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1.a)
What is dislocation?  What are the various dislocation sources?  Explain the Frank-Reed source of multiplication of dislocations.
   b)
Explain dislocation reactions in FCC crystals.

2.
Draw engineering stress-strain diagrams giving one example of material in each of the following case:


(a) Ideally plastic material.


(b) Material with constant work hardening rate and no plasticity.

  
(c) Material with linear work hardening after yield.


(d) Non ductile material with no plastic deformation.


(e) Ductile material with and without yield point.

3.a)
Define hardness of material.  Name different hardness machines used in testing metals.

b)
What are ‘piling-up’ and ‘sinking-in’ in Brinell indentation?  What type of metals are most susceptible to these types of indentation defects?

c)
In Brinell hardness test, if a steel ball of diameter ‘D’ mm is forced into a steel piece under an applied load of P kg, an impression depth of ‘t’ mm and diameter ‘d’ mm will result.  Derive the surface area of Brinell impression in terms of ‘D’ and ‘t’ and BHN in terms of ‘P’, ‘D’ and ‘d’.

4.a)
Describe the various factors influencing the fatigue strength of materials and explain the practical methods employed for improving the fatigue strength of engineering components.

b)
What is meant by impact transition temperature?  Discuss the factors affecting transition temperature.

5.a)
Explain briefly the mechanism of creep.

b)
Explain how creep test data are represented and how are they used for practical purpose.

6.a)
Distinguish between ductile and brittle fracture with respect to mechanism, fracture surface and toughness.

b)
Explain Griffith’s theory of fracture when applied to metals.  What are its limitations?
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7.a)
Explain liquid penetrant test (LPT) method.

   b)
Explain the principle of working of ultrasonic flaw detector.

   c)
Briefly mention how the above test is superior to X-ray radiography.

8.
Write short notes on the following:


(a) Dislocation climb and cross slip.


(b) Magnetic particle testing.


(c) Micro hardness test


(d) Temper embrittlement.
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1.a)
Discuss in brief the crystal defects.

   b)
Draw the figure of an edge dislocation and explain how Burgers vector is found.

   c)
Distinguish between dislocation kink and dislocation jog.

2.a)
Explain the principle, advantages and disadvantages of Brinell hardness test.

b)
A Brinell hardness test is performed on steel using a 10 mm indentor with a load of 3000 kg.  A 3.2 mm impression diais measured on the surface of the steel after the test.  Calculate the BHN and approximate tensile strength and endurance limit of the steel.

3.a)
Derive the condition for plastic instability in a tension test.

b)
What is stiffness?  Draw the stress-strain curves in tension for structural steel, high carbon steel and heat treated high carbon steel and compare the stiffness parameter.

4.a)
Explain with a neat sketch, describe how a fatigue test can be conducted and the data can be analysed.  Also explain the terms fatigue strength, endurance limit and endurance ratio.

b)
A 300 kg force acts on a tool steel bar rotating at 4000 rpm.  If the fatigue test on the material gives an endurance limit 500 MPa, calculate the diameter of the shaft that would prevent fatigue failure at the operating speed.

5.a)
Distinguish between Izod and charpy tests.

   b)
Explain in detail Griffith’s theory of brittle facture.

6.a)
What is the significance of creep in engineering components?
   b)
How creep rupture tests are useful?  Describe the test.

   c)
Explain any one theory of creep fracture.

7.a)
Explain how Dye penetrant test is practiced in NDT.

   b)
Explain how Radiographic test used in NDT.

   c)
What are the limitations of Magnetic particle inspection?

8.
Write short notes on the following:


(a) Notch sensitivity 
(b) Strain hardening 
(c) Toughness and fracture toughness


(d) Creep resisting materials.
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1.a)
Define and explain the following:


(i) Burgers Vector  (ii) Jog   (iii) Frankel defect  (iv) Slip.

   b)
Discuss the interactions between parallel edge dislocations.

   c)
Diagramatically represent the intersection of two edge dislocations creating a jog.

2.a)
Explain the principle, procedure, advantages and disadvantages of (i) Brinell hardness  (ii) Vicker hardness and (iii) Rockwell hardness testing methods.

   b)
Explain how the hardness is related to tensile strength and ductility of materials.

3.a)
Explain strain hardening.

b)
Draw and explain the engineering stress-strain curve for ductile and brittle materials and give examples.

4.a)
Explain temper-embrittlement.

   b)
Explain the Griffith’s theory of failures.  What are its limitations?

5.a)
Explain different fatigue cycles.

   b)
Explain the effect of metallurgical variables on fatigue properties.

6.a)
What is creep?  How are creep tests conducted and how is creep mechanism explained?

   b)
Explain Ductile-Brittle transition phenomenon.

7.a)
Explain the principle, procedure, advantages and limitations of ultrasonic testing.

   b)
Explain the principle and procedure of eddy current testing.

8.
Write notes on the following:


(a) Frank-Reed source of dislocations.


(b) Sources of gamma rays.


(c) Creep resisting materials.


(d) Stress-rupture test.
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1.a)
What is meant by Burgers vector?  Draw a Burgers circuit to show the magnitude and direction of Burgers Vectors on a crystal having (i) edge dislocation             (ii) screw dislocation.

   b)
Explain the phenomenon of cross in screw dislocation.

   c)
Discuss the effect of dislocation pileup on propagating slip and its relation to grain size.

2.a)
Distinguish between slip and twinning as modes of plastic deformation in metals and alloys.

   b)
Derive Schmid’s law of critical resolved shear stress in single crystal metals.

3.a)
What are the various methods of hardness testing?  Distinguish between Rockwell and Vicker hardness tests.

   b)
Explain elastic and in-elastic action in compression.

4.a)
Describe the notch bar impact test for determining the toughness of metals.

   b)
What is yield point phenomenon?  Discuss the mechanism.

   c)
Discuss the information obtained from a tensile test performed on metals.

5.a)
Describe Irwin theory of fracture mechanism.  Also find the crack extension force exerted on crack.

b)
The Young’s modulus of a certain material 180 x 103 mega newton/m2 and its true surface energy is 1.8 Joules/m2.  The crack length is 5m.  Calculate its fracture strength.  If the actual fracture strength is 1000 meganewton/m2, comment up on the result.

6.a)
Draw a typical creep curve and discuss the various stages of creep with proper reasoning.

b)
Give composition of Nickel base (Nimonic-90) and Cobalt base (Vitallium-HS-21) creep resistant alloys.

   c)
Discuss the methods of predicting the creep strength and creep rupture strength.

7.a)
Describe the conditions that increase the susceptibility of a metal component to failure by fatigue.  How metal fatigue resistance can be measured?

b)
Fatigue is effected by temperature.  Discuss the effects of high and low temperatures on it.

8.
Write notes on the following:

(a) Schotky defect   (b) Micro-hardness test   (c) Fracture toughness as a design criteria  (d) Magnaflux.
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