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DESIGN OF MACHINE ELEMENTS

 (Mechanical  Engineering, Production, Manufacturing Engg)

Time: 3 Hrs.







Max. Marks: 80

Answer any Five questions

All question carry equal marks

- - -

1.a)
How are the steels designated according to Indian standards?

b) Explain design for safety and reliability.

2.a)
Distinguish between linear, lateral and shear stresses.

b) A steal rod of 25mm. Diameter is fitted inside a brass tube of 25mm. Inside diameter and 37.5cm. external diameter.  The projecting ends of the steel rod are provided with nuts and washers.  The nuts are tightened so as to produce a pull of 5kN  in the rod.  The assembled part is then mounted on a lathe and the brass tube is turned down to an external diameter of 37.00cm.  Calculate the stresses induced in the two materials.

3.a)
Sketch S-N curve of a ductile material and draw that define endurance limit.

b) Determine the diameter of a circular rod of ductile material with a fatigue strength (complete stress reversal)  fe=280 N/cm2.  and a tensile yield strength of 350N/cm2.  The member is subjected to a varying axial load from 700kN to – 300kN. Assume Kt = 1.8 and factor of safety = 2.

4.a)
List out the advantages and disadvantages of 


i)  Riveted joints
(ii)  Welded joints and 
(iii) Bolted joints

b)
A steel plate is riveted to a vertical channel by 4 rivets as shown in figure.  For a factor of safety of 2 and yield stress of 380 N/mm2, find the diameter of the rivets.




All the dimensions are 


              100
in mm





100
    200


3KN
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5.
A socket and spigot type of joint is used to connect two shafts subjected to an axial load of 50kN.  Design and sketch the joint assuming the following safe stresses:



in tension = 6kN/cm2 and in shear = 4kN/cm2

in compression = 8kN/cm2
6.a)
What is stress concentration?  How can it be reduced?  

b) A shaft is subjected to a tensile load of 20kN. and a shear load of 15KN.  If the permissible stress in tension is 36kN/cm2.  Find the diameter.  of the shaft using the 

i) Maximum shear stress theory and 

ii) Distortion energy theory

Take factor of safety=3 and Poisson’s ratio=0.25

7.a)
Compare the features of   (i) Rigid couplings and 
(ii)  Flexible couplings

b) A protective flange coupling is used to connect two shafts of 8cm. diameter. arranged symmetrically on a pitch circle of 24cm.diameter. The shafts transmit 100kW at 250rpm.  Assuming the following safe stresses, design and sketch the coupling:

Shear stress for shaft, bolt and key material=5kN/cm2.   Crusting stress for bolt and key material = 15kN/cm2 .  Shear stress for cast iron = 800N/cm2
8.
Write short notes on  the following:

a) Sketch the Goodman’s line and Soderberg’s line and compare their features.

b) Selection of engineering materials 

c) Types of  keys and their comparisions

***
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1.a)
What are the factors to be considered while selecting a material?

b) Define standardizations.   What are the various standards used in mechanical design.

2.a)
State different theories of failures and their effectiveness.

b) A cylindrical shaft made of high carbon steel is subjected to bending moment of 8KN-m and a twisting moment of 24kN-m.  The yield strength of the material is 70kN/cm2.  Determine the diameter of the shaft using maximum shear stress theory.

3.
Bending stress in a machine past fluctuates between a tensile stress of 280Mpa and compressive stress of 140Mpa.  What should be the minimum ultimate tensile strength to carry this fluctuation in definitely according to:


a)  Gerber’s formula
(b)  Goodman’s formula
(c)  Soderberg’s formula

4.
Two 15mm thick tie plates are connected by a lap riveted joint.  The tie carries a load of 150kN.  Calculate 
(a)  Width of the plate




b)  Diameter and number of rivets
(c)  Rows of rivets and


d)  Efficiency of the joint

5.
Design a coffered joint to connect two mild steel rods of equal diameter transmitting an axial force of 25kN which is subject to slow reversal of direction.  Tensile stress in the material is limited to 50Mpa.  The shear stress has the value of 415 of the permissible tensile stress.  The crushing stress between the coffer and the rods is limited to 60Mpa.

6.a)
Draw the various types of keys.

   b)
It is required to design a square key for fixing a key on a shaft, of 25mm diameter.  15KW power at 720 r.p.m is transmitted from the shat to the gear.  The key is made of steel 50C4 with yield strength of 460N/mm2 and factor of safety is 3.  The yield strength is compression can be assumed to be equal to yield strength in tension.  Determine the dimensions of the key.

(contd…2)
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7.
The shaft running at 120 r.p.m transmits 430 kW.  The working conditions to be satisfied are 
(a)  The shear stress must not exceed 56 Mpa,


b)  The angle of twist must not be more than 1o on a length of 16 diameters.  Calculate the diameter of the shaft.  The modulus of rigidity is 0.85 x 105Mpa.

8.
A rigid coupling is used to connect a 45kW, 1440 r.p.m. electric motor to a centrifugal pump.  The starting torque of the motor is 225%  of the rated torque.  These are 8 bolts.  and their pitch circle diameter is 150mm. The bolts are made of steel 45C8 with yield strength of 380 N/mm2 and the factor of safety is 2.5.  Determine  the diameter of the bolts.

***
***
***
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1.a)
Explain the general procedure in machine design.

b) Briefly discuss the features of materials used in the machine building.

2.a)
Explain maximum shear stress theory.

b) A steel connecting rod is to be subjected to a reverse axial loading of 180kN.  determine the diameter of rod taking a factor of safety of 2.  Assume no column action.  Take the following 

Fut = 1050 N/mm2, and fgp = 900 N/mm2

3.a)
Explain the following terms:


i)  Endurance limit and
(ii)  Stress concentration factor

b) A hollow shaft is to transmit 600kW. at 110 rpm.  The maximum torque being 20% greater than the mean. Find the external diameter of the shaft, if the ratio of internal diameter to external diameter is 3/8, modulus of rigidity is 84 GN/m2.

Also assume that the shear stress is not to exceed 63N/mm2 and twist in a length of 3 meters is not to exceed 1.4 degrees.

4.a)
i)   Distinguish between Single riveted lap joint and single riveted butt joint with single cover plate


ii)  Compare the features of riveted joints, welded joints and bolted 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.
Design and sketch a cotter joint to join two rods and to support a load of 60kN,  which, acts along the coincidence axes of the rods connected by the Cotter.  Assume the following safe stress for the Cotter and rod materials:

in tension = 60 N/mm2;  in compression = 100N/mm2 ,  in shearing = 50 N/mm2.

(contd…2)
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6.
A muff coupling is required to transmit 50hp at 300 rpm.  The overload is 30% of the mean.  Design the coupling assuming the following allowable stress values:


Shear stress for key and shaft material = 45 N/mm2 


For mutt coupling material = 15N/mm2

Sketch a proportional diagram of the coupling.

7.
A mild steel shaft of 5cm. diameter is subjected to a bending moment of 20Nm and a turning moment of T. If the yield point of the steel material in tension is 

200 N/cm2., find the maximum value of the torque without causing yielding according to

a) The maximum principal stress theory and

b) The maximum shear stress theory

8.
Write short notes on the following:

a) Soderberg’s equation

b) Bio system of designation of steels

c) Tolerances and fits

***
***
***
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1.a)
Discuss the actors which govern the selection of a material for a machine component.

   b)
Recommend suitable materials for the following components, giving reasons:

i) Hydraulic cylinder

ii) Machine tool spindle

iii) Connecting rod

2.a)
State the advantages of preferred numbers in design.

b)
A steel connecting rod is subjected to a completely reversed axial load of 120 kN. Suggest the suitable size of the rod using a factor of safety 1.8.  The ultimate strength of the material is 1000Mpa,  Load correction factor
0.7, Size factor 0.85, Surface finish factor 0.8.

3.a)
Explain  Soderberg and Goodman diagrams in design.

b)
A cantilever spring, made of 10mm diameter wire, is shown in figure the ultimate and yield strength of wire are 860 N/mm2  and 690 N/mm2 respectively. The force P acting at the free end varies 75 to 150N.  The force P acting at the free end varies 75 to 150N.  The surface finish factor is 0.7 and size factor is 0.85. There is no stress concentration and the expected reliability is 50% calculate the number of stress cycles likely to cause fatigue failure.



 500      




10(


figure  (all dimensions are in mm)
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4.a)
What are the relative advantages and disadvantages of welded joints over riveted joints?

b)
A 125 x 95 x 10mm angle is jointed 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. 

5.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.

6.a)
How the shaft is designed when it is subjected to twisting moment only?

b)
Design a shaft to transmit power from an electric motor to a lathe headstock through a pulley by means of a belt drive.  The pulley weighs 200N and is located a 100mm  from the center of the bearing. Diameter of the pulley 200mm.  Maximum power transmitted is 1kW at 120 rpm. Angle of lap of belt 180o.  coefficient of friction between belt and pulley 0.3.  Shock factor in bending 1.5 shock factor in twisting 2.0.  Allowable shear stress in the shaft 35N/mm2
7.
Design and draw a cast iron flange coupling for a mild steel shaft transmitting 90KW at 250 rpm.  The allowable shear stress in the shaft is 40Mpa and the angle of twist is not to exceed 1o in a length of 20 diameters. The allowable shear stress in the coupling bolts is 30Mpa.
8.
Write short notes on the following:

a) 
Selection of engineering materials

b)
Stress concentration 

c)
Circlips, gaskets and seals

***
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