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Anna University Exams Nov / Dec 2016 – Regulation 2013 
Rejinpaul.com Unique Important Questions – 5th Semester BE/BTECH 

ME6503 Dynamics of Machines Elements 
1. The load on a bolt consists of an axial pull of 10 kN together with a transverse shear force of 5 kN. Find the 

diameter of bolt required according to 1. Maximum principal stress theory; 2. Maximum shear stress theory; 
3. Maximum principal strain theory; 4. Maximum strain energy theory; and 5. Maximum distortion energy 
theory. Take permissible tensile stress at elastic limit = 100 MPa and poisson’s ratio = 0.3 

2. A steel cantilever is 200 mm long. It is subjected to an axial load which varies from 150 N (comp) to 450 N 
(tension) and also a transverse load at its free end which varies from 80 N up to 120 N down. The cantilever 
is of circular cross-section. It is of diameter 2d for the first 50 mm and of diameter d for the remaining 
length. Determine its diameter taking a factor of safety of 2. Assume the following values: Yield stress = 330 
MPa Endurance limit in reversed loading = 300 MPa Correction factors = 0.7 in reversed axial loading = 1.0 in 
reversed bending Stress concentration factor = 1.44 for bending = 1.64 for axial loading Size effect factor = 
0.85 Surface effect factor = 0.90 Notch sensitivity index = 0.90 

 
3. The frame of a punch press is shown in above figure. find the stresses at the inner and outer surface at 

section X – X of the frame, if W=5000 N 

 
4. A Shaft as shown in fig is subjected to a bending load 3KN,Pure torque 1000N-m, Axial pulling force 

15KN,calculate the stresses at A&B 

 
5. A hollow shaft is required to transmit 600 kW at 110 r.p.m., the maximum torque being 20% greater than 

the mean. The shear stress is not to exceed 63 MPa and twist in a length of 3 metres not to exceed 1.4 
degrees. Find the external diameter of the shaft, if the internal diameter to the external diameter is 3/8. 
Take modulus of rigidity as 84 GPa 
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6. A mild steel shaft of 50 mm diameter is subjected to a bending moment of 2000 N-m and a torque T. If the 
yield point of the steel in tension is 200 MPa, find the maximum value of this torque without causing 
yielding of the shaft according to 1. the maximum principal stress; 2. The maximum shear stress; and 3. the 
maximum distortion strain energy theory of yielding. 

7. A pulley is keyed to a shaft midway between two bearings. The shaft is made of cold drawn steel for which 
the ultimate strength is 550 MPa and the yield strength is 400 MPa. The bending moment at the pulley 
varies from – 150 N-m to + 400 N-m as the torque on the shaft varies from – 50 N-m to + 150 N-m. Obtain 
the diameter of the shaft for an indefinite life. The stress concentration factors for the keyway at the pulley 
in bending and in torsion are 1.6 and 1.3 respectively. Take the following values: Factor of safety = 1.5, Load 
correction factors = 1.0 in bending, and 0.6 in torsion, Size effect factor = 0.85, Surface effect factor = 0.88 

8. A solid steel shaft is supported on two bearings 1.8 m apart and rotates at 250 r.p.m. A 20° involute gear D, 
300 mm diameter is keyed to the shaft at a distance of 150 mm to the left on the right hand bearing. Two 
pulleys B and C are located on the shaft at distances of 600 mm and 1350 mm respectively to the right of the 
left hand bearing. The diameters of the pulleys B and C are 750 mm and 600 mm respectively. 30 kW is 
supplied to the gear, out of which 18.75 kW is taken off at the pulley C and 11.25 kW from pulley B. The 
drive from B is vertically downward while from C the drive is downward at an angle of 60° to the horizontal. 
In both cases the belt tension ratio is 2 and the angle of lap is 180°. The combined fatigue and shock factors 
for torsion and bending may be taken as 1.5 and 2 respectively. Design a suitable shaft taking working stress 
to be 42 MPa in shear and 84 MPa in tension 

9. Design a rigid type protective flange coupling.  The shafts are running at 500rpm and transmit 25KW power.  
Design the coupling completely for over load capacity 25 percent in excess of mean transmitted torque 
capacity. Assume the following permissible stress for the coupling components: Shaft permissible tensile 
stress = 60Mpa Shaft permissible shear stress = 35Mpa Key - Rectangular formed end sunk key having 
permissible compressive strength=60Mpa Bolts – six numbers made of steel having permissible shear 
stress=28Mpa Flanges – C.I having permissible shear stress = 12Mpa 

10. Design a C.I flywheel for four stroke C.I engine developing 50 kW at 150 rpm with 75 explosions /min. The 
total fluctuation of speed is limited to 0.5% of the mean speed on either side. The work done during working 
stroke is 1.4 times the work done during the cycle. Assume flywheel stores 90% of energy on the rim, hoop 
stress on the rim should not increase more than 4 N/mm2 and density of the material is 7200kg/m3 

11. below figure shows shaft carrying a pulley A and a gear B and supported in two bearings C and D. The shaft 
transmits 20 kW at 150 r.p.m. The tangential force Ft on the gear B acts vertically upwards as shown. The 
pulley delivers the power through a belt to another pulley of equal diameter vertically below the pulley A. 
The ratio of tensions T1/ T2 is equal to 2.5. The gear and the pulley weigh 900 N and 2700 N respectively. 
The permissible shear stress for the material of the shaft may be taken as 63 MPa. Assuming the weight of 
the shaft to be negligible in comparison with the other loads, determine its diameter. Take shock and 
fatigue factors for bending and torsion as 2 and 1.5 respectively 
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12. Design a shaft and flange for a Diesel engine in which protected type of flange coupling is to be adopted for 

power transmission. The following data is available for design: Power of engine=75kw; Speed of engine = 
200rpm; Maximum permissible stress in shaft = 40Mpa; Maximum permissible twist in shaft = 1° in length of 
shaft equal to 30 times diameter of shaft; Maximum torque = 1.25mean torque, Maximum permissible 
stress in bolts = 20Mpa 

13. A C-clamp is subjected to a maximum load of W, as shown in Fig. . If the maximum tensile stress in the 
clamp is limited to 140 MPa, find the value of load W 

 
14. Design and draw a protective type of cast iron flange coupling for a steel shaft transmitting 15 kW at 200 

r.p.m. and having an allowable shear stress of 40 MPa. The working stress in the bolts should not exceed 30 
MPa. Assume that the same material is used for shaft and key and that the crushing stress is twice the value 
of its shear stress. The maximum torque is 25% greater than the full load torque. The shear stress for cast 
iron is 14 MPa. 

15. Design and draw a cotter joint to support a load varying from 30 kN in compression to 30 kN in tension. The 
material used is carbon steel for which the following allowable stresses may be used. The load is applied 
statically.Tensile stress = compressive stress = 50 MPa  shear stress = 35 MPa and crushing stress= 90 MPa 

16. A rectangular beam is shown in above figure, is to be welded to a plate. The maximum plate of 14KN is 
applied respectively. Determine the size of the weld 
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17. A bracket carrying a load of 15 KN is to be welded as shown in Fig. Find the size of weld required if the 

allowable shear stress is not to exceed 80 MPa 

 
18. A steel plate subjected to a force 3KN and fixed to a vertical channel by means of four identical bolts is 

shown in fig. The bolts are made of plain carbon steel 45C8 (Syt=380N/mm2) and the factor of safety is 
2.Determine the nominal diameter of the bolt. 

 
19. Design a knuckle joint (with neat sketch) for a tie rod of a circular section to sustain a maximum pull of 70 

kN. The ultimate strength of the material of the rod against tearing is 420 MPa. The ultimate tensile and 
shearing strength of the pin material are 510 MPa and 396 MPa respectively. Determine the tie rod section 
and pin section. Take factor of safety = 6 

20. A steam engine of effective diameter 300 mm is subjected to a steam pressure of 1.5 N/mm2 . The cylinder 
head is connected by 8 bolts having yield point 330 MPa and endurance limit at 240 MPa. The bolts are 
tightened with an initial preload of 1.5 times the steam load. A soft copper gasket is used to make the joint 
leak-proof. Assuming a factor of safety 2, find the size of bolt required. The stiffness factor for copper gasket 
may be taken as 0.5. 
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21. 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 

 
22. A rectangular beam is shown in above figure, is to be welded to a plate. The maximum plate of 14KN is 

applied respectively. Determine the size of the weld. 
23. A punching machine makes 25 working strokes per minute and is capable of punching 25 mm diameter 

holes in 18mm thick steel plates having ultimate shear strength of 300Mpa. The punching operation takes 
place during 1/10th of revolution of the crank shaft. Estimate the power needed for the driving motor, 
assuming the mechanical efficiency of 95%. Determine the suitable dimension for the rim cross-section of 
the fly wheel, which is to resolve at 9 times the speed. The permissible coefficient of fluctuation of speed is 
0.1. The diameter of the fly wheel must not exceed 1.4 m owing to space restrictions. Check for the 
centrifugal stress induced in the rim 

24. 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 : 1. Size of the spring wire, 2. Diameters of the spring, 3. 
Number of turns of the spring, and 4. 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 

25. A helical compression spring is used to absorb the shock. The initial compression of the spring is 30mm and 
it is further compressed by 50mm while absorbing the shock. The spring is to absorb 250J of energy during 
the process. The spring index can be taken as 6. The spring is made of patented and cold drawn steel wire 
ultimate strength of 1500 N/mm2 and modulus of rigidity of 81370 N/mm2. The permissible shear stress for 
the spring wire should be taken as 30% of the ultimate tensile strength. Design the spring and calculate (i) 
Wire diameter (ii) Mean coil diameter (iii) Number of active coils  (iv) Free length (v) Pitch of the turns 

26. The turning moment diagram of a multi cylinder engine is drawn with a scale of (1mm = 1) on the abscissa 
and (1mm = 250N-m) on the ordinate. The intercepted areas between the torque developed by the engine 
and mean resisting torque of the machine, taken in order from one end are -350, +800,-600,+900,-550,+450 
and -650mm². The engine is running at a mean speed of 750rpm and the coefficient of speed fluctuation is 
limited to 0.02. a rimmed flywheel made of grey cast iron, whose density is 7100 kg/m³ is provided. The 
spokes, hub and shaft are assumed to contribute 10% of the required moment of inertia. The rim has 
rectangular cross section and the ratio of width to thickness is 1.5. Determine the dimensions of rim 

27. Design a journal bearing for the centrifugal pump from the following data. Load on the journal = 20 KN, 
speed of the journal = 900 rpm. Type of oil is SAE 10 for which the absolute viscosity at 550C = 0.017 kg/m-s, 
Ambient temperature of oil is 15.50C, Maximum bearing pressure for the pump = 1.5N/mm2. Calculate mass 
of the lubricating oil required for artificial cooling, if the rise of temperature of oil be limited 100 C. Heat 
dissipation coefficient = 1232W/m2 /0C   
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28. A bearing for an axial flow compressor is to carry a radial load of 2500 N and thrust of 1500 N. The service 
imposes light shock and the bearing will be in use for 40 hours/week for 5 years. The speed of the shaft is 
1000 rpm. Select the suitable ball bearing for the purpose and give the required tolerances on the shaft and 
housing. Diameter of the shaft is 50mm 

29. 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 as 1850 J / kg / °C. 

30. A 100 mm long and 60 mm diameter journal bearing supports a load of 2500 N at 600 r.p.m. If the room 
temperature is 20°C, what should be the viscosity of oil to limit the bearing surface temperature to 60°C? The 
diametral clearance is 0.06 mm and the energy dissipation coefficient based on projected area of bearing is 
210 W/m2/°C. 

31. A ball bearing subjected to a radial load of 4000 N is expected to have a satisfactory life of 12 000hours at 
720 r.p.m. with a reliability of 95%. Calculate the dynamic load carrying capacity of the bearing, so that it 
can be selected from manufacturer's catalogue based on 90% reliability. If there are four such bearings each 
with a reliability of  95% in a system, what is the reliability of the complete system? 

32. 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 

33.  
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