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APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY
FIRST/SECOND SEMESTER B.TECH DEGREE SPECIAL EXAMINATION, AUGUST 2016

BE 100 - ENGINEERING MECHANICS
Time : 3 Hours www.ktustudents.in Maximum Marks : 100 °
Part— A
Answer all the questions. Each question carries 5 Marks (8 X 5= 40 Marks)
1. (a). State the principle of Transmissibility of forces.
(b). Explain the concept of free body diagrams.

2. Find the support reactions in the beam shown in figure 1
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Fig.1
What is Polar Moment of Inertia? How does it differ from Product of Inertia?

Define virtual work and statc principle of virtual wotk, =~ Ze/er Tan I TSF

2 / Jane Al
Explain Instantaneous centre of zero velocity. How canYewfecate it? - £

®-
Calculate the velocity at a point grd radius from thetop point of a rail car wheel of

Gl hntiesl

radius 250 mm, if the car moves without slipping on straight rails at 15 m/s.
Differentiate between free vibration and forced vibration of bodies

Explain the concept of single degree of freedom systems.
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hogr Part—-B
Answer two questions from each set
SET 1 Answer any 2 questions. Each question carries 10 Marks (2 X 10 = 20 Marks)
9. Forces of 15N, 20N, 25N, 35N and 45N act at an angular point of a regular hexagon
towards the other angular points as shown in figure 2. Calculate the magnitude and

direction of the resultant force.
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Fig.2
10. A rigid bar AB is acted upon by forces as shown in figure 3. Reduce the force system to

(i) a single force (ii) force moment system at A (iii) force moment system at D
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‘ Fig3
11. Determine the reactions at supports A and B of the beam as shown in the figure 4.
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Fig.4
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SET 2 Answer any 2 questions. Eack question carries 10 Marks 2X10=29 Marks)
12. Z - section is shown in the below figure 5. Determine the cen&giq‘of the given sectiog

after selecting proper references axis.

a) X coordinate
b) Y coordinate
K—10 cm———
25cm
dls
A
> K- 25cm
25 cm
S:II%m
— 25 cm =4
Fig.5

13. A uniform ladder of length 25m and weight W is leaning against a wall. It makes 45°
with the horizontal. A man whose weight is 0.6 times that of the ladder goes up the
ladder. Determine the maximum distance he can climb before the ladder slips. Assume
coefficient of friction between the ladder and the wall to be 0.25 and that between the
floor and the wall to be 0.3.

14. A simply supported beam of length 4m has a concentrated load of SkN at 1m from the
left support. It also has a uniformly distributed load of 2kN/m over its right haif. Find the
support reactions using the principle of virtual work.

SET3 Answer any 2 questions. Each question carries 10 Marks (2 X 10 = 20 Marks)
I5. A reciprocating engine mechanism is shown in the figure 6. The crank OA has a constant
angular velocity of 300 rpm. The crank OA is of length 12 ¢m and the connecting rod AB
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is of length 60 cm. Find 1) the angular velocity of the connecting rod. 2) The velocity of
the piston when the crank makes an angle of 30° with the horizontal.

Fig.6

16. An elevator of mass 500 kg is ascending with an acceleration of 3m/s’. During this ascent

its operator whose mass is 70 kg is standing on the scales placed on the floor. What is the
scale reading? What wail be the total tension in the cables of the elevator during his
motion?

)7. A body is moving with simple harmonic motion and has velocities of 8m/s and 3m/s at a

distance of 1.5m and 2.5m respectively from the centre. Find the amplitude and time
period of the body.
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1. a) State the principle of transmissibility of forces

The principle of transmissibility states that the point of application of

a force can be moved anywhere along its line of action without changing the
external reaction forces on a rigid body

f,,\t

b) Explain the concept of free body diagram

A free-body diagram is a sketch of an object of interest with all the surrounding
objects stripped away and all of the forces acting on the body shown. The
drawing of a free-body diagram is an important step in the solving of mechanics
problems since it helps to visualize all the forces acting on a single object.

Free Body Diagram

F
—__’.-*—-f - H‘N

Weight =mg | T N=Normal force
supporting the
mass
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3. What is polar moment of inertia? How does it differ from product of inertia?

Polar moment of inertia is a quantity used to predict an object's ability to resist
torsion, in objects (or segments of objects) with an invariant circular cross section
and no significant warping or out-of-plane deformation. It is used to calculate the
angular displacement of an object subjected to a torque

y

X X

The product of inertia of area A relative to the indicated XY rectangular axes is [XY = Ixy
dA . The product of inertia of the mass contained in volume V relative to the XY axes is IXY

=[xyp dV—similarly for IYZ and 1ZX_ Relative to principal axes of inertia, theproduct of
inertia of a figure is zero.

Y

X
e Products of inertia of a body are measures of symmetry .

If a particular plane is a plahe of symmetry, then the products of inertia
associated with any axis perpendicular to that plane are zero
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Several possibifit

4. Define virtual work and state prineipal of virtual work

The virtual work is the work done by the virtual displacements, which can be
arbitrary, provided they are consistent with the constraints of the system. See
Consiraint. The principle of virtual work is sguivalent fo the conditions for static
equilibrium of 2 rigid body expressed in terms of the total forces and torgues .
The prineiple of virtual work states that in equilibrium the virtual work of the
forces applied io a system is zero. Newion's laws state that at equilibrium the
applied forces are equal and opposite to the reaction, or constraint forces.

This means the virhual work of the constraint forces must be zero as well

5. Explain instantaneocus centre of zero velocity. How you can locate it

INSTANTAREQUS CENTER OF ZERO VELOUITY For any hody undergoing planar motion, there always
exists z point in the plane of motion 2t which the velocily is insizsianeousiy zevo {iF i were rigidly
connected to the body). This point is called the instentaneous center of zero velocity, or IC. i may or
may not fie on the body! if the location of this point can be determined, the velocity analysis can be
simplified berause the body appesrs io rolzie about this point 3t that instant.

LOCATION OF THE INSTANTANEQUS CENTER To locate the IC, we can use the fact that the velocity of
apointona bodv,' is always perpendicular to the relative position vector from the IC to the point.

= exist. First, consitler the case when veloriivv A of 2 point A on the body and the
angular velocity w of the body are known. In this case, the I is located slong the line drawn
perpendiculerto v A at 4, adistance rAfiC=v A / w from A. Note that the iC lies up and to the right
of A since v A must cause a clockwise angular velocity w about the IT.

7. Differentiate hetween free vibration and forced vibration of bodies

For a vibration o take place there is a need of application of an extemsl farce on
elastic bodies such as a spring or a beam or a shaft and then afier releasing the
force, the body exscutes 3 vibratory motion. in a broader sense vibration is of two
fypes: 5

1 Free or natural vibration:

in free vibration the body atﬁ,:st;sgwnn 2n initial displacement and the force is
withdrawn. The body starts vibrating and continues the motion of its own accord.
No external force acis on the body further fo keep it in motion. The freguency of
free vibration is known as free or natural frequency.

The free vibration of of an elastic body can further ba of three types:

a)lLongitudinal vibration: when the particies of the body move parallel o the axis
of the bady, the vibration is known as longitudinal vibration.

b)Transverse vibration: hen the pariicies of the body move nearly perpendicular

- to the axis of the body, the vibration is known as fransverse vibration.

c)Torsional vibration: When the particies of the body move in a circie about the
axis of the body, the vibration is known as torsional vibration.
©)




2) Forced Vibration- In forced vibration, the object is under the infiuence of an
outside force.

When a periodic disturbing force keeps the body in vibration throughout its entire
period of motion, such vibration is said to be a forced vibration. The frequency of
vibration of the body is same as the frequency of the applied force.

This can be understood more clearly by the following example:-

When a pendulum vibrates it is free vibration because it does not depend on any
outside force to vibrate whereas when a drilling machine vibrates_ it depends ona
force from outside. Therefore, it is an example of forced vibration.

8. Explain the concept of single degree of freedom systemss
Single Degree of Freedom {SDOF) System

® One yvariable is reguired to describe the deformation
° For example: Mass-Spring-Dashpot System

Newton's Law of Moticn

e Resultant force = Mass X Acceleration

» Resultant Force Applied forca , £ CE)
,— Force offered by spring, | ¢ >¢

— Force resisted by dashpot, fH - ox®&
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