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MECHANICAL ENGINEERING
Paper -1

Time Allowed : Three Hours Maximum Marks : 200

Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting

questions :
There are EIGHT questions in all, out of which FIVE are to be attempted.

Questions no. 1 and 5 are compulsory. Out of the remaining SIX questions, THREE are
to be attempted selecting at least ONE question from each of the two Sections A and B.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a
question shall be counted even if attempted partly. Any page or portion of the page left
blank in the Question-cum-Answer Booklet must be clearly struck off.

All questions carry equal marks. The number of marks carried by a question/part is
indicated against it.

Unless otherwise mentioned, symbols and notations have their usual standard meanings.
Assume suitable data, if necessary and indicate the same clearly.
Neat sketch may be drawn, wherever required.

Answers must be written in ENGLISH only.
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SECTION A

Q1. (a) The figure below shows a differential gear used in a motor car. The
pinion A on the propeller shaft has 12 teeth and gear B has 60 teeth.
The shafts S; and Sy form the rear axles to which the road wheels are
attached. If the propeller shaft rotates at 1000 rpm and the road wheel
attached to axle Sy has a speed of 210 rpm while taking a left turn, find
the speed of road wheel attached to axle S;.
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(b) Knowing that the spring at A is of constant K and that of the bar AB is

rigid, determine the critical buckling load (P,,) for the given column.
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(c)

(d)

(e)

Q2. (a)

(b)

(c)

Sodium is a bcc crystal. Its density is 9-6 x 102 kg m™3 and atomic
weight is 23. Calculate the lattice constant for sodium crystal. Consider
Avogadro constant as 6-022 x 1026, and number of atoms present in one

unit cell of sodium is 2.

Why is it important for a gear pair to follow the law of gearing ? Explain
with sketch.

Determine the maximum torque that can be applied to a hollow circular
steel shaft of 100 mm outside diameter and 80 mm inside diameter
without exceeding a shearing stress of 60 MPa or a twist of 0-5 deg/m.
Use G = 83 GPa, where G is the modulus of rigidity.

An open belt drive is used to connect two parallel shafts 4 m apart. The
diameter of the bigger pulley is 1-5 m and that of the smaller pulley is
0-5 m. The mass of the belt is 1 kg/m length. The maximum tension is
not to exceed 1600 N. The coefficient of friction is 0-25. The bigger
pulley, which is the driver, runs at 250 rpm. Due to slip, the speed of the
driven pulley is 725 rpm. Calculate the power transmitted, power lost in

friction and the efficiency of the drive.

Draw the shear force and bending moment diagrams for the beam and
loading shown, and determine absolute value of (a) the shear, and
(b) the bending moment.
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Enlist the reasons for carrying out case hardening treatment.
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