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PART A 

  I (1) 

PRECISION INSTRUMENTS  

 It possesses high degree of accuracy and is able to measure parts within accuracy of 0.01 mm 

or more. 

(2) 

TYPES OF FLUXES 

 Halide Fluxes (CaF2-NaF) 

 Oxide Fluxes (MnO-SiO2 , FeO-MnO-SiO2) 

 Halide -Oxide Fluxes (CaF2-CaO-Al2O3) 

 Cellulose coating 

 Rutile coating 

 Iron oxide coating 

(3) 

 Simple cubic structure 

 Body centered cubic structure (BCC) 

 Face centered cubic structure (FCC) 

 Hexagonal closed packed structure (HCP) 
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(4) 

RISER 

 A riser is a passage made in the cope through which the molten metal rises after the mould is 

filled up. (It is also called as feeder head.) It serves the following functions. 

1. Its primary function is to feed the molten metal to the casting, to compensate the shrinkage 

during solidification. 

2. It permits the escape of air and mould gases, 

3. Risers promote directional solidification 

4. A riser with full of molten metal applies sufficient feeding pressure and also indicates that 

the mould is completely filled. 

(5) 

1. Wood 

2. Metal 

3. Plaster 

4. Plastics 

5. Wax 

PART B 

(1) 
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(2) 

TYPES OF GAUGES 

 Plug gauges 

 Ring gauges 

 Snap gauges 

 Thread gauges 

 Form gauges 

(a) Screw pitch gauges 

(b)  Radius and fillet gauges 

 Thickness gauges 

(a) Slip gauges 

(b) ) Feeler gauges 

(c) Standard wire gauges 

 Indicating gauges 
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(3) 

 

(4) 

TYPES OF WELDING FLAMES 

NEUTRAL FLAME 

 This flame burns equal quantities of oxygen and acetylene 

 lt has an inner luminous cone and an outer envelope of bluish colour. 

 This flame is used for welding most of the common metals like steel, cast iron, stainless steel, 

copper and aluminium etc. 

CARBURIZING FLAME 

 By burning excess of acetylene we get a carburizing flame. 

 In this flame, there are three zones-between the luminous cone and the outer bluish 

envelope there is another cone having whitish colour. 

 This flame is used in welding monel metal, nickel, high carbon steel etc  
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OXIDIZING FLAME 

 This flame burns excess of oxygen than acetylene. 

 It is Similar to neutral flame but the inner cone is less luminous and shorter. The flame has an 

oxidizing effect on metals. 

 Therefore it is useful only for the welding of brass, bronze and for brazing of zinc coated 

sheets. 

(5) 

CRYSTAL STRUCTURE FOR METALLIC ELEMENTS 

 The crystals of most metals have highly symmetrical structure.  

1. Body Centred Cubic Structure (BCC) 

2. Face Centred Cubic Structure (FCC) 

3. Hexagonal Close Packed Structure (HCP) 
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BODY CENTRED CUBIC STRUCTURE (BCC) 

 Atoms are located at the corners of the cube and one atom at its centre. 

 Found in metals like lithium, sodium, potassium, barium, vanadium etc. 

 Total No of atoms = 2 

FACE CENTRED CUBIC STRUCTURE (FCC) 

 Atoms are located at the corners of the cube and one atom at the centre of each face. 

 Found in metals-like copper, silver, gold, aluminium, lead etc. 

 Total No of atoms = 4 

HEXAGON CLOSE PACKED STRUCTURE (HCP) 

 In this type of structure, an atom is there at each of the twelve corners of the hexagonal cell, 

one atom at the centre of each of two hexagonal faces and three atoms in the body of the 

cell. 

 This type of unit cell is found in metals like zinc, magnesium, lithium, beryllium etc. 

 Total No of atoms = 6 
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(6) 

HOT WORKING OF METALS 

 Mechanical working of metals above recrystallization temperature is termed as 'hot working. 

ADVANTAGES 

 Porosity of the metal is mostly eliminated 

 Since the metal is worked above recrystallization temperature refinement of grains (crystals) 

occurs. 

 Impurities in the form of inclusions are broken up and distributed through the metal. 

 Physical properties are improved due to refinement of grains.  

 Energy required to change the shape is less compared to cold working 

 It is a rapid and economical process. 

DISADVANTAGES 

 Close tolerances cannot be maintained. 

 Tooling and handling cost is high. 

 Rapid oxidation or scale formation takes place on surface, leading to poor surface finish. 

 Tool life is reduced as the tools have to work at high temperatures. 

(7) 

The common types of patterns are 

(1) Solid or single piece pattern  

(2) Split pattern  

(3) Match plate pattern  
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(4) Loose piece pattern  

(5) Gated pattern  

(6) Sweep pattern  

(7) Segmental pattern  

(8) Shell pattern  

(9) Follow board pattern  

(10) Skeleton pattern  

(11) Master pattern  

PART C 

UNIT 1 

III (a) 

OUTSIDE MICROMETER 

 

 It is used for measuring the outside dimensions of the job, such as diameter of rod, thickness 

of steel plates, etc. 
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 Usually the pitch of the micrometer is 0. 5mm, ie, in one rotation of the thimble, the spindle 

advances by 0.5mm. 

 The barrel (sleeve) is graduated in millimeters from 0 to 25mm. 

 The thimble is graduated in to 50 divisions 0 to 50 in clockwise direction 

 Least count= 0. 01 mm. 

 

III (b) 

PNEUMATIC COMPARATOR 

 It works on the principle of pressure difference generated by the air flow. 

 Air is supplied at constant pressure through the orifice and the air escapes in the form of jets 

through a restricted space which exerts a back pressure. 

 The excess air is passed to the water tank through dip tube. 

 This air is moves to the manometer and pushes downwards liquid in the manometer. 

 The variation in the manometer pressure is then used to find the dimensions of a 

component. 
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OR 

IV (a) 

PLUG GAUGES 

 

 Plug gauges are used for checking holes of different sizes and shapes.  

 Plug gauges for straight cylindrical holes, tapered, threaded, splined holes square and are 

available. 

 These gauges may be either single ended or double ended. 

 Double ended plain gauge have Go' and 'No Go members opposite ends,  

 Whereas progressive gauge have both gauging sections combined on one end. 

RING GAUGES 

 Ring gauges are used for checking external diameters. 

 They are used in pairs, "Go' and No Go'.  
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 They are commonly used for inspection/ checking of the shafts. 

 

SNAP GAUGES 

 Snap gauges are used for checking plain external dimensions.  

 They are may be solid and progressive, or adjustable or double ended. 

 Most gauges provided with 'Go' and No Go features in a single jaw.  

 Shafts are mainly checked by snap gauges. 
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IV (b) 

REED TYPE MECHANICAL COMPARATOR 

 

Components: 

 Reeds (Two horizontal, Two vertical) 

 Blocks( Fixed Block, Floating Block) 

 Plunger(Spindle) 

 Pointer 

 Scale 

Working 

 Out of four reeds, two placed vertically (D) and two placed horizontally connected between 

the two blocks (A and B). 

 ‘A’ block is fixed block, whereas ‘B’ block is floating Block. 

 Out of the two vertical reeds Left vertical reed is Fixed and the right vertical is movable and 

which is connected to the block ‘B’. 

 The Floating block connects to the plunger. 
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 As the plunger moves upside, then the floating blocks (B) moves upside as well, and the 

vertical Reed on the right side will move upside gradually and the pointer starts deflecting on 

the scale. 

MODULE 2 

V (a) 

ARC WELDING EQUIPMENT AND ACCESSORIES 

 

Welding equipment 

 The power source (welding machine), which may provide (i) alternating current (AC)- welding 

transformer or (ii) direct Current (DC)- welding generator. 

Accessories 

 The welding lead cable  

  Electrode holder 

 The welding return cable (not earth lead) 
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  clamp  

 The welding earth. 

Safety devices 

 Welding screen 

 chipping goggles 

 leather apron 

 hand gloves 

 Safety boots, etc. 

Tools 

 Chipping hammer 

 wire brush 

 tongs 

 files, etc. 

V (b) 
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OR 

VI (a) 

TIG WELDING PROCESS 

 TIG (tungsten inert gas) welding, also known as gas tungsten arc welding (GTAW) 

 It uses consumable tungsten electrode to produce the weld. 

 The weld area is generally protected from atmospheric contamination by use of an inert 

shielding or cover gas (argon or helium). 

 A separate filler rod is used to add filler metal 

 

Application 

 Mostly used to weld aluminium and aluminium alloys. 

 It is used to welding dissimilar metals. 

 It is mostly used in aerospace industries.  
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Advantages 

 TIG provides stronger joint compare to shield arc welding. 

 It doesn’t required flux. 

 It can be easily automated. 

 This welding is well suited for thin sheets. 

 It required high skill labour. 

 Initial or setup cost is high compare to arc welding. 

 It is a slow welding process. 

 

VI (b) 

DEFECTS IN WELDING 

UNDER CUT 

 A groove or depression parallel and adjacent to the sides of the weld, resulting in thinning of 

parent metal. 

Causes of Undercut 

 If the arc voltage is very high then this defect may occur. 

 If we use the wrong electrode or if the angle of the electrode is wrong. 

 Using a large electrode is also not advisable. 

 High electrode speed is also one of the reasons for this defect. 
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OVERLAP 

 When the weld face extends beyond the weld toe, then this defect occurs. 

Causes of Overlap 

 Improper welding technique. 

 By using large electrodes this defect may occur. 

 High welding current 

 

INCOMPLETE FUSION 

 

 

 

 

 Incomplete fusion occurs when the welder does not accurately weld the material and the 

metal pre solidifies which leads to a gap which is not filled with the molten metal. 
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Causes of Incomplete fusion: 

 It occurs because of the low heat input. 

 When the weld pool is very large and runs ahead of the arc. 

 When the angle of the joint is too low. 

 Incorrect electrode and torch angle may also lead to incomplete fusion. 

SLAG INCLUSION 

 If there is any slag in the weld, then it affects the toughness and metal weldability of the 

given material. 

Causes of Slag 

 If the welding speed is too fast then also slag may occur. 

 If the edge of the weld surface is not cleaned properly then also slag may form. 

 Improper welding angle and travel rate of welding rod. 

 

 

 

INCOMPLETE PENETRATION 

 Weld metal doesn’t extend to root 
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Causes 

 Too rapid speed of travel of electrode or blow pipe 

 Insufficient current or flame power 

 Melting of filler rod without fusing parent metal 

EXCESSIVE PENETRATION 

 Excess of weld metal is protruding the root of the joint 

 

Causes 

 Too high welding current 

 Slow speed of travel of blow pipe or electrode 

 Un suitable edge preparation 

MODULE 3 

VII (a) 

CRYSTAL DEFECTS (CRYSTAL IMPERFECTIONS) 

 These disruptions in arrangements of atoms are known as crystal defects or imperfections. 

Point or zero dimensional defects 
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 Vacancy 

 Self-interstitial or interstitialcy 

 Substitutional and interstitial impurities 

 Frenkel defect and Schottky defect 

Line defects or one dimensional defect  

 Edge dislocation 

  Screw dislocation 

Surface Defects or Two dimensional defects  

 Grain boundaries and Tilt boundaries 

 Twin boundaries c) Stacking defect 

POINT DEFECTS (ZERO DIMENSIONAL DEFECTS) 

 The defects, which take place due to imperfect packing of atoms during crystallization, are 

known as point defects. 

VACANCY 

 Missing of one or more atoms are from a normally occupied lattice position. 

 Such defects can be as a result of imperfect packing during original crystallization or may 

arise due to thermal vibrations at high temperatures 
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SELF-INTERSTITIAL OR INTERSTITIALCY 

 This is the inverse of a vacancy in which an atom squeezes into the space between normal 

lattice positions. 

 Whenever an extra atom occupies interstitial position (voids) in the crystal system, without 

dislodging the parent atom, the defect caused is known as self-interstitial defect. 

 

SUBSTITUTIONAL AND INTERSTITIAL IMPURITIES 

 Atoms of a foreign material are called impurities. 

 A foreign atom that substitute for regular site or replaces a parent atom in the crystal. 

  A interstitial impurity is a small sized atom occupying the void space between the parent 

atoms on regular sites. 
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FRENKEL DEFECT AND SCHOTTKY 

 These kinds of defects are observed in ionic crystals. 

 When an ion is displaced from a regular site (cations) the defect is called a frenkel defect. 

 When a pair of cations and anions is missing from a lattice of an ionic crystals the defect is 

known as Schottky defect. 

 

LINE DEFECTS 

 Linear disturbance of the atomic arrangements are known as line defects. 

EDGE DISLOCATION 

 An edge dislocation is formed by the presence of an extra partial plane in a crystal. 

 This is the simplest type of dislocation which is also called Taylor-Orowan dislocation. 
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SCREW DISLOCATION 

 A screw dislocation is a disturbed region formed by a shear stress applied on the crystal such 

that a portion of the crystal is shifted relative to the other. 

 The screw dislocation is also known as Burgers dislocation. 

 

SURFACE DEFECTS (TWO DIMENSIONAL DEFECTS) 

 Surface defects are two dimensional in nature and are due to a change in the stacking of 

atomic plane. 

GRAIN BOUNDARIES AND TILT BOUNDARIES 

 When the misalignment between adjacent grains (crystals) is more than 100 it is called as 

grain boundary (high angle grain boundary). 

 This type of defect generally takes place during solidification of the liquid metal. 

TWIN BOUNDARIES 

 When the arrangement of atoms on one side of the boundary is a mirror image is that on the 

other side, the boundary is known as twin boundary. 
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STACKING FAULT 

 A stacking fault is one or two layer interruption in stacking sequence of atom planes. 

 Stacking faults are found in FCC metals when there is interruption in the ABCABCABC 

stacking sequence of close packed planes. 

 
 

VII (b) 

HAMMERS 
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 Hammers are striking tools for forging work. Generally made of forged steel. 

 The flat face hand hammer is used for general work such as striking chisels, punches etc.. 

 The ballpein head is suitable for forming rivet head. 

 A cross pein head is used to spread metal in the line of striking. 

 A straight pein head is used to spread metal at right angles to the line of striking and for 

using in in weight corners and slots. 

 A sledge hammer is comparatively larger in size, heavier and is used by the smith's helper 

known as hammer man or striker. It weighs from 3 to 8 kg. 

 

OR 
VIII (a) 

CRYSTAL GROWTH AND GRAIN FORMATION 

 When the temperature of a liquid metal is cooled below its melting point, the metal begins 

to solidity. 

 The metal is transformed into crystalline state, the formation of crystals (grains) during the 

phase transformation of a metal from liquid state to solid state is known as crystallization. 

The process of crystallization may be divided in to two stages 

1. Nucleation and 

2. Growth (crystal growth) 

 When a metal freezes from a state of fusion, nuclei (seed) which is regarded as small group 

of atoms or molecules will begin to form in many parts of the melt simultaneously. This 

process is known as nucleation. 

 The increase in size of this nucleus is termed as growth.  

 As the solidification progresses, the crystals join each other and form boundaries.  
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VIII (b) 

OPEN DIE FORGING. 

 It is also called Smith die forging or Flat-die forging. In this type of forging metal is never 

completely confined as it is shaped by various dies. 

 
Advantages of open die forging 

 Simple to operate. 

 Suitable for low production volume. 

 Inexpensive tooling & equipment. 

 Wide range of work piece size can be used. 
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Disadvantages 

 Suitable for simple shapes and low production volume only. 

 Difficult to maintain close tolerances. 

 Materials utilization is poor 

 

CLOSED DIE FORGING 

 In closed die forging, cavities or impressions are cut in the die block, in which the metal is 

forced to take its final shape and dimensions. 

 This method is used to produce forged shapes in large quantities. 

 
 

Advantages 

 Excellent reproducibility with good dimensional accuracy. 

 Makes good utilization of work piece materials. 

 Can be used for production of complex shapes. 

 The grain flow of the metal can be controlled, ensuring high mechanical properties. 

 Less time consuming i.e. high production rate - suitable for mass production. 

Disadvantages 

 More than one step required for each forging. 

 Finishing required for achieving g final shape. 

 High equipment and tooling cost 
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UNIT IV 

IX (a) 

PATTERN ALLOWANCES 

 Pattern allowance is provided to avoid the metal distortion,for easy withdrawal of pattern, 

from mould etc. 

 So patterns are made slightly larger than the required size inorder to avoid the metal 

shrinkage. 

 If allowances are not given on the pattern,the casting will become smaller than the required 

size. 

 Types of allowances are, 

a) Shrinkge allowance 

b) Machining or finishing allowance 

c) Draft or taper allowance 

d) Distortion or camber allowance 

e) Rapping or shake allowance 

 

a) SHRINKAGE ALLOWANCE 

 The metal shrinks on solidification and contracts further on cooling to room temperature. 

 To compensate this, the pattern is made larger than the required casting. This extra size 

provided on the pattern is called shrinkage allowance. 

 

b) MACHINING OR FINISHING ALLOWANCE 

 All the castings are to be machined to get the required surface finish on the metal. 

 During machining, some of the metal is removed from the casting.For this purpose,the 

pattern is made larger than the required casting. 

 For cast iron 2.5 mm 

 For aluminium 1.6 mm 
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c) DRAFT OR TAPER ALLOWANCE 

 If the vertical faces of the pattern are perpendicular to parting line,the edges of mould may 

damged when the pattern is removed. 

 Hence vertical faces are made taper for easy removal of pattern,is called taper allowance. 

 
 

 

d) DISTORTION OR CAMBER ALLOWANCE 

 

 Sometimes castings get distorted, during solidification, due to their typical shape. 

 For example, if the casting has the form of the letter U, V, T, or L etc. it will tend to contract 

at the closed end causing the vertical legs to look slightly inclined. 

 This can be prevented by making the legs of the U, V, T, or L shaped pattern converge 

slightly (inward) so that the casting after distortion will have its sides vertical. 
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d) RAPPING OR SHAKE ALLOWANCE 

 To remove the pattern out of mould,it is slightly shaked.So the mould cavity become larger. 

 To avoid the pattern is made slightly smaller than the required casting. 

 This is also known as negative allowances. 

 

IX (b) 

INVESTMENT CASTING (LOST WAX-CASTING) 

 A pattern is made by using wax material. 

 the wax patterns are assembled onto runners and into a finished tree 

 The assembly is then dipped into a high-grade ceramic slurry to build a ceramic shell 

around the wax tree. 

 Repeat step until the assembly achieves the desired shell thickness. The assembly is 

then allowed to set and dry. 

 Then the assembly is heated and thus the wax is melted in the assembly 

 Then the desired molten metal is poured into the pre-heated mould cavity. 

 The mould then allows the molten metal to cool and solidify which then becomes the 

final casting. 
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OR 

X (a) 

PROPERTIES OF MOULDING SAND 

1. Porosity or permeability. 

2. Plasticity or flow ability. 

3. Adhesiveness. 

4. Cohesiveness or strength. 

5. Refractoriness. 

6. Collapsibility. 

1. POROSITY OR PERMEABILITY 

 It is the ability of a moulding sand to remove steam and gases through the sand 

generated when molten metal is poured into the cavity. 

 If the clay content is less, porosity will be more. 

 If the grain size is larger, porosity will be more. 

 Soft ramming improves porosity. 

2. PLASTICITY OR FLOW ABILITY 

 It is the property of moulding sand to flow around the and over the pattern and 

uniformly fill the flask. 

 It can be improved by adding clay and water to sand. 

3. ADHESIVENESS 

 It is the property of moulding sand by which it sticks to another body (sand and flask 

wall). 

 Addition of clay and moisture increases adhesiveness. 

4. COHESIVENESS OR STRENGTH 

 It is the property of moulding sand by which it sticks together. 

 Cohesiveness is increased when adding more clay and small grain size. 

 When cohesiveness increases, porosity is decreased. 

mad
inpoly.

co
m



www.madinpoly.com  
   

 

5. REFRACTORINESS 

 It is the property of moulding sand to resist high temperature of molten metal. 

 Large grain size of sand, quartz content increases the refractoriness. 

6. COLLAPSIBILITY 

 

 This property permits the moulding sand to collapse easily after the casting solidifies. 

 This property depends on amount of binders and quartz in the sand. 

X (b) 

INJECTION MOULDING 

 The plastic powder is filled in to a hopper connected to a cylinder screw mechanism. 

 The charge (plastic powder) is fed by gravity to the rotating screw, where it is heated by 

contact with the heated cylinder and then moves it forward by exerting pressure on it. 

 Under the action of heat and pressure the plastic softens, reaches a highly plastic state, 

and is then forced through a nozzle in to a mould cavity. 

 After the plastic part has cooled and solidified, it is ejected out of cavity. 
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ADVANTAGES 

 Parts produced have accuracy better dimensional 

 Complex shaped parts can be produced 

Limitations 

 High tooling cost 
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