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Anna University Exams Nov / Dec 2017 – Regulation 2013 
Rejinpaul.com Unique Important Questions – 5th Semester BE/BTECH 

ME6503 DESIGN OF MACHINE ELEMENTS 
Unit I-V (Part B & C) 

Important Note: DME is a problematic subject , same question may or may not appear in question 
paper. Study related model questions also  

1. A bolt is subjected to a tensile load of 25 kN and to a shear load of 10 kN. Suggest a suitable 

size of a bolt according to various theories of failure. Take allowable yield stress is 300 

N/mm2 , Poisson’s ratio is 0.25. 

2. A cast iron pulley transmits 10 kW at 400 rpm. The diameter of the pulley is 1.2 m and it has 

four straight arms of elliptical cross-section, in which the major axis is twice the minor axis. 

Determine the dimensions of the arm if the allowable bending stress is 15 MPa 

3.  A cast-iron link, as shown in figure, is to carry a load of 20 kN. If the tensile and compressive 

stresses in the link are not to exceed 25 MPa and 80 MPa respectively, obtain the 

dimensions of the cross-section of the link at the middle of its length 

 
4. A C-clamp is subjected to a maximum load of W, as shown in figure. If the maximum tensile 

stress in the clamp is limited to 140 MPa. Find the value of load W 

 
5. A circular bar of 500 mm length is supported freely at its two ends. It is acted upon by a 

central concentrated cyclic load having a minimum value of 20 kN and a maximum value of 

50 kN. Determine the diameter of bar by taking a factor of safety of 1.5, size effect of 0.85, 

surface finish factor of 0.9. The material properties of bar are given by ultimate strength of 

650 MPa, yield strength of 500 MPa and endurance strength of 350 MPa 

6. A 50 mm diameter shaft is made from carbon steel having ultimate tensile strength of 600 

MPa. It is subjected to a torque which fluctuates between 2000 N-m to -900 N-m. Using 

Soderberg method, calculate the factor of safety. 
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7. A pulley is keyed to a shaft midway between two anti-friction bearings. The bending 

moment at the pulleys varies from -160 N-m to +500 N-m and the torsional moment in the 

shaft varies from 60 N-m to +160 N-m. The frequency of the variation of the loads in the 

same as the shaft speed. The shaft material is having an ultimate strength of 540 MPa and 

yield strength of 400 MPa. Determine the required diameter for an indefinite life. The stress 

concentration factor for the keyway in bending and torsion may be taken as 1.5 and 1.3 

respectively. The factor of safety is 1.5, size factor = 0.80 and surface finish factor = 0.85. 

8. In an axial flow rotary compressor, the shaft is subjected to maximum twisting moment and 

maximum bending moment of 1500 Nm and 3000 Nm respectively. Neglecting the axial 

load, determine the diameter, if the permissible shear stress is 50 N/mm2 . Assume minor 

shocks. If the shaft is hollow one with K = di / do = 0.4., what will be material saving in 

hollow shaft which is subjected to same loading and material as a solid shaft. 

9. A steel solid shaft transmitting 15 kW at 200 r.p.m. is supported on two bearings 750 mm 

apart and has two gears keyed to it. The pinion having 30 teeth of 5 mm module is located 

100 mm to the left of the right hand bearing and delivers power horizontally to the right. 

The gear having 100 teeth of 5 mm module is located 150 mm to the right of the left hand 

bearing and receives power in a vertical direction from below. Using an allowable stress of 

54 MPa in shear, determine the diameter of the shaft. 

10. A hoisting drum 0.5 m in diameter is keyed to a shaft which is supported in two bearings and 

driven through a 12: reduction ratio by an electric motor. Determine the power of the 

driving motor, if the maximum load of 8 kN is hoisted at a speed of 5 m/min and the 

efficiency of the drive is 80%. Also determine the torque on the drum shaft and the speed of 

the motor in rpm. Determine also the diameter of the shaft made of machinery steel, the 

working stresses of which are 115 MPa in tension and 5 Mpa in shear. The drive gear whose 

diameter is 450 mm is mounted at the end of the shaft such that it overhangs the nearest 

bearing by 150 mm. The combined shock and fatigue factors for bending and torsion may be 

taken as 2 and 1.5 respectively. 

11. Design a shaft to transmit power from an electric motor to a lathe head stock through a 

pulley by means of a belt drive. The pulley weighs 200 N and is located at 300 mm from the 

centre of the bearing. The diameter of the pulley is 200 mm and the maximum power 

transmitted is 1 kW at 120 r.p.m. The angle of lap of the belt is 180° and coefficient of 

friction between the belt and the pulley is 0.3. The shock and fatigue factors for bending and 

twisting are 1.5 and 2.0 respectively. The allowable shear stress in the shaft may be taken as 

35 MPa. 

12. A hollow shaft for a rotary compressor is to be designed to transmit a maximum torque of 

3500 N-m. The shear stress in the shaft is limited to 50 MPa. Determine inside and outside 

diameters of the shaft, if the ratio of inside and outside diameters is 0.4.  

13. Design a rigid flange coupling to transmit a torque of 250 Nm between two co-axial shafts. 

The shaft is made of alloy steel, flanges out of cast iron and bolts out of steel. Four bolts are 

used to couple the flanges. The shafts are keyed to the flange hub. The permissible stresses 

are given below: Shear stress on shaft = 100 MPa Bearing or crushing stress on shaft = 250 

MPa Shear stress on keys = 100 MPa Bearing stress on keys = 250 MPa Shearing stress on 

cast iron = 200 MPa Shearing stress on bolt = 100 MPa After designing the various elements, 
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make a neat sketch of the assembly indicating the important dimensions. The stresses 

developed in the various members may be checked if thumb rules are using for fixing the 

dimensions. 

14. Design a protective type flange coupling to connect two shafts to transmit 15 kW at 600rpm. 

15. Find the maximum shear stress induced in the weld of 6 mm size when a channel, as shown 

in fig, is welded to a plate and loaded with 20 kN force at a distance of 200 mm 

 
16. A rectangular steel plate is welded as a cantilever to a vertical column and supports a single 

concentrated load P, as shown in Fig. Determine the weld size if shear stress in the same is 

not to exceed 140 MPa. 

 
17. A bracket is welded to the vertical plate by means of two fillet welds as shown in fig and is 

subjected to an eccentric load of 2500 N. Determine the size of the welds, if the permissible 

shear stress is limited to 50 N/mm2 . 

18. A plate of 200 mm width is welded to a vertical plate by fillet welding on three sides to form 

a cantilever with an overlap of 150 mm and overhang of 400 mm. A vertical downward load 

of 35 kN is applied at free end for a weld stress of 75 N/mm2 . Determine the size of the 

weld. 

19. Two length of mild steel tie rod having width 200 mm are to be connected by means of 

Lozenge joint with two cover plates to withstand a tensile load of 180 kN. Completely design 

the joint, if the permissible stresses are 80 MPa in tension; 65 MPa in shear and 160 MPa 

crushing. Draw a neat sketch of the joint. 

20. For supporting the travelling crane in a workshop, the brackets are fixed on steel columns as 

shown in Fig. The maximum load that comes on the bracket is 12 kN acting vertically at a 

distance of 400 mm from the face of the column. The vertical face of the bracket is secured 

to a column by four bolts, in two rows (two in each row) at a distance of 50 mm from the 

lower edge of the bracket. Determine the size of the bolts if the permissible value of the 

tensile stress for the bolt material is 84 MPa. Also find the cross-section of the arm of the 

bracket which is rectangular. 
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21. Design a knuckle joint to transmit 150 kN. The design stresses may be taken as 75 MPa in 

tension, 60 MPa in shear and 150 MPa in compression. 

22. Design and draw a knuckle joint to connect two mild steel bars under a tensile load of 5 kN. 

The allowable stresses are 65 MPa in tension, 50 MPa in shear and 83 MPa in crushing 

23. A steel bolt of M16x2 is 300mm long carries an impact load of 5000 Nm. If the threads stop 

adjacent to the nut and E = 2.1 X 105 MPa. (i) find the stress in the root area, (ii) find the 

stress if the shank area is reduced to root area 

24. A welded connection, as shown below is subjected to an eccentric force of 60 kN in the 

plane of welds. Determine the size of the welds, if the permissible shear stress for the weld 

is 90 N/mm2 . Assume static conditions 

25. A cylindrical beam of size 60 mm is attached to support by a complete circumferential fillet 

weld of 6 mm. Find (i) torque and (ii) bending moment that can be applied if limiting shaer 

stress is 140 MPa 

26. Design a journal bearing for a centrifugal pump for the following data: Load on the journal = 

20000N; Speed of the journal = 900 rpm; Type of oil is SAE 10, for which the absolute 

viscosity at 55 C; Maximum bearing pressure for the pump = 1.5 N/mm2 . Calculate also 

mass of the lubricating oil required for artificial cooling, if rise of temperature of oil be 

limited to 10 C. Heat dissipation coefficient = 1232 W/m2 / C. 

27. A journal bearing 150 mm diameter and 300 mm long carries a radial load of 9 kN at 1200 

rpm. The diametral clearance is 0.075 mm. If 6 kW is being lost in friction, what is the 

viscosity of the oil used at given operating temperature? 

28. The load on the journal bearing is 150 kN due to turbine shaft of 300 mm diameter running 

at 1800 rpm. Determine the following (i) Length of the bearing if the allowable bearing 

pressure is 1.6 N/mm2 and (ii) Amount of heat to be removed by the lubricant per minute if 

the bearing temperature is 60 C and viscosity of the oil at 60 C is 0.02 kg/ms and the bearing 

clearance is 0.25 mm 

29. Select a suitable deep groove ball bearing for supporting a radial load of 10 kN and an axial 

load of 3 kN for a life of 4000 hrs at 800 rpm. Select from series 63. Calculate the expected 

life of the selected bearing. 

30. A Single row deep groove ball bearing operating at 2000 rpm is acted by a 10 kN radial load 

and 8 kN thrust load. The bearing is subjected to a light shock load and the outer ring is 

rotating. Determine the rating life of the bearing. 

31. A 50 mm diameter journal bearing rotates 1500 rpm, L/D =1, radial clearance is 0.05 mm, 

minimum film thickness = 0.01 mm. Calculate the maximum radial load that the journal 

bearing can carry and still operate under hydrodynamic condition. For thus load, calculate 

power lost in friction and increase in the oil temperature. Assume Hg = Hd. Absolute 

viscosity = 20x103 Pas, Sp.Gravity of oil 0.8, Sp.Heat of oil 2.1 kJ/kg°C. 
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32. Enumerate the detail steps involved in the selection of bearings from the manufacturer’s 

catalogue 

33. Design a closed coiled helical spring subjected a tensile load of magnitude varying from 

2500N to 3000N and the axial deflection of spring for this range of load is 6.5 mm. Design 

the spring, taking the spring index as 6 and safe shear stress for material equal to 465 MPa. 

34. Design a CI flywheel for a four stroke engine developing 150 kW at 200 rpm. Calculate the 

mean diameter of the flywheel if the hoop stress is not to exceed 4 MPa. Total fluctuation of 

speed is to be 4 % of the mean speed. Work done during the power stroke may be assumed 

to be 1.5 times the average work done during the cycle. Density of CI is 7200 kg/m3 . 

35. A helical compression spring made of oil tempered carbon steel is subjected to a load which 

varies from 400 N to 1000 N. The spring index is 6 and the design factor of safety is 1.25. If 

the yield stress in shear is 770 MPa and endurance stress in shear is 350 MPa, find: (i) Size of 

the spring wire, (ii) Diameter of the spring, (iii) Number of turns of the spring, and (iv) Free 

length of the spring. The compression of the spring at the maximum load is 30 mm. The 

modulus of rigidity for the spring material may be taken as 80 kN/mm2 . 

36. A single cylinder double acting steam engine delivers 185 kW at 100 rpm. The maximum 

fluctuation of energy per revolution is 15% of the energy developed per revolution. The 

speed variation is limited to 1% either way from the mean. The mean diameters of the rim 

are 2.4m. Design and draw two views of the flywheel. 

37. Design a mild steel connecting rod with an I-section for a single cylinder IC engine from the 

following data: Diameter of the piston is 0.104 m; weight of reciprocating parts is 18.2 N; 

length of connecting rod center to center is 0.314 m; stroke length is 0.41 m; speed of the 

engine is 1500 rpm; maximum explosion pressure is 2.28 MPa. Assume that the maximum 

thrust takes place at TDC during the explosion stroke. Assume also any missing data. 

38. Design a journal bearing for a centrifugal pump from the following data: Load on the journal 

= 20 000 N; Speed of the journal = 900 r.p.m.; Type of oil is SAE 10, for which the absolute 

viscosity at 55°C = 0.017 kg / m-s; Ambient temperature of oil = 15.5°C; Maximum bearing 

pressure for the pump = 1.5 N / mm2. Calculate also mass of the lubricating oil required for 

artificial cooling, if rise of temperature of oil be limited to 10°C. Heat dissipation coefficient = 

1232 W/m2/°C. 

39. A full journal bearing of 50 mm diameter and 100 mm long has a bearing pressure of 1.4 

N/mm2. The speed of the journal is 900 r.p.m. and the ratio of journal diameter to the 

diametral clearance is 1000. The bearing is lubricated with oil whose absolute viscosity at 

the operating temperature of 75°C may be taken as 0.011 kg/m-s. The room temperature is 

35°C. Find: 1. The amount of artificial cooling required, and 2. The mass of the lubricating oil 

required, if the difference between the outlet and inlet temperature of the oil is 10°C. Take 

specific heat of the oil as1850 J / kg / °C. 

40. A ball bearing subjected to a radial load of 5 kN is expected to have a life of 8000 hours at 

1450 r.p.m. with a reliability of 99%. Calculate the dynamic load capacity of the bearing so 

that it can be selected from the manufacturer's catalogue based on a reliability of 90%. 

41. Select a single row deep groove ball bearing for a radial load of 4000 N and an axial load of 

5000 N, operating at a speed of 1600 r.p.m. for an average life of 5 years at 10 hours per 

day. Assume uniform and steady load. 
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42. The main bearing of a steam engine is 100 mm in diameter and 175 mm long. The bearing 

supports a load of 28 kN at 250 r.p.m. If the ratio of the diametral clearance to the diameter 

is 0.001 and the absolute viscosity of the lubricating oil is 0.015 kg/m-s, find: 1. The 

coefficient of friction; and 2. The heat generated at the bearing due to friction. 
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