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B.Tech (Mechanical Engineering) Syllabus from Admission Batch 2018-19 4ih Semester

4T ” _ _ ] ) L-T-P 3 CREDITS
Semester RME4C001 | Kinematics & Dynamics of Machines 3-0-0

Module -1 : (12 hrs)

Kinematic fundamental: Basic Kinematic concepts and definitions, Degrees of freedom,
Elementary Mechanism : Link, joint, Kinematic Pair, Classification of kinematic

pairs, Kinematic chain and mechanism, Gru ebler’s criterion, Inversion of mechanism,
Grashof criteria, Four bar linkage and their inversions, Single slider crank mechanism,
Double slider crank mechanism and their inversion. Transmission angle and toggle
position, Mechanical advantage.

Kinematic Analysis : Graphical analysis of position, velocity and acceleration of four bar
and Slider crank mechanisms. Instantaneous centre method, Aronhold-Kennedy Theorem,
Rubbing velocity at a Pin-joint.Coriolis component of acceleration.

Module - 11 : (10 hrs)

Gear and Gear Trains: Gear Terminology and definitions, Theory of shape and action of
tooth properties and methods of generation of standard tooth profiles, Standard proportions,
Force analysis, Interference and Undercutting, Methods for eliminating Interference,
Minimum number of teeth to avoid interference. Analysis of mechanism Trains: Simple
Train, Compound train, Reverted train, Epicyclic train and their applications.

Module - I11 : (8 hrs)

Combined Static and Inertia Force Analysis: Inertia forces analysis, velocity and
acceleration of slider crank mechanism by analytical method, engine force analysis -
piston effort, force acting along the connecting rod, crank effort. dynamically equivalent
system, compound pendulum, correction couple.

Module - 1V : (8 hrs)

Friction Effects: Screw jack, friction between pivot and collars, single, multi-plate

and cone clutches, anti friction bearing, film friction, friction circle, friction axis.

Flexible Mechanical Elements: Belt, rope and chain drives, initial tension, effect of
centrifugal tension on power transmission, maximum power transmission capacity, belt creep
and slip.

Module =V : (7 hrs)

Brakes &amp; Dynamometers : Classification of brakes, Analysis of simple block, Band
and internal expanding shoe brake, Braking of a vehicle. Absorption and transmission
dynamometers, Prony brake, Rope brake dynamometer, belt transmission, epicyclic

train, torsion dynamometer.

Books:
¢ Kinematics and Dynamics of Machinery by R L Norton, Tata MacGraw Hill
e Theory of Machines and Mechanisms by John J. Uicker Jr., Gordon R. Pennock and
Joseph E. Shigley, Oxford University Press
Theory of Machines by S.S.Rattan, Tata MacGraw Hill
Theory of Machines by Thomas Bevan, CBS Publications
e Kinematics and Dynamics of Machinery by Charles E. Wilson and J.Peter Saddler,
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IMPOTTant oIS

From the above problem, it is clear that

(i) If V, is known in magnitude and direction and V}; in direction only, then velocity of point B may be

determined in magnitude.

(if) The velocity of any other point C lying on the link AB can be determined in magnitude and
direction.

(iif) The magnitude of velocities of the points on a rigid link is inversely proportional to the distances
of the points from the instantaneous centre and is .L to the line joining the points to the instantaneous centre.

3.3. Analysis of Reciprocating Engine Mechanism By Instantaneous Centre Method
Fig. 3.8 shows a reciprocating engine mechanism in whichAB is the connecting rod and BC is the crank.
The crank BC is rotating at a uniform angular velocity in the clockwise direction about point C. The point A
connected to the piston rod and connecting rod is having to and fro motion in the horizontal plane. The
connecting rod is having a combined motion of translation and rotation.
O-

I ™

F

- . . - - - - - . - O - . - . -
#

% . VB
Piston Crank
Piston rod
Fig.3.8
Let N = Revolution of crank in r.p.m.

o = Angular velocity of crank
r= Radius of crank, i.e., length BC
L = Length of connecting rod AB.

en =750
Linear velocity of point B=V, =0 xBC=wxr ()

The direction of the linear velocity at B is along the tangent at B to the crank circle. Hence V will be
acting at right angles to BC as shown in Fig. 3.8. The velocity atA (i.e., V,) is in the horizontal direction acting
along AC for the given position of the crank. Since the directions of V, and V are known, the position of the
instantaneous centre can be determined by drawing perpendiculars to the directions of the velocities at A and
B. The two perpendiculars meet at O, which is the instantaneous centre for the connecting rod AB. Thus for the



vector ac horizontally (i.e., parallel to the path of motion of C which is along CA) to represent the velocity C
with respect to A or simply the velocity of C i.e,, v, or v.. The vectors bc and ac intersect at ¢. Then abc
represents the velocity diagram for the given slider crank mechanism.

By measurement, we find velocity of C with respect to B,
Vg = Vector be =340 cm/s
and velocity of C with respect to A or simply velocity of C,

Ve, Or V= Vector ac = 400 cm/s.

(i) ~. Velocity of sliderC=v.=400cm/s. Ans.

(if) Angular velocity of connecting rod CB is given by,
_ Vep _ 340

8= Tength BC ~ 60
(iii) Linear velocity of the mid-point of the connecting rod.

The mid-point of the connecting rod CB is point D in space diagram. Hence the corresponding point d
in the velocity diagram will be the mid-point of vector bc. Now joinad. Then vector ad represents the velocity
of the mid-point D of the connecting rod i.e., v,

By measurement, we find that,
v, = Vectorad =410 cm/s.  Ans.

3.12. Rubbing Velocity at a Pin-Joint

The two links 1 and 2 are connected by means of a pin-joint as shown in Fig. 3.32.
Let ®, =Angular velocity oflink 1,
w, = Angular velocity of link 2, and .
r = Radius of the pin at the joint.

The rubbing velocity is defined as the algebraic difference be-
tween the angular velocities of the two links which are connected by
pin-joints, multiplied by the radius of the pin.

Hence the rubbing velocity at the pin joint, when the two connected links move in opposite direction is
given by,

=35.67 rad/s. Ans.

Fig. 3.32

Rubbing velocity =W, +W,) (3.7)
But if the two connected links move in the same direction, then
Rubbing velocity =rm,-w,) (3.8)

If a pin connects one sliding member and the other turning member (For example gudgeon pin of a
connecting rod) the angular velocity of the sliding member is zero and hence the velocity of rubbing will be
given by,

Rubbing velocity =r.m .(3.9)
where r = Radius of the pin and

= Angular velocity of the turning member.

Problem 3.10. The oscillating link OAB of a mechanism shown in Fig. 3.33, is pivoted at O and is
moving at 90 r.p.m. anti-clockwise. If OA = 15 cm, AB = 7.5 cmand AC = 25 cm, then calculate :

(i) the velocity of the block C,
(if) angular velocity of the link AC and

(iii) the rubbing velocities of the pins at O, A and C assuming that these pins are of equal diameter of
2 cm. The oscillating link OAB makes an angle of 15 with the vertical as shown in Fig. 3.33(a).
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6.4. Laws of Dry Friction

The ftriction, that exists between two surfaces which are not lubricated, is known as dry friction. The
two surfaces may be at rest or one of the surface is moving and other surface is at rest. The following are the
laws ol solid friction :

1. The force of friction acts in the opposite direction in which surface is having tendency to move.

2. The force of friction is equal to the force applied to the surface, so long as the surface is at rest.

3. When the surface is on the point of motion, the force of friction is maximum and this maximum
Irnctional torce is called the limiting friction force.

4. The limiting trictional force bears a constant ratio to the normal reaction between two surfaces.

5. The limiting frictional force does not depend upon the shape and areas of the surfaces in contact.

6. The ratio between limiting friction and normal reaction is slightly less when the two surfaces are in
motion.

7. The force of friction is independent of the velocity of sliding of one surface over the other.

The above laws of solid friction are also called laws of static and dynamic friction. The last law is valid
only within the limits, It has been found that the friction force decreases slightly with the increase in velocity.

Problem 6.1. A body of weight 100 Newtons is placed on a rough horizontal plane. Determine the

co-efficient of friction if a horizontal force of 60 Newtons just causes the body 1o slide over the horizontal
plane.

Sol. Given :

Weight of body, W=100N

Horizontal force applied, P=60N
Limiting force of friction, F=P=60N

Let p = co-efticient of friction.

W=100N

P=60N

The normal reaction of the body is given as
R=W=100N
Using equation (6.1),

or =—=——=0.6. Ans.

Problem 6.2. A body of weight 200 N is placed on a rough horizontal plane. If the co-¢fficient of friction
between the body and the horizontal plane i1s 0.3, determine the horizontal force required 1o just slide the body
on the plane.

Sol. Given ;

Weight of body, W=200N
Co-elficient of friction, p=0.3
Normal reaction, R=W=200N

Let F = horizontal force which causes the body to just slide over the plane.
Using equation (6.1), F=uR=03x200=60N. Ans.
Problem 6.3. The force required to pull a body of weight 50 N on a rough horizontal plane is 15 N.

Determine the co-efficient of friction if the force is applied at an angle of 15° with the horizontal.
Sol. Given :

Weight of the body, W=50N



Resolving forces normal to the plane,
R =500 cos 30° = 500 x .866 = 433 N
Substituting the value of R in equation (1), we get
500 sin B30° + p x 433 = 350

or 500 x 0.5 + 433 u = 350
or 433 = 350 — 500 x 0.5 = 350 — 250 = 100
100
= —=L23.
1 433 23. Ans

Problem 6.10. A body of weight 450 N is pulled up along an inclined plane having inclination 30° to
the horizontal at a steady speed. Find the force required if the co-efficient of friction between the body and
the plane is 0.25 and force is applied parallel to the inclined plane. If the distance travelled by the body 15 10
m along the plane, find the work done on the body.

Sol. Given :

Weight of body, W=450N
Inclination of plane, a = 30°
Co-cfficient of friction, p= 10.25
Distance travelled by body = 10 m
Let the force required = P,

The body is in equilibrium under the action of forces shown in
Fig. 6.17.

Resolving forces along the plane,
P=Wsin30° + pR=450x 0.5 +0.25xR
or P =225 + 0.25R (1)
Resolving forces normal to the plane,
R = Wcos 30° = 450 x 0.866 = 389.7 N
Substituting the value of R in equation (i),
P=225+0.25x389.7=322.425N. Ans.
Work done on the body = Force x Distance travelled in the direction of force
= 322525 x I0 Nm =322425 N m
= 3224.25 J (where J = Joules = N m). Ans.

Fig. 6.17. Body moving up.

Problem 6.11. An effort of 200 N is required just to move a certain body up an inclined plane of angle
15°, the force acting parallel to the plane. If the angle of inclination of the plane is made 20°, the effort,
required, again applied parallel to the plane, is found to be 230 N. Find the weight of the body and the
co-¢fficient of friction. (AMIE Summer, 1980)

Sol. Given :

Effort required, Py = 200 N ; when inclination, 0, = 15°

Effort required, P; = 230 N ; when inclination, 0, = 20°,

In both the cases, the effort is applied parallel to the inclined plane and body is just to move up. Hence
the force of friction (F = uR) will be acting downwards.

Ist Case

P, =200N,0, =15°



0.25 x 1005.31 x (0.09 + 0.05)

=2 x 5 [ From (i), W= 1005.31]
= 35.186 Nm.

Now let us find the angular acceleration, when total torque is 35.186 Nm.

But Torque = M.O.I. x a where « is angular acceleration.

or T=Ixa
35.186=55x (.~ T=T*=35.186,and [ = 5.5 kg m%)
_35.186 _ -
a==cc—= 6.397 rad/s

The machine starts from rest. After some time the final angular speed of the machine will be
corresponding to speed of shaft (i.e. corresponding to 240 r.p.m.).
2N 2x x 240

60 60

Final angular speed of machine, o = = 8x rad/s

Initial angular speed of machine = my =0
Angular acceleration, a = 6.397 rad/s*
Let ¢ = time required for the machine to attain the full speed.
Using o = wg + ar, we get 8t=0+6397xt

8
" 6397
Hence the full speed will be attained by the machine in 3.928 seconds.
(it) Energy lost in slipping of the clutch

The driving shaft is rotating at a uniform speed of 240 r.p.m. i.e. at a uniform angular speed of

2n Eﬂm = 8r rad/s, whereas the machine starts from rest and attains the full speed i.e. 8x rad/s in time 3.928

t =3.928s. Ans.

seconds. Let us find the angles turned by driving shaft and the machine in time 3.928 seconds.
Angle turned by the driving shaft,

0 =wxt (".* shaft is rotating with a uniform angular velocity)
= 8m x 3.928 rad = 98.72 rad.

The angle turned by the machine (or driven shaft) will be obtained by using 0 = oy + % af?

2
Let 8, = Angle turned by the driven shaft

( corresponding to s = ut + L ar).

9,:0::3.923»%::6.39?::(3.923)2 (- wo=0,c=3928, 1=3928)

=0 + 49.35 = 49.35 rad.
Energy lost in friction due to clutch slip
= Frictional torque x Angle of slip
= 35.186 (0 -~ 6,) = 35.186 (98.72 - 49.35) = 1737.13 Nm. Ans.

Problem 6.29. For the problem 6.28, determine the ratio of power transmitted with uniform wear to

that with uniform pressure. Also find the intensity of pressure if the condition of uniform pressure is considered
and the same axial load is developed as in case of uniform wear.
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(i1) Number of turns of the flywheel before it comes to rest.
Let n = Number of turns of the flywheel before it comes to rest.

The kinetic energy of the rotation of the flywheel is used to overcome the workdone due to braking
torque (Tg), before the flywheel comes to rest.

Now K.E. of the rotation* of flywheel

=92.59 N. Ans.

= ;— x I +w?
=%xmk2:m: (.. I=mk%
Lt [ 2) weZ
2 60 60
2
_ _l_ 2 27 x 200
_213{1[]:{].35 x( %0 )
= 8060.17 Nm (110)
Work done by the braking torque in ‘n” number of turns of the flywheel
= Ty »x Angular displacement in n turns
=Tgx2nxn ("."  Angular displacement for one turn = 2x)
=309x2ntxn (V)
But K.E. of tlywheel = Work done by braking torque
' 8060.17=39x2nxn
8060.17
n= 30%2x - 32.89. Ans.
(itf) Time taken by flywheel to come to rest after applying the brake
N =200 r.p.m.

This means that 200 revolutions are made in one minute, The flywheel comes to rest after applying the
brake in 32.89 revolution. Let us find the time for 32.89 revolution.

Time tor 200 revolution = 1 minute

Time for 1 revolution = min

Time for 32.89 revolution x 32.89 = 0.16445 min

200
1
200
= ().16445 x 60 seconds
= 9867 seconds. Ans.

Problem 8.8. Fig. 8.12 shows a simple band brake which is applied on a drum of diameter 400 mm.
The drum is rotating at 180 r.p.m. The angle of lap of the band on the drum is 270° and co-¢fficient of friction
is 0.25. One end of the band is attached to a fixed pin (i.e. fulcrum) and other end 1o the lever arm at a distance

*K.E. due to linear velocity = 15 mV® whereas the K.E. due to rotation = % I x »° where [ = mk*.



