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3.1 COMPUTER APPLICATIONS IN MECHANICAL ENGINEERING 
 

DETAILED CONTENTS          L  T  P 

3   –  2  

1. MS Power Point                    (16 hrs) 

1.1 Creating a presentation: using the auto content, wizard, using a template,creating a blank 

presentation. 

- Saving the presentation. 

- Power point's five views: slide view, outline view, slide sorter view,notes page view, 

slide show view. 

- Creating and editing slides. 

1.2 Developing your presentation. 

- Changing the layout of a slide. 

- Modifying a slide master. 

- Changing the design template. 

- Outlining your presentation - creating a presentation from a word outline. 

- Rearranging your slides. 

- Previewing your slide show. 

1.3 Bringing a presentation to life. 

- Inserting objects in your presentation like graph/chart from excel,pictures, sound, video 

clip and organization chart 

- Drawing objects in power point: Auto shapes, other objects repositioning, resizing and 

aligning. 

- Objects, working with border fills, shadows and 3-D effects, selecting and grouping 

objects. 

- Animating an object: setting preset animations, setting custom animations, playing a 

sound or video clip. 

1.4 Analyzing the presentation: assigning transitions and timings, creating build slides, 

creating hidden slides, setting slide timings when rehearsing 

1.5  Setting up the slide show 

 

2. MS Access                     (08 hrs) 

Introduction to databases and MS-access, Creating a new database, opening and moving 

around an existing database, adding new data and editing a database table, displaying and 

searching for data, printing data from an access database, creating reports in access 

 

3. Programming Fundamentals                  (08 hrs) 

3.1 Algorithm, pseudo language, flow charts; advantages and disadvantages 

3.2 Decision Table-type, advantages and disadvantages. 

3.3 Structured programming, structuring the control flow, modular programming 

3.4 Exercise on making Algorithm and flow charts. 

 

4. C ++ Programming                   (16 hrs) 

4.1 Fundamentals Introduction, OOP, character set , C++ tokens, keywords, identifiers, 

constants, basic data type, declaration of variables, defining symbolic constants, 



 

 

assignment statement, comments in a programme, structure of c++programme, output 

using COUT, output using CIN, manipulators. 

4.2 Operators and Expressions 

Arithmetic operators, relational operators, logical operators, shorthand assignment 

operator, increment and decrement operators, conditional operators, bit wise generators, 

precedence in C++ operators. Casting of data, standard mathematical functions. 

4.3 Control Structures 

If statements, IF-ELSE statements, nested IF statement, switch statements, go to 

statements, repetitive structures, while statements, do statement, for loop, break 

statement, continue statement, nested loops. 

 

LIST OF PRACTICALS 

1. Exercise on MS-Power Point 

2. Exercise on MS-Access. 

3. Write a program to check if a number is even or odd 

4. Write a program to find the smallest of 3 members 

5. Write a program to find longest of 4 members 

6. Write a program to find the roots of quadratic equation. 

7. Write a program to find the sum of the first N natural numbers using a for-do doops. 

8. Preparing a project using PowerPoint/Access 

9. Write a program that needs N numbers and finds the smallest number among them. 

10. Write a program to find the sum of squares of the digits of number. 

 

 

Assignment-1 

Q:1 What  you mean by templates ? 

Q:2 Explain in brief the steps of creating a program. 

Q:3 Write steps to include headers and footers in presentation. 

Q:4 What you mean by algorithm? 

Q;5 Explain flow chart symbols in detail. 

Assignment-2 

Q:1 Define Is Presentation Software ? 

Q:2 What Are The Features Of PowerPoint ? 

Q:3 What Are The Steps To Move Text In Power Point ? 

Q:4 Explain In Steps Of Program Development.  

Q:5 Explain The Use Of Decision Tables. 

 



 

 

Assignment-3 

Q:1 What you mean by oops ? 

Q:2 What is the difference between procedural and oops? 

Q:3 Explain in detail data abstraction data encapsulation and inheritance. 

Q:4 What you mean by polymorphism  ? 

Assignment-4 

Q:1 how will you update data in a table  ? 

Q:2 Explain the different types of relations supported by access? ? 

Q;3Explain the steps to create relationships ? 

Q:4what are the steps to create forms in design view? 

Assignment-5 

Q:1 What Is The Use Of Assignment Operator  ? 

Q;2 Explain The Different Arithmetic Operators Supported By C++.  

Q;3 Explain The Various Relational Operators Of C++. 

Q:4 Calculate The Amount That Will Be Returned To The Depositor After Taking The Principal 

Amount , Rate Of Interest , Duration From The User. 

Q:5 WAP To Calculate The Total Salary Of An Employ By Reading The Basic Salary And 

Adding Allowances . 

 

 



 

 

 

 

 



 

 

 

 

 
 

 



 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

3.2 APPLIED MECHANICS 

 

DETAILED CONTENTS          L  T  P 

3   –   2  

 

1. Introduction                    (04 hrs) 

1.1 Concept of engineering mechanics definition of mechanics, statics, dynamics, application 

of engineering mechanics in practical fields.Definition of Applied Mechanics. 

1.2 Definition, basic quantities and derived quantities of basic units and derived units 

1.3 Different systems of units (FPS, CGS, MKS and SI) and their conversion from one to 

another for density, force, pressure, work, power, velocity, acceleration 

1.4 Concept of rigid body, scalar and vector quantities 

 

2. Laws of forces                    (09 hrs) 

2.1 Definition of force, measurement of force in SI units, its representation,types of force: 

Point force/concentrated force & Uniformly distributed force, effects of force, 

characteristics of a force 

2.2 Different force systems (coplanar and non-coplanar), principle of transmissibility of 

forces, law of super-position 

2.3 Composition and resolution of coplanar concurrent forces, resultant force, method of 

composition of forces, laws of forces, triangle law of forces, polygon law of forces - 

graphically, analytically, resolution of forces, resolving a force into two rectangular 

components 

2.4 Free body diagram 

2.5 Equilibrant force and its determination 

2.6 Lami's theorem (concept only) 

 

[Simple problems on above topics] 

 

3. Moment                     (09 hrs) 

3.1 Concept of moment 

3.2 Moment of a force and units of moment 

3.3 Varignon's theorem (definition only) 

3.4 Principle of moment and its applications (Levers – simple and compound, steel yard, 

safety valve, reaction at support) 

3.5 Parallel forces (like and unlike parallel force), calculating their resultant 

3.6 Concept of couple, its properties and effects 

3.7 General conditions of equilibrium of bodies under coplanar forces 

3.8 Position of resultant force by moment 

[Simple problems on the above topics] 

 

4. Friction                     (09 hrs) 

4.1 Definition and concept of friction, types of friction, force of friction 

4.2 Laws of static friction, coefficient of friction, angle of friction, angle of repose, cone of 

friction 



 

 

4.3 Equilibrium of a body lying on a horizontal plane, equilibrium of a body lying on a rough 

inclined plane. 

4.4 Calculation of least force required to maintain equilibrium of a body on a rough inclined 

plane subjected to a force: 

a) Acting along the inclined plane Horizontally 

b) At some angle with the inclined plane 

 

5. Centre of Gravity                    (08 hrs) 

5.1 Concept, definition of centroid of plain figures and centre of gravity of symmetrical solid 

bodies 

5.2 Determination of centroid of plain and composite lamina using moment method only, 

centroid of bodies with removed portion 

5.3 Determination of center of gravity of solid bodies - cone, cylinder, hemisphere and sphere; 

composite bodies and bodies with portion removed 

[Simple problems on the above topics] 

 

6. Simple Machines                    (09 hrs) 

6.1. Definition of effort, velocity ratio, mechanical advantage and efficiency of - a machine 

and their relationship, law of machines 

6.2. Simple and compound machine (Examples) 

6.3. Definition of ideal machine, reversible and self locking machine 

6.4. Effort lost in friction, Load lost in friction, determination of maximum mechanical 

advantage and maximum efficiency 

6.5. System of pulleys (first, second, third system of pulleys), determination of velocity ratio, 

mechanical advantage and efficiency 

6.6. Working principle and application of wheel and axle, Weston‟s Differential Pulley Block, 

simple screw jack, worm and worm wheel, single and double winch crab. Expression for 

their velocity ratio and field of their application 

[Simple problems on the above topics] 

 

LIST OF PRACTICALS 

1. Verification of the polygon law of forces using grave sand apparatus. 

2. To verify the forces in different members of jib crane. 

3. To verify the reaction at the supports of a simply supported beam. 

4. To find the mechanical advantage, velocity ratio and efficiency in case of an inclined 

plane. 

5. To find the mechanical advantage, velocity ratio and efficiency of a screw jack. 

6. To find the mechanical advantage, velocity ratio and efficiency of worm and worm 

wheel. 

7. To find mechanical advantage, velocity ratio and efficiency of single purchase crab. 

8. To find out center of gravity of regular lamina. 

9. To find out center of gravity of irregular lamina. 

10. To determine coefficient of friction between three pairs of given surface. 

 

 



 

 

Assignment No. 1 

Q.-1 Define mechanics and applied mechanics. 

Q.-2 Differentiate between mass and weight. 

Q.-3 Write a short note on Vector Quantities. 

Q.-4 Discuss Lami‟s Theorm. 

Q.-5 Explain the concept of “Free Body Diagram”. 

Q.-6 Find the components of a force of 500 N into two directions inclined at an angle of 45° & 

30° with the force. 

Assignment No. 2 

Q.-1 State the laws of Moments. 

Q.-2 What is Couple? Mention important properties of couple. 

Q.-3 What are the units of moment?  Definition of Varignon's theorem. 

Q.-4 A uniform rod 1 meter long is supported on two pegs, so that the right side of the rod 

overhangs by 200mm. Find out the reaction at the pegs, if weight of rod is 4 N/cm length of rod. 

Q.-5 Find out the resultant of parallelogram Law of forces methods. 

Assignment No. 3 

Q.-1 Define Friction, Co-efficient of Friction and limiting friction 

Q.-2 State the „Laws of  Solid Friction” 

Q.-3 Explain the methods to reduce friction. 

Q.-4 Discuss the advantages and disadvantages of friction 

Q.-5 A pull of 50 N inclined at 30° to the horizontal is necessary to just move a block placed on 

a horizontal table. If coefficient of friction is 0.2; Find out the weight of the block 

Assignment No. 4 

Q.-1 Define centroid and centroidal axes. 

Q.-2 Define  

a.) Axis of symmetry 

b.) Axis of reference 

Q.-3 Find the C.G. of thin uniform triangular lamina.  

Q.-4 Find the C.G. of thin uniform in shape of trapezium. 



 

 

Assignment No. 5 

Q.-1 Definition of mechanical advantage and velocity ratio. 

Q.-2 Definition of ideal machine, reversible and self-locking machine 

Q.-3 Define First System of pulley  

Q.-4 Write working principle and application of worm and worm wheel 

 

Experiment No. 1 

 

 



 

 

 
 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 
 



 

 

 

 
 
 
 

 

 



 

 

 

 

 



 

 

 

 



 

 

 
 

 

 



 

 

 

 
 



 

 

 

 



 

 

 

 



 

 

  

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 



 

 

 

 

 



 

 

3.3 ELEMENTS OF ELECTRICAL AND ELECTRONICS ENGINEERING 

 

DETAILED CONTENTS          L  T  P 

3   –   2  

1. Application and Advantage of Electricity                (03 hrs) 

Difference between ac and dc, various applications of electricity, advantages of electrical 

energy over other types of energy 

 

2. Basic Electrical Quantities (04 hrs) 

Definition of voltage, current, power and energy with their units, name of instruments used 

for measuring above quantities, connection of these instruments in an electric circuit 

 

3. AC Fundamentals (04 hrs) 

Electromagnetic induction-Faraday‟s Laws, Lenz‟s Law; Fleming‟s rules, Principles of a.c. 

Circuits; Alternating emf, Definition of cycle, frequency, amplitude and time 

period.Instantaneous, average, r.m.s and maximum value of sinusoidal wave; form factor and 

Peak Factor.Concept of phase and phase difference.Concept of resistance, inductance and 

capacitance in simple a.c. circuit. Power factor and improvement of power factor by use of 

capacitors. Concept of three phase system; star and delta connections; voltage and current 

relationship (no derivation) 

 

4. Transformers (06 hrs) 

Working principle and construction of single phase transformer, transformer ratio, emf 

equation, losses and efficiency, cooling of transformers, isolation transformer, CVT, auto 

transformer (brief idea), applications. 

5. Distribution System (06 hrs) 

Difference between high and low voltage distribution system, identification of three-phase 

wires, neutral wire and earth wire in a low voltage distribution system. Identification of 

voltages between phases and between one phase and neutral.Difference between three-phase 

and single-phase supply 

 

6. Electric Motor (08 hrs) 

Description and applications of single-phase and three-phase motors.Connection and starting 

of three-phase induction motors by star-delta starter.Changing direction of rotation of a given 

3 phase induction motor. Motors used for driving pumps, compressors, centrifuge, dyers etc. 

Totally enclosed submersible and flame proof motors 

 

7. Domestic Installation (06 hrs) 

Distinction between light-fan circuit and single phase power circuit, sub-circuits,various 

accessories and parts of domestic electrical installation. Identification of wiring systems. 

Common safety measures and earthing 

 

8. Electrical Safety (04hrs) 

Electrical shock and precautions against shock, treatment of electric shock, concept of fuses 

and their classification, selection and application, concept of earthing and various types of 

earthing, applications of MCBs and ELCBs 



 

 

 

9. Batteries (02 hrs) 

Construction, charging and maintenance of lead acid batteries, maintenance free batteries 

 

10. Basic Electronics (05 hrs) 

Basic idea of semiconductors – P and N type; diodes, zener diode and their applications, 

transistor – PNP and NPN, their characteristics and uses.Characteristics and applications of a 

thyristor, characteristics and applications of stepper motors and servo motors in process 

control. 

 

LIST OF PRACTICALS 

  

1. Connection of a three-phase motor and starter with fuses and reversing of direction of 

rotation 

2. Connection of a single-phase induction motor with supply and reversing of its direction of 

rotation 

3. Charging and testing of a lead – acid battery 

4. Troubleshooting in domestic wiring system, including distribution board 

5. Connection and reading of an electric energy meter 

6. Use of ammeter, voltmeter, wattmeter, and multi-meter 

7. Measurement of power and power factor in a given single phase ac circuit 

8. Study of different types of fuses, MCBs and ELCBs 

9. Study of zener as a constant voltage source and to draw its V-I characteristics 

10. Study of earthing practices 

11. To draw V-I characteristics of a (i) NPN transistor (ii) thyristor (SCR) 

12. Study of construction and working of a (i) stepper motor and (ii) servo motor 

 

 

Assignment No. 1 

1. Mention five applications of electricity. 

2. What do you mean by electromotive force? 

3. What is the difference b/w pulsating and steady current? 

 

Assignment No. 2 

1. A coil of resistance 100 ohms is connected across a 250V supply. Calculate current 

flowing and power rating of coil. 

2. Two lamps rated 250 V, 100W are connected in parallel across 250 V calculate total 

current taken from the supply mains. 

3. What is the difference b/w emf and potential difference? 



 

 

Assignment No. 3 

1. How you define the resistance of a conductor? What are the factors upon which it     

depends? 

2. A coil of resistance 100 ohm is placed in a magnetic field of 1mWb. The coil has 500 

turns and a galvanometer of 900 ohms resistance is connected in series with it. Find the 

average e. m. f. and the current, if the coil is moved in 1/10
th

 of a second from the given 

field to a field strength of 0.2 mWb.  

3. State and explain fleming‟s right hand rule and lenz‟s law.  

Assignment No. 4 

1. Define electromagnetic induction and explain the laws of electromagnetic induction. 

2. Explain the comparison b/w magnetic & electric circuit. 

3. Compare three phase star and delta connected systems. 

Assignment No. 5 

1. What do you mean by transformer? Give its classification. 

2. Explain the construction and principle of Transformer. 

3. Explain the different types of cooling of transformer 

 

 
 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 
 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

3.4 WORKSHOP TECHNOLOGY-1 

DETAILED CONTENTS          L  T  P 

3   –   2  

 

1. Welding                     (22 hrs) 

1.1 Welding Process 

Principle of welding, Classification of welding processes, Advantages and limitations of 

welding, Industrial applications of welding, Welding positions and techniques, symbols. 

1.2 Gas Welding 

Principle of operation, Types of gas welding flames and their applications, Gas welding 

equipment - Gas welding torch, Oxy acetylene cutting torch, Blow pipe, Pressure 

regulators, Filler rods and fluxes 

1.3 Arc Welding 

Principle of operation, Arc welding machines and equipment, A.C. and D.C. arc welding, 

Effect of polarity, current regulation and voltage regulation, Electrodes: Classification, 

B.I.S. specification and selection, Flux for arc welding 

1.4 Other Welding Processes 

Resistance welding: Principle, advantages, limitations, working and applications of spot 

welding, seam welding, projection welding and percussion welding, Atomic hydrogen 

welding, Shielded metal arc welding, submerged arc welding, Welding distortion, 

welding defects, methods of controlling welding defects and inspection of welded joints. 

1.5 Modern Welding Methods 

Methods, Principle of operation, advantages, disadvantages and applications of, Tungsten 

inert gas (TIG) welding, Metal inert gas (MIG) welding, Thermit welding, Electro slag 

welding, Electron beam welding, Ultrasonic welding, Laser beam welding, Robotic 

welding 

 

2. Pattern Making                   (05 hrs) 

Types of pattern, Pattern material, Pattern allowances, Pattern codes as per B.I.S., 

Introduction to cores, core boxes and core materials, Core making procedure, Core prints, 

positioning of cores 

 

3. Moulding and Casting                   (22 hrs) 

3.1 Moulding Sand 

Properties of moulding sand, their impact and control of properties viz. permeability, 

refractoriness, adhesiveness, cohesiveness, strength, flow ability, collapsibility, Various 

types of moulding sand, Testing of moulding sand. 

3.2 Mould Making 

Types of moulds, Step involved in making a mould, Molding boxes, hand tools used for 

mould making, Molding processes: Bench molding, floor molding, pit molding and 

machine molding, Molding machines squeeze machine, jolt squeeze machine and sand 

slinger. 



 

 

3.3 Casting Processes 

Charging a furnace, melting and pouring both ferrous and non ferrousmetals, cleaning of 

castings, Principle, working and applications of Die casting: hot chamber and cold 

chamber, Investment and lost wax process, Centrifugal casting 

3.4 Gating and Risering System 

Elements of gating system, Pouring basin, sprue, runner, gates, Types of risers, location 

of risers, Directional solidification 

3.5 Melting Furnaces 

Construction and working of Pit furnace, Cupola furnace, Crucible furnace – tilting type, 

Electric furnace 

3.6 Casting Defects 

Different types of casting defects, Testing of defects: radiography, magnetic particle 

inspection and ultrasonic inspection. 

 

4. Metal Forming Processes                  (10 hrs) 

4.1 Press Working - Types of presses, type of dies, selection of press die, die material. Press 

Operations-Shearing, piercing, trimming, punching, notching, shaving, gearing, 

embossing, stamping 

4.2 Forging - Open die forging, closed die forging, Press forging, upset forging, swaging, up 

setters, roll forging, Cold and hot forging 

4.3 Rolling - Elementary theory of rolling, Types of rolling mills, Thread rolling, roll passes, 

Rolling defects and remedies 

4.4 Extrusion and Drawing - Type of extrusion- Hot and Cold, Direct and indirect. Pipe 

drawing, tube drawing, wire drawing 

 

5. Plastic Processing                    (05 hrs) 

5.1 Industrial use of plastics, situation where used. 

5.2 Injection moulding-principle, working of injection moulding machine. 

5.3 Compression moulding-principle, and working of compression moudlingmachine. 

5.4 Potential and limitations in the use of plastics 

 

LIST OF PRACTICALS 

General introduction to hand tools used in foundry, welding and pattern making and smithy shop. 

1. Welding Shop 

Job 1. Preparing gas welding joint in vertical position joining M.S. Plates 

Job 2. Exercise on gas cutting of mild steel plate with oxy-acetylene gas torch. 

Job 3. Exercise on gas welding of cast iron and brass part or component. 

Job 4. Exercise on preparation of T Joint by arc welding 

Job 5. Exercise on spot welding/seam welding 

Job 6. Exercise on MIG and TIG welding 

2. Pattern making 

Job 1.Preparation of solid/single piece pattern. 

Job 2. Preparation of two piece/split pattern 

Job 3. Preparation of a pattern on wooden lathe 



 

 

Job 4. Preparation of a self cored pattern 

Job 5.Preparation of a core box. 

3. Foundry Shop 

Job 1.Preparation of mould with solid pattern on floor. 

Job 2.Preparation of floor mould of solid pattern using cope. 

Job 3. Preparation of floor mould of split pattern in cope and drag of moulding box. 

Job 4.Moulding and casting of a solid pattern of aluminum 

Job 5. Preparing a mould of step pulley and also preparing core for the same. 

Job 6. A visit to cast iron foundry should be arranged to have first hand knowledge of cast 

iron melting pouring and casting. 

Job 7. Testing of moisture contents and strength of moulding sand. 

4. Forging Shop/Fitting Shop/Sheet Metal Shop 

Job 1.Preparation of single ended spanner by hand/machine forging. 

Job 2. Preparation of simple die 

Job 3. Demonstration of spinning process on lathe and spinning a bowl on a lathe machine. 

Job 4. Demonstration of grinding process on lathe machine and grinding a job on a lathe  

machine 

Job 5. Preparation of utility item out of G.I. sheet. 

Job 6. Preparation of drilling Jig. 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 



 

 

 



 

 

 
 



 

 

 
 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 
 



 

 

 



 

 

 
 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 
  



 

 

MECHANICAL ENGINEERING DRAWING-I 

DETAILED CONTENTS          L  T  P 

–  –    7  

1. Limits and fits                (03 sheets) 

Maximum limit of size, minimum limit of size, tolerance, allowance, deviation, upper 

deviation, lower deviation, fundamental deviation, clearance, maximum clearance, minimum 

clearance. Fits – clearance fit, interference fit, transition fit. Hole basis system, shaft basis 

system, tolerance grades, calculating values of clearance, interference, hole tolerance, shaft 

tolerance with given basic size for common assemblies like H7/g6, H7/m6, H8/p6 

 

2. Intersection of following solids:-              (02 sheets) 

(a) Cylinder with cylinder (equal and different diameters; axis at right angels) 

(b) Cylinder with cylinder (axis inclined) 

 

3. Drawing of the following with complete dimensions, tolerances, materials and surface 

finish marks. 
3.1 Universal coupling (Assembly) (01 Sheets) 

3.2 Bearings (05 sheets) 

3.2.1 Bushed Bearing (Assembled Drawing) 

3.2.2 Ball Bearing and Roller Bearing (Assembled Drawing) 

3.2.3 Plummer Block (Detailed Drawing) 

3.2.4 Plummer Block ( Assembled Drawing) 

3.2.5 Foot step Bearing (Assembled Drawing) 

3.3 Bracket (01 sheets) 

3.3.1 Wall bracket (orthographic views) 

3.4 Pulleys (03 sheets) 

3.4.1 Stepped Pulley 

3.4.2 V. Belt Pulley 

3.4.3 Fast and loose pulley (Assembled Drawing) 

3.5 Pipe Joints (02 sheets) 

3.5.1 Expansion pipe joint (Assembly drawing) 

3.5.2 Flanged pipe and right angled bend joint (Assembly Drawing) 

3.6 Lathe Tool Holder (Assembly Drawing) (01 sheets) 

3.7 Reading of mechanical component drawing (01 sheets) 

3.8 Sketching practice of bearings, bracket and pulleys. (02 sheets) 

 

4. Electrical Circuit Diagram               (01 sheet) 

4.1 Electrical circuit diagrams for house hold appliances (bulb, fan, tube, provision for plug 

and switch with voltmeter and energy meter connected in the circuit. 

4.2 Electrical connections for lathe machine 

Note:- (1) First angle projection should be followed, 20% of drawings may be prepared 

in third angle projection. 

(2) SP-46-1988 should be followed 

(3) The drawing should include discussion with tolerances, whenever necessary 

and material list as per BIS / ISO specifications. 

 



 

 

 

3.6. MATERIAL SCIENCE 

DETAILED CONTENTS          L  T  P 

3   –   2  

1. Introduction                    (07 hrs) 

Material, History of Material Origin, Scope of Material Science, Overview of different 

engineering materials and applications, Classification of materials, Thermal, Chemical, 

Electrical, Mechanical properties of various materials, Present and future needs of materials, 

Overview of Biomaterials and semiconducting materials, various issues of Material Usage-

Economical, Environment and Social. 

 

2. Crystallography                    (07 hrs) 

Fundamentals: Crystal, Unit Cell, Space Lattice, Arrangement of atoms in Simple Cubic 

Crystals, BCC, FCC and HCP Crystals, Number of atoms per unit Cell, Atomic Packing 

Factor. 

Deformation: Overview of deformation behaviour and its mechanisms, behavior of material 

under load and stress-strain. Failure Mechanisms: Overview of failure modes, fracture, fatigue 

and creep. 

 

3. Metals and Alloys                    (14 hrs) 

Introduction: History and development of iron and steel, Different iron ores, Raw Materials in 

Production of Iron and Steel, Basic Process of iron-making and steel-making, Classification 

of iron and steel, Cast Iron: Different types of Cast Iron, manufacture and their usage. Steels: 

Steels and alloy steel, Classification of plain carbon steels, Availability,Properties and usage 

of different types of Plain Carbon Steels, Effect of various alloys on properties of steel, Uses 

of alloy steels (high speed steel, stainless steel, spring steel, silicon steel) Non Ferrous 

Materials: Properties and uses of Light Metals and their alloys, properties and uses of White 

Metals and their alloys. 

 

4. Theory of Heat Treatment                  (08 hrs) 

Purpose of heat treatment, Solid solutions and its types, Formation and decomposition of 

Austenite, Martensitic Transformation – Simplified Transformation Cooling Curves various 

heat treatment processes- hardening, tempering, annealing, normalizing, Case hardening and 

surface hardening, Types of heat treatment furnaces required for above operations (only basic 

idea) 

 

5. Engineering Plastics                   (03 hrs) 

Important sources of plastics, Classification-thermoplastic and thermo set and their uses, 

Various Trade names of engg.Plastics, Plastic Coatings. 

 

6. Advanced Materials                   (03 hrs) 

Composites-Classification, properties, applications Ceramics-Classification, properties, 
applications 

 



 

 

7. Miscellaneous Materials                   (06 hrs) 

Overview of -Tool and Die materials, Materials for bearing metals, Springmaterials, Materials 

for Nuclear Energy, Refractory materials. 

 

LIST OF PRACTICALS 

1. Classification of about 25 specimens of materials/machine parts into 

(i) Metals and non metals 

(ii) Metals and alloys 

(iii) Ferrous and non ferrous metals 

(iv) Ferrous and non ferrous alloys 

2. Given a set of specimen of metals and alloys (copper, brass, aluminium, cast iron, HSS, Gun 

metal); identify and indicate the various properties possessed by them. 

3. a) Study of heat treatment furnace. 

b) Study of a thermocouple/pyrometer. 

4. Study of a metallurgical microscope and a specimen polishing machine. 

5. To prepare specimens of following materials for microscopic examination and to Examine 

the microstructure of the specimens of following materials: 

i) Brass ii)Copper iii)Grey iv)Malleable v)Low carbon steel vi)High carbon steel vii) HSS 

6. To anneal a given specimen and find out difference in hardness as a result of annealing. 

7. To normalize a given specimen and to find out the difference in hardness as a result of 

normalizing. 

8. To harden and temper a specimen and to find out the difference in hardness due to 

tempering. 

 

Assignment # 1 

1. Explain different engineering materials and applications 

2. Explain electrical and mechanical properties of material 

3. Explain thermal and chemical properties of material 

4. Explain Present and future needs of materials, 

Assignment # 2 

1. ExplainCrystal, Unit Cell, Space Lattice 

2. Explain arrangement of atoms in Simple Cubic Crystals, BCC, FCC and HCP    Crystals. 

3. Explain overview of deformation behavior and its mechanisms. 

4. Explainfailure mechanism 

Assignment # 3 

1. Explain metals and non metals. 

2. Briefly explain the process of iron and steel making. 



 

 

3. What is cast iron,explain its types? 

4. Explain effect of various alloying element 

Assignment # 4 

1. What is heat treatment explain its advantage? 

2. Explain different heat treatment process. 

3. What is case hardening and surface hardening? 

4. Explain different type of furnace. 

Assignment # 5 

1. What is of thermoplastic and thermo set and their uses? 

2. Explaincomposites materials. 

3. What are ceramics? 

4. Explain the materials for springs and dies. 

Experiment No-1 

OBJECT :- 

 To classify materials in to :- 

(i) Metals and non metals. 

(ii )Metals and alloys. 

(iii)Ferrous and non-ferrous metals and alloys. 

MATERIALS AND EQUIPMENT:- 

Material specimens, grinding wheel, magnet, hot surfaces etc. 

THEORY:- 

The given material specimens can be classified in various categories by studying properties of 

materials in laboratory. Properties are different for different materials. These properties assist 

in material identification. The various properties can be grouped as physical, mechanical and 

chemical properties. Physical properties are physically observable characteristics of materials 

as colour, luster, conductivity, density, magnetic properties, etc. Mechanical properties are the 

characteristics of a material that are displayed when a force is applied to the material. 

Hardness, ductility, wear, strength are the examples of mechanical properties, Chemical 

reactions of a material. 

PROCEDURE:- 

(i) Classification in to metals and non metals:- For the classification of specimens into metals 

and non metals following tests are performed: 



 

 

1. Lustre :-It is the shining appearance of the surface. Metals possess luster While non metals 

do not possess luster normally. The luster of freshly cut Surface of metals sometimes differs 

from the luster of old exposed surface due to oxidation of surface. So on the basis of luster, 

tentative results can be obtained. 

2. Colour :-Metals can bedistinguished from non metals by observing colourof materials. 

Copper is easily recognized by it`s yellow colour of. Following table gives colour and luster 

of different materials. 

Table:Colour and luster of common materials: 

Sr. No. Material Colour Lustre 

1. 

   2. 

   3. 

   4. 

   5. 

   6. 

   7. 

Copper 

Gold 

Silver 

Brass           

Aluminium 

Chromium 

Grey cast iron 

Yellowish red  

Yellow                     

White 

Yellowish 

White 

Silvery White 

Greyish black 

 Bright metallic 

 Bright 

 Bright                                 

 Bright 

 Bright 

Shining lustre 

 Dull lustre 

8. 

    9. 

   10. 

   11. 

   12. 

   13. 

   14. 

Stainless steel 

Polythene 

P. V. C. 

Thermocole    

Bakelite 

Rubber 

 Leather 

 Bright        

Transparent 

Transparent           

Snow white 

Deep Brown 

Black or brownish 

 Light brown 

             Bright 

 

 

 

 

 

 

3. Specific Gravity:- 

Specific Gravity of a material is difined as the ratio of specific weight of the material to the 

specific weight of water. In this test, volume of specimen is calculated .The specific gravity of 

material is calculateatedby  dividing weight of specimen by it`s volume. Out of metals 

aluminium is relatively lighter in weight and lead is heavier. Out of non-metals asbestos, 

wood, leather and cork are lighter in weight. 

Table:- Specific gravity of some common materials: 



 

 

Sr. No Element Specific gravity 

1. 

  2. 

  3. 

  4. 

  5. 

  6. 

  7. 

  8. 

  9. 

 10. 

 11. 

Aluminium 

Copper 

Silver 

Lead 

Tin 

Zinc 

Gold 

Nickel 

Lron 

Tungston 

Maganese 

  2.7 

  8.9 

  10.5 

  11.3 

  7.3 

  7.2 

  19.3 

  8.9 

  7.87 

  19.3 

  7.2 

 

4. Sound Test:-This test is performed on a specimen of standard shape and size. The specimen, 

when struck with a hammer or dropped on groud, produces sound. The sound produced is 

different for different materials. Following types of sound are produced. 

Sound Produced Specimens 

Dull Sound 

Ringing sound 

Slight Ringing sound 

Very dull sound 

Aluminium, lead, copper 

Gun metal 

Brass , bronze, mild steel. 

Cast iron, non metals. 

5. Spark Test: In spark test material to be tested is held against the rotating grinding wheel. 

Some materials produces sparks for some common materials.  Spark pattern of specimen is 

compared with standard spark pattern and thus identification is done.  



 

 

 

 

(ii) Classification in to metals and alloys: For the classification of materials into metals 

and alloys following tests are conducted – colour test, specific gravity test, hardness 

test and strength test. Colour and specific gravity tests have to be conducted as 

explained earlier. 

(a) Hardness Test:-Hardness is the property of material by virtue of which it offers  

resistance to    indentation, penetration and scratching. Brinell hardness test is 

conducted on   specimens. Pure metals have lower hardness and alloys generally have 

higher hardness. 

(b) Strength Test:-Tensile test is performed to determine strength and ducility of 

specimens. In this test straining of test piece is under tensile stress, The results 

obtained are compared and thus metals and alloys can be classifind. 

Sr. 

No 

Metal or Alloy Tensile Strength 

(at ultimate point) 

Kg/mm2 

B. H. N. 

 1. 

 2. 

Copper (annealed) 

Copper (cold – brawn) 

22.40 

39.20 

47 

104 



 

 

 3. 

 4. 

 5. 

 6. 

 7. 

Aluminium 

Gray cast iron 

Monel metal (Ni + cu) 

Brass (70 – 30, annealed) 

Brass(70 – 30, cold worked) 

8.75 

14.0-42.0 

63.0 

32.2 

64.4 

 

21-24 

150-225 

166 

70 

170 

 

(iii) Classification into ferrous and non-ferrous materials:- 

To classify material specimen into ferrous and ferrous materials, magnet is used. 

Specimens are brought  near the magnet. lron, nickel, cobalt etc are ferrous materials 

as these are attracted by magnet. Some materials are repelled 

By magnet, known as diamagnetic materials e. g. bismuth, silver, copper and 

gold.Non magnetic materials by magnet. 

OBSERVATION TABLE: 

Sr. No Tests Samples 

1 2 3 4 5 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Colour Test 

Lustre Test. 

Spark Test. 

Specificgravity Test 

Sound Test. 

Hardness Test. 

Strength Test. 

Magnet Test. 

     

CONCLUSION:- 

From the above tests material specimens can be classified in to metal – nonmetal, metal – 

alloy and ferrous-nonferrous materials 



 

 

Experiment No-2 

OBJECT:- 

Given a set of specimen of metals and alloys (copper, brass, aluminum, cast iron, high speed 

steel and gun metal), identify and indicate the various properties by them. 

MATERIALS AND EQUIPMENT:- 

Specimens of given metals and alloys, magnet, file, bench grinder .etc. 

PROCEDURE: 

The given material specimens can be identified by studying properties of materials. Various tests 

as colour, luster, spark, specific gravity, sound test, magnet test etc. are performed on each 

specimen and with the help of these properties, identification of metal is done. The procedure of 

these tests have been explained in experiment number-1 

Sr. 

No 

Tests Observations 

Sample1 Sample2 Sample3 Sample4 Sample5 Sample6 

1. 

 

 

 

2. 

 

 

3. 

 

 

 

4. 

 

Colour Test 

 

 

 

Spark Test 

 

 

Magnet 

Test 

 

 

Sound Test 

 

Reddish 

brown 

 

 

No 

sparks 

 

Not 

attracts 

 

 

Dull 

ringing 

 

Red 

Yellow 

 

 

 

No sparks 

 

 

Not 

attracts 

Slight 

ring 

Easy to 

file, 

 

White 

 

 

 

No 

spark 

 

Not 

attracts 

 

 

Dull 

ringing 

 

Grey 

 

 

 

As shown 

in spark 

chart 

Attracts 

 

 

 

Very dull 

 

 

Medium 

grey 

 

 

As shown 

in chart 

 

Attracts 

 

 

 

Low ring 

 

 

Reddish 

yellow 

 

 

No spark 

 

 

Not 

attracts 

 

 

Ringing 

(Bell 

Like) 



 

 

 

5. 

 

 

Sound With 

 

filings 

 

yellow 

filings 

Easy to 

file 

white 

filings 

Black 

powder 

 

Resistant 

to file, 

fine 

Not very 

easy to 

file, 

reddish 

yellow 

filings 

 Conclusion Copper Brass Alumini

um 

Cast iron H. S. S. Gun 

metal. 

 

PROPERTIES:-The properties of given material specimens are given inchapters Ferrous 

materials and Non-ferrous materials. They can be reproduced here. 

CONCLUSION: The given set of specimens of metals and, is identified. 

Experiment No-3 

OBJECT:- 

(a) Study of heat treatment furnace 

(b) Study of thermocouple/pyrometer 

EQUIPMENT:- 

Heat treatment furnace, thermocouple and pyrometers. 

(a) HEAT TREATMENT FURNACE: 

Heating of steel for the purpose of annealing, hardening and tempering is carried out in heat 

treatment furnaces. On the base of heat transfer media furnaces may be classified as- 



 

 

1. Furnace, having liquid heat transfer media 

2. Furnace, having gaseous heat transfer media 

3. Electric furnace. 

Salt bath and molten metal bath are the examples of furnace having liquid heat transfer media. 

These furnaces provide uniform temperature around specimen. Molten metal bath provides rapid 

heating rate. Furnaces having gaseous heat transfer media are useful for age hardening and 

tempering of steel nuts and bolts. Electrical furnaces are used for rapid heating. In these furnaces 

controlled atmosphere is maintained. 

Constructional Features:- 

The heat treatment furnace available is suitable for small experiment jobs. A door is provided 

which can be oprated by means of a steel handle. The door is provided with a peep hole. Colour 

of heat inside the furnace can be seen through this hole. Inside the furnace, insulator lining is 

provided. This prevents loss of heat. 

Following types of furnaces are commonly used in jobs- 

1. Box type furnace. 

2. Pit type furnace. 

1. Box type furnace. 

The shape of this type of furnace is like a box. Body is made of mild steel. These are electrically 

heated furnaces having heating element of chromium or nickel wire. Supply current, having 

400V,3 phase and 50Hz frequency, is used for these furnaces. In the interior of the furnace 

refractory bricks are fixed with the help of fire clay. The furnace is provided with an inspection 

hole in the door. A thermocouple is provided for temperature measurement. To regulate inside 

temperature a thermostate is provided. On one side of furnace body there is a cut out switch, 

which is operated by door handle. This is a provided to ensure the safely of worker. On the 

control panel two are provided. Out of these two, one is movable and other idle. With the help of 

idle pointer required range of temperature is set. The movable pointer indicates the instantaneous 

temperature of the furnace. 



 

 

 

Fig.2. Box type furnace. 

2. Pit type furnace:                           

This is a electrical heating type furnace in which coiled wire is used as heating element. Air 

circulation is provided to ensure uniform heating. The operating temperature of these furnaces 

varies from 100 to 700
0
C.These furnaces are used for heat treating, age hardening of alloys and 

for tempering steel specimens. In this furnace the charge is kept inside the workspace. Heat is 

provided through heating element. To deflect heat all around the charge, a centrifugal fan is 

provided. 

 

Fig.2.Pit type furnace. 

Precautions:- 



 

 

1. While placing in or taking out specimen from the furnace, safety gloves and fire tongs must be 

used. 

2. Tong should be dry and should grip the specimen firmly. 

(b) THERMOCOUPLE:- 

Thermocouple is a device which is used to measure temperature. When two dissimilar metals are 

joined together at the ends and one junction is heated and the other is kept at a constant 

temperature, a small amount of electric current flows in the circuit. This phenomenon is called 

seebeck effect. Some of these metals indicating this effect are Bi, Ni, Pt, Cu, Rh, Fe, Sb etc. 

     The magnitude of the electric current depends upon the difference of temperature of two 

junctions and also upon the metal used to make this circuit. 

Construction and working:- 

In thermocouple the junction placed inside the furnace at high temperature is called hot junction. 

It is made up of two wires welded together. The two elements of couple are put in a protective 

tube of porcelain. The element wires passes through the cap of the tube are matched to the 

terminal. 

      A sensitive galvanometer is connected to the hot junction, by means of lead wire. The 

galvanometer actually measures the current flowing through the circuit. There is a definite 

relationship between current flowing in circuit and temperature difference between hot junction 

and cold junction. Accordingly the scale of galvanometer is calibirated to give temperature in 

degrees. 

 

Fig. 4.Thermocouple. 

 



 

 

 

Fig. 4. Thermocouple. 

Precautions:- 

1. Cold junction should be kept away from furnace. 

2. A thicker gauge wire should be used to reduce line resistance. 

3. If thermocouple is inserted in the molten metal, the depth of immersion should be sufficient 

Pyrometer:- 

Pyrometer is an instrument, used to measure very high temperature. The pyrometers are of two 

type- 

1. Total radiation pyrometer 

2. Optical pyrometer 

1. Total Radiation Pyrometer:- 

 

In total radiation pyrometer the radiation from source are focussed on some sensing element. 

Lens is used for focusing radiations. The heat radiation from temperature source are 



 

 

concentrated on the thermocouple after passing through the objective lens and the absorption 

filter. The objective lens is used to focuss the heat radiation. The e.m.f. thus produced is 

measured by milivolmeter. The scale of milivolmeter is calibirated to give readings in terms of 

temperature. 

 

 

Fig.5. Total Radiation Pyrometer. 

2. Optical Pyrometer:- 

 In optical pyrometer, the light emitted from a source is compared with the light inside the 

furnace. Light coming from furnace is matched with glow of standard filament lamp by 

verying the resistance provided in the circuit. When matching is completed the current flowing 

in the circuit can be read on the ammeter. The ammeter dial. In the beginning, filament will 

dark as compared to the background which is bright due to heat of furnace. By verying the 

resistance in filament circuit, more and more current is fed into it, till filament becomes 

equally bright as the back ground. Current flowing in the filament is measured with the help of 

ammeter which gives the value of temperature as it is calibirated for temperature. 

 

Fig. 6.Optical Pyrometer. 

 



 

 

 

Fig.7. Appearance of filament at various temperatues. 

Some of the colours are given in table with their temperature. 

Table: Temperature-colour table. 

Sr.no. Colour   Temperature(
0
C) 

    1. 

    2. 

    3. 

    4. 

    5. 

    6. 

    7. 

    8. 

    9. 

   10. 

   11. 

   12. 

Dark blue 

Very dark blue 

Deep blue 

Dark red 

Dull cherry red 

Bright cherry red 

Orange cherry red 

Orange red 

Orange yellow 

Yellow 

White 

Brilliant white 

                299 

                316 

                400 

                700 

                800 

                900 

               1000 

               1100 

               1200 

               1300 

               1400 

               1500 

 

Experiment No-4 

OBJECT: 

Study of metallurgical microscope and diamond polishing machine. 

EQUIPMENT:- 

Metallurgical microscope is the equipment which is used for observing the microstructures of 

properly prepared metallic specimens. The study of meatals at high magnification is carried out 

with the help of metallurgical microscope. Grain size, segregation, distribution and mode of 

occurrence of phases and non metallic inclusions-such at slags, sulphides etc. are the structural 

characteristics which are studied in microstructures. 



 

 

Principle:-           

The metallurgical microscope differs from the biological microscope. Biological microscopes are 

used for viewing transparent objects while the metallurgical microscope is used for viewing 

opaque specimens. In this microscope, light from a lamp is through on the specimen, through the 

objective. The light is reflected from various grains and grain boundaries of the metallic 

specimen. The microstructure of the grains and their boundaries is viewed through the metallic 

piece, after proper magnification. This magnification depends upon the various combinations of 

lenses used 

 

Fig.8.Ray diagram for working of a metallurgical microscope. 

Construction: 

Two different types of metallurgical microscopes are shown in figure. The lowest portion of 

metallurgical microscope is called base, which supports all the other parts. Arm (in case of 

movable stages metallurgical microscope) or frame in case of simple metallurgical microscope) 

is main casting, which is fixed on base. It supports all other parts of the microscope. Coarse 

adjustment knob is circular in shape and is fixed on the arm or base. It is primarily used for 

rough focusing of the specimen. The view which had already been roughly focused by the coarse 

base and the objectives. It holds the specimen to be viewed. On the top of microscope eyepiece is 

fitted. It is used for viewing the specimen. Objective is composed of a number of separate lens 

elements, which behave as a positive and conversing type of lens system. 



 

 

 

                        Fig.9. (a) A simple metallurgical microscope 

 

(b) Movable stage metallurgical microscope 

Working Procedure:- 

1. Switch on the source of light. 

2. Place the specimen on table. 

3. With the help of turret bring the objective with proper magnification in line with specimen. 

4. Adjust the lenses with the help of coarse adjustment knob, so that micro-struture is seen 

clearly through the eye piece. 

5. Get sharp view of micro-structure by adjusting knob. 



 

 

Precautions:- 

1. Do not touch glasses lenses with fingers. Clean the lenses properly before viewing the 

specimen.  

2. For focusing, fine focusing should be done only after coarse focusing have been done. 

3. Adjustment knobs should be operated slowly. 

4. Surface of test piece should be clean. 

5. Screws must be moved in one direction only avoid backlash error. 

B. DIAMOND POLISHING MACHINE:- 

Diamond polishing machine is used for polishing specimen to get mirror like surface, which is 

perfectly flat and without scratches. Rough polishing is carried out by abrasive 

Papers of increasing fineness, while fine polishing is carried out on the polishing machine. 

Principle:- 

Fine polishing is carried out on polishing machine having rotating polishing disc. This disc is 

covered with polishing cloth and fine abrasive paste is applied on it. The specimen is held firmly 

and pressed gently against the rotating disc. Polishing is done till the scratch free and mirror like 

surface is obtained. 

Construction:- 

The diamond polishing machine consists of circular shaped base plate. Diamond polishing disc is 

mounted on this base plate. There plugs of disc are fitted in the there holes of the base plate. The 

disc is covered with polishing cloth. Polishing cloth is held tightly with the help of clamping 

device. The cloths commonly used are selvyt, chiffon velvet, micro cloth etc. Water alcohol 

soluble paste is used for metallographic polishing. Emulsified oil especially suited for polishing 

of copper and aluminum. 

 

 



 

 

Working Procedure:- 

The specimen on which polishing have to be done, should be properly ground. On the upper 

surface of the polishing cloth, abrasive paste should be applied. The specimen is held rigidly and 

rubbed on the polishing cloth in a circular motion. Specimen is then viewed under microscope 

and if surface is not mirror like the polishing procedure be repeated till required surface finish is 

obtained. 

Precautions:- 

1. Specimen should rub on cloth only after applying abrasive paste. 

2. During rubbing excessive pressure should not apply upon specimen. 

3. After polishing specimen should be cleaned with a cleaning agent specimen. 

4. Avoid too much heat being generated during and polishing. Excessive heat may change the 

microstructure. 

5. The polishing surface should not touch. This may cause the finger prints on the surface. 

 

Experiment No-5 

 OBJECT:- 

To prepare specimens of following materials for microscopic examination and examine the 

microstructures of the specimens of the following materials. 

(1)  Brass 

(2)  Copper 

(3)  Gray cast iron 

(4)  Malleable cast iron 

(5)  Low carbon steel 

(6)  High carbon steel 

(7)  High speed steel 

EQUIPMENT:- 

Specimens, cutting machine, grinding machine, polishing machine, metallurgical microscope, 

enchants etc. 

PROCEDURE:- 

Microscope examination involves the study of structural characteristics ac grain size, 

segregation, distribution and mode of occurrence of different phases of properly prepared 

metallic specimens. Preparing metallic specimen and viewing it under the microscope, to 

determine its microstructure, involves following steps. 



 

 

1. Cutting off the material from stock  

2. Wet grinding 

3. Diamond polishing 

4. Etching 

5. Washing, and rinsing 

6. Microscopic examination 

1. Cutting off the material from stock:- 

The specimen is cut off by means of an abrasive cut machine from stock. The specimen may be 

round or square from 15 to 25 mm span and of approximately 15 mm height. An abrasive cut off 

machine consists of a cutting wheel. The wheel is rotated at high speed. A provision is made to 

cool the specimen during cutting operation. 

2. Wet Grinding:- 

The specimen cut by abrasive cut off machine is ground over silicon carbide papers. These 

papers are mounted on wet grinding apparatus. The specimen should be ground first in one 

direction for a minutes and then in the direction 90
0
 to the previous one. Abrasive papers of 

different grades are used. As the grade number increases, the grinding becomes finer. Water is 

sprayed on the surface of abrasive paper to wash away the small particles removed during 

grinding. 

3. Diamond Polishing:- 

To remove fine cratches from the surface of specimen fine polishing is done on diamond 

polishing machine. The specimen is held rigidly and rubbed on the polishing cloth in a circular 

of polishing pastes are diamond dust, aluminum, magnesium oxide and alumina. Specimens is 

cleaned with sprit and dry it with cotton. 

4. Etching:-  

After getting mirror like surface, it is checked under microscope. There should not be line or 

spot. The structure of the metallic matrix is developed by etching the polished surface. Etchant is 

applied on specimen with cotton and rubbing is carried out for sometime. The specimen is 

cleaned with dry cotton and viewed under microscope. Following table gives some etching 

reagents and materials with which these are used. 

Sr.No 
Material of 

specimen 
Etching Reagent Composition. 



 

 

   1. 

 

 

   2. 

 

 

   3. 

 

 

   4. 

 

 

   5. 

 

 

   6.  

Iron and steel 

 

 

Stainless steel 

 

 

Copper 

 

 

Brass, Bronzes, 

German Sillier 

 

Ammonium alloys 

 

 

 Tin 

Two percent Nital 

 

 

Marble‟s reagent 

 

 

Ferric chloride 

 

 

Ferric chloride 

 

 

Sodium hydroxide 

 

Ammonium 

peroxydisulphate 

2 % Nitric acid 

98 % Ethylacohal 

 

CuSO4-4gm,HCl acid-20cc, 

Water 20 cc. 

 

Ferric chloride 15 cc, cone, 

Hcl acid-30cc, Water-200 cc. 

 

Ferric chloride 10 gm, Hcl 

Acid 30 cc, Water 120 cc. 

 

Sodium hydroxide 10 gm, water 

100 cc. 

 

1 %(N H2)2 S2O8, 100 cc, water 

 

 

5. Washing and rinsing:-After etching, the metal specimen is properly washed in pure running 

water. This removes the etchant and other impurities. 

6. Microscope examination:- 

The prepared specimen is placed on the mechanical stage of metallurgical microscope; and 

microstructure is studded for various phases involved, grain size, impurities etc. 

OBSERVATIONS:-                      

Material: ………………………………………. 

 



 

 

Typical Composition: …………………………. 

 

Specimen no. : …………………………………   

 

Magnification. : ……………………………….. 

 

Etchant. : ……………………………………… 

 

Structure. :…………………………................... 

 

…………………………………………………. 

 

 

Material: ……………………………………….. 

 

Typical Composition: …………………………. 

 

Specimen no. : …………………………………   

 

Magnification. : ……………………………….. 

 

Etchant. : ……………………………………… 

 

Structure. :…………………………................... 

 

…………………………………………………. 

 

Material: ……………………………………... 

 

Typical Composition: …………………………. 

 

Specimen no: …………………………………. 

 

Etchant: ………………………………………. 

 

Structure: ……………………………………... 

 

…………………………………………………. 

 



 

 

PRECAUTIONS:- 

1. The specimen should ground 900 to the previous one till the marks of grinding in earlier 

direction are completely wiped off. 

2. During diamond polishing, excessive pressure should not apply on specimen. 

3. Avoid too much heat generation during grinding as it may change the microstructure 

4. Polished surface should not touch with fingers. 

5. Apply abrasive should frequently to the polishing cloth. 

6. Microscope should handle very carefully. 

Experiment No-6 

OBJECT:- 

To anneal a given specimen and find out difference in hardness as result of annealing. 

MATERIALS AND EQUIPMENT:- 

Carbon steel specimens, box type heat treatment furnace, Rockwell hardness testing machine, 

pair of tongs, quenching bath etc. 

THEORY:- 

Heat treatment may be defined as a sequence of heating and cooling operations designed to get 

the desired combination of properties. Before heating, microstructure of steal consists of ferrite, 

pearlite and changes to austenite. This transformation is completed at higher critical temperature. 

After the formation of austenite, steel is cooled at a definite cooling rate according to desired 

properties. At higher cooling rate formation of banite and martensite, takes place whereas slow 

cooling rate leads to formation of ferrite and cemenitite. 

         Annealing is a softening process which is done to reduce hardness or to relive internal 

stresses. In this process hypo- eutectoid steels are heated up to (Ae3+50)
0
C and hypereutectoid 

steels upto (Ae1 +50)
0
c. After heating steel is held at this temperature for some time and then 

slow cooling is done. 

Procedure:- 

Harding of specimen is done in to the furnace having a temperature of 820
0
 c (for specimen 

having 0.6 % c), keeps the specimen at this temperature for about 30 minutes.  With the help of 

tong, remove them and quench them in a quenching bath having 10 % sodium chloride brine 

solution. After drying the specimen measure hardness by Rockwell hardness tester. Now put the 



 

 

specimen at 8200 c in furnace for 30 minutes. Now let the specimen cool in the furnace about 

700
0
 c. Removes the specimen and put it in ashes to reduce cooling rate. When temperature of 

specimen reches at room temperature measure Rockwell hardness. 

OBSERVATIONS:- 

1. For hardening of specimens:- 

Specimen 

    No 

 

Rockwell Hardness 

(Before heat treatment) 

Rock well hardness after heat treatment.    

 

   1 

 

 2 

 

3 

 

   Average value 

 

 

2. Heat Treatment of hardened specimens:- 

Specimen 

    No 

 

Rockwell Hardness 

(Before heat treatment) 

Rock well hardness after heat treatment.    

 

   1 

 

 2 

 

3 

 

   Average value 

 

 

 

Experiment No-7 

Object: 

To normalise a given specimen and to find out difference in hardness as a result of normalizing. 

Materials And Equipment:  

Carbon steel specimens, box type heat treatment furnace, Rockwell hardness testing machine, 

pair of tongs, quenching bath etc. 

Theory: 



 

 

Heat treating may be defined as a sequence of heating and cooling operations designed to get 

the desired combination of propreties. Before heating, microstructure of steal consists of 

ferrite, pearlite and cementite. During heating changes in structures take place. At lower 

critical temperature, pearlite changes to austenite. This transformation is completed at higher 

critical temperature. After the formation of austenite, steel is cooied at a definite cooling rate 

according to desired properties. At higher cooling rate formation of bainite and martensite, 

take place whereas slow cooling rate leads to formation of ferrite and cementite 

Normalasing is a process of heating steel to austenite phase and cooling it in air. Air cooling 

provides faster cooling rate than furnace cooling. Normalizing is done to eliminate coarse 

grained struction by homogenizing the microstructure. 

PROCEDURE: 

Hardening of specimen is done in to the furnace having a temperature of 820
0
C (for specimen 

having 0.6%C), keeps the specimen at this temperature for about 30 minutes. With the help of 

tong, remove them and quench them in a quenching bath having 10% sodium choride brine 

solution. After drying the specimen measure hardness by Rockwell hardness tester. Now put 

the specimen at 820
0
C infurnace for a period of 30 minutes  

For normalizing put this specimen into furnace at a temperature of 8200 C for 25 to 35 

minutes. Remove the specimen from furnace and cool it to room temperature in still air. After 

cleaning measure hardness. 

Observation: 

1. For hardening of specimens:  

 

 

 

2 heat treatment of the hardened specimens:  

  

 

Precautions: 

1. While placing in or taking out the specimen from the furnace, use safety gloves and fire 

tongs.  

2. Tongs should be dry and should grip the piece firmly.  

3. Never operate the furnace bare footed. 

4. Heating of specimen should be done up to the temperature required. Overheating may spoil 

specimens.  

 

specimens Rock well hardness Rock well hardness after heat treatment. 

No (Before heat 

treatment) 

1 2 3 Average value 

specimen Rock well hardness Rock well hardness after heat treatment. 

No (before heat 

treatment) 

1 2 3 Average value 



 

 

Experiment No- 8 

Object: 
         To temper a specimen and to find out difference in hardness due to tempering  

MATERIALS AND EQUIPMENT: 

         Carbon steel specimens, box type heat treatment furnace, Rowell hardness testing machine, 

pair of tongs, quenching bath etc. 

THEORY: 

Heat treatment may be defined as a sequence of heating and cooling operations designed to get 

the desired combination of properties. Before heating microstructure  of steal consists of ferrite 

,pearlite and cementite.During heating  changes in structures take place .At lower critical 

temperature ,pearlite changes to austenite .Steel is cooled  at a definite cooling rate according to 

desired properties .At higher cooling rate formation of banite and martensite ,take place  whereas 

slow cooling rate leads to formation  of ferrite and cementite .              

Normalising  is a process of heating steel to austenite phase and cooling it in air .Air cooling 

provides faster cooling rate then furnace cooling.Normalising is done to eliminate coarse grained 

structure obtained during rolling ,forging etc. and to modify cast dendritic structure and readuce 

segregation by homogenizing  the  microstructure. 

         Tempering is achieved a previously hardened steel to a temperature below the lower critical 

temperature and cooling back to room temperature. Tempering temperature varies form 100
0
 C 

to 680
0
 C depending on requirements. Steels are tempered for 1 to 2 hour. 

PROCEDURE: 

Hardening of specimen is done in to the furnace having a temperature of 820
0
C (for specimen 

having 0.6%C), keeps the specimen at this temperature for about 30 minutes. With the help of 

tong, remove them and quench them in a quenching bath having 10% sodium chloride brine 

solution. After drying the specimen measure hardness by rock well hardness tester. Now put the 

specimen at 820
0
C in furnace for a period of 30 minutes. 

         For tempering put this specimen into furnace at 400
0
 C for 30 minutes. Remove it from 

furnace and quench it in the quenching bath.  Clear it and measure it
‟
s hardness.  

OBSERVATION: 

1. For hardening of specimens: 

 

specimens Rock well handers Rock well hardness after heat treatment. 

No (Before heat 

treatment) 

1 2 3 Average value 



 

 

2.heat treatment of the hardened specimens:  

 

 

PRECAUTION: 

1. While placing in or taking out the specimen from the furnace, use safety gloves and fire 

tongs. 

2. Tongs should be dry and should grip the piece firmly. 

3. Never operate the furnace bare footed. 

4. Heating of specimen should be done up to the temperature required. Overheating may spoil 

specimens. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

specimen Rook well hardrce Rock well hardness after heat treatment. 

No (before heat 

treatment) 

1 2 3 Average value 



 

 

ECOLOGY AND ENVIRONMENTAL AWARENESS CAMP 

A diploma holder must have knowledge of different types of pollution caused due to industries 

and constructional activities so that he may help in balancing the eco system and controlling 

pollution by pollution control measures. He should also be aware of environmental laws related 

to the control of pollution. This is to be organized at a stretch for 3 to 4 days. Lectures will be 

delivered on followingbroad topics. There will be no examination for this subject. 

1. Basics of ecology, eco system and sustainable development 

2. Conservation of land reforms, preservation of species, prevention of advancement of deserts 

and lowering of water table 

3. Sources of pollution - natural and man made, their effects on living and non-living 

organisms 

4. Pollution of water - causes, effects of domestic wastes and industrial effluent on living and 

non-living organisms 

5. Pollution of air-causes and effects of man, animal, vegetation and non-living organisms 

6. Sources of noise pollution and its effects 

7. Solid waste management; classification of refuse material, types, sources and properties of 

solid wastes, abatement methods 

8. Mining, blasting, deforestation and their effects 

9. Legislation to control environment 

10. Environmental Impact Assessment (EIA), Elements for preparing EIA statements 

11. Current issues in environmental pollution and its control 

12. Role of non-conventional sources of energy in environmental protection 

 

 

ENVIRONMENTAL STUDIES 

 

DETAILED CONTENTS 

1. Basics of ecology, eco system and sustainable development. 

2. Conservation of land reforms, preservation of species, prevention of advancement of deserts 

and lowering of water table 

3. Sources of pollution - natural and man made, their effects on living and non-living 

organisms 

4. Pollution of water - causes, effects of domestic wastes and industrial effluent on living and 

non-living organisms 

5. Pollution of air-causes and effects of man, animal, vegetation and non-living organisms 

6. Sources of noise pollution and its effects 

7. Solid waste management; classification of refuse material, types, sources and properties of 

solid wastes, abatement methods 

8. Mining, blasting, deforestation and their effects 

9. Legislation to control environment 

10. Environmental Impact Assessment (EIA), Elements for preparing EIA statements 

11. Current issues in environmental pollution and its control, Global warming, Green house 

gases, non-conventional sources of energy, introduction to clean technology. 

12. Introduction to Green buildings, site selection, material efficiency, energy efficiency, water 

efficiency, building form. 

13. Role of non-conventional sources of energy in environmental protection 


