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1.a)
Write a brief note on different phases of design.




b)
Discuss various general considerations that are taken into account while designing a machine element.





2.a)
Briefly explain shear stress and shear strain.





   b) 
Calculate the diameter of the solid shaft to transmit 50 kW at 180 rpm. If the angle of twist in a length of 4 meters is not to exceed 0.40. The allowable stress in the material is 70 MPa and modulus of rigidity is 84 GPa.

3.a)
Define stress concentration factor.
 

b) 
A hot rolled shaft is subjected to torsional load that varies from 320 Nm clockwise to 120Nm anti-clockwise and an applied bending moment at a critical section varies from 400Nm to 200Nm. The shaft is of uniform cross section. Determine the required shaft diameter. The material has an ultimate strength of 560MPa and yield strength of 420 MPa. Assume factor of safety to be 2. 

4.a)
Enumerate the different types of riveted joints. 

    
         

b) 
Two plates 16 mm thick are joined by a double riveted lap joint. The pitch of each row of rivets is 90 mm. The rivets are 25 mm in diameter. The permissible stresses are 140 MPa in tension, 80 MPa in shear and 160 MPa in crushing. Find the efficiency of the joint. 

5.a)
What do you understand by the term welded joint ? How it differs from the riveted joint ? 









b)
A plate 75 mm wide and 12.5 mm thick is joined with another plate by a single transverse weld and a double parallel fillet weld as shown in Fig. The maximum tensile and shear stresses are 70 MPa and 56 MPa respectively. Find the length of each parallel fillet weld, if the joint is subjected to both static and fatigue loading. Assume a length of 12.5 mm for starting and stopping of weld run. Take stress concentration factor for transverse weld as 1.5 and for parallel fillet welds as 2.5.
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6.a)
Prove that a square key is equally strong in shear and compression. 

b)  
Design a cotter joint to withstand an axial load varying from 60kN in tension to 60kN in compression.  The allowable for the steel used in the joint are 60Mpa in tension; 75Mpa in crushing; 48Mpa in shear

7.a)
Explain the effect of keyway on the strength of a shaft.

b)
A shaft is required to transfer 43kW of power at 600rpm.  The outside diameter must not exceed 50mm and the maximum shear stress is not to exceed 70N/mm2.  Find out the dimensions of hollow and solid shaft, which would meet these requirements.  Also compare their weights.

8.a)
Why are two universal joints after used when there is angular misalignment between two shafts.

b)
Design a compression coupling for a shaft to transmit 1300N-m.  The allowable shear stress for the shaft and key is 40Mpa and the number of bolts connecting the two hawse are 4.  The permissible tensile stress for the bolt material is 70Mpa. The coefficient of friction between the muff and the shaft surface may be taken    as 0.3.
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1.a)
What are the steps to be followed while designing a machine element?


   b)
Define the following properties of a material: 
(i) Ductility    (ii) Toughness 
(iii) Hardness and    (iv) Creep.




2.a)
Define factor of safety for : (i) Ductile materials and (ii) Brittle materials.   

b)
Discuss the various stresses and the corresponding deformations that exist in machine components under load.

3.a)
What are the principal causes of stress concentration?
 
 
b) 
A pulley is keyed to a shaft midway between two anti-friction bearings. The bending moment of the pulley varies from 150 N m to 450 N m as torsional moment of the shaft varies from 50 N m to 150 N m. The frequency of variation of the loads is the same as the shaft speed. The shaft is made of cold drawn steel having an ultimate strength of 550 MPa and yield strength of 310 MPa. Determine the required diameter for an indefinite life. The stress concentration factor for the key way in bending and torsion may be taken as 1.6 and 1.3 respectively. Use a design factor of 1.8, size factor 0.85 and surface correction factor 0.88. 


Use for torsion,



Size correction factor = 0.6 and 



The nominal design torsion stress = 0.6 Yield point in tension.

4.a)
What is the difference between caulking and fullering? Explain with the help of neat sketches. 







 

b) 
A double riveted double cover butt joint in plates 20-mm thick is made with       25 mm diameter rivets at 100 mm pitch. The permissible stresses are 120 MPa in tension, 100 MPa in shear and 150 MPa in crushing. Find the efficiency of joint, taking the strength of the rivet in double shear as twice than that of single shear. 

5.a)
Sketch and discuss the various types of welded joints used in pressure vessels. 

   b) 
A 200 X 150 X 10 mm angle is joined to a frame by two parallel fillet welds along the edge of 200 mm length. If the angle is subjected to a static load of      200 KN, find the length of weld at the top and bottom. The allowable shear stress for static loading may be taken as 75 MPa. 
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6.a)
Sketch the keys 







i) Wood ruff key

ii)Kennedy key

iii)Gib head key

b)  
Design a cotter joint to withstand an axial load varying from 50kN in tension to 50kN in compression.  The allowable for the steel used in the joint are 60Mpa in tension; 75Mpa in crushing; 48Mpa in shear


7.a)
Write the comparison between solid shafts, hollow shafts and spindles.

b)
Compute the diameter of a solid shaft which has to transmit 16kW power at 300rpm.  Ultimate shear stress per shaft material is 35oN/mm2 and factor of safety for design is 6.  If a hollow shaft replaces the solid shaft, find the inside and outside diameters if the ratio is 0.5.

8.
Design a cast Iron protective flange coupling to connect two shafts in order to transmit 7.5kW at 720rpm.  The following permissible stresses may be used permissible shear stress for shaft, bolt and key material = 33Mpa permissible crushing stress for bolt ank key material = 60Mpa.  Permissible shear  stress for the cast Iron = 15Mpa.
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1.
Enumerate the most commonly used engineering materials and state atleast one important property and application of each.


2.a)
What is Factor of Safety ? Explain its role in mechanical Design.


b) 
A bolt is subjected to an axial force of 10KN with a transverse shear force of        5 KN . The permissible tensile stress at elastic limit is 100 MPa and the poison’s ratio is 0.3 for the bolt material. Determine the diameter of the bolt required according to (i) Max. principal stress theory (ii) Max. shear stress theory           (iii) Max. principal strain theory  (iv) Max. strain energy theory, and (v) Max. distortion energy theory.


3.a) 
What do you understand by fatigue?
 
b) 
A section of a shaft of diameter d is joined to a section of a diameter 1.5d with a fillet, which produces an actual stress concentration factor of 1.2 for the shaft in torsion. The material has a yield point in tension of 560 MPa and endurance limit of 288 MPa in reversed torsion. Using a size factor of 0.85, surface finish factor of 0.85 and Size correction factor = 0.6, determine the size of the shaft required for a torque which varies from zero to 2400Nm on the shaft at the smaller diameter. Use design factor 2.


4.a)
Design the procedure for designing a lozenge joint.


         

b) 
A triple riveted lap joint with zig-zag riveting is to be designed to connect two plates of 6 mm thickness. Determine the diameter of the rivet, pitch of rivets and distance between the rows of the rivets.  Indicate how the joint will fail. Also, find the efficiency of the joint. The permissible stresses are 120 MPa in tension,      100 MPa in shear and 150 MPa in crushing. 

5.a)
What are the relative advantages and disadvantages of welded joints over riveted joints. 










b) 
A 125 X 95 X 10 mm angle is joined to a frame by two parallel fillet welds along the edge of 125 mm length. If the angle is subjected to a static load of 180 kN, find the length of weld at the top and bottom. The allowable static load per mm weld length is 430N.  
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6.a)
Differentiate between a flat key and feather key 




b) 
Design a cotter joint to withstand an axial load varying from 20kN in tension to 60kN in compression.  The allowable for the steel used in the joint are 50Mpa in tension; 70Mpa in crushing; 40Mpa in shear



7.
A shaft is supported by two bearings placed 1.2m apart.  A 600mm diameter pulley is mounted at a distance of 300mm to the right of left hand bearing and this drives a pulley directly below it with the help of a belt having maximum tension of 2kN.  Another pulley 400mm diameter is placed 200mm to the left hand bearing and is driven with the help of an electric motor and belt which is placed horizontally to the right.  The angle of contact for both the pulleys is 1800 and coefficient of friction is 0.24.  Calculate the diameter of the shaft taking working stresses of 63Mpa in tension and 42Mpa in shear.

8.a)
A rigid coupling is used to transmit 20kW power at 720rpm.  There are four bolts and the pitch circle diameter of the bolts is 125mm.  The bolts are made of steel 45C8 (syt = 380N/mm2) and the factor of safety is 3.  Determine the diameter of the bolt.

b)
A universal coupling is used to connect two mild steel shafts transmitting a torque of 5000N-m.  Assuming that the shafts are subjected to torsion only.  Find the diameter of the shaft and pins.  The allowable shear stresses for the shaft and pin may be taken as 60Mpa and 28Mpa respectively.
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1.a)
What is meant by Brittleness, Hardness and Plasticity? Why brittleness is     
undesirable property for materials to be used for Machine Parts?
 

   b)
Define the terms



i)
Fit


ii)
Basic Size



iii)
Clearance

iv)
Upper Deviation

2.
A machine part of 16mm diameter is made of Alloy Steel. It is subjected to a bending moment of 100Nm, a torque of 50Nm and an axial pull of 5KN. Estimate  the factor of safety based on Max. Normal Stress, Max. Shear Stress and Max. Distortion Energy theories. Assume yield tensile strength for the material as 500Mpa.

3.a)
Explain the effect of the following factors on the type of fatigue failure   


(i) 
        Stress distribution     


(ii) 
Manner of loading  


(iii)         Surface treatment 


(iv)
Type of material

     b) 
A cold drawn steel rod of circular cross-section is subjected to a variable bending moment of 565 N-m as the axial load varies from 4,500 N to 13,500 N. The maximum bending moment occurs at the same instant that the axial load is maximum. Determine the required diameter of the rod for a factor of safety 2. Neglect any stress concentration and column effect. Assume the following values



Ultimate Strength

= 550 MPa,

Yield strength


= 470 MPa,



Size factor 


= 0.85,

Surface finish factor

= 0.89,



Correction Factors

= 1.0 for bending







= 0.7 for axial load

The endurance limit in reversed bending may be taken as one-half the ultimate strength.
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4.
A bracket is supported by means of 4 rivets of same size, as shown in Fig. below. Determine the diameter of the rivet if the maximum shear stress is 140 MPa.

                                                                 20 kN

                                               

      
The load 20 kN is applied at an eccentric distance of 80 mm from the line passing through the centers of rivets and center to center distance of rivets is 30 mm.

5.a)
What are the assumptions made in the design of a welded joint? 
         

b) 
A plate 120 mm wide and 15 mm thick is joined with another plate by a single transverse weld and a double parallel fillet weld as shown in Fig. The maximum tensile and shear stresses are 70 MPa and 56 MPa respectively. Find the length of each parallel fillet weld, if the joint is subjected to both static and fatigue loading. Assume a length of 12.5 mm for starting and stopping of weld run. Take stress concentration factor for transverse weld as 1.5 and for parallel fillet welds as 2.5.


6.a)
Determine the required length of a square key if the key and shaft are to be     made of same material and of equal strength.





b) 
Design a cotter joint to withstand an axial load varying from 30kN in tension to 30kN in compression.  The allowable for the steel used in the joint are 60Mpa in tension; 75Mpa in crushing; 48Mpa in shear

7.a)
A shaft running at 400rpm transmits 10kW.  Assuming allowable shear stress in shaft is 40Mpa, find the diameter of the shaft.

b)
Determine the diameter of the hollow shaft with inside dia = 0.6 outside dia.  The shaft is driven by an overhung pulley of 90cm dia.  Take weight of                  pulley = 60kg, the belt tensions as 290 and 100kg, over hang = 25cm, angle of lap = 1800.
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8.
The shaft and the flange of a marine engine are to be designed for flange coupling, in which the flange is forged on the end of the shaft.  The following particulars are to considered in the design.

Power of the engine = 3MW

Speed of the engine = 100 rpm.

Permissible shear stress in bolts and shaft = 60Mpa

Number of bolts used = 8

Pitch circle diameter of bolts = 1.6 x diameter of shaft.  Find (i) Diameter of shaft                        (ii) Diameter of bolts (iii) Thickness of flange (iv) diameter of flange.

- - -
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