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MECHANICAL WORKING OF METALS

(Metallurgy and Material Technology) 
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     Max. Marks:80

Answer any Five questions

All questions carry equal marks

- - -

1.a)
Distinguish between True and Engineering stresses and strains.

b)
Explain principal planes, stresses and axes.  Show that (x+(y+(z=constant for any plane.

2.a)
Construct a Mohr’s circle for two dimensional state of stress.

b)
Determine the expressions for octahedral shear stresses and strains.  What is their importance?

3.a)
Discuss the changes in properties when a severely cold worked metal is annealed at successively higher temperatures.

b)
Explain with neat sketch mechanics of stress analysis by the slab method during strip drawing of a wide sheet.

4.a)
Distinguish between hot working and cold working by taking mechanical and metallurgical properties of metals in to consideration.

   b)
Explain the role of friction and lubrication in cold working process.

5.a)
What are the assumptions made in developing a theoretical treatment of cold rolling and derive the relationship between normal pressure and the horizontal compressive stress.

   b)
Explain the reason for designing rolling mills with complex clusters of rolls.

6.a)
Explain various forging processes with neat sketches.

b)
Describe with neat sketches, the types of forging machines and discuss the possible forging defects.

7.a)
What is extrusion ratio?  Draw the plot of extrusion pressure verses ram travel distance for direct and indirect extrusion and discuss the salient features.

b)
Discuss the effects of cone angle and friction on maximum possible reduction in wire drawing with no back tension.
8.
Write short notes on:


(a) Von Mises distortion energy criterion. (b) Theories of plasticity.


(c) Powder metallurgy forging.

- - -
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1.a)
Find the principal stresses and the orientation of the axes of principal stress with the x, y axes for the following situations:

(x = +3450 kg/cm2,    (y = 345 kg/m2   and   ( xy = 552 kg/cm2.

b)
Construct a Mohr’s circle of stress for each of the plae-stress conditions given in question 1.(a).

2.a)
Draw True and Engineering stress and strain diagrams.  Give the importance of each and mention the advantages of true stress-strain diagram over the later.

b)
A 25mm thick plate is decreased in thickness according to the following   schedule : 12.5, 6.5 and 3mm.  Compute the total strain on the basis of initial and final dimentions and the summation of the incremental strains, using (i) conventional strain and (ii) true strain.  How does this show an advantage for the use of true strain in metal forming work.

3.a)
Define hot working and cold working.  Discuss relative features of hot work and cold work for aluminium, zirconium, lead and molybdenum considering melting point, brittleness and oxidation behaviour.

b)
Derive the expressions for the flow stress and strain in the plane-strain compression test.

4.a)
Explain the changes taking place in the metal during recovery, recrystallization and grain growth.

b)
Evaluate the press capacity necessary for forging one metre long cylindrical bloom to hexagonal section with approximately 0.33 metres side, if the yield stress is initially 400 kg/cm2 but increases to 680 kg/cm2 at the end of the operation.  Assume (i) that the bloom is partially lubricated so that (=0.3 (ii) that there is no lubrication.  What maximum pressure would be expected?
5.a)
Draw a neat sketch showing various forces acting during rolling and derive the relation for specific roll pressure.

   b)
Explain various theories of Hot Rolling.
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6.a)
Explain with neat sketches (i) direct extrution and (ii) indirect extrution.

b)
Estimate the pressure required to extrude aluminium curtain rail of I section 12.5mm high with 6mm wide flanges, all 1.5mm thick from 25mm diameter bar stock.

7.a)
Explain Hydrodynamic wire drawing process.

b)
Determine the maximum reduction by drawing for (i) a non-strain hardening materials  (ii) annealed low carbon steel (n=0.26); and (iii) annealed copper (n=0.5).

8.
Write short notes on:


(a) Strain-rate effect.


(b) Torque and Horse power in cold rolling.


(c) Von Mises distortion energy criterion.

- - -
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1.a)
Explain principal planes, stresses and axes.  Show that (x+(y+
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z=constant for any plane.

b)
If  (x=-1000 kg/cm2, (y=2000 kg/cm2 and (xy=1500 Kg/cm2, determine the 
direction and magnitude of principal stresses.

2.a)
Determine the expressions for octahedral shear stresses and strains.  What is their importance.

b)
Derive the expression for the axial stress at the die exit by using uniform deformation energy method.
3.a)
Explain various rolling mills with neat sketches.

b)
What would be approximately roll load necessary to reduce 180 cm wide, 0.25 cm thick aluminium slab to 0.2 cm thick in one pass, using 35 cm dia rolls.  If the pass were increased from a draft 0.05 cm to 0.075 cm, what influence there would be on load.

4.a)
Discuss the effect of strain rate, strain induced precipitation and phase transformation on working range of an alloy.

   b)
Discuss the features of closed die forging and the importance of flash design.

5.a)
Using the simplified theory of rolling, plot curves for the variation of rolling load with roll diameter, coefficient of friction and mean strip thickness.

   b)
Explain various problems and defects in rolled products.

6.a)
What is extrusion ratio?  Draw the plot of extrusion pressure verses Ram travel distance for direct and indirect extrusion and discuss the salient features.

b)
Discuss the effects of cone angle and friction on maximum possible reduction in wire drawing with no back tension.

7.a)
Compute the extrusion stress for wire drawing through conical dies.  Use the free body equilibrium approach with zero friction.

   b)
Describe the process for production of collapsible tubes.

8.
Write short note on:


(a) Recrystallisation and grain growth. (b) Forging defects. 

(c) Residual stresses in wire and tube drawing.

- - -
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1.a)
Write a matrix giving the components of hydrostatic (mean) strain tensor.  Evaluate the first, second and third invariants of the hydrostatic strain tensor. 

   b)
Explain the importance of tone stress strain diagram and list out its advantages over the engineering stress-strain curve.

2.a)
Explain the importance of Von-Mises (Distortion-Energy) theory and Maximum shear-stress theory.

   b)
A steel shaft (a = 6897 kg/cm2) is subjected to static loads consisting of a bending moment of 2,27,584 kg/cm and a tortional moment of 56,8,950 kg-cm using a factor of safety of 2. Determine the diameter of shaft based on (i) maximum-shear stress theory and (ii) distortion energy theory.

3.a)
Classify the forming processes based on the type of forces applied to the work piece.

   b)
Explain the theories of cold rolling.

   c)
Describe forces and geometrical relationship in rolling.

4.a)
Explain the mechanics of stresses acting on an element during strip drawing of a wide sheet by uniform deformation energy method.

   b)
Explain the effects of deformation velocity in metal working.

5.a)
Draw schematic drawings of forging equipment and mention their relative advantages, limitations and applications.

   b)
Explain the role of powder metallurgy in forging and describe the basic plasticity mechanics of a porous powder metallurgy performs.

6.a)
Extrusion is a process involving three-dimensional compression.  Explain why brittle materials can be worked by extrusion more successfully than by some other metal working methods.

   b)
What would be approximate roll load necessary to reduce 180 cm wide, 0.25cm thick aluminium slab to 0.2mm thick in one pass, using 35 cm dia rolls.  If the pass were increased from a draft 0.05 cm to 0.075cm, what influence there would be on load.
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7.a)
Explain the principle and operation of hydrostatic extrusion process with a neat sketch.

   b)
Explain tube drawing processes with neat sketches.

8.
Write short notes on:


(a) Strain-rate effect. 
(b) Torque and Horse power in Hot rolling.


(c) Deformation and defects in extrusion.
- - -
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