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B.Tech - Odd Sem : End Semester Exam 
Academic Year:2020-2021 

17ME3220 - Elements of Mechanical Design 
Set No: 4

Time: Max.Marks: 100

S.NO Answer All Questions Choice Options Marks CO

1.

A machine member of circular cross section is subjected to a fluctuating load as shown in the figure. Find the diameter d
using Goodman and Soderberg criteria. Consider factor of safety as 2.5. Chose a Proper material from data Book.

choice
Q-2 10Marks CO1

2.

A circular bar of 500 mm length is supported freely at its two ends. It is upon by a central concentrated cyclic load having a
minimum value of 35kN and a maximum value of 70 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 is 650 MPa,
Yield strength of 500 MPa and endurance strength of 350 MPa.

10Marks CO1

3.

A steel cantilever is 160mm long. It is subjected to an axial load which varies from 80N compression to 360N tension and
also a transverse load at its free end which varies from 50N up to 90N down. The cantilever is of circular cross-section. It is
of diameter 1.5d for the first 40mm and of diameter d for the remaining length. Determine its diameter taking a factor of
safety of 1.8. Assume the following values: Yield stress= 330MPa, Endurance limit in completely reversed loading =
300MPa, Correction factors: 0.7 in reversed axial loading, 1.0 in reversed bending, Stress concentration factor = 1.44 for
reversed bending, 1.64 for reversed axial loading; Size effect factor = 0.85, Surface effect factor = 0.90, Notch sensitivity
index = 0.88.

choice
Q-4 15Marks CO1

4.

A transmission shaft, supporting two pulleys A and B and mounted between two bearings C1 and C2 is shown in the figure.
Power is transmitted from the pulley A to B. The shaft is made of plain carbon steel 45C8 (Yield stress = 380 MPa). The
pulleys are keyed to shaft. Determine the shaft diameter if, shock factor due to bending is 1.5 and shock factor due to torsion
is 1. Use Vonmisses stress theory for yield in shear with factor of safety 1.5.

15Marks CO1

5. A bracket for supporting the travelling crane is shown below. The bracket is fixed to the steel column by means of four
identical bolts, two at A and two at B. The maximum load that comes on the bracket is 5 kN acting vertically downward at a
distance of 250 mm from the face of the column. The bolts are made of steel 40C8 (Yield stress = 380 MPa) and the factor
of safety is 5. Determine the major diameter of the bolts.

choice
Q-6

10Marks CO2
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6.
Design a double riveted butt joint with two cover plates for the longitudinal seam of a boiler shell 1.5m in diameter
subjected to a steam pressure of 1.5 Mpa. Assume joint efficiency as 55%, allowable tensile stress in the plate 120 MPa,
Compressive stress 160 Mpa, and shear stress in the rivet is 50 MPa

10Marks CO2

7.

A steel plate subjected to a force of 3 kN 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 = 380 MPa) and the factor of safety is 2. Determine the diameter of the
shank.

choice
Q-8 15Marks CO2

8. A welded connection, as shown in fig. is subjected to an eccentric force of 7.5 kN. Determine the size of the welds if the
permissible shear stress for the weld is 100 MPa. Assume static conditions.

15Marks CO2
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9.

A leaf spring with 2 master leaves and 18 graduated leaves is used in a certain application. The material limit for the leaves
in tensile is 1500 MPa. Consider the material limit in bending as 50% of material limit in tensile. The leaves are not
prestressed and a load of 1.75kN is applied. A central band of width 180 mm is used. The satisfactory length between the
two eyes is taken as 2m. Find the width and thickness of the leaf if the width to total depth ratio is 0.15 m. Choose
appropriate material and solve the problem

choice
Q-10 10Marks CO3

10. For a given application it requires a deep groove ball bearings for a desired life of 4 years with 10 days of working in each
week at rate of 6 hours per day. Find the dynamic load carrying capacity of the bearing if the applied radial load is 4000 N. 10Marks CO3

11.

A direct reading spring balance consists of a helical tension spring, which is attached to a rigid support at one end and
carries weights at the other free end. The pointer attached to the free end moves on a scale and indicates the weight. The
length of the scale is 100 mm. The maximum capacity of the balance is to measure the weight of 1000 N. The spring index
is 6. The spring is made of oil-hardened and tempered steel wire with ultimate tensile strength of 1400 MPa. The permissible
shear stress for spring wire can be taken as 50% of the ultimate tensile strength (G = 81 370 MPa). Design the spring.

choice
Q-12 15Marks CO3

12.

Consider a rolling contact bearing at B as shown in the figure. The satisfactory life of the bearing is 30 hours per day for 3
years. Calculate the radial force and thrust forces acting on the bearings from the figure shown below. Choose a suitable
bearing for the application from the manufacturer’s catalogue. (Hint: 1lbf = 4.5 N , 1inch = 25.4 mm)

15Marks CO3

13. A differential band brake is shown in Fig. 25.43. The diameter of the drum is 800 mm. The coefficient of friction between
the band and the drum is 0.3 and the angle of embrace is 240 degrees. When a force of 600 N is applied at the free end of the
lever, find for the anticlockwise rotation of the drum the torque which can be applied by the brake.

choice
Q-14

10Marks CO4
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14.

A steel pinion with 20° full depth involute teeth is transmitting 15 kW power at 1500 rpm from an electric motor. The
starting torque of the motor is 1.2 times the rated torque. The number of teeth on the pinion is 25, while the module is 5 mm.
The face width is 50 mm. Assuming that velocity factor accounts for the dynamic load, calculate (i) the effective load on the
gear tooth; and (ii) the bending stresses in the gear tooth.

10Marks CO4

15.

A single block brake with a torque capacity of 250 N-m is shown in figure. The brake drum rotates at 100 rpm and the
coefficient of friction is 0.35. Calculate the Actuating force and the resultant hinge-pin reaction for (i) Clock wise rotation of
the drum (ii) Anti clock wise rotation of the drum

choice
Q-16 15Marks CO4

16.
Design a spur gear to transmit 30 kW at 1500 rpm. Speed reduction is 2.5. The center distance between the gear shafts is
approximately 450 mm. The materials are Pinion – C45 Steel, gear wheel – C.I. Grade 30. Design the drive by considering
design bending strength as C45 steel – 140 MPa and C.I. Grade 30 – 70 MPa.

15Marks CO4
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