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PCMT 4302

Fifth Semester Examination — 2011

METALLURGICAL AND MATERIALS ENGINEERING
(Deformation Behaviour of Materials)

Full Marks —70°

Time : 3 - Hours

Answer Question No. 1 which is compulsory and any five from the rest.

The figures in the right-hand margin indicate marks.

1. Answer the following questions : 2x10

(a)
(b)
(e

)
(d)

State the differences between edge dislocation and screw dislocation.
What are the slip systems in hcp, fcc and bee structures ?

Compare and contrast the deformation mechanisms of slip and twinning.
What is Peierls stress ? And how is it related to the width of a dislocation
and the burgers vector ?

Explain with suitable sketches the intersection of two edge dislocations with
Burgers vectors at right angles to each other.

How does the stacking fault energy influence the plastic deformation in
metals ?

Calculate the number of grains in the top surface of the head of a pin
(2.5 mm diameter) if the pin is made from steel with ASTM grain size 6.

What is Bauschinger effect ? Explain with a suitable sketch.
Based on different characteristics how are fractures classified ?

Give a comparison of stress strain curves (i) for high and low toughness
materials and (ii) for high and low resilience materials.

Explain how the motion of a dislocation through a crystal lattice requires a

stress far smaller than the theoretical shear stress. 4
Derive an expression for shear strain rate in terms of dislocation density. 4
How is the yield stress related to the grain diameter ? 2
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What is critical resolved shear stress and what factors influence the critical
resolved shear stress of a material ? 5

In a single crystal of BCC iron if slip occurs on a (110) plane and a [111]
direction, and the critical resolved shear stress is 30 MPa, calculate the
magnitude of the applied tensile stress along [010] direction necessary to
initiate yielding. 5
Atensile specimen with a 12 mm initial diameter and 50 mm gage length
reaches maximum load at 90 kN and fractures at 70 kN. The minimum
diameter at fracture is 10 mm. Determine (i) the engineering stress at
maximum load (UTS), (ii) the true fracture stress, (iii) the true strain at

fracture and (iv) the engineering strain at fracture. 4
Give a comparison of engineering and true stress curves. 3
Whatis twinning ? What are the different types of twins ? And under what
conditions does twinning occur ? 3
Draw a generalized flow curve for fcc single crystals and explain the
different stages. 5
How does the specimen orientation influerice the shape of the flow curve for
fce single crystals ? 2
Explain the two mechanisms of strain hardening of single crystals. 3
Explain with suitable sketches the multiplication of dislocations by the
operation of a Frank-Read source. 4
With the help of stress-strain diagrams show and explain the phenomenon
of strain aging. " 4
What is dynamic strain aging behaviour ? 2

Explain the Griffith theory of brittle fracture and derive the Grifiith equation
giving the stress required to propogate a crack for plane stress and plane

strain conditions. 4.

Using Griffth’s equation for plane stress, determine the critical crack length
for iron where o_=900 MPa, ¥ = 1200 mJm-2, E =205 Gpa. 3

And what is the critical crack length in iron accerding to the Griffth - Orowan
equation if ¥, = 1200 Jm™2. 3
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8. (a) ASIC coated fiber (Borsic) is used to reinforce an aluminium matrix. Using
the property data given below, determine the following properties for a
composite containing 30 volume percent of fibers : 6
(i) ' Eparalleltofibre axis.

(i) E perpendicular to fibre axis.
(iii)  Strength of composite parallel to fibre.

E Tensile Strength
Borsic fibre 379GPa 2758 MPa
Aluminium 69 GPa 34 MPa

(b) Determine whether the following dislocation dissociation reaction is
1 feasible. 4

(a/2)[011] > (a/6) [112] + (a/ 6) [111]
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