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[3061}-108
F. E. Examination - 2006

ENGINEERING MECHANICS
(2003 Course)

Time : 3 Hours] [Max. Marks : 100
Instructions :

(1) Answer Q.{ or Q.2, Q.3 or Q.4 and Q.5 or Q.6 from Section
I Answer Q.7 or Q.8, Q.9 or Q.10 and Q.11 or Q.12 from
Section 11.

(2) Answers to the two sections should be written in separate
answer books.

(3) Neat diagram must be drawn wherever necessary.

(4) Figure to the right indicate full marks.

(5) Use of electronic pocket calculator is allowed.

(6) Assume suitable data, if necessary and clearly state them.

(7) Assessment will be based on complete solutions but not on
final answer.

(8) Use of cell phone is prohibited in the examination hall.

Q1) (A)

[3061]-108

SECTION - 1

The four concurrent forces P, P,, P, and P, act on annular ring

as shown in Fig.1(A). Inside and outside diameters of ring are

26 cm and 34 cm respectively. Coordinates of point of application

of these forces are indicated in the bracket w.r.t. centre of ring.

Check whether the system of forces is in equilibrium. If not

find resultant of four forces in magnitude and direction. [08]
P, =85 N

P4=100 N (12, -5)
P, = 65N
C (0, -17
P, = 50N Fig. 1 (A)
1 P.T.O.





[image: image2.png](B) State and explain Varignon’s Theorem of Moments. [04]

(C) A beam ABC is simply supported at A and B four meters apart
with BC overhang of 2m. A clockwise couple of 30Nm is acting
at C. Find minimum value of P to be applied at point D, 1m
from A to maintain equilibrium. In the absence of P how
equilibrium is maintained by changing the type of support at A. {06]

OR

Q.2) (A) Two blocks A and B having masses 50 kg and 100 kg
respectively are connected by a string which passes over
frictionless pulley as shown in fig. 2(A). Coefficient of friction
between block and surface is 0.2 for both A and B. Determine
force P if,

(1) The system is prevented to move towards left.

(2) The system is just on the point of moving towards right. [09]

P

Fig. 2(A)

(B) Locate the centroid of plane lamina OABCDE as shown in
Fig. 2(B). Density of semicircular lamina ABCA is twice the
remaining area. 4y [09]
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[image: image3.png]Q.3) (A) A prismatic bar ABCD weighing 1 kN/m is hinged at A and
supported on roller at D as shown in Fig. 3(A). Determine
components of reactions at A and D : [06]
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Fig. 3(A)

(B) Analyse the truss completely as shown in Fig. 3(B). Obtain
reactive components at A and B : [10]

B —y ——f>
O g T \ AP

Fig. 3(B)

OR

Q.4) (A) A prismatic bar AB of length 50 cm and weight 50N rests against
smooth vertical wall at A and on smooth horizontal floor at B.
A string OC is connected to hold the bar in equilibrium position.
If CB = 10 cm, AO = 30 cm and OB = 40 c¢m, find tension
in string. Refer fig. 4(A). . [06]

o B Fig. 4(A)
[3061]-108 3 P.T.O.
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Q.5) (A)

(B)
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A pulley of diameter 80 cm is rotating due to torque of
100 Nm clockwise as shown in figure 4(B). To apply brake,
a force P is applied to brake lever ABC at A. The lever is hinged
at B. Find P required if W between belt and pulley is 0.3.
AB = 60 cm and BC = 30 cm. [10]

For a slider crank mechanism a couple ‘M’ is applied as
shown in fig. 5(A). Show that force ‘F’ applied to cross head
is F = M/2L sin® where L is the length of each link AB and
BC. Use virtual work method. |08}

M CROSSHEAD Fig. S(A)

A vertical mast OD is having base ‘O’ with ball and socket.
Three cables DA, DB and DC keep the mast in equilibrium.
If tension in the cable DA is 100kN, find tensions in the cables
DB and DC and force in the mast. Refer figure 5(B). [08]

(0,-30,0) - 24,7, 0)

4 Contd.





[image: image5.png]Q.6) (A) Two beams ABC and CD are pinned together at C as shown
s # in figure 6(A) A clockwise couple of 10kN-m acts at E and
e 1o concentrated Joad of 60 kN at F. Using virtual work method,

G determine reactions at A, B and D. B [08]
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Fig. 6(A) '™
(B) A plate ACED weighs 7,600 kg/m?. It is held in horizontal plane
by three wires at A, B and C. Find tensions in the wires. Refer
figure 6(B). [08]
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_ Fig. 6(B)

~Z: " SECTION - I

Q.7) (A) The acceleration of the car moving along a straight path
decreases uniformly from 15 m/s? to zero in 10 second, at which

;. its velocity is Sm/s. Find the initial velocity and change in
- position during the 10 second interval. Also draw a-t and
v-t curve. : [08]
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Q.8) (A)

(B)
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The 50 kg crate is projected along the floor with an initial speed
of 7 m/s at x = 0. The coefficient of kinetic friction i, = 0.4.
Calculate the time required for the crate to come to rest and
corresponding distance x traveled. Refer Fig. 7(B). 108}

7777777777 T7TTIITITTITTTT
i = 040 +—> x

Fig. 7(B)

OR

Determine the time required for a car to travel 1 km along a
road if the car starts from rest, reaches a maximum speed at
some intermediate point and then stops at the end of the road.
The car can accelerate at 1.5 m/s? and decelerate at 2 m/s*.  [08]

The 4 kg cart, at rest at time t = 0, is acted upon by a horizontal
force which varies with time t as shown in Fig.8(B). Neglect
friction and determine the velocity of the car at t = Is and

t = 3s. [08]
Force in N
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Fig. 8(B)
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[image: image7.png]Q.9) (A) The velocity of a particle moving in the x-y plane is given by
6.121 + 3.24) m/s at time t = 3.65s. Its average acceleration
during the next 0.02s is 4i + 6j m/s>. Determine the velocity
vector v of the particle at t = 3.67s and the angle 6 between
the average acceleration vector and velocity vector at t = 3.67s. [08]

(B) A 0.5 kg slider C can slide on a semicircular rod of radius 0.6m,
which is rotating about the vertical axis AB with constant angular
velocity of 6 rad/s as shown in Fig.9(B). Determine the minimum
coefficient of static friction between the slider and the rod if
the slider is not to slide when, (a) © = 70°, (b) 6 = 30°.

In each case indicate the direction of impending motion. [08]

Slider 0.5 kg

Fig. 9(B)

OR

Q.10)(A) A boy seats on the merry-to-round so that he is always located
at R = 3m from the centre of the rotation. The merry-go-round
is originally at rest, and then due to rotation, boy’s angular
acceleration is 6 = 2 rad/s?. Determine his velocity when his
resultant acceleration becomes 8m/s?. [08]

13061]-108 7 P.T.O.





[image: image8.png]B)

Q.10)(A)
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The 0.6 kg block slides on the circular path of radius 3 m in
the vertical plane as shown in Fig.10(B). If the speed of the
block at A is 5 m/s, determine the normal force exerted on the
block by the surface at A and B. [08]

Fig. 10(B)

Disk A is rotating at an angular acceleration of o, = (0.6t +
0.75) rad/s?, where t is in second. If at t = 0 initial angular
velocity and displacement are ®, = 5.8 rad/s and 6, = 0
respectively, determine the linear velocity and acceleration of
block B at t = 2.5s. Also find number of revolutions made by

‘disk and downward displacement of block B from t = 0 to

2.5s. Refer Fig. 11(A). 110]

®,~5.8 rad/s

Radius = 0.15 m

Fig. 11(A)
OR
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Q.12)(A)

B)

The disk has a mass M and radius R. If the block of mass m

is attached to the cord, determine the angular acceleration of

the disk when the block is released from rest. Also, what is the
velocity of the block after it falls a distance 2R starting from
rest. Refer Fig. 11(B). [08]

Disk—/

Block — Fig. 11(B)

OR

The similar links AB and CD rotate about the fixed pins at A
and C. If AB has an angular velocity @,, = 8 rad/s, determine
the angular velocity of BDP and the velocity of point P. Refer

Fig.12(A). [10]

700mim |,

Fig. 12(A)

The uniform 20 kg slender rod is pivoted at A and swings freely
in the vertical plane. If the bar is released from rest in the
horizontal position as shown in Fig. 12(B), determine the
reaction at A at an instant after release. [08]

Fig. 12(B)
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