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MECHANICAT™ FNGINEERING
Paper II

| Time Allowed : Three Hours Maximum Marks : 300

Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting
questions :

There are EIGHT qdestions divided in TWQO sections.
wdidate has to attempt FIVE questions in all.

Questions No. 1 and & are compulsory and out of the remaining, THREE are to be
attempted choosing at least ONE question from each section.

The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space
provided. No marks will be given for answers written in a medium other than the

authorized one.
Assume suitable data, if considered necessary and indicate the same clearly.
Unless otherwise mentioned, symbols and notations carry their usual standard meanings.

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.

Answers must be written in ENGLISH only.
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Q2.

(e)

(a)

(b)

(c)

A gear set consists of an 18-tooth pinion driving a 45-tooth gear. The
module is 10 mm. The gears are cut using a pressure angle of 20°. In
mounting the gears, the centre distance was incorrectly made 8 mm
larger. Compute the new values of the pressure angle and pitch circle
diameter. If the pinion transmits 20 kW and rotates at 950 r.p.m,,
determine the forces on the tooth for mounted gears.

A beam of uniform section and length (L + 2a) is simply supported over a
span L with two equal overhanging lengths ‘a’. Compute the deflection
at mid span due to a uniformly distributed load w/unit length when
covering the length L between the supports and when covering only two
overhanging lengths. EI is the flexural rigidity of the beam.

A cam operates a roller reciprocating follower with the following data :
Minimum radius of the cam = 24 mm
Lift = 30 mm
Roller diameter = 16 mm
The cam lifts the follower for 120° with SHM followed by a dwell period

of 40°, Then the follower lowers down during 150° of the cam rotation
with uniform acceleration and deceleration followed by a dwell period.

(i) - Draw the profile of the cam.

(ii)  If the cam rotates at a uniform speed of 160 r.p.m., calculate the
maximum velocity and acceleration of the follower during the
descent period.

A rotating shaft shown in the figure below is supported in ball bearings
at A and D and loaded by a non-rotating force of 6:8 kN. The shaft is
made of 40 C8 steel (o, = 360 N/mm?, o, = 650 N/mm?). Endurance
limit o, may be taken as 55% of o, The shaft is machined. The
reliability is 90% (reliability factor c,. is 0-897). Static stress
concentration at BB may be taken as 1-5 and at CC 1:4. The notch
sensitivity factor q may be taken as 0-95.
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All dimensions are in mm

Find out the critical section and factor of safety.
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Q4.

(a)

(b)

(c)

A steam turbine delivers 8200 kW of power at 1800 r.p.m. This power is
received by a shaft coupled with the turbine. This shaft delivers this
power to the other shaft through gear reduction unit at 90% efficiency.
The other shaft rotates at 107 r.p.m. Determine the diameters of both
the solid shafts. Take allowable shear stress as 3-45 x 108 N/mZ.
Further, if these shafts are replaced by hollow shafts with internal
diameters half of the outer diameter, determine the internal and
external diameters of both the shafts.

A 100 kg machine is symmetrically supported on four springs. The mass
of the reciprocating parts is 2-5 kg which move through a vertical stroke
of 100 mm with SHM.

Neglecting damping, determine the combined stiffness of the springs so
that the force transmitted to the foundation is 2—10th of the impressed
force. The machine crankshaft rotates at 850 r.p.m.

If under actual working conditions, the damping reduces the amplitudes
of successive vibrations by 30%, find

(i) the force transmitted to the foundation at 850 r.p.m.,
(i1)  the force transmitted to the foundation at resonance, and

(iii) the amplitude of the vibration at resonance.

A ball bearing operates on a work cycle consisting of three parts —
a radial load of 3500 N at 1440 r.p.m. for 30% of the cycle, a radial load
of 6000 N, 750 r.p.m. for 35% of the cycle and a radial load of 2500 N at
1440 r.p.m. for the remaining cycle. The expected life of the bearing is
10,000 hours. Calculate the dymamic load carrying capacity of the
bearing.
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Q6. (a)

(ii)

(b) Q)

ZLX-D-MCH

Explain uniform corrosion and pitting corrosion.

For a 79-65 wt% Fe, 0-35 wt% C, an alloy is at a temperature just
below the eutectoid. Determine the fraction of total ferrite and
cementite phases, the fraction of the proeutectoid ferrite and

pearlite, and the fraction of the eutectoid ferrite.

The following table shows the activities of a network along with

their time estimates in days :

Activity — 1-2 | 2-3 | 2-4 | 3-5 | 4-5 | 5-6
Estimated Time
t, 1 2 2 7 5 3
t 7 14 | 5 10 | 5 3
t, 13 | 26 | 8 19 | 17 | 9

Draw the project network and find the probability of completion

of the project in 40 days.
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(ii)  Describe with an illustrative sketch the “Ultrasonic Welding”
process.

(c) Answer the following :

(i) Explain the following control strategies :

(A)
(B)
(C)
(D)

(i)  (A)

(B)

2LX-D-MCH

Proportional Control (P)
Derivative Control (D)

Integral Control (I)

PID Control

Derive the forward kinematics equations for the given
figure of two degrees of freedom planar robot. Assign the
coordinate frames based on D-H representations, prepare
the D-H parameter table, prepare the individual
transformation matrices and finally the composite

transformation matrix depicting the F-K equations.

If the link lengths are a; = 15 units and ag = 10 units,
determine the final position and orientation of tool point

(e.e.) frame for 6; = 45° and 69 = 45° (measured in

counter-clockwise sense).

2 Link 2-DOF planar robot arm
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(b) ()

(i)

(¢) Answer the following :

(1)

The dimensions of the mating parts according to the hole system
are given below :

Hole 30-0 mm Shaft 29-98 mm
30:05 mm 29-94 mm
Find the hole tolerance, shaft tolerance and allowance.

Illustrate and describe through a linking flow diagram, the
elements of a CIM system for integrating CAD/CAM including
latest communication technology to all the operational functions
and information processing in manufacturing.

Develop Forward Kinematics model for the given three degrees of
freedom RPY wrist figure. Assign the frames, develop D-H
parameters table, generate individual transformation matrices
and overall transformation matrix. Assume agq=dg=0.
Determine the orientation of the last frame with reference to the
{0} frame, if 6; = 0 and 0, = 05 = 90°.

Joint 1 Joint 2 Joint 3

/j\ b

NS

P

NN

(i1)
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Roll Pitch Yaw

A 3-DOF freedom roll, pitch and yaw (BRPY) wrist

Determine the three joint variables for a given end effector
orientation matrix Ty for the RPY wrist in the figure above.

ny Oy ay 0
n o a
TE _ y y y
n, 0, a, 0
0 0 0 1]
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