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PART - A

A redundant degree of freedom (DOF) in a mechanism refers to having more independent
movements (DOF) than are necessary to achieve a desired task.

In simpler terms, it's like having extra "degrees of freedom" that aren't needed to perform a
specific action.

Transmission Angle:

In a linkage mechanism, the transmission angle affects how effectively force is transmitted from
one link to another.

For example, in a four-bar linkage, the transmission angle is the angle between the coupler link
and the output link.

When the transmission angle is 90 degrees, the force is transferred most efficiently.
As the transmission angle deviates from 90 degrees, the efficiency of force transmission decreases.

Extreme values (close to 0 or 180 degrees) can lead to the mechanism stalling or jamming,.

Equivalent mechanisms refer to different mechanical systems that produce the same output motion
for a given input motion.

This means they achieve the same kinematic or dynamic function, even if their physical construction,
number of links, or types of joints differ.

(a) Rigid link:

Deformation is negligible (microscopic) Ex:- Crank, C.R, Piston cylinder

(b) Felexible links:

Deformation are not negligible but are in perimissible limits.

Ex:- Belt drives, rope drives, chain drives.

(c) Fluid Link:

When the power is transmitted due to fluid pressure.

Ex:- Hydraulic brake, hydraulic accumulator, hydraulic ram, hydraulic crane, hydraulic jack.

For the continious relative motion between the no of links in a mechanism the sumation of shortest
and longest link should not be greater than the summation of length of other two links.

For continous relative motion

stl<p+q

where,

s = Shortest link
I = Longest link
p and q = other two link
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6.
Sol.  This is a special mechanism use where « force or torque is required.
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7.
Sol. The number of degrees of freedom of the planetary gear train shown in the figure is

20 teeth gear

arm

50 teeth gear

Number of links, n = 4
Number of revolute pair, P, =2 +1=3
. 50 teeth gear and arm is double pair.
Number of lower pair, P, =1
DOF=3(n-1)-2P, -P,
=3x3-2x3-1
=9-6-1=2
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Sol.

Sol.

10.

Sol.

11.

Sol.

12.

Sol.

13.

Sol.

14.

Sol.

15.

Sol.

1

As link 3 is treated as redundant link so it should not be considered while calculating degree of
freedom.
Degree of freedom or mobility,
F=3(-1)-2j-h (1)
where,
I — Number of links = 4
j = Number of binary joints = 4
h — Number of higher pairs = 0
F=34-1)-2x4-0
=9-8
=1

A body is said to be a resistant body, if after certain deformation it resist the forces.

Given that
d=25mm
o = 2N 532 3351vad /s
60 60

Maximum velocity of sliding = o .d = 33.51 x 0.025 = 0.838 m/s.
Simple mechanism has four links. Whereas, compound mechanism has more than four links.

It is the most common forms of the constraint Mechanism, that permits only relative motion of an
oscillatory nature along a straight line. The mechanism used for this purpose are called straight line
mechanism.

Watt's Mechanism.

Modified Scott - Russel Mechanism.
Grasshopper Mechanism.
Tchebicheff's Mechanism.

Robert mechanism.

AN

Exact Straight Line Mechanisms
e Peaucellier Mechanism

e Hart Mechanism

* Scott - Russel Mechanism

The steering gear mechanism is used for changing the direction of two or more of the wheel axles
with reference to the chassis, so as to move the automobile desired path.
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16.

Sol. ¢ The Ackerman steering gear mechanism is generally preferred over the Davis mechanism due to
its simpler design and lower maintenance requirements, primarily because it utilizes turning
pairs instead of sliding pairs.

*  While Davis achieves perfect steering geometry, its sliding pairs are prone to wear, leading to
inaccuracies and increased maintenance over time.

17.

Sol. Hooke's Joint is used to connect two shafts that are not parallel shafts which are intersecting at a
small angle.

18.

Sol.  Velocity of driven shaft is not constant, it varies from maximum to minimum values. In order to have
a constant velocity ratio of the driving and driven Shafts, an intermediate shaft with a hooke's joint.
This type of joint is known as double Hooke's Joint.

19.

Sol. 1. Geneva mechanism:- It is used in indexing in shaper machine.
2. Ratchet mechanism:- It is used in clocks.

20.

Sol. By velocity analysis we determine the velocity characterstic (linear, angular) of all the links of a
mechanism at a given configuration, when the input velocity is specified.

21.
Sol. 1. Instantenous centre method
2. Relative velocity approach

22
Sol. Instantenous centre is the point from where the complete link will be rotation at that moment
or
For a rigid body in a plane motion there exist a point on a rigid body in a plane of motion whose
instantenous velocity is zero.

23.

Sol.
If n is the number of links in a mechanism then total number of relative I-centre is given by

"C, - nx(n-1)

2

24.

Sol.
For the relative motion between the number of links in a mechanism, any three links their three I-centre
must be in a single straight line.

25.

Sol.
It is used to define the velocity and acceleration of all the links of single slider crank mechanism in
which cylinder is fixed, where input acceleration is zero and input angular velocity (crank) is given.

26.
Ans.
This acceleration will always be associated with slider when the slider is sliding on a rotating body. The
magnitude is given by.
a_=2Vo
where
V is the velocity of slider.
o is angular velocity of a body on which slider is sliding.

Q© +91-9828747676, +91-9462447676, +91-6367244454 L F-26/A, Gatta Stand, Tonk Road, Jaipur



“ Mains Practice Workbook ZONE TECH

27.

Sol.

28.

Sol.

29.

Sol.

30.

Sol.

31.

Rubbing Velocity at a Pin Joint

The rubbing velocity is defined as the algebraic sum between the angular velocities of the two links
which are connected by pin joints, multiplied by the radius of the pin.

@,

A

O) | |s
/

Rubbing velocity at the pin joint O
= (o, —®,) 1, if the links move in the same direction

= (o, +®,) 1, if the links move in the opposite direction

Given : c=12m;b=27m
Let a = Inclination of the track arm to the longitudinal axis.
C 1.2

We know that tano = =0.222  or o =12.5°

2b 2x27

* Roller followers are generally preferred over knife-edged followers due to significantly lower
friction and wear, especially at higher speeds.

* While knife-edged followers have a point contact initially, they quickly develop a sliding action
that leads to rapid wear and tear on both the follower and the cam.

* Roller followers, with their rolling contact, minimize friction and extend the lifespan of the cam-
follower system.

t = 30 teeth, m = 4 mm; ¢ = 20°
To avoid interference, the maximum value of addendum

=rsin’ ¢ = 304 x sin” 20° = 7.0186 mm

Angle of dwell

;

Angle of Angle of action

Ascent Sa o Angle of descent

Termination

Beginning
&~ of descent

of ascent S
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Terms related to a cam's angular motion include the
1. Angle of ascent,

2. Angle of dwell,

3. Angle of descent

4. Angle of action

32.

Ans.
A cam is a mechanical member used to impart desired motion to a follower by direct contact.

33.

Ans.
If the line of movement of the follower passes through the center of rotation of cam is known as radial
follower.

34.

Ans.
The pressure angle, representing the steepness of the cam profile, is the angle between the normal to
the pitch curve at a point the direction of the follower motion. It varies in magnitude at all instant of the
follower motion. A high value of the maximum pressure angle is not desired as it might jam the follower
in the bearings.

35.

Ans.
The smallest circle drawn tangent to the pitch curve is known as the prime circle.

36.

Ans.
These type of governor a controlled by inertia forces.

37.

Ans.
Flywheel is used to control inter cycle fluctuation and governor is used to control intra cycle fluctuation.

38.

Ans.
A flywheel is used to control the variations in speed during each cycle of an engine. A flywheel of
suitable dimensions attached to the crankshaft, makes the moment of inertia of the rotating parts quite
large and thus, acts as a reservoir of energy.

39.

Ans.
The function of a governor is to maintain the speed of an engine within specified limits whenever there
is a variation of load.

40.

Ans.
In this type of governor balls are controlled by spring. Initial the spring is fitted in compression so that
a force is applied to the sleeve.

41.

Ans.

The mean force acting on the sleeve to change its equilibrium position for the fractional change in speed
of governor is known as effort of governor.
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42.
Ans.
The extent of sleeve movement for a change in speed of the governor is known as sensitivity of governor.
43.
Ans.
An excessively fast to and fro motion of sleeve between the stopers is known as hunting.
44.
Ans.
A governor said to be an isochronous excluding friction if its equilibrium speed is constant for all radius
of rotation.
45.
Ans.
These are special type of beval gear which is used to transmit same angular velocity to output at which
input is running but at 90°.
46.
Ans.
It is a imaginary circle in the gear where pure rolling motion is absorbed when the mating gears are
transmitting power. Being an imaginary circle. It cannot be the physical characteristic of the gear but
being a most important circle it is one of the biggest specification of gears. The size of any gear is
specified by the diameter of pitch circle.
47.
Ans.
It is the distance measured along the circumference of the pitch circle from a point on one tooth to the
corresponding point on the adjacent tooth
nd
P=r
where  p=circular pitch
d =pitch diameter
T=number of teeth
48.
Ans.
The force, which the driving tooth exerts on the driven tooth, is along a line from the pitch point to the
point of contact of the two teeth. This line is also the common normal at the point of contact of the
mating gears and is known as the line of action or the pressure line.
49.
Ans.
The angle between the pressure line and the common tangent to the pitch circles is known as the
pressure ange or the angle of obliquity. For more power tansmissino and lesser pressure on the bearings,
the pressure angle must be kept small. Standard pressure angles are 20° and 25°. Gears with 14.5°
pressure angles have become almost obsolete.
50.
Ans.

The locus of a point on the pitch circle from the beginning to the end of engagementof two mating gears
is known as the the arc of contact.
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51.

Ans.
An involute is defined as the locus of a point on a straight line which rolls withouit slipping on the
circumference of a circle. Also, it is the path taced out by the end of a piece of taut cord being unwound
from the circumference of a circle. The circle on which the straight line rolls or from which the cord is
unwound is known as the base circle.

52.

Ans.
At any instant, the portions of the tooth profiles which are in contact must be involutes so that the line
of action does not deviate. If any of the two surfaces is not an involute, the two surface would not touch
each other tangentially and the transmission of power would not be proper. Mating of two non conjugate
(non involute) teeth is known as interference.

53.

Ans.
1. Undercutting Gears
2. Increasing pressure angle (¢)
3. By stubbing the teeth
4. By increasing number of teeth

54.

Ans.
Due to change in centre distance, pitch circle changes, pressure angle change but base circle radius does
not change and velocity ratio of gears depend upon base circle radius. Hence it will not change.

55.

Ans.
1. Ease of manufacturing
2. Constant velocity ratio maintain even when center distance is changing
3. Pressure angle remains constant throughout the engagement.

56.

Ans.
A gear train is a combination of gears used to transmit motion from one shaft to another. It becomes
necesary when it is required to obtain large speed reduction within a small space.

57.

Ans.
A part from the rotation of the gears if any gear axis is also rotating with respect to some other axis then
the train is known epi-cyclic gear train it may be simple epi-cyclic, compounded epicyclic, riverted
epicyclic and so on.
To rotated the axis of the gear a link is used which is known as arm or carrier.

58.

Sol. A Brake is a machine element which is used either to slow down or to stop a moving system, either
by absorbing kinetic energy or by absorbing both kinetic energy and potential energy.
59.

Sol. T _ [M}

T, 1-ptan®

Where,
n = no. of shoe or blocks.
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60.
Sol.

61.
Sol.
62.
Sol.

63.
Sol.

64.
Sol.

65.
Sol.

66.

Ans.

67.
Sol.

68.
Sol.

69.
Sol.

There are two types of dynamometer
1. Absorption dynamometer.
2. transmission dynamometer.

In absorption dynamometers, the entire power produced by the prime mover is absorbed by the
Frictional resistance of the brake and is transformed into heat during the process of measurement.

In transmission dynamometers, the energy is used for doing work. The power developed by the
prime mover, is transmitted through the dynamometer to some other machine where the power is
suitably measured.

Dry Friction
Dry friction is said to occur when there is relative motion between two completely unlubricated
surfaces. It is further divided into two types:
(a) Solid Friction
When the two surfaces have a sliding motion relative to each other, it is called a solid friction.
(b) Rolling Friction
Friction due to rolling of one surface over another (e.g., ball and roller bearings) is called rolling
friction

Skin or Greasy Friction

When the two surfaces in contact have a minute thin layer of lubricant between them, it is known as
skin or greasy friction. Higher spots on the surface break through the lubricant and come in contact
with the other surface.

Skin friction is also termed as boundary friction.

Film Friction
When the two surfaces in contact are completely separated by a lubricant, friction will occur due to
the shearing of different layers of the lubricant. This is known as film friction or viscous friction.

Laws of Friction

Experiments have shown that the force of solid friction

* is directly proportional to normal reaction between the two surfaces

* opposes the motion between the surfaces

* depends upon the materials of the two surfaces

* is independent of the area of contact

* is independent of the velocity of sliding

The last of these laws is not true in the strict sense as it has been found that the friction force
decreases slightly with the increase in velocity.

Brakes are devices that slow down or stop motion, typically by converting kinetic energy into heat
through friction. Dynamometers, on the other hand, measure the power output of a machine, often
by applying a controllable load and measuring torque and speed.

In an internal expanding shoe brake, the leading shoe is the one that rotates into the brake drum's
surface when the brake is applied, while the trailing shoe moves away from the drum's surface. The
leading shoe experiences a greater braking force due to the direction of rotation, which can create a
self-energizing effect.

* Absorption: Measures power by absorbing and dissipating it.
* Transmission: Measures power by allowing it to be transmitted, typically through a shaft.
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70.

Sol.

71.

Sol.

72.

Sol.

73.

Sol.

74.

Sol.

75.

Sol.

76.

Sol.

77.

Sol.

78.

Sol.

79.

Sol.

80.

Sol.

81.

Sol.

82.

Sol.

83

Sol.

84.

Sol.

Balancing is the process of designing or modifying machinery so that the unbalance is reduced to an
acceptable level and if possible is eliminated entirely.

When several masses rotate in different planes, the centrifugal forces, in addition to being out of
balance, also form couples. A system of rotating mass is in dynamic balance when there does not
exist any resultant cetrifugal force as well as resultant couple.

In reciprocating mass system unbalance force is constant in direction but varying in magnitude due
to which a single constant mass cannot be attached to the crank but there is no other position to
connect a balance mass which is rotating at same speed of crank, that is why we need to balance it
partially.

Unbalanced primary forces along the lines of stroke are separated by a distance I apart and thus,
constitute a couple. This is called swaying couple.

Hammer blow is the maximum vertical unbalanced force cause by the mass provided to balance the

reciprocating masses. Its value is mrw’ . Thus it varies as a square of speed. At high speeds, the force
of the hammer blow could exceed the static load on the wheels and the wheels can be lifted off the
rail when the direction of the hammer blow will be vertially upwards.

If the axis of a spinning or rotating body is given an angular motion about as axis perpendicular to
the axis of spin, an angular acceleration acts on the body about the third perpendicular axis. The
torque required to produce this acceleration is known as the active gyroscopic torque.

A gyroscope is specified as a device that can maintain orientation regardless of base movement and
has a spinning disc installed on it that may freely rotate in several directions.

Gyroscopic couple is a phenomenon resulting from the conservation of angular momentum. When a
rotating disc is tilted, the gyroscopic couple acts perpendicular to the applied force and the axis of
rotation, causing precession.

Gyroscopic couple induces precession, causing the axis of the rotating disc to rotate around a vertical
axis when subjected to an external force.

Answer: Gyroscopic couple arises due to the conservation of angular momentum. The spinning disc
resists changes in its orientation to maintain the original direction of angular momentum.

Gyroscopic effects are utilized in gyroscopes for navigation systems, aircraft control, and stabilization
in various engineering applications.

The gyroscopic couple in rotating wheels contributes to stability by resisting changes in orientation,
helping vehicles maintain balance.

Yes, the gyroscopic effect can be intentionally used to control the orientation of a rotating disc. This
is a fundamental principle in the design of gyroscopic devices.

The gyroscopic couple resists the external torque, causing the rotating disc's axis to shift in a way
that minimizes the applied torque. This behavior is part of the stabilizing effect.

Yes, the gyroscopic effect becomes more pronounced at higher rotation speeds. The magnitude of
the gyroscopic couple is proportional to the angular velocity of the rotating disc.
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85.

Sol.

86.

Sol.

87.

Sol.

88.

Sol.

89.

Sol.

90.

Sol.

91.

Sol.

92,

Sol.

* Logarithmic decrement is a measure of how quickly the amplitude of a damped vibration decreases
over time.

* It's defined as the natural logarithm of the ratio of two successive amplitudes of oscillation, on
the same side of the equilibrium position.

* In essence, it quantifies the rate at which the oscillations decay.

There are three important types of vibrations from subject point of view:
1. Free or natural vibrations,

2. Damped vibrations,

3. Force vibrations.

If the vibrations of a particle after giving it an initial displacement remain continued, then the vibrations
are called free or natural vibrations. No external force acts on the particle. In other words, the
vibrations of the particle with fundamental frequency under the influence of the restoring force are
called free vibrations.

The vibrations of a body whose amplitude goes on reducing over every cycle of vibrations are
known as damped vibrations. This is due to the fact that a certain amount of energy possessed by the
vibrating body is always dissipated in overcoming frictional resistance to the motion.

When the body vibrates under the influence of external periodic force, then the vibrations are known
as forced vibrations.

The body does not vibrate with its natural frequency, but it vibrates with the frequency of the
driver.

When the frequency of external force is equal to the natural frequency of the vibrations, resonance
takes place, amplitude or deformation or displacement will reach to its maximum at resonance and
the system will fail due to breakdown. This state of disturbing force on the vibrating body is known
as the state of resonance.

There are three planes in Gyroscopic effect-
1. plane of precession.

2. plane of Spinning

3. plane of active gyroscopic couple.

axis of spin: It is axis about which the body revolves.
precession: it mean the rotation about third axis, which is perpendicular to both the Spin axis and
couple axis, is called the axis of precession.
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| 5 Marks Questions l

93.
Sol. Crank rocker mechanism:

Frame

.
O .
...........

Crank Rocker Mechanism

Identified instantaneous centres.
Total number of link, n=4

n(n-1) _6 X

Number of I centres = 5 AN

IZZ SoommoTTTTTTTTTTTT 123

Identi? cation of Instantaneous Centres

94.
Sol. Mechanism :

e  When one of the links of a kinematic chain is fixed, the chain is known as mechanism.

It may be used for transmitting or transforming motion e.g. engine indicators, typewriter etc.

A mechanism with four links is known as simple mechanism, and the mechanism with more
than four links is known as compound mechanism.

When a mechanism is required to transmit power or to do some particular type of work, it
then becomes a machine.

In such cases, the various links or elements have to be designed to withstand the forces (both
static and kinetic) safely.
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95.

Sol.

96.

Sol.

S.No. Mechanism Machine
1. xig:;msm transmits - and - modifies  the Machine changes the mechanical work.
A mechanism is an outline of the machine to|Machine will have many mechanisms
2. |produce define motion between various links|for transmitting the mechanical work or
of joints. power.

Where kinematic chain is analyzed as alln a machine, cross-section and
3 mechanism, no special consideration need to|proportions are to be considered to give
" |be given to the formed cross-section of the|stiffness, strength and clearance to the
links. paths of the machine.

Examples or the machine are slotting,
lathe, shaper in the workshop, (Shaper
receives mechanical power which is
suitably converted to do the work of
cuttin g the metal), efc.

Examples of mechanisms are clocks,
typewriter, steering mechanism in a car, etc.

(i) Analysis vs. Synthesis of Mechanisms:
Analysis:

Analysis of a mechanism involves studying the motion and forces within an existing mechanism. It
determines how the mechanism will behave given its geometry and input motion, focusing on things
like position, velocity, acceleration, and the forces acting on the links.

Synthesis:

Synthesis of a mechanism is the process of designing a mechanism to achieve a desired motion or
task. It involves selecting the type of mechanism, determining the dimensions of its links, and ensuring
it meets specific performance requirements.

Key Difference:

Analysis looks at the "what is" of a mechanism, while synthesis focuses on the "what should be".
(ii) Kinematics vs. Dynamics:

Kinematics:

Kinematics is the study of motion without considering the forces that cause the motion. It focuses on
the geometric aspects of motion, like displacement, velocity, and acceleration.

Dynamics:

Dynamics is the study of motion that considers the forces and torques that cause the motion. It
examines the relationship between forces, masses, and the resulting motion.

Key Difference:

Kinematics is a subset of dynamics. Kinematics provides the framework for describing motion, while
dynamics adds the dimension of force and its influence on that motion.

Lower and Higher Pairs:
Lower Pair:

In a lower pair, the two elements in contact have surface or area contact during motion. The relative
motion is typically sliding or turning. Examples include a shaft rotating in a bearing, a screw and nut,
or a slider-crank mechanism.
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97.

Sol.

98.

Sol.

Higher Pair:

In a higher pair, the elements have line or point contact. This means the contact surfaces are dissimilar,
and the motion is often a combination of rolling and sliding. Examples include a cam and follower,
mating gears, or a wheel rolling on a surface.

Closed and Unclosed Pairs:
Closed Pair:

A closed pair is one where the two elements are held together by mechanical means and their motion
is constrained. This means they stay in contact without the need for external forces to maintain the
connection. Examples include a pin joint, a slider in a guide, or a cam and follower mechanism.

Unclosed (or Force-Closed) Pair:

In an unclosed pair, external forces are required to maintain contact between the two elements. A
cam and follower mechanism is a common example; it requires a spring or other force to keep the
follower in contact with the cam.

Turning and Rolling Pairs:

Turning Pair:

A turning pair, also known as a revolute pair, involves one link rotating or turning relative to another.
An example is a shaft rotating within a bearing, or the links of a four-bar linkage.

Rolling Pair:

A rolling pair is formed when one link rolls on another without slipping. A wheel rolling on a surface

is the most straightforward example. Rolling pairs can also be found in roller bearings and some
gear systems.

The various types of constrained motion include:

1. Completely Constrained Motion:
In this type, the motion is restricted in such a way that only one direction of motion is possible,
and the motion is entirely predictable. An example is a piston moving inside a cylinder, where
the motion is constrained to a linear path.

2. Incompletely Constrained Motion:

Here, the motion is not fully restricted, and more than one direction of motion is possible. The
direction of motion depends on the external forces applied. An example is a shaft rotating in a
bearing, which can rotate in either direction unless an external force dictates otherwise.

3. Successfully Constrained Motion:

This is a special case of incompletely constrained motion where the constraints are applied in such
a way that only the desired motion is achieved, even though multiple motions are theoretically
possible. This is often achieved through the design of the mechanism itself. For instance, in a
footstep bearing, the weight of the shaft prevents upward movement, ensuring only rotational
motion.

Body centrode and Space centrode:

* The instantaneous centre is a point in the body which may be considered fixed at any particular
instant of time, the locus of instantaneous centre in space during a definite motion of body is
called space centrode. The locus of instantaneous centre relative to the body is called body
centrode. The body centrode rolls without slipping over the space centrode.

A C, =A1,
A1C2 :lez
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99.

Sol.

100.
Sol.

101.
Sol.

Space centrode

In similar way C,, C,, ........ can be found out and body centrode can be drawn.

Three I-centers of three rigid bodies in relative motion shall be lie on Same straight line. i.e. three I-
centres corresponding to three rigid bodies in relative motion shall be collinear.

or
This theorem states that if three-plane bodies have relative motion among themselves their three
Instantaneous Centres must lie on a straight line.

In mechanisms, instantaneous centers represent points around which links appear to rotate at a

specific instant.

There are three types: fixed, permanent, and neither fixed nor permanent (also called secondary).

(i) Fixed Instantaneous Centers:
These centers are located at fixed points in space relative to the mechanism. They don't move
regardless of the mechanism's configuration. An example is the center of a fixed pivot or a point
on a link that is rigidly attached to the ground.

(ii) Permanent Instantaneous Centers:
These centers are associated with joints that are part of the mechanism and remain in the same
relative position throughout its motion. For instance, the center of a pin joint connecting two
links is a permanent instantaneous center.

(iii)Neither Fixed Nor Permanent Instantaneous Centers (Secondary Centers):
These centers are neither fixed nor permanently associated with specific joints. Their location
changes as the mechanism moves. They are determined through analysis using Kennedy's Theorem
or other methods, and they are crucial for understanding the velocity of different points on the
mechanism.

Coriolis component of acceleration:-
When a point on one link is sliding along another rotating link such as in quick return motion
mechanism, then the Coriolis component of acceleration comes into account.

It is the tangential component of the acceleration of the slider with respect to the coincident point on
the link.

Mathematically, Coriolis component of acceleration, a_ = 2v e

Where,

* a_is the Coriolis acceleration.

* o is the angular velocity vector of the rotating reference frame.

* 'V is the velocity vector of the moving object relative to the rotating frame.
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Ay

The direction of the Coriolis component of acceleration is given by rotating the velocity of the slider
by 90° in the direction of the angular velocity of the rotating link.
102.

Sol. It is uniform acceleration and retardation motion (outstrike angle)

T
=60°=—rad
d)a 3

N_. =300 rpm
o, = ZRZ(‘?OO =bnx2=10nrad /s

s =20 mm = 0.020 m
In this motion:

(V) =2(V0) =2S(D=2X0'020X10n=1.2m/s
0 Jmax mean d)a TC/S
In first half of stroke
t
(Vo)max :0+a><50
205 9./2
b, o
2 2
_4w’s _ 4x(10m) x0.020 _ g o _ -y m/s?

G
3
103.

Sol. Given: N=500r.p.m.or ® = 2 X500 / 60 = 52.4 rad/s
Let o = Greatest permissible angle between the centre lines of the shafts.
Since the variation in speed of the driven shaft is £ 6% of the mean speed (i.e. speed of the driving
speed), therefore total fluctuation of speed of the driven shaft,
q = 12% of mean speed (o) = 0.12®
We know that maximum or total fluctuation of speed of the driven shaft (q),

B w(l — cos? oc) R
0.12m oS0 Or cos”a+0.12cosa—1 =0
2
and coso = -0.12 + \/(20.12) +4 _ -0.12 J_r22.0036 —0.9418
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104.
Sol.

105.
Sol.

...(Taking + sign)
a =19.64°

|[&—— a —>
Inner front l Outer front

wheel /‘ﬂ 3Left turn XA \z{j/ wheel

- -
- -
Rt
e
P
Pt
.
P
g

| Back axle | D
«—c—>
)

Back or rear wheel

Steering gear mechanism

The condition for correct steering is that all the four wheels must turn about the same instantaneous
centre. The axis of the inner wheel makes a larger turning angle ¢ than the angle ¢ subtended by the
axis of outer wheel.
Let a = Wheel track,

b = Wheel base, and

¢ = Distance between the pivots A and B of the front axle.
Now from triangle IBP,

_BP
cos 0 P

and from triangle IAP,
AP AB+BP AB BP

1P 1P P IP
- cotp—cotb =c/b

This is the fundamental equation for correct steering. If this condition is satisfied, there will be no
skidding of the wheels, when the vehicle takes a turn.

The Ackerman steering gear mechanism is much simpler than Davis gear. The difference between
the Ackerman and Davis steering gears are:

The whole mechanism of the Ackerman steering gear is on back of the front wheels; whereas in
Davis steering gear, it is in front of the wheels.

The Ackerman steering gear consists of turning pairs, whereas Davis steering gearconsists of sliding
members.

+ cot0

C
cotd b

For a constant acceleration cam, the cam accelerate in the first half of rise and decelerate with same
value in the second half.
For follower displacement.

: 1.,
Displacement, s = Eft

2s
Acceleration, f =z =cons tant
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. h 0/2
At halfway motion s =5 and t i
2h/2  4ho’
£ o/207 0
Velocity is linear given by
ds _ g _ 4ho® 0 _ 4hob
t ¢ ¢
5
+ &
vl
T oW 9 1600 200° 270° 300°
Dt 0, D & ¢ ¢, Pe— 3,
q
g
=
£
[
=
g
<
0 o0 0
]
R i
0

106.

Sol. It is uniform acceleration and retardation motion, ¢, (outstrike angle)
T
=60°=—rad
(I)a 3

N_.. =300 rpm
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107.
Sol.

108.
Sol.

_ 2nx 300
cam 60

s =20 mm =0.020 m

=bnx2=10rrad /s

In first half of stroke

(Vo)max :0+a><%°
2
<08 =ax¢a /2
o, ®

o 2
) 4o s:4><(107t) ><0-020=8><9=72m/s2

T

Knife-edge Follower:

* Advantages:
Simple design, compact size, suitable for low-speed applications.

* Disadvantages:
High wear on both the follower and cam surface due to line contact, not suitable for high-speed
or heavy-load applications, can lead to cam surface damage over time.
Roller Follower:

* Advantages:

* Reduced wear due to rolling contact, suitable for high-speed applications, lower friction compared
to knife-edge followers, can handle higher loads.

* Disadvantages:
More complex design than knife-edge, requires lubrication for the roller bearing.

Mushroom (Flat-faced) Follower:

* Advantages:
Large contact area reduces Hertzian stresses, suitable for high loads, less susceptible to wear
than knife-edge followers.

* Disadvantages:
Requires a perfectly flat cam surface, susceptible to high side thrust, can experience high friction,
especially with misalignment.

Sensitiveness:- A governor is said to be sensitive when it readily responds to a small change of
speed. The movement of the sleeve for a fractional change of speed is the measure of sensitivity.

__N =(N2+N1)
N, -N, Z(Nz—Nl)

Where N, - N, = speed range from no load to full load.

When N = mean speed

N, = minimum speed corresponding to full load conditions

N, = maximum speed corresponding to no-load conditions.

Stability: A governor is said to be stable if it brings the speed of the engine to the required value
and there is not much hunting. The ball masses occupy a definite position for each speed fo the
engine within the working range. Obviously, the stability and the sensitivity are two opposite
characteristics.

Isochronous : A governor with a range of speed zero is known as an isochronous governor. This
mean that for all positions of the sleeve or the balls, the governor has the same equilibrium speed.
However, it is not practical due to the friction at the sleeve.

Sensitiveness
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Hunting: A governor is said to be hunt if the speed of the engine fluctuates continuously above and
below the mean speed. This is caused by too sensitive governor which changes the fuel supply by a
large amount when a small change in speed of rotation takes place.
A governor is said to be isochronous when the equilibrium speed is constant (i.e., range of speed is
zero) for Degree of hunting is more in unstable governors.

109.
Sol.
@)
A
B
8 <
8
5N c
3 - G
£
g 1 : I'1>I'>I'2
7 L NeNeN,
L R
nLrL Radius

As speed N increase, radius increases. So this governor is stable.

(ii)

r,>1r>r1,
g N,>N>N,

Controlling force
>

»
»

' Radius

As speed N decreases, radius increases. So this governor is unstable.

(i)

Ig>T,
N,=N;

Controlling force

v

Radius

For all positions of governor, speed is constant. So this governor is isochronous.
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110.
Sol. Difference Flywheel and Governor :

Flywheel

Governor

Flywheel reduces the fluctuation of speed during
the thermodynamic cycles, but it does not
maintain a constant speed.

Governor is a device to control the speed
variation caused by the varying load.

The working of a flywheel does not depend
upon the change in load or output required.

Governor operation depends wupon the

variation of load

The operation of flywheels is continuous from
cyde to cycle.

The operation of a governor is intermittent.

Speed control in asingle cycle.

Speed control over a period of time.

The function of a flywheel is to store energy
when mechanical energy is more than required
for the operation and release the same when the
available energy is less than required its inertia
helps to run machines at a dead center.

The function of a governor is to regulate the
fuel supply according to the load requirement
and run the machine at a constant speed
irrespective of the output required.

Do not have any control over the supply of
charge or fuel.

Control the supply of fuel to the engine.

It is relatively heavy and has large inertia force.

It's a light machine part.

It is used in engines and fabricating machines
such as punching machines, rolling mill, etc.

Governors are provided on engines and
turbines.

It is desired where the fluctuation in input
torque, eg. four stroke engine.

Desired where the constant speed required, eg
Generator (there is even electronic governor
for diesel generator)

111.
Sol. Turning moment diagram for single cylinder four stroke cycle internal combustion engine :
* In case of a four-stroke internal combustion engine, the diagram repeats itself after every two

revolutions (i.e. 720° or 4 & radians).

A
T
g Positive loop
g Mean resisting
50 torque
=
E |y \
b
| Negative loop
P é / '

0 i v T 3m 4

|<— Suction —>|<— Compression ->|<— Working —>|<— Exhaust —>|

Crank angle ———»
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112.
Sol.

113.
Sol.

Fig.:- Turning moment diagram (single cylinder four stroke engine)

* It can be seen from the diagram that for the majority of the suction stroke, the turning moment is
negative but becomes positive after the point P.

* During the compression stroke, it is totally negative.

e It is positive throughout the expansion stroke and again negative for most of the exhaust strokes.

Terminology of radial cam:

Pressure

‘“/ angle
/

//, (Trace/Pitch)
point

Reciprocating —»
roller follower

Cam profile

Pitch curvH

1. Base circle : It is the smallest circle tangent to the cam profile (contour) drawn from the center of
rotation of a radial cam.

2. Pitch point : It is point on the pitch curve of the cam having the maximum pressure angle.

3. Pitch circle : It is a circle drawn from the center of the cam through the pitch point. It is concentric
with based circle.

4. Prime circle: It is the smallest circle that can be drawn from the center of the cam and tangent to
the pitch curve. For a knife edge and a flat face follower, the prime circle and the base circle are
identical. For a roller follower, the prime circle is larger than the base circle by the radius of the
roller.

5. Pressure angle (a) : It represents the steepness of cam profile, is the angle between the normal to
the pitch curve at a point and the direction of follower motion. A high value of maximum pressure
angle is not desired. Its magnitude varies at all instant of follower motion.

6. Pitch point : It is point on the pitch curve of the cam having the maximum pressure angle.

7. Trace point : It is a reference point on the follower and is used to generate the pitch curve. In case
of knife edge follower, the knife edge represents the trace point and the pitch curve corresponds
to the cam profile. In a roller follower, the centre of the roller represents the trace point.

8. Lift or stroke: It is the maximum travel of the follower from its lowest position to the topmost
position.

9. Pitch curve: It is the curve generated by the trace point as the follower moves relative to the cam.
For a knife edge follower, the pitch curve and the cam profile are same whereas for a roller
follower, they are separated by the radius of the roller.

Pressure angle for gear train :

* The sides of each gear tooth incline at an angle called the pressure angle. For many years, the
standard pressure angle was 14.5°. Today, the use of 14.5° gearing is generally limited to
replacement work, while the 20° pressure angle is more commonly used. This switch has occurred
because a 20° pressure angle results in a higher strength gear tooth that offers better wear-
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resistance characteristics. The use of a 20° angle also permits pinions with fewer teeth to be used.

Pressure angle

Fig.- Pressure angle (gearing)
* The pressure angle of a gear is also the angle between the line of action and the line tangent to the
pitch circles of mating gears. Below figure, illustrates the relationship of the pressure angle to the
line of action and the line tangent to the pitch circles.

Pressure
angle

Direction of
tooth to
tooth push « f\

Pressure
angle

Rotation

Fig.- Pressure angle (gearing)
Pressure angle for cam follower :
Pressure angle (a): It represents the steepness of cam profile, is the angle between the normal to the
pitch curve at a point and the direction of follower motion. A high value of maximum pressure angle
is not desired. Its magnitude varies at all instant of follower motion.

Pressure

a“‘:/ angle
/

//' (Trace/Pitch)
point

Reciprocating —»
roller follower

Cam profile

Pitch curvH

Fig.- Pressure angle (cam-follower)
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114.

Sol.
(i) Given,
¢ =14.5",
m =5 mm,
t =15,
P
T, =60,
A,=m=1m,
G = Gear ratio = 4
2A
Minimum number of teeth on gear = & = 2
m\/l +1(2+1jsin2¢—1 \/1+1(2+1)sin2 (145)°-1
G G 4 4
= L =114.42 teeth =115 i £ il
0.01747 . = so interference will occur
(ii) We keep teeth = 60
3 2
60 [1+{0.25(2.25)sin’ ¢} —1
= /1+0.5625sin’ ¢ —1 =0.03333
1+0.5625sin” ¢ =1.067
sin® ¢ =0.120
sing =0.347
¢ =20.31°
115.
Sol.  Each have 30 teeth, minimum contact ratio = 2, circular pitch = 2.5 cm
¢ =20°
nm = 2.5cm = circular pitch
= m =0.796cm =7.96mm = 8mm
) ) mxz 8x30 240
Pitch radius of gear, R = =——=——mm=120mm

2 2 2

Area of contact 2 [\/(RA )2 —(Rcos ¢)2 —Rsin ¢]

. = (as radius same)
Circular pitch cospx(2.5)

Now, contact ratio =

= 0.085(R, )" —(112.76)" —41.0)>2

JR2 —(112.76)" —41>23.53
JR2 —(112.76)° =64.53

RY =4164.12 +12714.8
R3 =16878.92
R, =129.91 mm
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