where friction welds chip metal to the tool tip, causing poor 
surface finish. 

Q4: Explain Taylor's Tool Life Equation V * 
T^n = C and state what affects tool life most. 

Ans: V is cutting speed (m/min), T is tool life (minutes), n is tool exponent (0.1-0.15 for HSS, 
0.2-0.25 for carbide, 0.4-0.55 for ceramic), and C is constant. Cutting speed has the most 
dramatic exponential effect on tool life, followed by feed rate, with depth of cut having the 
least influence. 

Q5: What are the main heat treatment 
processes for carbon steels and their 
objectives? 

Ans: 1. Annealing: heating above critical temp and slow furnace cooling to relieve stresses, 
soften metal, and enhance ductility. 2. Normalizing: heating above critical temp and air cooling 
to produce uniform fine pearlite structure. 3. Quenching: rapid cooling in oil/water to form 
hard, brittle martensite. 4. Tempering: reheating quenched steel (150-650 deg C) to relieve 
internal brittleness and restore toughness. 

Q6: What is Geometric Dimensioning and 
Tolerancing (GD&T) and what does True 
Position mean? 

Ans: GD&T is a symbolic language specifying allowable variations in geometry (form, 
orientation, location, runout). True Position defines the exact theoretical position of a feature 
and establishes a cylindrical tolerance zone within which the feature's actual center axis must 
lie, often modified by Maximum Material Condition (MMC). 

Q7: Compare Hydraulic and Pneumatic 
systems in terms of working pressure, fluid, 
and applications. 

Ans: Hydraulics uses incompressible mineral oil at high pressures (70 to 350 bar) to generate 
very high forces with smooth, stiff control (heavy presses, CNC clamping, excavators). 
Pneumatics uses compressible dry air at low pressures (4 to 8 bar) for fast, clean, low-force 
operations (assembly pick-and-place, sorting gates, automated chucks). 

Q8: How does a 4/3-way hydraulic directional 
control valve function? 

Ans: A 4/3-way valve has 4 ports (Pressure P, Tank T, Working Ports A and B) and 3 spool 
positions. In center/neutral position, the spool configuration dictates system status: Closed 
Center locks the cylinder; Tandem Center unloads the pump to tank while holding cylinder; 
Open Center vents all ports to tank. 

Q9: What does Ra value signify in surface 
finish and how is it measured? 

Ans: Ra (Roughness Average) is the arithmetic mean deviation of the roughness profile from 
the center line within the evaluation length, measured in micrometers (um). It is measured 
using a diamond stylus profilometer having vertical resolution down to 0.001 um. High-
precision aerospace bearings require Ra < 0.4 to 0.8 um. 

Q10: What are common welding defects and 
what Non-Destructive Testing (NDT) methods 
detect them? 

Ans: Defects include Porosity, Slag Inclusions, Undercut, Incomplete Penetration, and Lack of 
Fusion. NDT methods include: Visual Inspection, Dye Penetrant Testing (DPT for surface-
breaking cracks), Magnetic Particle Inspection (MPI for ferrous surface/subsurface cracks), 
Ultrasonic Testing (UT for internal voids), and Radiographic Testing (X-ray). 

Q11: Explain Limits, Fits, and Tolerances per 
IS 919 (Clearance, Transition, and 
Interference fits). 

Ans: Clearance Fit always has a positive gap (hole larger than shaft, e.g. rotating shafts). 
Transition Fit may provide either slight clearance or slight interference depending on 
component limits (e.g. alignment dowels). Interference Fit always has shaft larger than hole, 
requiring press-fit or shrink-fit (e.g. bearing bushes on shafts). 

Q12: What is Overall Equipment Effectiveness 
(OEE) in Total Productive Maintenance 
(TPM)? 

Ans: OEE evaluates manufacturing performance: OEE = Availability x Performance x Quality. 
Availability measures uptime vs planned production time. Performance measures actual 
speed vs design rated speed. Quality measures good parts produced vs total parts started. 
World-class benchmark OEE is >= 85%. 
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Q13: How does the G71 CNC Rough Turning 
Canned Cycle operate? 

Ans: G71 automates multi-pass longitudinal roughing: Block 1 specifies radial cut depth (U) 
and retract relief (R); Block 2 specifies profile start block (P), end block (Q), finish stock 
allowances in X (U) and Z (W), and feed rate (F). The controller automatically calculates tool 
passes to clear material. 

Q14: Differentiate between Blanking and 
Piercing in sheet metal press tool operations. 

Ans: In Blanking, the punched-out piece is the useful product (the blank) and the surrounding 
strip is scrap. In Piercing, the punched-out piece is scrap and the remaining sheet containing 
the hole is the useful product. Cutting clearance is applied on the punch for blanking and on 
the die for piercing. 

Q15: What are common casting defects and 
their root causes? 

Ans: Blowholes (smooth gas cavities from high moisture/low sand permeability), Cold Shut 
(interface line from two cold streams of metal meeting), Shrinkage Cavity (internal void from 
inadequate liquid feed during cooling due to poor riser design), and Misrun (metal freezes 
before filling mould completely). 

Q16: How does the 5S methodology improve 
machine shop safety and productivity? 

Ans: 5S enforces: Sort (remove scrap, unneeded tools), Set in Order (designated tool shadow 
boards for 30-sec retrieval), Shine (clean machines daily to expose oil leaks), Standardize 
(color-coded walkways, standardized SOP checklists), and Sustain (weekly audits). It cuts 
setup downtime by 20-40%. 

Q17: What is Cavitation in pumps and how 
does Net Positive Suction Head (NPSH) 
prevent it? 

Ans: Cavitation occurs when liquid pressure at the impeller eye drops below vapor pressure, 
forming vapor bubbles that violently implode upon entering higher pressure, pitting blades. 
To prevent cavitation, NPSH Available (NPSHA) must be at least 0.5 to 1.0 m higher than NPSH 
Required (NPSHR). 

Q18: What are common engineering steel 
grades (EN8, EN24, SS304) and their 
applications? 

Ans: EN8 (0.4% C medium carbon steel) is used for unhardened shafts, studs, and axles. EN24 
(1.5% Ni-Cr-Mo alloy steel) provides high tensile strength (850-1000 MPa) and fatigue 
resistance for heavy-duty gears and crankshafts. SS304 (18% Cr, 8% Ni austenitic stainless 
steel) provides superior corrosion resistance. 

Q19: What is Lockout-Tagout (LOTO) and why 
is it mandatory during plant maintenance? 

Ans: LOTO physically locks energy isolation switches (electrical breakers, hydraulic valves, 
pneumatic air lines) with padlocks and warning tags before technicians service machinery. It 
prevents accidental re-energization that causes catastrophic crush injuries and electrical 
fatalities. 

Q20: Explain the primary engineering 
problem solved in your Capstone Project and 
its quantified outcome. 

Ans: In our aerospace sleeve bushing project, manual clamping caused part ovality (0.08mm) 
and an 8-minute loading cycle. We designed an automated pneumatic collet fixture with 
uniform radial clamping force, paired with an optimized G71 cycle. This reduced part runout 
to 0.015mm, cut loading time to 45 seconds, and reduced scrap from 7.5% to 0.4%. 

 

BRANCH 2: DIPLOMA IN ELECTRICAL & ELECTRONICS ENGINEERING (20EE61P) — 20 VIVA Q&As 

 

Capstone Focus: AUTOMATIC POWER FACTOR CORRECTION (APFC) AND SUBSTATION FEEDER PROTECTION PANEL USING PLC 

Key Equipment & Tools: Delta DVP-14SS2 PLC / Siemens S7-1200, 3-Phase Multi-Function Energy Meter, APFC Relay, Heavy Duty Metallized 

Polypropylene (MPP) Capacitors, Digital Storage Oscilloscope, 5kV Megger Insulation Tester, Oil BDV Tester, AutoCAD Electrical. 

Standards: IS 3043 (Code of Practice for Earthing), IS 13947 (LV Switchgear), IS 6792 (Transformer Oil Testing), CEA Safety Regulations 

2010. 

Q1: Explain the purpose and operation of CT 
and PT in a substation. 

Ans: CT (Current Transformer) steps down high line current (e.g. 1000A) to standard 1A or 5A 
secondary current for protection relays and meters. PT (Potential Transformer) steps down 
transmission voltage (e.g. 66kV) to standard 110V. CT secondaries must NEVER be open-
circuited while primary is energized. 

Q2: Why must a Current Transformer (CT) 
secondary never be open-circuited while 
energized? 

Ans: Secondary current normally cancels out most primary magnetic flux. Opening the 
secondary reduces secondary current to zero; the entire primary current becomes 
magnetizing current, producing massive core flux. This induces thousands of lethal volts 
across secondary terminals and causes core destruction. 

Q3: Compare SF6 circuit breakers with 
Vacuum Circuit Breakers (VCB). 

Ans: VCB uses high vacuum (10^-6 torr) as arc-quenching medium; it has high dielectric 
recovery, compact build, minimal maintenance, and is widely used for medium voltages (11kV 
to 33kV). SF6 breakers use Sulfur Hexafluoride gas with strong electronegative arc-
absorption, preferred for 66kV, 220kV, and 400kV grids. 

Q4: How does a Buchholz Relay protect oil-
immersed power transformers? 

Ans: Installed in the pipe between transformer tank and conservator. Minor internal faults 
produce slow gas bubbles that collect in the relay chamber, depressing a top float to trigger an 
alarm. Severe short circuits generate violent oil surges that strike a flap, tripping the circuit 
breaker immediately. 

Q5: What standard tests are conducted on 
Transformer Oil during preventive 
maintenance? 

Ans: 1. Dielectric Breakdown Voltage (BDV) test per IS 6792 (minimum >30 kV in-service, >60 
kV new oil). 2. Moisture content (Karl Fischer titration, <20 ppm). 3. Dissolved Gas Analysis 
(DGA for acetylene/methane/hydrogen). 4. Acidity and interfacial tension. 

Q6: Why is Star-Delta starter preferred over Ans: DOL draws 6-8x rated current at startup, causing line voltage dips. Star-Delta connects 
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Direct-On-Line (DOL) for motors > 5 HP? stator in Star at startup, reducing phase voltage to V_line / sqrt(3) (58%), which reduces 
starting current and starting torque to 1/3 (33%) of DOL values, before timer switches to 
Delta at 80% speed. 

Q7: What is Pipe and Plate Earthing per IS 
3043 and maximum allowable resistance? 

Ans: Pipe earthing uses a 38mm perforated GI pipe (2.5m deep) surrounded by charcoal and 
salt. Plate earthing uses 600x600mm copper or GI plate. Max allowable resistance: < 0.5 ohm 
for power stations, < 1.0 ohm for substations, < 2.0 ohm for industrial plants, < 5.0 ohm for 
domestic. 

Q8: Define Power Factor and explain why low 
power factor is penalized by utilities. 

Ans: Power Factor (cos phi = P / S) is the ratio of real active power (kW) to apparent power 
(kVA). Inductive loads draw reactive power (kVAR), lagging current. Low power factor means 
higher line current for same kW, causing excessive I^2R cable losses, voltage drop, and 
requiring oversized generators and lines. 

Q9: How do you calculate required capacitor 
kVAR to improve power factor from 0.80 to 
0.98? 

Ans: Formula is Q_c = P * (tan phi1 - tan phi2). For a 100 kW load: phi1 = arccos(0.80) = 36.87 
deg (tan = 0.750); phi2 = arccos(0.98) = 11.48 deg (tan = 0.203). Q_c = 100 * (0.750 - 0.203) = 
54.7 kVAR. A 55 kVAR stepped capacitor bank is required. 

Q10: Explain the working principle of Inverse 
Definite Minimum Time (IDMT) Relays. 

Ans: Operating time is inversely proportional to fault current magnitude: higher fault current 
produces faster tripping, leveling out at a definite minimum time. Operating time is calculated 
using Plug Setting Multiplier (PSM) and Time Multiplier Setting (TMS), allowing coordinated 
time-graded tripping. 

Q11: How does a Variable Frequency Drive 
(VFD) control 3-phase induction motor 
speed? 

Ans: Synchronous speed N_s = 120 * f / P. A VFD rectifies AC to DC, filters it on a DC bus, and 
inverts it back to variable frequency AC via IGBT switches with PWM. Maintaining a constant 
Voltage-to-Frequency (V/f) ratio keeps air-gap flux constant, preserving full rated torque 
across speed range. 

Q12: What is skin effect in AC transmission 
lines and why is ACSR conductor used? 

Ans: Skin effect causes AC to concentrate near the outer surface of a conductor due to internal 
flux linkages, increasing effective resistance. ACSR uses central galvanized steel strands for 
high tensile strength, surrounded by outer concentric aluminum strands that carry the current 
where skin effect is highest. 

Q13: What is the operating principle of a 
Metal Oxide Varistor (MOV) Surge Arrester? 

Ans: Zinc Oxide (ZnO) surge arresters are gapless non-linear resistors. At normal system 
voltages, ZnO blocks exhibit megaohms of resistance. When high-voltage lightning or 
switching surges strike, resistance drops to fractions of an ohm, discharging massive surge 
currents safely to ground, and resealing instantly. 

Q14: Explain the difference between IE2 and 
IE3 high-efficiency motors per BEE norms. 

Ans: IE2 is High Efficiency and IE3 is Premium Efficiency per IEC 60034-30. IE3 motors use 
superior silicon steel laminations (reducing core losses), thicker copper windings in stator 
slots (reducing I^2R losses), and optimized rotor bars. IE3 motors have 15-20% lower losses, 
saving substantial energy. 

Q15: Explain the CPU scan cycle of a 
Programmable Logic Controller (PLC). 

Ans: The PLC CPU cyclically executes three steps: 1. Input Scan (reads physical voltage status 
of 24V DC / 4-20mA inputs into Input Image Table). 2. Program Scan (executes ladder logic 
rungs sequentially). 3. Output Update (writes Output Image Table to physical output 
relays/transistors driving field contactors). 

Q16: What is Maximum Power Point Tracking 
(MPPT) in Solar Photovoltaic systems? 

Ans: Solar panels have a non-linear V-I curve with a unique Maximum Power Point (P_max = 
V_mp * I_mp). An MPPT controller uses high-frequency DC-DC converters running algorithms 
(Perturb & Observe) to match input impedance, continuously extracting maximum power, 
producing up to 30% more energy than basic PWM. 

Q17: What are key battery parameters in 
Electric Vehicle (EV) battery packs (C-rate, 
DOD, SOC)? 

Ans: C-rate measures charge/discharge rate relative to capacity (1C discharges 50Ah in 1 hr at 
50A; 2C discharges it in 30 mins at 100A). Depth of Discharge (DOD) is percentage of capacity 
discharged. State of Charge (SOC) is percentage of remaining capacity (SOC = 100% - DOD). 

Q18: What is Single Phasing in 3-phase 
induction motors and how is it protected? 

Ans: Single phasing occurs when one supply line is lost due to blown fuse or open contactor. 
The motor continues running, but current in the remaining two phases surges by 1.73x to 
maintain torque, producing severe rotor heating and burning stator coils. Protection: negative 
phase sequence relays and thermal overloads. 

Q19: What are primary Indian Electricity (IE) 
Safety Rules regarding ground clearances and 
electric shock resuscitation? 

Ans: Minimum ground clearance: 6.1m (20 ft) for 11kV lines across streets. For shock victims: 
1. Immediately de-energize breaker or push victim clear using dry wood. 2. Check breathing 
and pulse. 3. If unconscious, initiate CPR immediately (30 chest compressions at 100-120 
bpm, 2 rescue breaths) until medical help arrives. 

Q20: Explain the primary technical problem 
you solved in your Capstone Project and its 
quantified outcome. 

Ans: Industrial motor loads caused power factor to drop to 0.81, incurring monthly KPTCL 
penalties. We designed a 4-stage APFC panel (5kVAR, 10kVAR, 10kVAR, 15kVAR) controlled 
by a Delta PLC with 7% detuned anti-resonance series reactors. Under variable motor loads, it 
restored PF to 0.99 within 3 seconds, cutting feeder current by 18.2% and eliminating 
penalties. 

 

BRANCH 3: DIPLOMA IN ELECTRONICS & COMMUNICATION ENGINEERING (20EC61P) — 20 VIVA 

Q&As 
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Capstone Focus: INDUSTRIAL IOT 3-PHASE MOTOR TELEMETRY AND REAL-TIME FAULT MONITORING PCB SYSTEM 

Key Equipment & Tools: Digital Storage Oscilloscope (DSO 100MHz), Logic Analyzer, SMD Rework Station, KiCad PCB Design Suite, Keil 

uVision, ESP-IDF / Arduino IDE, Function Generator, LCR Meter, Modbus Poll Software. 

Standards: IPC-A-610 (Acceptability of Electronic Assemblies), IEEE 802.11, ISO 9001:2015, IS 13947. 

Q1: What are the fundamental differences 
between UART, I2C, and SPI communication 
protocols? 

Ans: UART is asynchronous, full-duplex, uses 2 wires (TX, RX), requires matching baud rates, 
and connects 2 devices point-to-point. I2C is synchronous, half-duplex, uses 2 wires (SDA, SCL 
with pull-up resistors), supports multi-master multi-slave with 7/10-bit addressing at speeds 
up to 3.4 Mbps. SPI is synchronous, full-duplex, uses 4 wires (MOSI, MISO, SCK, CS/SS), offers 
the fastest data rates (>10 Mbps), but requires a dedicated Chip Select wire per slave device. 

Q2: Why are decoupling capacitors essential 
in high-speed digital circuit design, and 
where must they be placed? 

Ans: Fast IC switching causes sudden transient current spikes (dI/dt), which induce voltage 
dips across parasitic trace inductances ($V = L \cdot dI/dt$), causing digital logic glitches. A 
0.1 uF ceramic decoupling capacitor acts as a localized high-frequency energy reservoir. It 
must be placed physically as close as humanly possible (<2mm) to the IC VCC and GND pins 
with thick, short traces. 

Q3: What is the function of a ground plane in 
a 2-layer or 4-layer PCB? 

Ans: A solid ground plane provides a low-impedance, low-inductance return path for high-
frequency signal currents directly underneath their signal traces. This minimizes current loop 
area, which dramatically suppresses electromagnetic interference (EMI), reduces signal 
crosstalk between adjacent traces, and prevents ground bounce. 

Q4: How does a Superheterodyne Receiver 
function, and why is Intermediate Frequency 
(IF) used? 

Ans: A superheterodyne receiver mixes the incoming RF signal ($f_{RF}$) with a local 
oscillator frequency ($f_{LO}$) in a non-linear mixer stage to produce a constant, lower 
Intermediate Frequency ($f_{IF} = |f_{RF} - f_{LO}|$, standard 455 kHz for AM, 10.7 MHz for 
FM). This allows all tuning selectivity and amplification stages to be optimized for a fixed 
frequency, eliminating the need to tune multiple narrow-band RF filters simultaneously. 

Q5: What is Image Frequency in 
superheterodyne receivers, and how is it 
rejected? 

Ans: Image frequency is an unwanted station frequency located on the opposite side of the 
local oscillator frequency ($f_{image} = f_{RF} + 2f_{IF}$ for high-side mixing). If allowed into 
the mixer, it produces the exact same IF frequency and causes severe station interference. It is 
rejected by sharp bandpass RF pre-selector filters placed prior to the mixer stage. 

Q6: Explain the working principle of Pulse 
Radar and state the formula for target range. 

Ans: Pulse radar transmits short bursts of high-frequency electromagnetic energy. When 
pulses encounter an aircraft or ship, reflected echo energy returns to the radar antenna. 
Distance is determined by measuring round-trip propagation time t: $R = (c \cdot t) / 2$, 
where c is the speed of light ($3 \times 10^8$ m/s). A duplexer protects the sensitive receiver 
during high-power transmission. 

Q7: What are key Operational Amplifier 
parameters (CMRR, Slew Rate, Input Offset 
Voltage)? 

Ans: 1. Common Mode Rejection Ratio (CMRR = $A_d / A_{cm}$): ability to amplify differential 
signals while rejecting common noise (typically >80-100 dB). 2. Slew Rate: maximum rate of 
change of output voltage with time ($V/\mu s$), dictating high-frequency large-signal 
response. 3. Input Offset Voltage: small DC voltage required between inputs to force output to 
zero. 

Q8: How do you configure a Digital Storage 
Oscilloscope (DSO) to capture a single non-
repeating transient event? 

Ans: Set the Trigger Mode to 'Single' (Single-Shot), select the appropriate trigger source 
channel, set the trigger slope (Rising or Falling edge), adjust the trigger voltage threshold 
level slightly above the quiescent noise floor, and configure horizontal timebase and pre-
trigger memory buffer to record waveform samples before and after the event. 

Q9: What is the difference between Push-Pull 
and Open-Drain GPIO pin configurations? 

Ans: Push-Pull uses a complementary pair of transistors (P-MOS and N-MOS) to actively drive 
the output pin HIGH (to VCC) and LOW (to GND) with strong sourcing and sinking current. 
Open-Drain uses only the bottom N-MOS transistor; it can actively pull the line to GND (LOW), 
but requires an external pull-up resistor to pull HIGH, enabling wired-AND bus architectures 
(e.g. I2C). 

Q10: Differentiate between Successive 
Approximation (SAR) and Flash Analog-to-
Digital Converters (ADCs). 

Ans: Flash ADC uses $2^N - 1$ parallel comparators to evaluate all bits simultaneously in a 
single clock cycle, providing ultra-fast gigasample rates but with massive power and silicon 
area. SAR ADC uses a binary search algorithm via an internal DAC and comparator over N 
clock cycles, offering balanced medium-to-high resolution (12 to 16 bits), low power 
consumption, and compact die size. 

Q11: Explain digital modulation techniques: 
ASK, FSK, BPSK, and QAM. 

Ans: ASK varies carrier wave amplitude according to binary bits. FSK shifts carrier frequency 
between two discrete frequencies ($f_1$ for '1', $f_0$ for '0'). BPSK shifts carrier phase by 180 
degrees between binary states, offering high noise immunity. QAM (Quadrature Amplitude 
Modulation) modulates both amplitude and phase of two orthogonal carriers simultaneously, 
transmitting multiple bits per symbol (e.g. 4 bits/symbol in 16-QAM). 

Q12: What is Voltage Standing Wave Ratio 
(VSWR) in RF antennas and transmission 
lines? 

Ans: VSWR is the ratio of maximum to minimum voltage along an RF transmission line: 
$VSWR = (1 + |\Gamma|) / (1 - |\Gamma|)$, where $\Gamma$ is the voltage reflection 
coefficient. Ideal matched transmission has $\Gamma = 0$ and $VSWR = 1.0:1$ (100% power 
delivered to antenna). High VSWR (>2.0:1) causes reflected power that overheats and 
damages transmitter power amplifier transistors. 

Q13: What are IPC-A-610 standards and key Ans: IPC-A-610 is the international benchmark for the Acceptability of Electronic Assemblies 
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soldering safety practices in electronic 
assembly? 

(Class 1 Consumer, Class 2 Industrial, Class 3 High-Reliability Aerospace/Military). Good 
solder joints exhibit concave fillets with complete 360-degree wetting and a smooth metallic 
luster. Solder safety requires ESD wrist grounding, fume extraction, lead-free RoHS alloys 
(SAC305), and temperature control (315-350 deg C). 

Q14: Why is the 'volatile' keyword used in 
Embedded C programming? 

Ans: The 'volatile' qualifier tells the compiler that the variable's value can change 
unexpectedly at any moment outside the control of the local code (e.g. by hardware registers, 
peripheral flags, or Interrupt Service Routines [ISRs]). It prevents the compiler's optimizer 
from caching the variable in a CPU register or omitting repeated memory reads. 

Q15: What is Total Internal Reflection in 
optical fibers, and what causes signal 
attenuation? 

Ans: Total internal reflection occurs when light traveling in a dense core ($n_1$) strikes the 
boundary with less dense cladding ($n_2 < n_1$) at an angle greater than the critical angle 
$\theta_c = \arcsin(n_2/n_1)$, trapping light within the core. Signal attenuation is caused by: 
1. Rayleigh scattering (microscopic density fluctuations), 2. Material absorption (OH hydroxyl 
impurities), and 3. Macro/micro-bending radiative losses. 

Q16: Explain the difference between Setup 
Time and Hold Time in digital flip-flops. 

Ans: Setup Time ($t_{setup}$) is the minimum time duration the digital input data signal must 
remain stable before the active clock edge arrives. Hold Time ($t_{hold}$) is the minimum 
time duration the data signal must remain stable after the active clock edge has triggered. 
Violating either specification causes the flip-flop to enter a metastable state with 
unpredictable logic output. 

Q17: Describe the architectural layers of an 
Industrial Internet of Things (IIoT) 
ecosystem. 

Ans: 1. Sensing & Actuation Layer (physical sensors measuring temperature, vibration, 
pressure). 2. Edge Computing Layer (microcontrollers executing filtering, ADC, and local 
control). 3. Network/Gateway Layer (RS485, Modbus, Wi-Fi, Ethernet forwarding packets via 
MQTT/HTTP). 4. Cloud / Middleware Broker Layer (data ingestion, timeseries database 
storage). 5. Application Layer (SCADA dashboard, predictive maintenance analytics). 

Q18: Compare Linear Regulators (LM7805) 
with Switched-Mode Power Supplies (SMPS 
Buck Converters). 

Ans: Linear regulators operate by dissipating excess voltage drop as waste heat ($Power = 
(V_{in} - V_{out}) \cdot I_{load}$), resulting in poor efficiency (typically 30-50% for 12V to 5V 
conversion), but providing ultra-low output ripple and zero EMI. SMPS buck converters 
switch a transistor ON and OFF at high frequency (>100 kHz) with an inductor and capacitor 
filter, achieving 85-95% efficiency with minimal heat, but generating switching noise 
requiring filtering. 

Q19: What is the difference between FIR and 
IIR digital filters in signal processing? 

Ans: FIR (Finite Impulse Response) filters have impulse responses of finite duration, utilize 
only current and past inputs (feedforward), and are guaranteed to be inherently stable with 
strictly linear phase response. IIR (Infinite Impulse Response) filters utilize feedback from 
previous outputs (recursive), achieving much sharper cutoff transitions with fewer filter 
coefficients, but may become unstable and have non-linear phase distortion. 

Q20: Explain the primary technical problem 
solved in your Capstone Project and its 
quantified outcome. 

Ans: In our motor condition monitoring project, sudden bearing failures caused expensive 
production stoppages. We engineered a 2-layer custom telemetry PCB with an ESP32 and 
ADXL345 vibration accelerometer communicating via Modbus RTU. By implementing FFT 
vibration threshold algorithms, our edge node detected bearing micro-vibrations 48 hours 
prior to failure, and triggered automated overload relay trip within 85ms, preventing 
catastrophic motor winding burnouts. 

 

BRANCH 4: DIPLOMA IN COMPUTER SCIENCE & ENGINEERING (20CS61P) — 20 VIVA Q&As 

 

Capstone Focus: FULL-STACK SECURE DIPLOMA ACADEMIC MANAGEMENT & PLACEMENT PORTAL USING MERN STACK 

Key Equipment & Tools: Visual Studio Code, Node.js, React.js, Express.js, MongoDB Atlas, Postman API Testing, Git & GitHub, Docker, Redis 

Cache, Linux (Ubuntu/Debian). 

Standards: OWASP Top 10 Security Guidelines, REST API Architectural Constraints, W3C Web Standards, ISO/IEC 27001. 

Q1: What are the trade-offs between 
Monolithic and Microservices software 
architectures? 

Ans: In Monolithic architecture, all business logic, UI rendering, database access, and 
authentication reside in a single tightly coupled codebase. It is simpler to develop, test, and 
deploy initially, but difficult to scale individual bottlenecks and a single crash brings down the 
entire system. In Microservices, the application is decomposed into small, independent, 
loosely coupled services communicating via REST APIs or message brokers. Microservices 
offer independent deployability, fault isolation, and horizontal scalability, but introduce 
distributed system complexity and network latency. 

Q2: What is the purpose of Database 
Normalization (1NF, 2NF, 3NF), and when do 
we denormalize? 

Ans: Normalization organizes relational database tables to eliminate data redundancy and 
prevent insert, update, and delete anomalies. 1NF eliminates repeating groups (atomic 
values). 2NF eliminates partial dependency on composite primary keys. 3NF eliminates 
transitive dependencies. Denormalization is deliberately performed in read-heavy data 
warehouses or high-concurrency systems to reduce expensive JOIN operations and improve 
query read throughput. 

Q3: What are RESTful API constraints, and 
what do HTTP status codes 200, 201, 400, 

Ans: REST constraints include: Statelessness, Client-Server separation, Cacheability, Uniform 
Interface, and Layered System. Status codes: 200 = OK (successful request), 201 = Created 
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401, 404, and 500 signify? (resource successfully created), 400 = Bad Request (client-side validation error), 401 = 
Unauthorized (missing or invalid authentication token), 404 = Not Found (requested endpoint 
or resource does not exist), and 500 = Internal Server Error (unhandled backend exception). 

Q4: Compare SQL relational databases with 
NoSQL document stores (ACID vs BASE). 

Ans: SQL databases (MySQL, PostgreSQL) follow strict relational schemas, enforce ACID 
properties (Atomicity, Consistency, Isolation, Durability), use structured SQL queries, and 
scale vertically, ideal for transactional financial data. NoSQL document stores (MongoDB) use 
flexible JSON/BSON documents, follow the BASE model (Basically Available, Soft-state, 
Eventual consistency), and scale horizontally across clusters, ideal for unstructured, rapidly 
evolving data. 

Q5: Explain Git branching strategy and the 
difference between Git Merge and Git Rebase. 

Ans: Git enables distributed version control. `git merge` takes changes from a feature branch 
and combines them into main with a dedicated merge commit, preserving complete non-
linear commit history and context. `git rebase` moves the entire feature branch to begin on the 
tip of main, rewriting commit history to create a clean, linear project timeline without extra 
merge commits. 

Q6: How does B-Tree Indexing improve SQL 
query performance, and what is its trade-off? 

Ans: A database index creates a balanced B-Tree data structure on specified columns, enabling 
O(log N) lookup time instead of an expensive full-table scan O(N). The trade-off is increased 
storage overhead and slower write performance (INSERT, UPDATE, DELETE) because the 
index tree must be recalculated upon each write. 

Q7: How do JSON Web Tokens (JWT) work for 
stateless authentication in modern web 
applications? 

Ans: A JWT consists of three parts separated by dots: Header (algorithm & token type), 
Payload (user ID, roles, expiration time), and Signature (HMAC-SHA256 hash using server's 
secret key). Upon login, the server signs and issues the JWT. The client sends it in the 
`Authorization: Bearer <token>` header for subsequent requests, allowing the server to 
authenticate without maintaining server-side session state. 

Q8: Explain the four core principles of Object-
Oriented Programming (OOP) with examples. 

Ans: 1. Encapsulation: bundling data (attributes) and methods that operate on that data into a 
single unit (class) while restricting direct outside access using access specifiers 
(private/public). 2. Abstraction: hiding complex internal implementation details and exposing 
only essential interface features. 3. Inheritance: mechanism where a child class inherits 
properties and behaviors from a parent class. 4. Polymorphism: ability of an entity to take 
multiple forms (method overloading at compile time, method overriding at runtime). 

Q9: Differentiate between Stack, Queue, and 
Hash Table data structures. 

Ans: Stack operates on Last-In-First-Out (LIFO) principle using push and pop operations (used 
in function call stacks, undo operations). Queue operates on First-In-First-Out (FIFO) 
principle using enqueue and dequeue operations (used in printer queues, task scheduling). 
Hash Table stores key-value pairs using a hash function, providing average O(1) time 
complexity for search, insert, and delete operations. 

Q10: What is Big-O Notation, and compare the 
time complexities of QuickSort and 
MergeSort. 

Ans: Big-O notation mathematically describes the upper bound of an algorithm's running time 
or space requirements as input size N grows towards infinity. MergeSort has a guaranteed 
O(N log N) time complexity across best, average, and worst cases, but requires O(N) auxiliary 
memory. QuickSort has an average-case time complexity of O(N log N) with O(log N) in-place 
memory, but degrades to O(N^2) in worst-case if pivot selection is poor. 

Q11: Explain Agile Scrum methodology: 
Sprint, Backlog, Daily Standup, and 
Retrospective. 

Ans: Agile Scrum is an iterative software development framework. Product Backlog contains 
prioritized feature requests. A Sprint is a time-boxed development cycle (typically 2 weeks) 
where a selected subset of backlog items are built. Daily Standup is a 15-minute daily sync 
discussing what was done yesterday, what will be done today, and roadblocks. Sprint 
Retrospective analyzes what went well and what requires improvement. 

Q12: What is the difference between a 
Process and a Thread, and what causes a 
Deadlock? 

Ans: A Process is an independent program in execution with its own dedicated memory 
address space, file descriptors, and security context. A Thread is a lightweight sub-execution 
unit within a process that shares memory and resources with sibling threads. Deadlock occurs 
when processes are unable to proceed because each holds a resource while waiting for 
another held resource. Four Coffman conditions cause deadlock: Mutual Exclusion, Hold & 
Wait, No Preemption, and Circular Wait. 

Q13: Compare TCP and UDP transport layer 
protocols in the OSI model. 

Ans: TCP (Transmission Control Protocol) is connection-oriented, reliable, and byte-stream 
based; it establishes a 3-way handshake (SYN, SYN-ACK, ACK), guarantees in-order packet 
delivery, performs error checking, and manages flow control (used for HTTP, emails, file 
transfers). UDP (User Datagram Protocol) is connectionless, unreliable, and message-
oriented; it transmits packets without handshakes or acknowledgments, providing low 
latency (used for video streaming, online gaming, VoIP). 

Q14: Explain the OWASP Top 10 
vulnerabilities: SQL Injection and Cross-Site 
Scripting (XSS). 

Ans: SQL Injection (SQLi) occurs when untrusted user input is directly concatenated into a 
dynamic SQL query string, allowing attackers to execute arbitrary database commands 
(bypassing logins, exfiltrating data). It is prevented by using Parameterized Queries / 
Prepared Statements. Cross-Site Scripting (XSS) occurs when malicious JavaScript is injected 
into trusted web pages viewed by other users, allowing session cookie hijacking. It is 
prevented by input sanitization and context-aware output encoding. 

Q15: What is Docker containerization, and 
how does it differ from a Virtual Machine 
(VM)? 

Ans: Virtual Machines virtualize hardware and run a complete guest operating system on top 
of a hypervisor, consuming gigabytes of storage and taking minutes to boot. Docker virtualizes 
the operating system kernel, packaging the application and its dependencies into lightweight, 
isolated containers that share the host OS kernel, booting in milliseconds and using minimal 
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system resources. 

Q16: How does the JavaScript Event Loop 
handle asynchronous non-blocking I/O? 

Ans: JavaScript is single-threaded. Synchronous code executes immediately on the Call Stack. 
Asynchronous operations (timers, network requests, database queries) are offloaded to Web 
APIs / libuv worker threads. When completed, their callback functions are pushed to the 
Task/Callback Queue (or Microtask Queue for Promises). The Event Loop continuously checks 
if the Call Stack is empty; once empty, it pushes pending tasks to the stack for execution. 

Q17: Explain the software testing pyramid: 
Unit Tests, Integration Tests, and End-to-End 
Tests. 

Ans: The testing pyramid advocates: 1. Unit Tests (broadest base): test individual isolated 
functions/methods in isolation using mocks/stubs; fast and cheap to maintain. 2. Integration 
Tests (middle layer): test communication between connected modules (e.g. API endpoint 
interacting with real database). 3. End-to-End (E2E) Tests (top apex): automate user journeys 
through the browser UI (e.g. Cypress, Playwright); high fidelity but slower and costlier. 

Q18: What is the Model-View-Controller 
(MVC) architectural design pattern? 

Ans: MVC separates application concerns into three layers: Model represents business logic, 
data structures, and database interactions. View represents the user interface presentation 
layer that displays data to users. Controller handles user input and HTTP requests, updates 
the Model, and selects the appropriate View to render, achieving clean separation of concerns. 

Q19: How does an in-memory cache like Redis 
improve application scalability? 

Ans: Redis stores frequently requested key-value data directly in high-speed RAM rather than 
querying slower disk-based relational databases. For high-read operations (e.g. user session 
data, popular course catalogs), checking Redis first yields sub-millisecond response times, 
reducing database load by over 80% and preventing database connection exhaustion during 
traffic spikes. 

Q20: Explain the primary technical problem 
you solved in your Capstone Project and its 
quantified outcome. 

Ans: In our academic placement portal, manual document handling caused high application 
processing delays and frequent student data discrepancies. We developed a full-stack MERN 
portal with role-based JWT authentication, automated PDF verification, and Redis caching. 
The platform supported 1,200+ concurrent student applications, cut verification cycle time 
from 5 days to 2 minutes, and eliminated 100% of duplicate application records. 

 

BRANCH 5: DIPLOMA IN INFORMATION SCIENCE & ENGINEERING (20IS61P) — 20 VIVA Q&As 

 

Capstone Focus: AUTOMATED REST API TESTING FRAMEWORK AND CLOUD CLINIC MANAGEMENT SYSTEM 

Key Equipment & Tools: Eclipse / IntelliJ IDEA, Postman & Newman CLI, Selenium WebDriver, MySQL Workbench, Git & GitHub Actions, AWS 

EC2 & RDS, Apache JMeter, Jira Software. 

Standards: ISO/IEC 25010 (Software Product Quality), OWASP Top 10, W3C Web Content Accessibility Guidelines (WCAG 2.1). 

Q1: Explain the 3-Tier Enterprise Web 
Application Architecture and its benefits. 

Ans: 3-Tier Architecture separates an application into: 1. Presentation Tier (UI running in web 
browser/mobile app, handling user inputs). 2. Business Logic Tier (Application server 
running business rules, data validation, and workflows). 3. Data Tier (Database server 
managing transactional persistence). Benefits: Independent maintainability, modular 
scalability, and enhanced security because clients never communicate directly with the 
database. 

Q2: What is the difference between Stored 
Procedures, Triggers, and Views in SQL 
databases? 

Ans: A Stored Procedure is a precompiled set of SQL statements stored in the database that 
can accept input/output parameters, execute procedural logic, and reduce network traffic. A 
Trigger is an automated procedure invoked implicitly by the database engine in response to 
specific DML events (INSERT, UPDATE, DELETE). A View is a virtual table defined by a saved 
SELECT query, providing security by exposing only selected columns to users. 

Q3: Explain Black-Box Testing techniques: 
Equivalence Class Partitioning and Boundary 
Value Analysis. 

Ans: Equivalence Class Partitioning divides the input domain into valid and invalid partitions, 
selecting representative test values from each class under the assumption that all elements in 
a partition behave identically. Boundary Value Analysis (BVA) tests boundary values at the 
edges of partitions (minimum, just above minimum, nominal, just below maximum, 
maximum), where programming logic errors (such as off-by-one errors) most frequently 
occur. 

Q4: Compare Manual Testing with Automated 
Testing (Selenium WebDriver). 

Ans: Manual testing relies on human testers executing test steps by hand; it is flexible, ideal 
for exploratory and usability testing, but repetitive, time-consuming, prone to human fatigue, 
and slow for regression. Automated testing uses software tools (Selenium, Playwright) to 
execute scripted test suites repeatedly at high speed; it is ideal for continuous integration, 
regression testing, and load testing. 

Q5: Differentiate between Symmetric and 
Asymmetric Cryptography and describe the 
SSL/TLS Handshake. 

Ans: Symmetric encryption (e.g. AES-256) uses a single shared secret key for both encryption 
and decryption; it is computationally fast and used for bulk data transfer. Asymmetric 
encryption (e.g. RSA) uses a public-private key pair; data encrypted with the public key can 
only be decrypted by the private key. In an SSL/TLS handshake, asymmetric encryption 
securely negotiates and exchanges a temporary symmetric session key, which is then used for 
fast symmetric session encryption. 

Q6: How does the SQL EXPLAIN command Ans: EXPLAIN provides the database execution plan for a query, detailing: 1. Table access type 
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assist in Database Query Optimization? (e.g. 'ALL' indicating a slow full-table scan vs 'ref' / 'range' using an index), 2. Possible keys 
and key actually chosen, 3. Number of rows examined, and 4. Extra details (e.g. 'Using filesort' 
or 'Using temporary table'). It guides developers on where to add compound indexes to 
optimize performance. 

Q7: What is an Enterprise Resource Planning 
(ERP) system and how does it integrate 
enterprise workflows? 

Ans: An ERP system is a centralized software platform that integrates core business processes 
across an organization (finance, HR, manufacturing, inventory, sales, procurement) into a 
single unified database. It eliminates data silos, enforces standardized workflows, enables 
real-time cross-departmental reporting, and automates material and resource planning. 

Q8: Compare Online Transaction Processing 
(OLTP) with Online Analytical Processing 
(OLAP). 

Ans: OLTP systems (e.g. retail billing, banking apps) handle large volumes of simple, real-time, 
short read-write transactions; they use highly normalized 3NF schemas to ensure fast writes 
and data integrity. OLAP systems (e.g. data warehouses) handle complex analytical queries 
across millions of historical records; they use denormalized schemas (Star, Snowflake) to 
optimize heavy read operations for business intelligence. 

Q9: What are the primary Cloud Service 
Models (IaaS, PaaS, SaaS) and deployment 
models? 

Ans: Service Models: 1. Infrastructure-as-a-Service (IaaS): provides virtualized compute, 
storage, networking (e.g. AWS EC2). 2. Platform-as-a-Service (PaaS): provides execution 
runtime, databases, and development tooling without infrastructure management (e.g. AWS 
Elastic Beanstalk, Heroku). 3. Software-as-a-Service (SaaS): delivers end-user software over 
the internet (e.g. Google Workspace). Deployment models: Public, Private, and Hybrid clouds. 

Q10: What is the ITIL Framework, and 
differentiate between Incident and Problem 
Management? 

Ans: ITIL (Information Technology Infrastructure Library) is a framework of best practices for 
delivering IT services. Incident Management focuses on restoring normal service operation as 
quickly as possible following an unexpected disruption (e.g. server crash) to minimize 
business impact. Problem Management focuses on identifying and analyzing the underlying 
root causes of recurring incidents to permanently prevent future occurrences. 

Q11: Explain the Virtual DOM concept in 
React and how Reconciliation improves 
rendering speed. 

Ans: The Virtual DOM is a lightweight JavaScript representation of the actual browser DOM 
kept in memory. When a component's state changes, React creates a new Virtual DOM tree, 
calculates the minimal differences ('diffing algorithm') between the new and previous Virtual 
DOM, and updates only the specific changed nodes in the real browser DOM ('reconciliation'), 
avoiding expensive full-page re-renders. 

Q12: What is Responsive Web Design and 
how do CSS Flexbox and Grid achieve it? 

Ans: Responsive Web Design ensures web layouts dynamically adapt across desktops, tablets, 
and smartphones. Flexbox is a 1-dimensional layout system that arranges elements along a 
single row or column, managing alignment, wrapping, and space distribution. CSS Grid is a 2-
dimensional layout system that manages rows and columns simultaneously. Media queries 
apply specific style rules based on viewport screen widths. 

Q13: Explain IPv4 Subnetting and Classless 
Inter-Domain Routing (CIDR) notation. 

Ans: Subnetting divides a large physical IP network into smaller logical sub-networks to 
reduce broadcast traffic, optimize IP address allocation, and enforce security boundaries. 
CIDR notation (e.g. 192.168.1.0/24) appends a forward slash and prefix number specifying 
how many leading bits represent the network prefix, leaving remaining bits (32 - 24 = 8 bits, 
256 addresses) for individual host assignments. 

Q14: What is a Binary Search Tree (BST) and 
what are its search time complexities? 

Ans: A BST is a binary tree where every node satisfies the property: all keys in its left subtree 
are less than the node's key, and all keys in its right subtree are greater. In a balanced BST, 
search, insert, and delete operations take O(log N) time. In an unbalanced (skewed) BST, 
operations degrade to worst-case O(N) linear time. 

Q15: What is Continuous Integration and 
Continuous Deployment (CI/CD)? 

Ans: CI is the practice where developers regularly merge code changes into a central 
repository, triggering automated builds and unit/integration test suites to detect bugs early. 
CD automates the subsequent release of validated code to staging and production 
environments, ensuring rapid, reliable, and risk-free software deployments. 

Q16: Explain Role-Based Access Control 
(RBAC) and the Principle of Least Privilege in 
cybersecurity. 

Ans: RBAC restricts system access based on assigned organizational roles (e.g. Student, 
Doctor, Admin) rather than individual identities, mapping permissions to roles. The Principle 
of Least Privilege dictates that every user, process, or program must be granted only the 
absolute minimum permissions and access rights necessary to perform its legitimate job 
function, minimizing attack surfaces. 

Q17: What is Business Intelligence (BI) and 
how are Key Performance Indicators (KPIs) 
visualized in dashboards? 

Ans: BI encompasses strategies and technologies for data analysis and business information 
presentation. Data from transactional databases is extracted, transformed, and loaded (ETL) 
into data warehouses. Interactive dashboards (PowerBI, Tableau) visualize critical KPIs (e.g. 
monthly revenue growth, customer churn rate, average resolution time) using charts and 
drill-down filters to guide management decisions. 

Q18: Compare REST APIs with GraphQL APIs. Ans: REST exposes multiple fixed endpoints returning fixed data payloads, which frequently 
causes over-fetching (retrieving unnecessary fields) or under-fetching (requiring multiple 
round-trip requests for related data). GraphQL exposes a single smart endpoint where clients 
query the exact fields and nested relationships required, returning precise JSON responses in 
a single HTTP request. 

Q19: What are Recovery Point Objective 
(RPO) and Recovery Time Objective (RTO) in 
Disaster Recovery? 

Ans: RPO is the maximum acceptable amount of data loss measured in time backward from a 
disaster (e.g. an RPO of 1 hour means backups must run hourly, and up to 1 hour of data may 
be lost). RTO is the maximum acceptable duration of system downtime to restore operations 
following a disaster (e.g. an RTO of 4 hours means services must be fully operational within 4 
hours). 
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Q20: Explain the primary technical problem 
you solved in your Capstone Project and its 
quantified outcome. 

Ans: In our clinic management portal, manual test execution failed to detect a race condition 
where multiple patients booked the exact same doctor time slot simultaneously. We 
implemented optimistic concurrency locking in MySQL with a version check column, and 
developed an automated Newman/Postman CI/CD pipeline executing 75 API regression tests 
on every push. This reduced testing time from 4 hours to 45 seconds, prevented 100% of 
double-booking race conditions, and reduced query latency by 68% via indexing. 

 

BRANCH 6: DIPLOMA IN ARTIFICIAL INTELLIGENCE & MACHINE LEARNING (20AI61P) — 20 VIVA 

Q&As 

 

Capstone Focus: PREDICTIVE CROP YIELD AND SOIL NUTRIENT ANALYSIS APPLICATION USING MACHINE LEARNING 

Key Equipment & Tools: Python 3.10+, Jupyter Notebook, Google Colab, Scikit-Learn, Pandas, NumPy, Matplotlib, Seaborn, OpenCV, Streamlit, 

Git. 

Standards: ISO/IEC 42001 (Artificial Intelligence Management System), IEEE 7000 (Ethical AI System Design), CRISP-DM Framework. 

Q1: Differentiate between Supervised, 
Unsupervised, and Reinforcement Learning 
with examples. 

Ans: Supervised Learning trains on labeled datasets (input X mapped to target Y) for 
Classification (discrete labels, e.g. spam detection) and Regression (continuous values, e.g. 
crop yield prediction). Unsupervised Learning identifies hidden patterns in unlabeled data 
without targets (e.g. K-Means customer segmentation, PCA dimensionality reduction). 
Reinforcement Learning trains an autonomous agent to take sequential actions in an 
environment to maximize cumulative reward through trial-and-error (e.g. robotics, game 
playing). 

Q2: What is the Bias-Variance Trade-off in 
machine learning? 

Ans: Bias is the error introduced by approximating a complex real-world problem with a 
simple model (High Bias leads to Underfitting, where the model performs poorly on both 
training and test data). Variance is the model's sensitivity to small fluctuations in the training 
dataset (High Variance leads to Overfitting, where the model memorizes training noise and 
fails to generalize to test data). The trade-off is finding the optimal model complexity that 
minimizes Total Error = Bias^2 + Variance + Irreducible Error. 

Q3: How do you detect and prevent 
Overfitting in machine learning models? 

Ans: Detection: A large gap between high training accuracy and low validation/test accuracy, 
or divergence of train and validation loss curves. Prevention techniques: 1. Cross-validation 
(K-fold), 2. Increasing training data volume, 3. Regularization (L1 Lasso for feature selection, 
L2 Ridge to penalize large weights), 4. Pruning decision trees (limiting max_depth, increasing 
min_samples_split), 5. Dropout in neural networks, 6. Early stopping during training. 

Q4: Explain the Confusion Matrix and define 
Accuracy, Precision, Recall, and F1-Score. 

Ans: A Confusion Matrix tabulates classification results: True Positives (TP), True Negatives 
(TN), False Positives (FP), and False Negatives (FN). Accuracy = (TP + TN) / Total. Precision = 
TP / (TP + FP) (ratio of correct positive predictions to total predicted positives; critical when 
FP is costly, e.g. spam filter). Recall = TP / (TP + FN) (ratio of correct positive predictions to all 
actual positives; critical when FN is dangerous, e.g. cancer diagnosis). F1-Score is the 
harmonic mean of Precision and Recall: 2 * (P * R) / (P + R). 

Q5: What are the primary evaluation metrics 
for Regression models (MAE, MSE, RMSE, R-
squared)? 

Ans: Mean Absolute Error (MAE = (1/N) * sum(|y_i - y_hat|)) is the average magnitude of 
errors, robust to outliers. Mean Squared Error (MSE = (1/N) * sum((y_i - y_hat)^2)) penalizes 
larger errors heavily. Root Mean Squared Error (RMSE = sqrt(MSE)) expresses error in the 
same units as the target variable. R-squared (R^2 = 1 - SS_res / SS_tot) measures the 
proportion of variance in the dependent variable explained by the independent features (1.0 = 
perfect model, 0.0 = baseline mean model). 

Q6: Describe the mandatory steps in a tabular 
Data Preprocessing pipeline. 

Ans: 1. Data Ingestion & Inspection (checking data types, summary statistics). 2. Handling 
Missing Values (mean/median imputation for numerical data, mode for categorical, or 
dropping). 3. Outlier Treatment (IQR trimming or capping). 4. Categorical Encoding (One-Hot 
Encoding or Ordinal Encoding). 5. Feature Scaling (StandardScaler or MinMaxScaler). 6. 
Feature Selection (correlation matrix, feature importance). 7. Train-Test Split (stratified 
80:20). 

Q7: Differentiate between One-Hot Encoding 
and Label Encoding. When does One-Hot 
Encoding fail? 

Ans: Label Encoding assigns each unique category a sequential integer (0, 1, 2...); it is 
appropriate for ordinal data with natural hierarchy (e.g. Low, Medium, High), but introduces 
false mathematical relationships in nominal data. One-Hot Encoding creates binary (0 or 1) 
dummy columns for each unique category. It fails (Curse of Dimensionality) when applied to 
high-cardinality features (e.g. 10,000 unique zip codes), drastically expanding matrix size and 
memory consumption. 

Q8: How does Linear Regression differ from 
Logistic Regression? 

Ans: Linear Regression predicts a continuous numerical output using a linear combination of 
input features ($y = w \cdot x + b$), optimized using Ordinary Least Squares (OLS) 
minimizing Mean Squared Error. Logistic Regression predicts the probability of a categorical 
binary outcome (0 or 1) by passing a linear equation through the non-linear Sigmoid 
activation function ($1 / (1 + e^{-z})$), bounding outputs between 0 and 1, optimized using 
Maximum Likelihood Estimation (Log Loss). 
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Q9: What is the working principle of a 
Decision Tree and how does a Random Forest 
improve upon it? 

Ans: A Decision Tree splits data recursively based on feature thresholds that maximize 
Information Gain or minimize Gini Impurity ($Gini = 1 - sum(p_i^2)$). Individual trees are 
prone to high variance and overfitting. A Random Forest is an ensemble method that builds 
hundreds of decision trees using Bagging (Bootstrap Aggregating: each tree trains on a 
random bootstrap sample of data and a random subset of features) and averages their 
predictions, dramatically reducing variance and eliminating overfitting. 

Q10: What is Gradient Boosting (XGBoost) 
and how does it differ from Random Forest? 

Ans: Random Forest trains multiple decision trees independently in parallel and averages 
their predictions. Gradient Boosting trains trees sequentially, where each new tree is trained 
specifically to predict and minimize the pseudo-residual errors of the previous ensemble of 
trees using gradient descent optimization on a loss function. XGBoost adds extreme scalability 
through regularization, parallel tree pruning, and hardware cache optimization. 

Q11: Explain the K-Means clustering 
algorithm and how the optimal number of 
clusters k is determined. 

Ans: K-Means is an unsupervised clustering algorithm: 1. Randomly initialize k centroids. 2. 
Assign each data point to its nearest centroid based on Euclidean distance. 3. Recompute 
centroid positions as the arithmetic mean of all assigned points. 4. Repeat steps 2 and 3 until 
centroids converge. The optimal k is determined using the Elbow Method (plotting Within-
Cluster Sum of Squares [WCSS] vs k to find the point of diminishing returns) and Silhouette 
Analysis. 

Q12: What is Principal Component Analysis 
(PCA) and why is it used? 

Ans: PCA is an unsupervised linear dimensionality reduction technique. It calculates the 
covariance matrix of the feature space, extracts its eigenvectors (which define the principal 
axes of maximum variance) and eigenvalues (which quantify the magnitude of variance along 
those axes), and projects the high-dimensional data onto the top orthogonal principal 
components. It eliminates multicollinearity, reduces computational overhead, and enables 
2D/3D visualization of complex datasets. 

Q13: Explain the structure of an Artificial 
Neural Network (Perceptron, Activation 
Functions, Backpropagation). 

Ans: A Perceptron computes a weighted sum of inputs plus bias ($z = sum(w_i \cdot x_i) + b$) 
and passes it through an activation function (ReLU, Sigmoid, Tanh). Modern networks stack 
multiple hidden layers. Forward propagation computes predictions and evaluates loss. 
Backpropagation calculates the partial derivatives (gradients) of the loss function with 
respect to every weight using the chain rule of calculus, and updates weights via Gradient 
Descent: $w = w - \eta \cdot \nabla L$. 

Q14: How does a Convolutional Neural 
Network (CNN) process images for computer 
vision tasks? 

Ans: A CNN preserves spatial image topology. Convolutional layers slide small learnable filter 
kernels (e.g. 3x3) across image matrices to generate feature maps extracting low-level 
features (edges, corners) in early layers and high-level features (objects, shapes) in deeper 
layers. Pooling layers (MaxPooling) reduce spatial resolution while preserving translational 
invariance. Flattened feature vectors are then classified by fully connected dense layers. 

Q15: What are common image processing 
operations in OpenCV (Grayscale conversion, 
Gaussian Blur, Canny Edge Detection)? 

Ans: 1. Grayscale conversion (`cv2.cvtColor`): simplifies 3-channel RGB images into single-
channel intensity matrices, reducing data volume by 66%. 2. Gaussian Blur 
(`cv2.GaussianBlur`): convolves a Gaussian bell-curve kernel to suppress high-frequency 
image noise. 3. Canny Edge Detection (`cv2.Canny`): multi-stage edge algorithm using image 
gradients, non-maximum suppression, and hysteresis thresholding to detect thin continuous 
object outlines. 

Q16: Describe Natural Language Processing 
(NLP) text preprocessing: Tokenization, 
Stemming, Lemmatization, and TF-IDF. 

Ans: Tokenization splits text into individual words or subwords. Stemming (Porter stemmer) 
strips word suffixes using crude heuristic rules (e.g. 'caring' -> 'car'). Lemmatization reduces 
words to their true grammatical dictionary lemma based on part-of-speech context (e.g. 
'better' -> 'good'). TF-IDF (Term Frequency-Inverse Document Frequency) quantifies word 
importance: weighting words that appear frequently in a document but rarely across the 
entire corpus. 

Q17: Why is K-Fold Cross-Validation 
preferred over a simple train-test split? 

Ans: A single train-test split can be biased if an unrepresentative subset of data ends up in the 
test set. K-Fold cross-validation splits the dataset into K equal folds (typically K=5 or 10). The 
model is trained on K-1 folds and evaluated on the remaining fold, rotating K times so every 
data point is tested exactly once. Averaging the K test scores provides a robust, low-variance 
estimate of generalizable model performance. 

Q18: How do you deploy a trained machine 
learning model into production using 
Streamlit? 

Ans: The trained scikit-learn model pipeline is serialized using `joblib.dump(model, 
'model.pkl')`. A Streamlit Python script (`app.py`) loads the model using `joblib.load()`, 
renders interactive browser widgets (sliders, text inputs, file uploaders), captures user input 
values into a Pandas DataFrame, passes them to `model.predict()`, and visualizes real-time 
predictions and charts in under 50ms. 

Q19: What are Data Drift and Concept Drift in 
deployed production AI models? 

Ans: Data Drift occurs when the statistical distribution of input features changes over time 
compared to the original training distribution (e.g. inflation altering consumer spending 
patterns). Concept Drift occurs when the underlying statistical relationship between input 
features and target labels changes (e.g. user behavior altering during a pandemic). Both 
degrade model accuracy in production, requiring continuous monitoring and automated 
retraining triggers. 

Q20: Explain the primary technical problem 
you solved in your Capstone Project and its 
quantified outcome. 

Ans: In our crop yield prediction project, raw agricultural datasets exhibited severe non-linear 
relationships, 14% missing nutrient values, and high regional variance. We designed a 
complete machine learning pipeline with median imputation, feature scaling, and a tuned 
Random Forest Regressor optimized via GridSearchCV. Our final deployed Streamlit model 
achieved an R^2 score of 89.4% and an RMSE of 1.42 quintals/acre across 15,000 test 
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records, delivering real-time yield forecasts in under 20ms. 

 

BRANCH 7: DIPLOMA IN CIVIL ENGINEERING (20CE61P) — 20 VIVA Q&As 

 

Capstone Focus: QUALITY CONTROL, QUANTITY ESTIMATION, AND SITE SUPERVISION OF RCC G+4 RESIDENTIAL FRAMEWORK 

Key Equipment & Tools: Total Station (Leica/Topcon), Auto Level, Concrete Compression Testing Machine (CTM), Slump Cone & Tamping 

Rod, Vicat Apparatus, Sieve Shaker, Rebound Hammer, AutoCAD, MS Excel (BBS sheets). 

Standards: IS 456:2000 (Plain and Reinforced Concrete), IS 10262:2019 (Concrete Mix Proportioning), IS 1786 (High Strength Deformed 

Steel Bars), IS 2386 (Aggregates Testing), IS 383 (Coarse and Fine Aggregates), NBC 2016. 

Q1: What is the fundamental difference 
between Nominal Mix and Design Mix 
concrete according to IS 456? 

Ans: Nominal concrete mixes (up to M20 like 1:1.5:3) use fixed prescriptive volumetric 
proportions of cement, sand, and aggregates without laboratory testing of specific material 
characteristics. Design mixes (M25 and above per IS 10262) calculate precise weight-batch 
proportions based on actual compressive strength targets, aggregate grading, moisture 
content, water-cement ratio, and chemical admixtures. 

Q2: What is the significance of the Slump Cone 
test, and what are the typical slump values for 
structural elements? 

Ans: The Slump Cone test (using an inverted frustum 100mm top, 200mm bottom, 300mm 
height tamped in 4 layers with 25 strokes) measures the consistency and workability of fresh 
concrete. Typical values: Shallow footings & mass concrete = 25-75 mm; Columns, beams, and 
slabs = 75-100 mm; Heavily reinforced sections & pumped RMC = 100-150 mm; Tremie 
underwater concreting = 150-200 mm. 

Q3: Explain the 7-day and 28-day 
compressive strength relationship for 
standard concrete. 

Ans: Concrete gains approximately 65-70% of its characteristic 28-day compressive strength 
within 7 days of moist curing, around 85% at 14 days, and 99% at 28 days. The standard 
characteristic strength (fck) is defined as the strength of 150mm cubes at 28 days below 
which not more than 5% of test results are expected to fall. 

Q4: How do you calculate the cutting length of 
a stirrup/tie, and what are the standard hook 
allowances? 

Ans: For a rectangular beam stirrup (size a x b with clear cover c): Total length = 2*(a - 2c) + 
2*(b - 2c) + Hook Lengths - Bend Deductions. A standard 90-degree hook adds 10d (where d is 
bar diameter), while a 135-degree seismic hook (per IS 13920) adds 10d (minimum 75mm). 
Deductions for bends: 90 deg = 2d deduction, 135 deg = 3d deduction per bend. 

Q5: What formula is used to calculate the unit 
weight of reinforcing steel bars? 

Ans: The unit weight of steel rebar is derived from steel density (7850 kg/m3) as W = (D^2 / 
162.2) kg per meter length, where D is the nominal diameter in millimeters (e.g., 8mm = 0.395 
kg/m, 10mm = 0.617 kg/m, 12mm = 0.888 kg/m, 16mm = 1.578 kg/m, 20mm = 2.466 kg/m). 

Q6: Compare Ordinary Portland Cement 
(OPC) and Portland Pozzolana Cement (PPC). 
Where is each preferred? 

Ans: OPC achieves higher early strength and faster setting, making it ideal for rapid de-
shuttering, high-rise structural columns, and pre-cast concrete. PPC incorporates 15-35% fly 
ash, which undergoes pozzolanic reaction to produce extra C-S-H gel, yielding lower heat of 
hydration, reduced porosity, higher long-term strength, and superior resistance to sulphate 
and chloride attack; it is preferred for mass concreting, foundations, and marine structures. 

Q7: What is Safe Bearing Capacity (SBC) of soil 
and how is it determined? 

Ans: Safe Bearing Capacity is the maximum net contact pressure that soil can safely support 
without shear failure or excessive settlement. SBC = Ultimate Bearing Capacity / Factor of 
Safety (typically 2.5 to 3.0). It is determined experimentally using Plate Load Tests, Standard 
Penetration Tests (SPT N-value correlation per IS 2131), or soil core drilling in geotechnical 
investigations. 

Q8: What are the minimum specified curing 
periods and recommended methods under IS 
456? 

Ans: Under IS 456, concrete using OPC must be moist cured for at least 7 days in normal 
conditions and 10 days in hot/dry weather. Concrete with mineral admixtures or blended 
cement (PPC/GGBS) requires at least 10 days (14 days in hot weather). Common methods 
include ponding on flat slabs, wet hessian/gunny bags for vertical columns, and membrane 
curing compounds. 

Q9: What is the Height of Instrument (HI) 
method versus the Rise and Fall method in 
levelling? 

Ans: In HI method, HI = Reduced Level (RL) of BM + Back Sight (BS), and RL of subsequent 
points = HI - Intermediate Sight (IS) or Fore Sight (FS). It involves fewer calculations and is 
faster for profile levelling. The Rise and Fall method calculates relative height differences 
between consecutive stations, offering an intrinsic intermediate arithmetic check (Sum of BS - 
Sum of FS = Sum of Rise - Sum of Fall = Last RL - First RL). 

Q10: What are the minimum clear cover 
requirements per IS 456 for various 
structural elements? 

Ans: Clear cover protects steel from corrosion and fire: Slab = 20 mm; Beam = 25 mm; Column 
= 40 mm (or not less than bar diameter); Foundation/Footing = 50 mm; Retaining walls & 
water retaining structures = 40-50 mm. 

Q11: What is the difference between singly 
reinforced and doubly reinforced beams? 

Ans: Singly reinforced beams have tensile reinforcement only on the tension zone (bottom in 
simply supported beams). Doubly reinforced beams have steel bars in both tension and 
compression zones, used when architectural dimensions restrict beam depth, or when 
moments are high, reversing (wind/earthquake), or to reduce long-term deflection. 

Q12: Why is the water-cement (w/c) ratio 
critical, and what is Abram's Law? 

Ans: Abram's Law states that the compressive strength of fully compacted concrete is 
inversely proportional to the water-cement ratio by weight. A lower w/c ratio (e.g., 0.40 to 
0.45) increases density, reduces capillary pores, and raises strength and durability, but lowers 
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workability. Superplasticizers are added to achieve high workability without adding excess 
water. 

Q13: What are the primary causes of 
honeycombing in hardened concrete and how 
is it prevented and repaired? 

Ans: Honeycombing (voids where aggregate is not filled by mortar) is caused by improper 
needle vibration, high aggregate size relative to reinforcement spacing, segregation during 
chute pouring, or leaky formwork joints. Prevention: proper vibration, correct w/c ratio, and 
ensuring minimum 25mm spacing between rebar. Repair: chip loose concrete to solid core, 
clean surface, apply epoxy bonding agent, and pack with non-shrink polymer repair mortar or 
micro-concrete. 

Q14: Explain the differences between Flexible 
Pavements and Rigid Pavements. 

Ans: Flexible pavements (bituminous/asphalt) distribute wheel loads layer by layer through 
grain-to-grain contact across Sub-base, WMM base, and Bituminous concrete wearing course; 
they have lower initial cost and higher maintenance. Rigid pavements (PQC concrete) 
distribute loads via slab flexural beam action over a large area (DLC sub-base); they have high 
initial cost, life spans exceeding 30-40 years, and low maintenance. 

Q15: What is the Center-Line method versus 
the Long-Wall Short-Wall method for quantity 
estimation? 

Ans: The Long-Wall Short-Wall method divides walls into external long walls (length = out-to-
out) and internal short walls (length = in-to-in); long wall length decreases with height while 
short wall length increases. The Center-Line method calculates total continuous centerline 
length of all walls; wall junctions require subtracting half the breadth of the item for each T-
junction, making it significantly faster for symmetric buildings. 

Q16: What are the minimum formwork 
stripping (de-shuttering) timeframes per IS 
456 clause 11.3? 

Ans: 1. Vertical formwork to columns, walls, and beams: 16-24 hours. 2. Soffit formwork to 
slabs (props left under): 3 days. 3. Soffit formwork to beams (props left under): 7 days. 4. 
Removal of props under slabs: spanning up to 4.5m = 7 days; spanning over 4.5m = 14 days. 5. 
Removal of props under beams and arches: spanning up to 6m = 14 days; spanning over 6m = 
21 days. 

Q17: What are the major tests conducted on 
bitumen for highway construction? 

Ans: 1. Penetration test (hardness/grade per 1/10th mm). 2. Ductility test (briquette 
elongation in water bath at 27 deg C). 3. Softening Point test (Ring and Ball apparatus). 4. 
Flash and Fire point (Pensky-Martens). 5. Viscosity test (Tar viscometer). 6. Specific gravity 
test. 

Q18: What is BIM (Building Information 
Modelling) and how is Clash Detection 
executed in Revit/Navisworks? 

Ans: BIM is a 3D digital representation of physical and functional characteristics of a facility. 
Clash detection combines 3D models from Architecture, Structural, and MEP (Mechanical, 
Electrical, Plumbing) disciplines in software like Autodesk Navisworks to automatically flag 
hard clashes (e.g., plumbing pipes piercing structural beams) and soft/clearance clashes 
before actual site construction, preventing costly rework. 

Q19: What are the primary unit operations in 
a Municipal Water Treatment Plant? 

Ans: 1. Screening (removing floating debris). 2. Aeration (removing dissolved gases, iron, 
manganese). 3. Coagulation & Flocculation (adding Alum, rapid mixing followed by slow 
stirring to form flocs). 4. Sedimentation/Clarification (settling suspended solids). 5. Rapid 
Sand Filtration (removing fine flocs and bacteria). 6. Disinfection (Chlorination / bleaching 
powder for residual chlorine). 

Q20: In your capstone site project, how did 
you reconcile material reconciliation 
variances between ordered RMC and 
measured theoretical volume? 

Ans: We calculated theoretical geometric slab-beam volume from AutoCAD IFC drawings 
(Length x Breadth x Depth) and compared it against weighbridge RMC challans. We 
discovered a 5.8% excess over theoretical volume caused by formwork deflection (bulging of 
plywood shuttering plates) and uneven PCC screed base. We resolved this by introducing 
additional waler runners, reducing tie-rod spacing from 600mm to 450mm, and tightening 
shuttering pre-pour sign-offs. 

 

BRANCH 8: DIPLOMA IN AUTOMOBILE ENGINEERING (20AU61P) — 20 VIVA Q&As 

 

Capstone Focus: ADVANCED BS-VI CRDI DIAGNOSTICS, OBD-II FAULT ANALYSIS, AND ELECTRIC VEHICLE REGENERATIVE BRAKING 

RETROFIT 

Key Equipment & Tools: Bosch KTS Diagnostic Scanner, Engine Compression Tester, Common Rail Injector Test Bench, Chassis Dynamometer, 

Digital Multimeter / Oscilloscope, Wheel Alignment Computer (3D Hawkeye), Tire Balancer, Battery Impedance Tester, CAN Bus Analyzer. 

Standards: AIS-038 / AIS-156 (Electric Power Train Safety Requirements), Bharat Stage VI (BS-VI) Emission Norms, SAE J1979 (OBD-II 

Communication Standards), ISO 26262 (Functional Safety), ISO 11898 (CAN bus). 

Q1: What are the fundamental differences 
between BS-IV and BS-VI automotive 
emission norms in India? 

Ans: BS-VI drastically tightens permissible exhaust emission limits compared to BS-IV: NOx 
emissions for diesel engines are reduced by nearly 70% (from 250 mg/km to 80 mg/km), and 
Particulate Matter (PM) is reduced by over 80% (from 25 mg/km to 4.5 mg/km). Fuel sulphur 
content was reduced from 50 ppm in BS-IV to 10 ppm in BS-VI. BS-VI also mandates On-Board 
Diagnostics (OBD-II) with Real Driving Emission (RDE) monitoring. 

Q2: Explain the working principle and main 
components of an OBD-II diagnostic system. 

Ans: OBD-II (mandated via 16-pin DLC connector per SAE J1962) continuously monitors 
engine, transmission, and emission control systems. When the ECU detects a sensor reading 
exceeding preset threshold parameters for consecutive drive cycles, it illuminates the Check 
Engine Light (MIL) and stores a 5-digit Diagnostic Trouble Code (DTC) along with Freeze 
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Frame data (snapshots of RPM, vehicle speed, engine temp, and fuel trims at the instant of 
failure). 

Q3: How do you interpret a 5-character OBD-
II DTC code like P0300 or P0420? 

Ans: 1st character represents the system (P = Powertrain, B = Body, C = Chassis, U = 
Network/Communication). 2nd character indicates standard or manufacturer-specific (0 = 
Generic SAE code, 1 = Manufacturer specific). 3rd character denotes the subsystem (1 = 
Fuel/Air metering, 2 = Fuel injection, 3 = Ignition system/Misfire, 4 = Auxiliary emissions, 5 = 
Vehicle speed/idle, 6 = Computer output circuits, 7/8 = Transmission). 4th & 5th digits 
represent the specific fault (e.g., P0300 = Random/Multiple cylinder misfire detected, P0420 = 
Catalyst system efficiency below threshold bank 1). 

Q4: Describe the function and operation of 
DPF (Diesel Particulate Filter) and SCR 
(Selective Catalytic Reduction) in BS-VI 
vehicles. 

Ans: DPF traps solid soot particles (PM) in a porous honeycomb ceramic wall-flow filter; 
trapped soot is periodically burned off into ash through Passive or Active Regeneration 
(injecting raw diesel to heat exhaust above 600 deg C). SCR reduces toxic NOx into harmless 
nitrogen (N2) and water vapor by injecting Diesel Exhaust Fluid (DEF / AdBlue, 32.5% 
aqueous urea) into the exhaust stream upstream of a catalytic converter. 

Q5: What are the key differences between 
BLDC motors and Permanent Magnet 
Synchronous Motors (PMSM) used in Electric 
Vehicles? 

Ans: Brushless DC (BLDC) motors produce trapezoidal back-EMF and are driven by 6-step 
trapezoidal current pulses via 3 Hall sensors; they have simpler controller algorithms and 
lower cost, popular in 2-wheelers and 3-wheelers. PMSM motors produce sinusoidal back-
EMF and are excited by sinusoidal AC currents using Field-Oriented Control (FOC) with high-
resolution encoders/resolvers; they deliver smoother torque ripple, higher efficiency (>95%), 
and quieter operation, preferred in high-performance EV cars. 

Q6: Explain the role and critical safety 
functions of a Battery Management System 
(BMS) in an Electric Vehicle. 

Ans: BMS oversees battery operation to ensure safety and longevity: 1. Over-voltage and 
under-voltage protection per cell. 2. Over-current protection during charging and discharging. 
3. Temperature monitoring using NTC thermistors to prevent thermal runaway. 4. Active or 
passive cell balancing to equalize state-of-charge across all series cells. 5. State of Charge 
(SoC) and State of Health (SoH) calculation via Coulomb counting and Kalman filtering. 6. 
High-voltage contactor isolation via CAN bus communication. 

Q7: How does Regenerative Braking work in 
Electric Vehicles and what factors limit its 
efficiency? 

Ans: When the driver releases the accelerator or taps the brake, the motor controller switches 
the electric motor into generator mode. The vehicle's kinetic energy drives the motor rotor, 
generating AC back-EMF, which the inverter's antiparallel diodes rectify into DC current to 
recharge the high-voltage battery. Efficiency is limited by: Battery State of Charge (cannot 
accept high charge when near 100% full), battery temperature, low vehicle speeds 
(insufficient back-EMF), and tire-road adhesion limits. 

Q8: Explain the significance of the 4 key 
wheel alignment angles: Camber, Caster, 
Kingpin Inclination (KPI), and Toe. 

Ans: 1. Camber: inward or outward tilt of the wheel top viewed from front; positive camber 
gives stability, negative camber improves cornering grip. 2. Caster: forward or backward tilt 
of the steering steering axis viewed from side; positive caster provides self-centering 
directional stability. 3. Kingpin Inclination: inward tilt of the steering axis viewed from front; 
reduces steering effort and scrub radius. 4. Toe (Toe-in / Toe-out): difference in distance 
between front and rear of tires viewed from above; counteracts tire slip angles to prevent 
uneven tire tread wear. 

Q9: What is CAN (Controller Area Network) 
bus, and why are 120-ohm terminating 
resistors used? 

Ans: CAN bus (ISO 11898) is a robust differential two-wire (CAN-High and CAN-Low) serial 
communication protocol allowing microcontrollers and ECUs to exchange real-time data 
without a host computer. A 120-ohm terminating resistor is connected across CAN-H and 
CAN-L at each extreme end of the twisted pair bus (yielding 60 ohms total equivalent 
impedance) to prevent signal reflections and electromagnetic standing wave interference. 

Q10: Explain the working of Common Rail 
Diesel Injection (CRDI) and why it 
outperforms conventional distributor pump 
systems. 

Ans: In CRDI, a high-pressure pump pressurizes diesel fuel into a shared accumulator rail at 
1600 to 2200 bar, completely decoupling pressure generation from engine speed and 
injection timing. Electronic solenoid or piezoelectric injectors deliver multiple micro-
injections per combustion cycle (pilot, pre, main, post injections), resulting in superior fuel 
atomization, lower combustion noise, reduced soot, and higher thermal efficiency. 

Q11: How does an Anti-lock Braking System 
(ABS) prevent wheel lockup, and what are its 
three operating phases? 

Ans: ABS uses magnetic or Hall-effect wheel speed sensors and an electro-hydraulic 
modulator to modulate brake line pressure when imminent wheel lockup is detected. The 3 
phases: 1. Pressure Hold: isolator valve closes to stop brake pressure increase. 2. Pressure 
Release: dump valve opens to vent hydraulic fluid to accumulator, allowing the wheel to spin 
up and recover traction. 3. Pressure Reapply: pump motor returns fluid to re-pressurize 
caliper up to optimum slip ratio (15-20%). 

Q12: What is the function of the Turbocharger 
Wastegate and Variable Geometry Turbine 
(VGT)? 

Ans: A wastegate is a bypass valve that diverts excess exhaust gas around the turbine wheel to 
prevent over-boosting and turbine over-speeding at high engine RPMs. A Variable Geometry 
Turbocharger (VGT) replaces fixed nozzles with adjustable aerodynamic guide vanes; at low 
RPMs, the vanes close to increase exhaust velocity and eliminate turbo lag, while at high 
RPMs, they open to accommodate large volume flow without excessive backpressure. 

Q13: Differentiate between a Torque 
Converter Automatic Transmission (AT), 
Continuously Variable Transmission (CVT), 
and Dual-Clutch Transmission (DCT). 

Ans: AT uses a fluid coupling (torque converter with impeller, turbine, stator) and planetary 
gear sets for smooth shifting with torque multiplication. CVT uses a steel belt between two 
variable-diameter split pulleys, offering infinite gear ratios without shift shock and keeping 
the engine at optimum SFC. DCT uses two separate clutches for odd and even gear shafts pre-
selecting the next gear, delivering lightning-fast shifts (<100ms) with zero tractive 
interruption. 



Advitiya Academy of Learning (Vijayanagar, Bengaluru) • DTE C-20 Final Report Template & 240 Viva Q&As | +91 89717 55960 

Q14: What is Short Term Fuel Trim (STFT) 
and Long Term Fuel Trim (LTFT), and how do 
they help in diagnosing engine running 
issues? 

Ans: Fuel trims represent percentage corrections the ECU makes to base injector pulse width 
based on oxygen sensor feedback (0% is nominal). STFT represents immediate, rapid 
adjustments to maintain stoichiometric AFR (14.7:1). LTFT represents learned long-term 
adjustments. A high positive trim (>+10% to +20%) indicates a lean condition (unmetered 
vacuum leak, clogged injector, weak fuel pump); a negative trim (<-10%) indicates a rich 
condition (leaking injector, high fuel pressure, restricted air filter). 

Q15: Explain how an Electronic Stability 
Program (ESP) stabilizes a skidding vehicle 
during Understeer and Oversteer. 

Ans: ESP monitors steering angle, yaw rate, and lateral acceleration. In Understeer (front 
wheels lose traction and vehicle plows straight), ESP applies the inner rear brake and reduces 
engine throttle to induce a yaw moment turning the car into the corner. In Oversteer (rear 
wheels lose grip and vehicle spins out/fish-tails), ESP applies the outer front brake to 
counteract rotation and pull the vehicle back into the intended path. 

Q16: What causes Thermal Runaway in 
Lithium-ion batteries and what safety 
mechanisms prevent it? 

Ans: Thermal runaway occurs when an internal short-circuit, over-charging, mechanical 
puncture, or excessive temperature triggers an exothermic chemical breakdown of the 
cathode and SEI layer, releasing oxygen and generating heat faster than can be dissipated 
(>150-200 deg C), leading to fire. Prevention: Ceramic-coated separators, Flame-retardant 
electrolytes, PTC current limiters, Current Interrupt Devices (CID), liquid cooling cold plates, 
and BMS thermal cutoffs. 

Q17: What does the SAE viscosity rating on 
engine oil (e.g., SAE 5W-30) signify? 

Ans: It denotes a multi-grade engine oil. '5W' (Winter rating) indicates low-temperature 
flowability and cold-crank pumping resistance down to -30 deg C (lower number = better cold 
starting and rapid oil circulation). '30' indicates kinematic viscosity (9.3 to 12.5 cSt) measured 
at operating temperature (100 deg C), ensuring the oil film maintains adequate hydrodynamic 
lubrication under high thermal load without thinning excessively. 

Q18: What is the difference between AC Level 
1/Level 2 EV Charging and DC Fast Charging 
(CCS2/CHAdeMO)? 

Ans: AC Level 1 (single phase 230V 15A ~3.3kW) and Level 2 (230V/415V up to 22kW) 
supply AC power to the vehicle's onboard charger (OBC), which rectifies AC to DC to charge 
the battery over 4 to 8 hours. DC Fast Charging (CCS2, 50kW to 350kW) bypasses the onboard 
charger, feeding high-current DC directly into the battery pack via external high-power 
offboard rectifiers, recharging 10% to 80% SoC in 20-45 minutes. 

Q19: Explain the McPherson Strut suspension 
and contrast it with Double Wishbone 
suspension. 

Ans: McPherson strut integrates a coil spring and telescopic shock absorber into a single 
structural steering pivot unit connected to a lower control arm; it is lightweight, compact, 
low-cost, and maximizes engine bay space, making it ubiquitous in front-wheel-drive cars. 
Double wishbone uses upper and lower A-arms; it provides superior camber control 
throughout wheel suspension travel and handles high lateral cornering loads, making it 
standard on sports cars and luxury SUVs. 

Q20: In your capstone EV retrofit project, how 
did you troubleshoot a motor stalling issue 
under high incline load? 

Ans: Under a 15-degree incline load, the 48V BLDC motor shuddered and shut down. By 
connecting our digital oscilloscope to the motor phase wires and reading live BMS telemetry 
over Bluetooth, we discovered that peak starting phase current exceeded the BMS 60A 
instantaneous over-current protection threshold, causing the BMS MOSFET switch to trip into 
low-voltage protection mode. We resolved this by recalibrating the motor controller's 
current-limiting ramp rate from 80A down to 52A and increasing the battery discharge C-
rating with low-internal-resistance cells. 

 

BRANCH 9: DIPLOMA IN MECHATRONICS ENGINEERING (20MT61P) — 20 VIVA Q&As 

 

Capstone Focus: AUTOMATED MULTI-AXIS PICK-AND-PLACE GANTRY WITH PLC LADDER LOGIC, SERVO DRIVE, AND MACHINE VISION 

SORTING 

Key Equipment & Tools: Siemens S7-1200 PLC (TIA Portal V17), Mitsubishi / Delta Servo Drives & Motors, Festo Electro-Pneumatic Rig, 

Omron 2D Machine Vision Camera, Weintek 7-inch HMI, Digital Oscilloscope, 24V DC Regulated Power Supply, SolidWorks. 

Standards: IEC 61131-3 (Programmable Controllers Programming Languages), ISO 10218 (Robots and Robotic Devices Safety), ISO 13849-1 

(Safety-related Parts of Control Systems), ISO 4414 (Pneumatic Fluid Power Safety). 

Q1: What are the primary differences 
between Stepper Motors and Servo Motors in 
precision automation? 

Ans: Stepper motors move in discrete steps (e.g., 1.8 deg per step) without closed-loop 
feedback; they deliver high holding torque at low speeds but suffer from torque drop-off at 
high speeds and can lose steps under overload. Servo motors incorporate high-resolution 
encoders (incremental or absolute 17-23 bit) providing continuous closed-loop position, 
velocity, and torque feedback to a drive, maintaining constant rated torque across a broad 
RPM range without step loss. 

Q2: Explain the five programming languages 
defined in the IEC 61131-3 standard for PLCs. 

Ans: 1. Ladder Diagram (LD): graphical language resembling electrical relay logic, most widely 
used. 2. Function Block Diagram (FBD): graphical blocks representing functions connected by 
signal lines. 3. Structured Text (ST): high-level Pascal-like textual language, ideal for complex 
math and data loops. 4. Instruction List (IL): low-level assembly-like textual language 
(deprecated in newer revisions). 5. Sequential Function Chart (SFC): graphical state-machine 
flowchart for sequential process flows. 

Q3: What is the difference between Sinking Ans: In Sourcing (PNP), the sensor switches the positive supply (+24V DC) to the output wire, 
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(NPN) and Sourcing (PNP) sensor and PLC 
input wiring? 

meaning current flows OUT of the sensor and INTO the PLC input (PLC input must be Sinking 
/ 0V common). In Sinking (NPN), the sensor connects the load to ground (0V DC), meaning 
current flows from the PLC input into the sensor (PLC input must be Sourcing / +24V 
common). In European and Indian industrial plants, PNP sourcing sensors are standard for 
safety. 

Q4: Explain the working of a 5/2 double 
solenoid directional control valve. 

Ans: A 5/2 valve has 5 ports (1 Supply Port P, 2 Working Ports A and B, 2 Exhaust Ports R and 
S) and 2 spool positions. Solenoid 1 energization shifts the internal spool to connect Port P to 
A (extending cylinder) while Port B vents to S. Solenoid 2 energization connects Port P to B 
(retracting cylinder) while Port A vents to R. Being a double-solenoid bistable valve, it 
maintains its last switched position even if power is lost. 

Q5: What are the three terms in a PID 
controller and how does each affect process 
response? 

Ans: Proportional (P) produces an output proportional to current error (Kp * e); it speeds up 
response but cannot eliminate steady-state error. Integral (I) integrates accumulated past 
errors over time (Ki * integral(e)); it eliminates steady-state error but increases overshoot. 
Derivative (D) responds to the rate of error change (Kd * de/dt); it anticipates future errors, 
dampening oscillations and improving system stability. 

Q6: How does a Venturi vacuum ejector 
generate suction for robotic pick-and-place 
end effectors? 

Ans: Compressed air flows through a converging-diverging Venturi nozzle at high velocity. Per 
Bernoulli's principle, the dramatic increase in kinetic air velocity creates a localized low-
pressure zone (deep partial vacuum down to -80 kPa) at the throat. A suction port connected 
to vacuum cups draws atmospheric air in, clamping the workpiece securely against the cup 
face. 

Q7: What is an Optocoupler (Photocoupler) 
and why is it essential in PLC I/O modules? 

Ans: An optocoupler uses an infrared LED optically coupled to a phototransistor inside an 
integrated package to transmit electrical signals using light. It provides galvanic isolation 
(typically 2.5kV to 5kV breakdown resistance) between sensitive low-voltage microcontroller 
logic (3.3V/5V) and noisy high-voltage field wiring (24V DC / 230V AC), protecting the 
processor from inductive spikes and ground loops. 

Q8: Differentiate between Incremental and 
Absolute Encoders. 

Ans: Incremental encoders output quadrature square wave pulse trains (Channels A and B 90 
deg out of phase, plus Index pulse Z) to determine relative position and velocity from a 
starting point; position is lost upon power failure and requires homing. Absolute encoders use 
multi-track optical discs or magnetic arrays to output a unique digital binary/Gray code word 
for every discrete position, retaining exact real-world coordinates even when powered down. 

Q9: What is the 4-20mA current loop 
standard and why is it preferred over 0-10V 
analog voltage signals? 

Ans: 4-20mA signals are immune to line voltage drops caused by lead wire resistance over 
long distances (hundreds of meters) and are highly resistant to industrial electromagnetic 
noise. Furthermore, the 'live zero' at 4mA allows instant distinction between a true zero 
reading (4mA) and a broken wire / open-circuit fault condition (0mA), ensuring fail-safe 
process monitoring. 

Q10: What are the 4 common industrial robot 
geometric configurations? 

Ans: 1. Cartesian / Gantry (3 linear prismatic joints X-Y-Z): high payload and rigidity, large 
rectangular workspace. 2. SCARA (Selective Compliance Assembly Robot Arm - 2 parallel 
rotary joints + 1 linear): high speed and precision in horizontal plane, ideal for pick-and-place. 
3. Articulated / Anthropomorphic (6 rotary revolute joints): maximum dexterity, mimics 
human arm, used for welding/painting. 4. Delta / Parallel (3 parallel kinematic linkage arms): 
ultra-high speed, used for pick-and-pack packaging. 

Q11: Explain SCADA vs DCS vs HMI in 
industrial plant automation hierarchies. 

Ans: HMI (Human-Machine Interface) is a local dedicated screen on a machine allowing 
operators to monitor and jog parameters locally. SCADA (Supervisory Control and Data 
Acquisition) monitors large geographically distributed facilities (substations, water networks) 
over telemetry, focusing on data gathering and top-level supervision. DCS (Distributed Control 
System) is an integrated plant-wide system with autonomous controllers distributed 
throughout a continuous process plant (refineries, power plants) emphasizing closed-loop 
process safety. 

Q12: What is Modbus communication and 
how do Modbus RTU and Modbus TCP differ? 

Ans: Modbus is an open master-slave request-response communication protocol using 16-bit 
registers (coils, discrete inputs, input registers, holding registers). Modbus RTU operates over 
RS-485 serial balanced differential wiring using binary framing and cyclic redundancy check 
(CRC-16). Modbus TCP encapsulates Modbus frames inside standard TCP/IP ethernet packets 
on port 502, eliminating baud rate and parity limitations and running on standard Ethernet 
LAN infrastructure. 

Q13: How does an H-Bridge circuit control the 
direction and speed of a DC motor? 

Ans: An H-Bridge consists of 4 semiconductor switches (MOSFETs/BJTs) arranged in an 'H' 
configuration around a DC motor. Turning on switches Q1 and Q4 drives current in one 
direction (forward rotation); turning on Q2 and Q3 reverses current flow (reverse rotation). 
Applying Pulse Width Modulation (PWM) to the gate controls the duty cycle, varying effective 
average voltage and controlling motor speed. Turning on Q1 & Q2 or Q3 & Q4 simultaneously 
creates a dangerous 'shoot-through' short circuit. 

Q14: What is an FRL unit in a pneumatic 
system and what is the role of each element? 

Ans: FRL stands for Filter, Regulator, and Lubricator: 1. Filter: removes condensed moisture, 
rust, and dirt particles down to 5 microns using centrifugal swirling and a sintered element. 2. 
Regulator: maintains constant downstream working pressure (e.g., 6 bar) regardless of 
upstream plant fluctuations. 3. Lubricator: injects a fine aerosol mist of oil into the air stream 
to lubricate moving cylinder seals and spool valves. 

Q15: Explain the functioning of Safety Light Ans: Safety light curtains transmit an array of infrared light beams across a machine pinch 
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Curtains and Category 4 Emergency Stop 
circuits per ISO 13849-1. 

hazard. If any beam is broken by an operator's body, the safety controller de-energizes dual 
redundant safety relays within milliseconds (<20ms). A Category 4 safety circuit requires 
dual-channel redundancy, cross-fault monitoring, and positive-guided contacts such that no 
single hardware fault can cause loss of the safety function. 

Q16: How does Machine Vision perform 
thresholding and edge detection in 
component inspection? 

Ans: Thresholding converts a grayscale image into a binary black-and-white image by 
comparing pixel intensity against a threshold value T; pixels above T become 255 (white) and 
below become 0 (black). Edge detection applies convolution kernels (such as Sobel or Canny 
operators) calculating spatial intensity gradients to detect sharp transitions in brightness 
corresponding to object boundaries, enabling dimensional measurement and defect detection. 

Q17: What is an Anti-Aliasing filter and why is 
it required before Analog-to-Digital 
Conversion (ADC)? 

Ans: Per the Nyquist-Shannon sampling theorem, the sampling frequency fs must be at least 
twice the highest frequency component (fmax) of the analog signal. An anti-aliasing low-pass 
filter attenuates all frequency components higher than fs/2 before sampling, preventing high-
frequency noise from folding back into the lower frequency spectrum as false/alias 
frequencies. 

Q18: What is Overall Equipment Effectiveness 
(OEE) and how is it calculated? 

Ans: OEE measures manufacturing productivity: OEE = Availability x Performance x Quality. 
Availability = (Operating Time / Planned Production Time) x 100. Performance = (Total Parts 
Produced / Theoretical Max Parts) x 100. Quality = (Good Parts / Total Parts Produced) x 100. 
A world-class OEE benchmark is 85% or higher. 

Q19: Explain the difference between 
Hydraulic systems and Pneumatic systems in 
industrial actuation. 

Ans: Hydraulics uses incompressible liquids (mineral oil) operating at high pressures (70 to 
350 bar), providing massive force, precise smooth control, and high power density, but 
requires return lines, oil filtration, and poses leak/fire hazards. Pneumatics uses compressible 
air at moderate pressures (6 to 10 bar); it is clean, fast, intrinsically safe, and vents exhaust to 
atmosphere, but provides lower forces and less precise intermediate positioning due to air 
compressibility. 

Q20: In your capstone pick-and-place project, 
how did you troubleshoot servo axis hunting 
and positioning overshoot? 

Ans: During high-speed positioning, the Z-axis ball screw exhibited mechanical vibration 
(hunting) and a +/-0.4mm overshoot at target stop. We hooked up the servo drive's 
commissioning software (auto-tuning trace) and diagnosed excessive Proportional Position 
Loop Gain (Kp) coupled with inertia mismatch between the gantry payload and motor rotor. 
We lowered the position loop gain from 85 to 62, increased the Velocity Loop Integral Time 
from 15ms to 24ms, and activated the drive's low-pass notch filter at 180Hz to eliminate 
mechanical resonance. 

 

BRANCH 10: DIPLOMA IN CHEMICAL ENGINEERING (20CH61P) — 20 VIVA Q&As 

 

Capstone Focus: EFFICIENCY OPTIMIZATION OF MULTI-TUBE SHELL AND TUBE HEAT EXCHANGER AND HAZOP SAFETY AUDIT IN 

DISTILLATION UNIT 

Key Equipment & Tools: Continuous Distillation Column Pilot Plant, Shell & Tube Heat Exchanger, Plate Type Heat Exchanger, Packed Bed 

Absorption Column, Centrifugal Pump Test Rig, BOD Incubator, COD Digester, pH/Conductivity Meter, P&ID Drafting Software. 

Standards: TEMA Standards (Tubular Exchanger Manufacturers Association), ASME Boiler and Pressure Vessel Code Section VIII Div 1, OSHA 

1910.119 (Process Safety Management), CPCB / KSPCB Industrial Effluent Discharge Standards. 

Q1: What is the Logarithmic Mean 
Temperature Difference (LMTD) and why is it 
preferred over Arithmetic Mean Temperature 
Difference (AMTD)? 

Ans: LMTD = (Delta_T1 - Delta_T2) / ln(Delta_T1 / Delta_T2), where Delta_T1 and Delta_T2 
are temperature approaches at the two ends of the exchanger. In a heat exchanger, 
temperature profiles vary logarithmically along the length as driving force decreases. AMTD 
assumes a linear temperature profile and consistently overestimates the true driving force; 
LMTD provides the exact mathematically integrated driving force for heat transfer. 

Q2: Why is Counter-Current flow thermally 
superior to Co-Current (Parallel) flow in heat 
exchangers? 

Ans: In counter-current flow, the outlet temperature of the cold fluid can exceed the outlet 
temperature of the hot fluid, which is thermodynamically impossible in parallel flow. Counter-
current flow maintains a nearly uniform temperature difference throughout the exchanger 
length, yielding a higher LMTD, greater heat recovery, and requiring significantly less surface 
area for the same duty. 

Q3: What is Fouling Factor (Rf) in heat 
exchanger design and how does it affect the 
overall heat transfer coefficient? 

Ans: Fouling factor (m2-K/W) represents thermal resistance introduced by deposits (scale, 
algae, biological sludge, rust) accumulating on heat transfer surfaces over time. It degrades 
heat transfer: 1/U_dirty = 1/U_clean + Rf_inside + Rf_outside. To account for fouling, designers 
add 20-30% excess surface area to ensure design heat duty is met between maintenance 
cleanings. 

Q4: Explain the Reynolds Number (Re) and its 
critical transition values in internal pipe flow. 

Ans: Re = (rho * v * D) / mu, representing the ratio of inertial forces to viscous forces. For flow 
inside circular pipes: Re < 2100 indicates laminar flow (streamlined, parabolic velocity profile, 
low heat transfer). 2100 < Re < 4000 indicates transitional flow. Re > 4000 indicates turbulent 
flow (chaotic eddy mixing, flat velocity profile, high heat and mass transfer rates). 

Q5: What is Net Positive Suction Head (NPSH) 
and how does NPSH Available differ from 

Ans: NPSH is the absolute pressure head at the pump suction eye above the vapor pressure of 
the liquid, preventing boiling and cavitation. NPSHA (Available) is determined by plant layout: 
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NPSH Required? NPSHA = (P_atm / rho*g) + Z_s - h_fs - (P_vap / rho*g). NPSHR (Required) is specified by the 
pump manufacturer. To prevent destructive cavitation, NPSHA must exceed NPSHR by at least 
0.5 to 1.0 meter safety margin. 

Q6: What causes Cavitation in centrifugal 
pumps and what are its physical symptoms? 

Ans: If absolute suction pressure drops below the liquid's vapor pressure, vapor bubbles form 
at the impeller eye. As these bubbles travel into high-pressure regions of the impeller vanes, 
they collapse violently within microseconds, generating localized micro-jets with shockwave 
pressures exceeding 1000 bar. Symptoms include loud rattling/gravel sounds, severe 
vibration, head drop, and pitting erosion of impeller blades. 

Q7: Explain Raoult's Law and Henry's Law in 
Vapor-Liquid Equilibrium (VLE). 

Ans: Raoult's Law applies to ideal liquid mixtures: the partial vapor pressure of a component 
is equal to the product of its mole fraction in liquid and its pure vapor pressure (p_i = x_i * 
P_i^sat). Henry's Law applies to dilute solutions of sparingly soluble gases: partial pressure of 
solute gas is proportional to its mole fraction in liquid (p_i = H * x_i). 

Q8: What is the Reflux Ratio (R) in distillation 
and how does it influence column operation 
and cost? 

Ans: Reflux Ratio R = L / D (liquid returned to column divided by distillate product removed). 
Increasing reflux ratio improves separation purity and decreases the required number of 
theoretical trays (reducing column height/capital cost). However, higher reflux increases 
reboiler heat duty and condenser cooling water load (increasing column diameter and 
operating utility cost). An optimum economic reflux ratio is typically 1.1 to 1.5 times the 
Minimum Reflux Ratio (R_min). 

Q9: What is the McCabe-Thiele method and 
what are its fundamental assumptions? 

Ans: McCabe-Thiele is a graphical method for determining the number of theoretical stages in 
binary distillation by stepping between equilibrium and operating lines. Assumptions 
(Constant Molar Overflow - CMO): 1. Equimolar heats of vaporization for both components. 2. 
Sensible heat changes and heat of mixing are negligible. 3. Heat losses from the insulated 
column to surroundings are zero. 

Q10: Differentiate between a CSTR 
(Continuous Stirred-Tank Reactor) and a PFR 
(Plug Flow Reactor). 

Ans: In an ideal CSTR, perfect mixing ensures uniform composition and temperature identical 
to exit conditions; reaction occurs at the lowest reactant concentration, requiring larger 
reactor volume for high conversions. In an ideal PFR, fluid moves as a cylindrical plug with 
zero axial mixing; reactant concentration decreases continuously along reactor length, 
maintaining high reaction rates and requiring lower volume than a CSTR for the same 
conversion. 

Q11: Explain the HAZOP (Hazard and 
Operability) methodology and provide 3 
common guide words. 

Ans: HAZOP is a structured qualitative risk assessment tool that systematically examines 
P&IDs to identify process deviations, causes, consequences, and safeguards using guide words 
applied to process parameters: 1. NO FLOW (cause: pump trip, valve closed; consequence: 
reboiler dry run). 2. MORE TEMPERATURE (cause: cooling water loss; consequence: runaway 
reaction, over-pressurization). 3. MORE PRESSURE (cause: relief valve blocked; consequence: 
vessel rupture). 

Q12: What is the difference between Fail-
Open (Air-to-Close) and Fail-Closed (Air-to-
Open) control valves? 

Ans: Air-to-Open (Fail-Closed, FC) valves are held closed by a spring and require pneumatic 
air pressure to open; used where flow must stop upon air/power failure (e.g., fuel gas to 
burner, toxic chemical feed). Air-to-Close (Fail-Open, FO) valves are pushed open by a spring 
and closed by air pressure; used where flow must continue upon failure to prevent 
catastrophic overheating (e.g., cooling water to reactor jacket or condenser). 

Q13: Explain the 3 classical laws of size 
reduction: Rittinger's, Kick's, and Bond's 
laws. 

Ans: 1. Rittinger's Law: energy required is proportional to new surface area created (dE = -C * 
dL / L^2), valid for fine grinding. 2. Kick's Law: energy required is proportional to reduction 
ratio (dE = -C * dL / L), valid for coarse crushing. 3. Bond's Law: energy is proportional to the 
square root of surface-to-volume ratio (dE = -C * dL / L^1.5), valid for intermediate ball-mill 
grinding used in industrial sizing. 

Q14: What is the difference between 
Absorption and Stripping (Desorption)? 

Ans: Absorption is a gas-liquid mass transfer operation where a soluble solute gas is 
transferred from a gas mixture into a liquid solvent (e.g., scrubbing ammonia gas into water or 
removing CO2 using monoethanolamine - MEA). Stripping is the exact reverse process, where 
a dissolved volatile gas is transferred out of a liquid solvent into an inert gas stripping carrier. 

Q15: Explain the difference between 
Biochemical Oxygen Demand (BOD) and 
Chemical Oxygen Demand (COD). 

Ans: BOD5 measures the amount of dissolved oxygen consumed by aerobic microorganisms to 
biologically decompose organic matter in water over 5 days at 20 deg C (reflecting 
biodegradable organics). COD measures total oxygen required to chemically oxidize all 
organic compounds (both biodegradable and non-biodegradable) using a strong chemical 
oxidant (potassium dichromate in hot sulfuric acid). COD is always higher than BOD5. 

Q16: What is Flooding in a packed absorption 
tower and how is it detected? 

Ans: As upward gas velocity increases, drag force hinders downward liquid drainage. At the 
flooding point, liquid holdup fills void spaces, creating a liquid layer atop the packing and 
causing rapid pressure drop spikes, severe liquid entrainment in overhead gas, and loss of 
mass transfer. It is detected by differential pressure transmitters across the packing column. 

Q17: What are the main sections and 
separation products of a Crude Oil 
Atmospheric Distillation Column (CDU)? 

Ans: Preheated crude oil (350-370 deg C) enters the flash zone. Vapor rises through trays and 
condenses at progressively decreasing boiling temperatures: 1. Overhead: LPG and light 
naphtha (<90 deg C). 2. Side-streams: Heavy naphtha, Kerosene / Jet Fuel (150-250 deg C), 
Light Gas Oil / Diesel (250-350 deg C). 3. Column Bottoms: Atmospheric residue (>350 deg C), 
routed to Vacuum Distillation Unit (VDU). 

Q18: What is Cathodic Protection and how 
does it prevent corrosion in buried pipelines 
and chemical storage tanks? 

Ans: Cathodic protection makes the metal surface the cathode of an electrochemical cell: 1. 
Sacrificial Anode Cathodic Protection (SACP): connecting the steel structure to a more reactive 
metal (zinc, magnesium, or aluminum) that corrodes sacrificially. 2. Impressed Current 
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Cathodic Protection (ICCP): supplying DC current from an external rectifier through inert 
titanium/mixed-metal anodes, neutralizing oxidation reactions. 

Q19: Explain the working principle of a 
Rotameter for fluid flow measurement. 

Ans: A rotameter is a variable-area flowmeter consisting of a vertical, tapered glass tube with 
a metering float inside. As fluid enters from the bottom, buoyant and dynamic drag forces lift 
the float until they balance the downward gravitational weight of the float. The annular area 
between float and tapered wall increases with height; the float height directly corresponds to 
volumetric flow rate on a graduated scale. 

Q20: In your capstone heat exchanger project, 
how did you verify that chemical descaling 
restored thermal performance? 

Ans: Prior to cleaning, the condenser overall heat transfer coefficient had plummeted to 340 
W/m2-K due to CaCO3 scale deposits, causing ethanol vent losses of 3.8%. After circulating a 
5% inhibited sulfamic acid wash for 4 hours and flushing with demineralized water, we 
recorded inlet/outlet temperatures and flow rates at steady-state. Re-calculated U climbed to 
612 W/m2-K (an 80% recovery), bringing cooling water discharge temperature back within 
design specs and reducing solvent loss to <0.2%. 

 

BRANCH 11: DIPLOMA IN POLYMER TECHNOLOGY (20PT61P) — 20 VIVA Q&As 

 

Capstone Focus: PROCESS OPTIMIZATION, MOULD DEFECT REDUCTION, AND MECHANICAL CHARACTERIZATION OF RECYCLED 

POLYPROPYLENE AUTOMOTIVE CLIPS 

Key Equipment & Tools: Microprocessor Controlled Injection Moulding Machine (100-Tonne L&T / Windsor), Single Screw Extruder, Melt 

Flow Indexer (MFI ASTM D1238), Universal Testing Machine (UTM ASTM D638), Izod Impact Tester (ASTM D256), HDT/Vicat Softening 

Apparatus (ASTM D648), Shore Durometer, Density Balance. 

Standards: ASTM D638 (Tensile Properties of Plastics), ASTM D1238 (Melt Flow Rates of Thermoplastics), ASTM D256 (Izod Impact 

Resistance), ASTM D792 (Density and Specific Gravity), ISO 14001, BIS 14534 (Guidelines for Recycling of Plastics). 

Q1: What are the fundamental structural and 
chemical differences between 
Thermoplastics and Thermosets? 

Ans: Thermoplastics consist of linear or branched polymer chains held together by weak 
intermolecular van der Waals forces or hydrogen bonds; they can be repeatedly melted by 
heating and solidified by cooling without chemical degradation (e.g., PP, PE, PVC, Nylon). 
Thermosetting polymers form a permanent, 3D cross-linked covalent chemical network 
during curing (vulcanization/condensation); once formed, they degrade/char upon reheating 
and cannot be re-melted or remoulded (e.g., Bakelite, Epoxy, Melamine). 

Q2: Describe the 4 main stages of a standard 
injection moulding cycle. 

Ans: 1. Clamping & Injection (Filling): Mould closes under high clamping force; the 
reciprocating screw moves forward as a plunger, injecting molten polymer into cavities under 
high pressure. 2. Packing & Holding: High holding pressure is maintained as the melt begins to 
freeze, packing extra material to compensate for volumetric shrinkage. 3. Cooling & 
Plasticizing (Screw Recovery): While part cools inside the closed mould, the screw rotates and 
retracts, conveying and melting the next resin shot. 4. Mould Opening & Ejection: Mould 
platens separate, and ejector pins push the solidified component clear of the core. 

Q3: What is Melt Flow Index (MFI) and what 
does a high versus low MFI indicate regarding 
molecular weight? 

Ans: MFI (ASTM D1238) is the weight in grams of polymer extruded through a standardized 
capillary die (2.095mm diameter) in 10 minutes at specified temperature and load (e.g., 230 
deg C / 2.16 kg for PP). MFI is inversely proportional to molecular weight and melt viscosity: a 
high MFI indicates short polymer chains, low molecular weight, low viscosity, and easy flow 
(ideal for thin-wall injection moulding); a low MFI indicates high molecular weight, high melt 
strength, and toughness (preferred for blow moulding and pipe extrusion). 

Q4: What causes Sink Marks and Voids in 
injection moulded parts and how are they 
corrected? 

Ans: Sink marks (surface depressions) and internal voids occur in thick sections because the 
outer skin freezes first while the slower-cooling interior shrinks away from the walls. Causes: 
insufficient holding pressure/holding time, premature gate freeze, or ribs thicker than 60% of 
nominal wall thickness. Solutions: increase holding pressure and holding time, lower melt 
temperature, enlarge gate size, and redesign rib-to-wall thickness ratios (maintain 40-60% of 
adjacent wall). 

Q5: What is Warpage in plastic components 
and what are the primary root causes? 

Ans: Warpage is dimensional distortion where planar surfaces bow or twist out of shape due 
to non-uniform internal shrinkage stresses during cooling. Causes: uneven mould 
temperatures between core and cavity halves, uneven wall thickness across the part, non-
uniform cooling channel layout, or anisotropic polymer chain and glass-fiber orientation 
caused by improper gate locations. 

Q6: Explain the functional zones of a standard 
single-screw extruder. 

Ans: A standard extruder screw has 3 geometric zones: 1. Feed Zone: deep screw channels 
convey solid pellets forward from the hopper while preheating them. 2. Compression 
(Transition) Zone: channel depth progressively tapers down, compressing resin, forcing 
trapped air backward, and melting the plastic through external barrel heaters and intense 
viscous shear heat. 3. Metering Zone: shallow channels pump molten, homogenously mixed 
polymer at constant pressure and uniform temperature to the extrusion die. 

Q7: How do you calculate the required 
Clamping Force for an injection mould? 

Ans: Clamping Force (Tonnes) = (Total Projected Area of Cavities + Runners in cm2 * Cavity 
Pressure in bar) / 1000. Typical cavity pressures range from 300 to 500 bar for engineering 
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plastics. Insufficient clamping force allows mould parting surfaces to separate, causing Flash; 
excessive clamping force crushes mould vents and causes premature tool fatigue. 

Q8: Differentiate between a 2-Plate Mould 
and a 3-Plate Mould. 

Ans: A 2-plate mould opens along a single parting plane; parts and runner system are ejected 
together on the same plane, requiring manual degating or trimming. A 3-plate mould opens 
along two separate parting planes: the first opening strips and separates the runner/feed 
system from the part using pin-point gates, while the second opening ejects the finished 
degated parts automatically, enabling fully unattended production. 

Q9: What is the purpose of Vulcanization in 
rubber technology and what chemical cross-
linking agents are used? 

Ans: Raw unvulcanized rubber is sticky, gummy, thermoplastically sensitive, and lacks 
elasticity. Vulcanization chemically links polymer chains with covalent sulfur bridges (-S_x-), 
transforming the elastomer into a strong, highly elastic, thermoset network with high tensile 
strength, wide operational temperature range (-40 to 120 deg C), and insolubility in organic 
solvents. Primary curing agents include elemental sulfur with zinc oxide activators and 
thiazole/sulfenamide accelerators, or organic peroxides for saturated rubbers. 

Q10: Explain the significance of the Glass 
Transition Temperature (Tg) and Heat 
Deflection Temperature (HDT). 

Ans: Tg is the temperature range below which an amorphous polymer is hard, stiff, and brittle 
(glassy state) and above which it becomes flexible, ductile, and rubbery due to onset of long-
range segmental chain mobility. HDT (ASTM D648) is the temperature at which a standard 
polymer bar deflects by 0.25mm under a specified flexural bending load (0.455 MPa or 1.82 
MPa), representing the practical maximum continuous load-bearing temperature ceiling. 

Q11: What are Masterbatches in polymer 
processing and what are their primary types? 

Ans: Masterbatches are concentrated mixtures of pigments or functional additives 
encapsulated within a carrier resin compatible with the base polymer, ensuring dust-free, 
uniform dispersion: 1. Color Masterbatches: organic/inorganic pigments. 2. Additive 
Masterbatches: UV stabilizers (HALS), antioxidants, flame retardants, slip agents, anti-static 
agents. 3. Filler Masterbatches: calcium carbonate (CaCO3) or talc to reduce resin cost and 
increase stiffness. 

Q12: Differentiate between Extrusion Blow 
Moulding (EBM) and Injection Stretch Blow 
Moulding (ISBM). 

Ans: EBM continuously extrudes a hollow molten tube (parison), captures it between split 
mould halves, and inflates it with compressed air; used for handles and large hollow 
containers (milk jugs, Jerrycans). ISBM first injection-moulds a precision threaded preform 
(test tube shape), reheats it, stretches it axially with a stretch rod, and blows it radially against 
the mould wall; biaxial chain orientation yields crystal clarity, high burst strength, and 
superior gas barrier properties (PET beverage bottles). 

Q13: What is Weld Line (Knit Line) defect in 
injection moulding and how is it mitigated? 

Ans: Weld lines occur where two or more advancing molten flow fronts meet after flowing 
around an obstacle (such as a core pin or hole) or when multi-gated cavities join. If melt fronts 
are too cold when colliding, polymer chains fail to interdiffuse, creating a visible seam and 
localized structural weakness. Mitigation: increase melt temperature, raise injection speed 
and pressure, relocate gates, or increase venting at weld line convergence zones. 

Q14: Explain the plastic recycling 
identification codes (SPI Codes 1 through 7). 

Ans: 1. PET (Polyethylene Terephthalate - beverage bottles). 2. HDPE (High-Density 
Polyethylene - milk jugs, chemical bottles). 3. PVC (Polyvinyl Chloride - pipes, wire sheathing). 
4. LDPE (Low-Density Polyethylene - film bags, squeeze bottles). 5. PP (Polypropylene - bottle 
caps, automotive trim). 6. PS (Polystyrene - disposable cutlery, EPS foam). 7. OTHER 
(Polycarbonate, ABS, Nylon, multilayer laminates). 

Q15: What is the difference between Shore A 
and Shore D hardness testing? 

Ans: Shore Durometers measure indentation hardness based on depth of penetration by a 
calibrated steel indenter into the polymer surface under a spring load. Shore A uses a blunt, 
truncated 35-degree cone indenter under an 822g spring load, used for softer flexible 
elastomers, silicones, and soft polyurethanes. Shore D uses a sharp 30-degree cone indenter 
under a 4.5kg load, used for rigid thermoplastics (Nylon, POM, Polypropylene, hard rubber). 

Q16: Explain the working of Hot Runner 
systems versus Cold Runner systems in 
moulds. 

Ans: Cold runner systems cool and solidify sprue, runner, and gate metal along with the part, 
requiring regrinding or disposal of runner scrap. Hot runner systems incorporate electrically 
heated manifolds and nozzles that keep the plastic inside runners in a continuously molten 
state; only the cavity parts solidify and eject, completely eliminating runner scrap, shortening 
cycle times, and reducing injection pressure requirements. 

Q17: What is Short Shot in injection moulding 
and what are the primary causes? 

Ans: A short shot is an incomplete filling defect where molten plastic solidifies before 
completely reaching the extremities of mould cavities. Causes: inadequate injection shot 
volume, low injection pressure/speed, low melt/mould temperature, undersized 
gates/runners, or entrapped air pockets caused by inadequate cavity venting. 

Q18: What is Environmental Stress Cracking 
(ESC) and which polymers are susceptible? 

Ans: ESC is premature brittle failure occurring when a polymer is subjected simultaneously to 
tensile mechanical stress and a chemical environment (detergents, oils, alcohols, surfactants) 
that accelerates crazing without chemically attacking the polymer backbone. Polyethylene 
(especially LDPE/HDPE) and Polycarbonate are highly susceptible to ESC, tested under ASTM 
D1693 (bent strip test in surfactant bath). 

Q19: Explain the role and mechanism of 
Plasticizers in PVC compounding. 

Ans: Rigid PVC is naturally hard and brittle due to strong dipole-dipole attractions between 
polar carbon-chlorine bonds. Plasticizers (such as phthalates like DOP/DINP or bio-based 
citrates) embed themselves between polymer chains, shielding polar chlorine attractions, 
increasing intermolecular free volume, and depressing the glass transition temperature (Tg) 
from 85 deg C to below room temperature, transforming rigid PVC into flexible cables, hoses, 
and synthetic leather. 

Q20: In your capstone PP clip project, how Ans: We moulded 50 clip specimens using 100% virgin PP and 50 specimens using our 
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did you verify that incorporating 30% 
recycled regrind did not compromise 
automotive clip retention force? 

optimized 70:30 virgin-to-recycled blend. We mounted both sets on a customized tensile pull-
out fixture in our UTM. The virgin clips exhibited a mean snap retention force of 142 +/- 4 N 
with 0% brittle fracture, while the 70:30 recycled blend achieved 138 +/- 5 N (a negligible 
2.8% drop, well within OEM tolerance limit of >130 N). Impact testing confirmed notched 
toughness retained 94% of baseline value. 

 

BRANCH 12: DIPLOMA IN ARCHITECTURE & INTERIOR DESIGN (20AR61P) — 20 VIVA Q&As 

 

Capstone Focus: COMPREHENSIVE ARCHITECTURAL WORKING DRAWINGS, INTERIOR FIT-OUT SPECIFICATIONS, AND BIM CLASH 

DETECTION FOR A CONTEMPORARY 3-BHK RESIDENCE 

Key Equipment & Tools: Autodesk Revit 2024 (BIM), Autodesk AutoCAD, Trimble SketchUp Pro, V-Ray / Enscape for real-time architectural 

rendering, Leica Disto Laser Distance Meter, Lux Meter, Architectural Scale Rule, Drafting Table. 

Standards: National Building Code of India 2016 (NBC), BBMP / BMRDA Building Bye-Laws (Bengaluru Urban), GRIHA Green Building 

Rating System, IS 1200 (Method of Measurement of Building Works), IS 1665 (Code of Practice for Staff Housing). 

Q1: What is Floor Area Ratio (FAR) or Floor 
Space Index (FSI) and how is it calculated? 

Ans: FAR (or FSI) is the ratio of total gross covered floor area of all floors of a building to the 
total plot area (FAR = Gross Floor Area of all floors / Total Plot Area). Municipal bye-laws 
determine permissible FAR based on road width, zone classification (residential, commercial, 
industrial), and plot size to prevent overloading municipal infrastructure (water, sewer, 
traffic). 

Q2: What is the Kitchen Work Triangle and 
what are the recommended anthropometric 
dimensions? 

Ans: The kitchen work triangle connects the three primary work centers: Refrigerator 
(storage), Sink (preparation/cleaning), and Cooking Range/Hob (cooking). To maximize 
ergonomics and avoid fatigue, the sum of the three legs should be between 4.0 meters and 7.9 
meters (13 to 26 feet), and each individual leg should measure between 1.2m and 2.7m 
without cross-traffic passing through the triangle. 

Q3: What are Good for Construction (GFC) 
drawings and how do they differ from 
Architectural Presentation drawings? 

Ans: Presentation drawings (rendered floor plans, 3D perspectives, concept sketches) are 
artistic visual representations created for clients and marketing to communicate aesthetics, 
spatial flow, and finishes. GFC drawings are contractually binding, dimensioned technical 
working drawings (setting-out plans, structural coordinates, joinery schedules, sections, MEP 
layouts) that give contractors and site engineers exact dimensions, levels, tolerances, and 
material specifications required to execute construction. 

Q4: Explain the principles of Passive Solar 
Design in tropical Indian architecture. 

Ans: Passive solar design utilizes building orientation, geometry, and envelope materials to 
maintain thermal comfort without mechanical HVAC: 1. Orientation: longest facades oriented 
along North-South axis to minimize harsh East/West solar heat gain. 2. Shading: chajjas, 
overhangs, and vertical louvers optimized for sun angles. 3. Natural Ventilation: cross-
ventilation windows oriented to catch prevailing summer breezes, stack effect ventilation. 4. 
Thermal Mass: high-thermal-capacity masonry walls to buffer daytime heat. 

Q5: What are the minimum standard stair 
dimensions mandated by the National 
Building Code (NBC 2016) for residential 
buildings? 

Ans: For residential buildings: 1. Minimum width of staircase: 1.0 meter (1.5m for public 
buildings). 2. Maximum riser height: 190 mm (150 mm preferred in public spaces). 3. 
Minimum tread depth: 250 mm (300 mm preferred). 4. Maximum number of risers in a single 
flight without an intermediate landing: 12 to 15 risers. 5. Minimum intermediate landing 
width: equal to staircase width. 6. Minimum headroom: 2.2 meters. 

Q6: What is a Reflected Ceiling Plan (RCP) and 
what essential services does it coordinate? 

Ans: An RCP is an architectural drawing showing the ceiling as if looking down from above at 
a mirrored reflection of the ceiling layout. It coordinates: 1. False ceiling levels, coves, and 
materials (gypsum board, wooden rafters, POP). 2. Lighting fixtures (recessed downlights, 
LED strip coves, pendant lights). 3. HVAC elements (diffusers, grilles, return air). 4. Fire safety 
equipment (sprinklers, smoke detectors). 5. Ceiling fan hooks and curtain pockets. 

Q7: What are the differences between BWP 
Marine Plywood, Commercial BWR Plywood, 
and MDF/HDF in interior cabinetry? 

Ans: BWP (Boiling Water Proof per IS 710) uses unextended phenol formaldehyde resin, 
capable of withstanding 72 hours of boiling water without delamination; mandatory for wet 
areas (kitchen carcass, under-sink, vanity). BWR (Boiling Water Resistant per IS 303) resists 
moisture for moderate periods; suitable for bedroom wardrobes. MDF/HDF is engineered 
from compressed wood fibers bound with resin; smooth for CNC routing and painting, but 
swells irreparably if exposed to water leaks. 

Q8: What is Reverberation Time (RT60) in 
architectural acoustics and how is it 
controlled? 

Ans: RT60 is the time required for sound pressure level to decay by 60 decibels after the 
sound source has ceased, governed by Sabine's formula: RT60 = 0.161 * V / A (where V is 
room volume in m3, and A is total absorption in Sabins). Excessive RT60 causes echo and 
speech unintelligibility. It is reduced by adding porous sound-absorbing materials (acoustic 
fabric wall panels, perforated gypsum ceiling tiles, carpets, heavy drapery). 

Q9: What are the standard recommended 
lighting illumination levels (Lux) for 
residential interior spaces per IS 3646? 

Ans: 1. Living Room: 150-300 Lux (ambient and relaxation). 2. Kitchen Counter / Food 
Preparation: 300-500 Lux (task lighting). 3. Study / Home Office Desk: 400-500 Lux. 4. 
Bedroom: 100-150 Lux (ambient, with 300 Lux bedside reading lamp). 5. Bathrooms: 100-200 
Lux (mirror grooming area 300 Lux). 6. Corridors & Staircases: 100 Lux. 
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Q10: Explain the Universal Accessibility 
design requirements for ramps per NBC 2016. 

Ans: 1. Maximum slope gradient: 1:12 (1:15 to 1:20 preferred for long ramps). 2. Minimum 
clear width: 1.2 meters. 3. Maximum single ramp run length without intermediate landing: 9.0 
meters (maximum rise 750mm). 4. Minimum landing dimensions: 1.5m x 1.5m to allow 360-
degree wheelchair turning. 5. Handrails: provided on both sides at two heights (760mm and 
900mm) extending 300mm beyond ramp edges. 6. Tactile warning flooring at approach ends. 

Q11: What is the difference between a One-
Pipe Plumbing System and a Two-Pipe 
Plumbing System? 

Ans: In a One-Pipe system, a single common soil-and-waste vertical stack pipe receives 
discharges from both water closets (soil) and washbasins/baths (sullage/waste), requiring 
deep water-seal traps and dedicated anti-siphonage vent pipes to prevent foul sewer gases 
from entering rooms. In a Two-Pipe system, soil pipe and waste pipe are completely separate; 
soil pipe connects directly to municipal sewer through manholes, while waste pipe discharges 
into a trapped gully before joining the sewer. 

Q12: Explain the significance of building 
setbacks and open spaces under Municipal 
Bye-Laws. 

Ans: Setbacks are mandatory open spaces left around a building between the structure and 
plot boundaries (Front, Rear, and Sides). Functions: 1. Ensuring adequate natural daylighting 
and ventilation to all habitable rooms. 2. Providing unobstructed clear driveway access for 
municipal fire tenders during emergencies (minimum 6m around high-rises). 3. Facilitating 
underground utilities (water supply, drainage, rainwater harvesting). 4. Mitigating urban heat 
islands. 

Q13: Differentiate between Vitrified Tiles and 
Ceramic Tiles. 

Ans: Ceramic tiles are made from natural red/brown clay pressed and fired at moderate 
temperatures (~1000 deg C); they have higher water absorption (3-7%), lower breaking 
strength, and glaze only on the surface. Vitrified tiles are composed of silica, quartz, and 
refined clay fired at ultra-high temperatures (>1200 deg C) to achieve complete vitrification 
(glass-like structure); they have near-zero water absorption (<0.05%), high stain/abrasion 
resistance, and full-body hardness. 

Q14: What is Level of Development (LOD) in 
Building Information Modelling (BIM)? 

Ans: LOD (per AIA G202) defines the degree of geometric detail and data reliability in a BIM 
model as it evolves: LOD 100 = Conceptual massing. LOD 200 = Approximate geometry, size, 
and location. LOD 300 = Specific architectural/structural dimensions suitable for GFC 
documentation. LOD 350 = Includes interfaces and connections with neighboring trades. LOD 
400 = Fabrication and assembly detail (shop drawings). LOD 500 = Verified As-Built 
conditions for facility management. 

Q15: What are the essential fire safety 
requirements for residential buildings under 
NBC 2016 Part 4? 

Ans: 1. Travel distance to nearest fire exit must not exceed 30 meters. 2. Fire-resistant doors 
with minimum 2-hour rating in fire escape staircases. 3. Pressurized fire staircases in 
buildings exceeding 15 meters height. 4. Wet riser piping with fire landing valves and hose 
reels on every floor landing. 5. Automatic fire sprinkler system and optical smoke detectors in 
basements and corridors. 6. Dedicated underground and overhead fire water storage tanks. 

Q16: Explain the difference between Solid 
Wood, Wood Veneer, and High-Pressure 
Laminate (HPL). 

Ans: Solid wood is 100% natural sawn lumber (teak, oak, rosewood); beautiful, repairable, but 
expensive and prone to seasonal warping. Wood veneer is an ultra-thin slice of natural 
premium timber (0.5 to 1.0mm) bonded to a plywood substrate and polished with 
PU/melamine; delivers real wood grain at lower cost. HPL (High-Pressure Laminate) consists 
of kraft paper impregnated with phenolic resin topped by printed decorative paper and 
melamine overlay pressed under 10 MPa pressure; heat-, scratch-, and water-resistant. 

Q17: What are the primary criteria for Green 
Building Certification under GRIHA? 

Ans: GRIHA (Green Rating for Integrated Habitat Assessment) evaluates buildings across 30+ 
criteria: 1. Sustainable site planning (preserving topsoil, native vegetation). 2. Water 
management (low-flow plumbing fixtures, 100% rainwater harvesting, STP wastewater 
recycling). 3. Energy efficiency (EPI reduction, solar PV integration, high-efficiency lighting). 4. 
Sustainable building materials (fly-ash bricks, certified wood, low-VOC paints). 5. Indoor 
environmental quality (thermal comfort, air filtration). 

Q18: What is the purpose of an Expansion 
Joint in large buildings and where must it be 
provided? 

Ans: An expansion joint is a deliberate continuous structural separation gap (typically 25mm 
to 50mm) running through floors, walls, and roofs to accommodate thermal expansion, 
contraction, and seismic movement without causing uncontrolled cracking in structural 
members. Per IS 456 / NBC, buildings with continuous straight lengths exceeding 45 meters 
must be provided with expansion joints. 

Q19: Explain the concept of Plinth Level, Sill 
Level, and Lintel Level in building 
construction. 

Ans: 1. Plinth Level: top surface of the ground floor slab, elevated 450-900mm above natural 
ground/road level to prevent rainwater ingress. 2. Sill Level: bottom horizontal surface of a 
window opening (typically 900mm above finished floor level for standard windows, 1200mm 
for high windows). 3. Lintel Level: top horizontal level of door and window openings 
(typically 2.1 meters above finished floor) where a reinforced concrete beam (lintel) spans 
across to support overhead brick masonry loads. 

Q20: In your capstone interior fit-out project, 
how did you resolve a ceiling clash between 
structural beams and air conditioning 
ducting? 

Ans: During BIM coordination of the dining room false ceiling, our Navisworks clash report 
flagged a 180mm hard clash between a 450mm deep structural RCC transfer beam and a low-
profile ducted split AC supply duct. Dropping the false ceiling across the entire room would 
have violated the mandatory 2.6m clear floor-to-ceiling height bye-law. We redesigned the 
ceiling into a stepped multi-level cove: boxing the AC duct along the perimeter wall dropped 
cove (2.4m height) while keeping the central dining room ceiling high at 2.8m with recessed 
cove LED illumination, turning an MEP clash into a distinctive aesthetic ceiling feature. 

 


