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Q1 (a)

Section A : Strength of Materials + Machine Design + Engineering Mechanics

A steel shaft ABC, of constant circular cross-section and of diameter 70 mm, is clamped at
the left end A, loaded by a twisting moment of 5000 Nm at its midpoint B, and elastically
restrained against twisting at the right end C as shown in the figure.

At end C the bar ABC is attached to

vertical steel bars each of 15 mm oy

Length=15m
Diameter = 15 mm

diameter. The upper bar MN is attached
to the end N of a horizontal diameter of
the 70 mm bar ABC and the lower bar PQ
is attached to the other end () of this same
horizontal diameter as shown in the
figure. For all materials E = 200 GPa and

Length=15m
G =80 GPa. Determine the peak shearing Diameter = 15 mm
stress in bar ABC as well as the tensile '
stress in the bar MN. : .
[12 marks]
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Q.1 (b)

The beam AC is simply supported at A and C and subjected to the uniformly distributed
load of 280 N/m and the couple of magnitude 2550 Nm as shown in the figure. Write the
equations for shearing force and bending moment and make sketches of these equations.
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Q.1 (o)

A plate clutch consists of one pair of contacting surface and transmits 30 kW power at
900 rpm. The ratio of outer diameter to inner diameter is 2. The coefficient of friction is
0.3 and the permissible intensity of pressure is 1.5 N/mm? Assuming uniform wear,
calculate the inner and outer diameters. '

[12 marks]
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Q1(d)

A pair of spur gears with 20° full depth involute teeth consists of a 22 teeth pinion meshing
with a 44 teeth gear. The module is 3 mm while the face width is 45 mm. The material
for pinion as well as gear is steel with an ultimate tensile strength of 600 N/ mm?. The
gears are heat treated to a surface hardness of 400 BHN. The pinion rotates at 1500 rpm
and the service factor for the application is 1.75. Assume that velocity factor accounts
for the dynamic load and the factor of safety is 2. Determine the rated power that the
gears can transmit. Take Lewis form factor (Y) = 0.33 for 20° full depth involute system
and 6, =033 s,.
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Q1 (¢)

)

A 40 kg disc rests on an inclined surface for which p. = 0.3 as shown in the figure.
Determine the maximum vertical force P that may be applied to link AB without causing
the disc to slip at C.

200 , 300 P 600

[12 marks]

aguv. Pt L8 @ vewe Of Aipping -

E)Cvr{\ (yf ISt D
SN e R

L
%

NI [_,gﬁ_P_K@L + 403@530]

N b 0 n36° =« 0 -
-t +C§—> §n30° + 409 &n 2

25

\ l ~ o
{_2 sz_ + A\—Dsz = 4




Do not

MADE ERSY Question Cum Answer Booklet | Page 100f 66 | e

il ,
,_E_Jrz,otdr zM[ 7 e m“@j}.

i +2109 *® 0:30 4 0~3ALOKf5CJ

3 3

(Loa - 0:3x20x /3 g ) : % = ‘/5) P




MBDE ERS4Y Question Cum Answer Booklet

I Page 11 of 66

Do not
write in
this margin

Q2 (a)

A bar of hexagonal cross-section of side length
b mm is used as a cantilever with one of its
diagonal being horizontal. Derive an expression
for the shear stress 7 at the fibre AB in terms of b
and y. Determine the shear stress when y =10 mm,
b = 30 mm and shear force applied is 6 kN. Also
plot the shear stress distribution plot across the
depth of the hexagonal section.
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[20 marks]
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Q.2 (b)| A ball bearing is subjected to a radial force which varies in sinusoidal way as shown in
the figure. The direction of force remains fixed. The amplitude of the force is 2000 N
and the speed of rotation is 750 rpm. Determine the dynamic load capacity of the bearing
for the expected life of 9000 hr.

P

max

Radial force —

o T o 3% in
Angle of rotation (8) —

[20 marks]
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Q.2 (¢)

If the density of a hemisphere varies as the distance from the bounding plane, show that
th
the distance of the centre of gravity from that plane is % of its radius.

[20 marks]
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Q.3 (a)| A double block brake is as shown in the figure. The brake drum rotates in clockwise
direction and the actuating force is 600 N. The coefficient of friction between the blocks
and the drum is 0.3 Calculate.

(i) The torque absorbing capacity of the brake.

(ii) The dimensions of the blocks, if the intensity of pressure between the blocks and
brake drum is 1.2 N/mm?.

Assume that the blocks are identical and the length of each block is twice its width.
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Q.3 (b)| A wooden metre stick AB of 500 grams mass and length 1 m hangs
vertically as shown in figure. If a horizontal force of 5 N is applied A—Fr
at a point that is 30 cm from the bottom end B, determine (a) the
angular acceleration of the stick, (ii) the components of reaction at
the hinge at A. In addition, determine the point of application of the
horizontal force at which the horizontal component of the reaction

at A is zero. —5N
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Q.3 (c)| The cantilever beam ABC as shown below is subjected to a uniform load w per unit
2
length distributed over its right half, together with a concentrated couple % applied

at B. Using Macaulay’s method determine and the maximum deflection of the beam.

%)
A C c
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My L . L \
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WL \ [20 marks]
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Q4 (a)

Find the force its nature in member AD and BC for given cantilever truss loaded by

50 kN as shown in the figure below.
A

[20 marks]
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Q.4 (b)| Along thin bar of length L and rigidity El is pinned at end A, and at B rotation is resisted
by a restoring moment of magnitude A per radian of rotation at that end. Derive the
equation for the axial buckling load P. Neither A nor B can displace in the y-direction,
but A is free to approach B.

[20 marks]
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Q4 (o)

A cantilever beam made of cold draw steel having surface finish factor (k) 0.78 and
S,; = 540 N/mm? is subjected to a completely reversed load of 1100 N as shown in the
figure. The notch sensitivity factor g at the fillet can be taken as 0.85 and the expected
reliability is 90%. Determining the diameter d of the beam for a life cycle of 11000 cycles.

| 2501'1'11’1'1 |
P=+1100 N
// A Bl~————— 200 mm -
\_ Y
1.2d d

_

Take, reliability factor, k, = 0.897 for 90% reliability and size factor k, = 0.85.
[Use Stress Concentration Factor Chart attached at the end]

[20 marks]
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Section B : Strength of Materials + Machine Design + Engineering Mechanics

Q.5 ()

Calculate the strain energy of the bolt as shown in the figure under a tensile load of
20 kN. Show that the strain energy is increased for the same maximum stress, by turning
down the shatk of the bolt to the root diameter of the thread.

Take E = 2 x 10° N/ mm?

«—— 50mm —+—20mm —~|

§| . m f165mm IZOrmn

Assuming that the load is distributed evenly over the core of screwed portion.

5 [12 marks]
20x10” 10X (0
GEOJLQ_ 3 _'['_t“__—_ 3 C]'?W ¥ ‘ Sk
= (16-5) T (20)
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Q.5 (b)

A golf ball is launched with an initial velocity of 75 m/s at an angle of 15° with horizontal.
Determine the radius of curvature of the trajectory and the time rate of change of the
speed of the ball

(a) just after launch, and (b) at apex

Neglect aerodynamic drag.
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Q5 (9)

. . . S
Determine the centroid of quadrant of an ellipse, whose equation is = + s il
K
‘j 1 (0 o) 3 [12 marks]
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QS5 (d)

uniform vertical load. Determine the allowable intensity of uniform loading,.

The extruded beam as shown below is made of aluminium having an allowable working
stress in either tension or compression of 90 MPa. The beam is a cantilever, subjected to a

= 200mm ——

S ®
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Q.5 (e)| A bracket is attached to a steel channel by means five identical rivets as shown in figure.
Determine the diameter of rivets, if the permissible shear stress is 100 N/mm?.

:*—400 mm

WA|P=80kN

100 mm ‘ P' '
@2
100 mm ‘ ‘D)_ '

b
100 mm! 100 mm

[12 marks]
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Q.6 (a) | A man of 60 kg mass standing on a bridge jumps on to a cart below him such that he
lands with a velocity of 5 m/s at an angle of 35° to the horizontal direction. If the cart is
free to move, determine its velocity after he has jumped in for the following cases : the
cart is initially

(i) atrest
(ii) moving with a velocity of 1 m/s away from the bridge.

(iii) moving with a velocity of 1 m/s towards the bridge.

Take the mass of the cart as 130 kg. Also determine the loss in kinetic energy in each case.
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Q.6 (b)| A welded connection, as shown in the figure MH_E'/O% Sy

is subjected to an eccentric force of 80 kN in

the plane of the welds. Determine the size of
the welds, if the permissible shear stress forthe |- Rt

weld is 410 N/mm?2. Assume static condition.
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Q.6 (d)

A cylindrical tank is 1.6 m diameter, 2.4 m long and 10 mm thick. Its ends are flat and are
joined by nine tie bars, each 35 mm diameter equally spaced. If the tie bars are initially
stressed to 45 N/mm? and the tank is filled with water. Determine
(i) the increase in capacity when the pressure is raised to 2 N/mm?. "
(i1) the final stress in the tie bars.
Taking E = 2 x 10° N/mm? and p = 0.3

[20 marks]
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Q7 (a)

On a mild steel plate, a circle of diameter 60 mm is drawn before the plate is stressed as
shown in the figure. Find the lengths of the major and minor axes of an ellipse formed as
a result of the deformation of the circle marked.
20 N/mm?*
45 N/mm’
D = C

45 N/mm® 3
A 1

85 N/mm” «

1
Take E = 2 x 10° N/mm? and ol u [20 marks]
P

Yy = Qs '\)/IW\Y\Q’

o+ 20 funt Al
By = 45 St Tl
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Q7 (b)

Following data is given for a full hydrodynamic bearing used for electric motor.
Radial load = 1250 N; Journal speed = 1500 rpm; Journal diameter = 50 mm
Static load on the bearing = 400 N; Start up bearing pressure = 2 N/mm?
Permissible bearing pressure in application of elastic motor is 1 N/mm?

The value of surface roughness (CLA) of the journal and the bearing are 2 and 1 micron
respectively. The minimum oil film thickness should be five times the sum of surface
roughness of the journal and the bearings. Determine

(i) length of the bearing (i) radial clearance

(iii)) minimum oil film thickness (iv)  viscosity of lubricant

(v) flow of lubricant

Select suitable oil for this application assuming the operating temperature as 65°C.

I hy) r) Q ) Q p
gl Padieis
(%) 0 1.0 o0 88.5 oo T 0 =

01 0.9 431 81.62 85.6 343 0.173 0.523
0.2 0.8 203 74.94 409 372 0.318 0.506
¢4 0.6 0.779 61.45 17.0 4.29 (.552 0.441
4.6 04 0.319 48.14 8.10 4.85 0.730 0.365
0.8 0.2 0.0923 | 33.31 3.26 541 0.874 0.267
0.9 0.1 0.0313 23.66 1.60 5.69 0.939 0.206
0.97 0.03 | 0.00609 | 13.75 0.610 588 0.980 0.126
1.0 0 0 0 0 — 1.0 0
Table : Dimensionless performance parameters for full journal bearing with side flow
10000
5000\
B
2000} =
1000 2
NN
E 500 -
5 \\
8 300N
& 200 \\\
g . 100 =
5 >
5 50 AN
& 0 R
g 30 \\‘\
w0
R \ AN
(5
E NN
2 \\
d \\\\
5 \\ :

10 20 30 40 50 60 70 80 90 100

Temperature °C
Viscosity-Temperature Relationship

[20 marks]
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Q.7 ()| @) Aliftis operated by four ropes each having 30 wires of 1.6 mm diameter. The cage
weighs 1.5 kN and the weight of the rope is 4.6 N/m. Determine the maximum
load carried by the lift if each wire is of 40 m length and the lift operates

1. without any drop

2. with a drop of 100 mm during operation.

[Take E__ =70 GPa and allowable stress = 120 MPa]

rope

(i) System shown in the figure is initially at rest. Neglecting friction determine the
force F required if velocity of collar B becomes 8 m/s in 3 seconds after the start.

HET

[10 + 10 marks]
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Q.8 (a)

(i) Discuss the five important parameters involved in the selection and design of journal
bearings. Explain in detail how each parameter effects the performance and reliability
of the bearing. '

(ii) The torque developed by an engine is given by following equation:
T = 15000 + 2000 sin 26 - 1500 cos 26

where T is the torque in N-m and 0 is the crank angle from inner dead centre
position. The resisting torque of the machine is constant throughout the work
cycle. The coefficient of speed fluctuations is 0.02. The engine speed is 200 rpm.
A circular solid steel disc, 60 mm thick, is used as flywheel. The mass density of

steel is 7800 kg/m?®. Calculate the radius of the flywheel disk.
[10 + 10 marks]

i
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The cross-section of a conveyor beam is shown in the
figure. The beam is subjected to a bending moment in
the plane y-y. Determine the maximum permissible
bending moment.

(i) for the bottom flange to be in tension.
(ii) for the bottom flange to be in compression.

The safe bending stress in tension and compression
are 40 N/mm? and 140 N/mm? respectively.

[20 marks]

o

i
i
1
1

— 180 ——

— 90—
(All dimensions are in mm)
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Q8 (9

The 20 kg mass is suspended by cables attached to three vertical 2 m posts. Point A is at
(0, 1.2, 0) m. Determine the tensions in cables AB, AC and AD.

C

[20 marks]

ke R
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