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Vision of Production Technology
To develop educational avenues for the students to emerge as disciplined researchers,
technocrats, and entrepreneurs making transformative impact on establishing a world class
society in the domain of Production, Manufacturing and Mechatronics Engineering.

Mission of Production Technology
1. To impart students with disciplinary knowledge on Production Engineering in critical
thinking,
leadership
qualities,
communication
with
interpersonal
skills.
2. To create a conducive environment for exchange of ideas towards research, creativity,
innovation and entrepreneurship.
3. To follow the values of integrity and honesty through curricular, co-curricular and
extracurricular activities.

Programme Specific Outcomes (PSOs)
1.
Knowledge on Production system: Familiarization of basic advanced systems and
practices in Production Engineering.
2.
Knowledge on design, analysis and development: Demonstration of functions,
processes, design and automation of various systems in Production Engineering to enhance the
quality of the product.
3.
Foundation of continuous improvement: Knowledge on application of appropriated
materials, production processes and production system and development of an optimal
solution to achieve continuous improvement to cater the needs of industry and society.
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PROGRAMME OUTCOMES (POs):
On successful completion of the Mechanical Engineering Degree programme, the
Graduates shall exhibit the following:
PO
1

Graduate Attribute
Engineering knowledge

Programme Outcome
Apply knowledge of mathematics, basic science and engineering
science.

2

Problem analysis

Identify, formulate and solve engineering problems.

3

Design/development of
solutions

Design a system or process to improve its performance, satisfying its
constraints.

4

Conduct investigations
of complex problems

Conduct experiments & collect, analyze and interpret the data.

5

Modern tool usage

Apply various tools and techniques to improve the efficiency of the
system.

6

The Engineer and society

Conduct themselves to uphold the professional and social
obligations.

7

Environment and
sustainability

Design the system with environment consciousness and sustainable
development.

8

Ethics

Interacting industry, business and society in a professional and
ethical manner.

9

Individual and team work Function in a multidisciplinary team.

10

Communication

Proficiency in oral and written Communication.

11

Project management and
finance

Implement cost effective and improved
system.

12

Life-long learning

Continue professional development and learning as a life-long
activity.
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Department of Production Technology
MIT Campus, Anna University
ME7511- Dynamics Measurements
1. Study of gear parameters.
b) Experimental study of velocity ratios of simple, compound, epicyclic and
differential gear trains.
2. Kinematics of Crank Rocker, Double crank, Double rocker, Slider Crank and
oscillating cylinder Mechanisms.
b) Kinematics of single and double universal joints.
3. a) Determination of Mass moment of inertia of Fly wheel and Axle system.
b) Determination of Mass Moment of Inertia of axisymmetric bodies using Turn
table apparatus.
c) Determination of Mass Moment of Inertia using bifilar suspension and
compound pendulum.
4. Motorized gyroscope – Study of gyroscopic effect and couple.
5. Governor - Determination of range sensitivity and effort for Watts, Porter,
Proell, and Hartnell Governors.
6. Cams – Cam profile drawing, Motion curves and study of jump phenomenon
7. a) Single degree of freedom Spring Mass System – Determination of natural
Frequency and verification of Laws of springs – Damping coefficient
determination.
b) Multi degree freedom suspension system – Determination of influence
coefficient.
8. a) Determination of torsional natural frequency of single and double rotor
systems - Undamped and Damped Natural frequencies.
b) Vibration Absorber – Tuned vibration absorber.
9. Vibration of Equivalent Spring mass system – undamped and damped
vibration.
10. Whirling of shafts – Determination of critical speeds of shafts with
concentrated loads.
11. a) Balancing of rotating masses. (b) Balancing of reciprocating masses.
12. a) Transverse vibration of Free-Free beam – with and without concentrated
masses.
b) Forced Vibration of Cantilever beam – Mode shapes and natural frequencies.
c) Determination of transmissibilityratio using vibrating table.
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DYNAMICS MEASUREMENTS LIST OF EXPERIMENTS

1. To study various gear parameters.
2. To determine mass moment of inertia and radius of gyration using bifilar suspension.
3. To determine mass moment of inertia and radius of gyration using compound pendulum.
4. To conduct experiment on Watt governor to draw performance characteristic curves, and
to find governing effect and sensitivity.
5. To conduct experiment on Porter governor to draw performance characteristic curves,
and to find governing effect and sensitivity.
6. To conduct experiment on Proell governor to draw performance characteristic curves, and
to find governing effect and sensitivity.
7. To conduct experiment on Hartnell governor to draw performance characteristic curves,
and to find governing effect and sensitivity.
8. To conduct the experiment for static balancing on static balancing machine.
9. To find transverse vibration of free-beam with & without concentrated masses.
10. To study the profile and jump phenomenon of cam.
11. To determine critical speed of shafts.
12. To determine spring stiffness of a helical spring subjected to free vibrations.
13. To calculate equivalent spring stiffness for springs assembled in series.
14. To determine degrees of freedom of a spring mass system.
15. To study the gyroscopic effect and couple.
16. To determine the torsional frequency of a single and double rotor system.
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WHIRLING OF SHAFT APPARATUS
Ex. no:
Date:
AIM
To determine the critical speed of shaft and to compare it with the
theoreticalvalues.
APPARATUS REQUIRED
•

Whirling shaft apparatus

•

Measuring tape

•

Tachometer

THEORY
Critical or whirling or whipping speed is the speed at which the shaft
tends to vibrate violently in the transverse direction. All rotating shafts, even
in the absence of external load, deflect during rotation due to self-weight. The
combined weight of a shaft and shaft-mountings can cause deflection that will
create resonant vibration at some speed. These speeds are commonly known as
critical speed. In other words, the speed at which resonance occurs is known
as the critical speed.
At critical speeds, the amplitude of vibration of rotors is very large & a
large amount of force is transmitted to the bearings or foundations. The system
may even fail because of violent nature of vibrations in the transverse direction.
Therefore it is important to find the natural frequency of the shaft to avoid the
occurrence of resonance. There are two methods used to calculate critical
speed, Rayleigh-Ritz and Dunkerley’s method. Both these Ritz and Dunkerley’s
equations are approximations to the first natural frequency of vibration, which
is assumed to be nearly equal to critical speed of rotation. In any machinery, it
must be ensured that the machinery is not running near the critical speed. In
order to eliminate critical speed, the speed at which the shaft rotates must be
greater than the critical speed. This principle is used in running high speed
turbines by speeding up the rotor rapidly beyond the critical speed. For
example, in stabilization of aircrafts at high speeds, automobile propeller
shafts, etc.
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a = one mode
b = two mode
c = three mode

Fig 1: Modes of whirl
EXPERIMENTAL SETUP
The setup consists of a shaft of diameter‘d’ and mass ‘m’. The shaft is
supported on two bearings and the distance between the bearings can be
adjusted. The shaft is driven by a variable speed motor. The whole arrangement
is mounted on a bed.
SPECIFICATIONS-:
Motor (High speed sewing machine motor)
✓ Power
: 1/6 HP
✓ RPM
: 6000
✓ Volts
: 210/220
✓ Amps
: 0.32
✓ Cycles
: 50
Shaft (3 no’s)
✓ Diameter
: 3, 5 & 6 mm
✓ Length
:1m
✓ Material
: MS EN 44
✓ Density
: 8000 kg/m3 (Approximately for stainless steel)
PROCEDURE
1. The dimensions of the shaft to be tested is measured using ruler and
Vernier caliper.
2. Set the bearing blocks such that the centre distance between them is
maximum.
3. First, the critical speed with normal bearings on both sides should be found.
This arrangement is both end fixed.
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4. Fix the shaft to be tested on the chuck both sides (Head & Tail side) and
tighten it firmly. The Motor side is the head side and the other is tail side.
5. Ensure that the bearing blocks and guard are rigidly fixed to the main frame
by tightening the knob located beneath each.
6. Switch on the motor and adjust the speed using dimmerstat until the loop
appears on the shaft which is indicated by the formation of a bow as shown
in Fig 1 (a- One mode). The shaft begins to vibrate violently.
7. Immediately note down the speed at which it is appearing using tachometer.
This observed speed is Ncexpt.
8. Do not run the shaft in critical speed for a long time.
9. Rapidly increase the speed further and ensure that critical speed is
eliminated and the shaft re-stabilizes.
10. Increase the speed further, observe the second natural frequency which is
indicated by a double bow as shown in Fig 1 (b-Two mode).
11. Immediately note down the critical speed using tachometer.
12. Decrease the speed and bring the shaft to rest.
13. Repeat the same procedure for different shafts.
14. After that, replace the bearing block on the tail side with another block
with swivel bearing.
15. Now again fix the shafts one by one to both the bearings and proceed the
experiment with the same steps done previously.
16. Now this new arrangement is Fixed-Free because of swivel bearing on the
other side.
17. After noting down the critical speed of different shafts, decrease the
speed by bringing the shaft to rest, then switch off the motor.
PRECAUTIONS
1. The shaft must be straight.
2. Deflecting in a single bow and whirling round like a skipping rope. If this
speed is maintained the deflection will become so large that the shaft will
be fractured.
3. It is advisable toincrease the speed of the shaft rapidly by passing
through the critical speed.
4. This is a destructive test of the shaft and it is observed that the elastic
behavior of the shaft material changes a little after testing it for a few
times, so it is advisable to use fresh shaft afterwards.
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FORMULA DETAILS
1. Natural frequency of transverse vibration, fn
fn =

𝐸𝐼𝑔

𝐶 √𝑤𝐿4

where
fn
E
I
C
g
L
w
d
m

-

Natural frequency of transverse vibration in Hz
Young’s Modulus for steel shaft (2.06 ×1011 N/m2)
𝜋
Moment of Inertia(64) × 𝑑 4 in m4
Constant dependant on the end conditions.
Acceleration due to gravity (9.81 m/s2)
Length of the shaft in m
Weight of the shaft (m × g) in N
Diameter of the shaft in m
Mass of the shaft in kg

Values of constants for different end conditions
Case
1. 1.
2. 2.

Ends
Free-Free

C1
1.572

C2
3

Fixed

3.75

8.82

3. 3.
Cantilever
0.56
4 4.
Fixed-free
2.459
7.96
The value of C1 is the constant for use in calculating the first natural
frequency (first mode) and C2is necessary for the second mode.
Note: To calculate mass of the shaft (kg)
𝜋

i.

Find area of the shaft, A = ( 4 ) × 𝑑 2 in m2

ii.

Find volume of the shaft, V = A × L in m3

iii.

Density = Mass/Volume, i.e Mass = Density × Volume
Density = 8000 kg/m3 (For stainless steel)

2. Theoretical whirling speed, Nctheo
Nctheo = fn× 60 rpm
3. Deflection, δ
δ=

𝑤𝐿3
3𝐸𝐼

in m
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OBSERVATIONS READING:

Sl.No

Diameter
of the
shaft ‘d’
(m)

Length of
the shaft
‘L’
(m)

Weight of
the shaft
‘w’
(N)

Moment of
inertia ‘I’
(m4)

1
2

Model Calculation
For Reading No. 2
1. Natural frequency of transverse vibration, fn
fn =

𝐸𝐼𝑔

𝐶 √𝑤𝐿4
𝜋

i.

Area of the shaft, A =

ii.

Volume of the shaft, V=A × L in m3

4

× 𝑑 2 in m2

iii.

Mass of the shaft, m = 𝜌 × 𝑉 in kg

iv.

Weight of the shaft, w = m × g in N

v.

Moment of inertia, I =

𝜋
64

× 𝑑4

For Fixed-Free One mode, C = 2.459
fn=
fn

=
13

Deflection
‘ δ’
(m)

2. Theoretical whirling speed, Nctheo
Nctheo =fn× 60 rpm

Nctheo

=

3. Deflection, δ
δ=

𝑤𝐿3
3𝐸𝐼

in m

δ=
For Fixed-Free Two mode, C = 7.96
fn
fn

=
=

Nctheo =
Nctheo =
For both end Fixed One mode, C = 3.75
fn=
fn =
Nctheo =
Nctheo =
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Whirling speed of shaft, Fixed-Free
Shaft
diameter
in mm

Nctheo
Rpm
One
mode

Ncexpt
Rpm
Two
mode

One
mode

Two
mode

% deviation
{(NCtheo- NCexpt)/
NCtheo} ×100

Whirling speed of shaft, both end Fixed
Shaft
diameter
in mm

Nctheo
Rpm
One
mode

Ncexpt
Rpm
Two
mode

One
mode

Two
mode

% deviation
{(NCtheo- NCexpt)/
NCtheo} ×100

RESULT:
The theoretical and experimental values of whirling speed of shafts of
diameters 3, 5 and 6mm were found.
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UNIVERSAL GOVERNOR

INTRODUCTION
The function of a governor is to regulate the mean speed of an engine, when
there are variations in loads e.g. when load on an engine increase or decrease,
obviously its speed will, respectively decrease or increase to the extent of variation of
load. This variation of speed has to be controlled by the governor, within small limits
of mean speed. This necessitates that when the load increase and consequently the
speed decreases, the supply of fuel to the engine has to be increased accordingly to
compensate for the loss of the speed, so as to bring back the speed to the mean speed.
Conversely, when the load decreases and speed increases, the supply of fuel has to be
reduced.

THEORY
The function of the governor is to maintain the speed of an engine within
specific limit 'whenever there is a variation of load. The governor should have its
mechanism working in such a way, that the supply of fuel is automatically regulated
according to the load requirement for maintaining approximately a constant speed.
This is achieved by the principle of centrifugal force. The centrifugal type governors arc
based on the balancing of centrifugal force on the rotating balls by an equal and
opposite radial force, known as the controlling force.
Governors are broadly classified as:
1. Centrifugal Governors.
2. Inertia Governors.
The centrifugal governors are based on the balancing of the centrifugal force on
the rotating balls by an equal and opposite radial force, known as controlling force.
In Inertia governors the position of the balls are affected by the forces set by an
angular acceleration or deceleration of the given spindle in addition to centrifugal
forces on the balls.
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DESCRIPTION
The apparatus is designed to exhibit the characteristics of the spring-loaded
governor and centrifugal governor. The experiments shall be performed on followings
centrifugal type governors:
1. Watt governor
2. Porter governor
3. Proell governor
4. Hartnell governor
The drive unit consists of a DC motor connected to the shaft through V belt.
Motor and shaft are mounted on a rigid MS base frame in vertical position. The
spindle is supported in ball bearing.
The optional governor mechanism can be mounted on spindle. The speed
control unit controls the precise speed and speed of the shaft is measured with the
help of hand tachometer. A counter sunk has been provided at the topmost bolt of the
spindle. A graduated scale is fixed to measure the sleeve lift.
The center sleeve of the Porter and Proell governors incorporates a weight sleeve
to which weights can be added. The Hartnell governor consists of a frame, spring and
bell crank lever. The spring tension can be increased or decreased to study the
governor.
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UTILITIES REQUIRED:
Electricity Supply: Single Phase, 220 VAC, 5-15 amp sockets with earth connection.
Bench Area Required: 1.5 m x 1.5 m

EXPERIMENTAL PROCEDURE:
Starting procedure:
1. Assemble the governor to be tested.
2. Complete the electrical connections.
3. Switch ON the main power.
4. Note down the initial reading of pointer on the scale.
5. Switch ON the rotary switch.
6. Slowly increase the speed of governor until the sleeve is lifted from its initial
position by rotating variance.
7. Let the governor be stabilized.
8. Note down the sleeve's height and relative RPM (with help of hand tachometer).
9. Increase the speed of governor in steps to get the different positions of sleeve lift at
different RPM.
Closing procedure:
1. Decrease the speed of governor gradually by bringing the variac to zero position and
then switch off the motor.
2. Switch OFF all switches.
3. Disconnect all the connections.
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WATT GOVERNOR
Ex. no:
Date:

AIM:
Determination of characteristics curves of sleeve position against speed for Watt
governor.

It is assumed that mass of the arms; links & sleeve are negligible in
comparison with the mass of the balls and are neglected in the analysis.

Watt’s Governor
Observations And Calculations:
L = 110 mm
h’ = 95.5 mm
w = 0.45 kg
g = 9.81 m/s2
a = 40 mm
W= 2.15 kg
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Xll = _________________ mm
Sl.NO

Xl mm

Nact, RPM

Calculations:
X = (Xl – Xll) mm
𝑋

h={ℎ𝑙 − ( 2 )}, mm
ℎ

α = cos-1(𝐿 )
𝑎

H={(𝑡𝑎𝑛𝛼) + ℎ}, mm
R=(𝑎 + (𝐿𝑠𝑖𝑛𝛼)), mm
2𝜋𝑁

ω=

, rad/ sec

60

Fact =

𝑤×𝑅×𝜔2

Ftheo =

𝑔×1000

Kg

(𝑤+𝑊)×𝑅
𝐻

Kg

Plot the graph for following curves:1. R/H vs N
2. X vs N
Nomenclature
a = Distance of pivot to center of spindle, mm
Ftheo= Theoretical centrifugal force, kg
Fact = Actual centrifugal force, kg
g = Acceleration due to gravity, m/s2
H = Height of governor, mm
h = Final height, mm
hl = Initial Height, mm
N = Speed of governor, RPM
R = Radius of Rotation
w = Weight of ball, kg
X = Final height of Sleeve, mm
20

Xl = Height of sleeve at N rpm.
Xll = Initial reading of pointer on sleeve
ω= Angular velocity, rad/sec
W = Weight of Sleeve in kg

RESULT:
The experimental values and characteristics curve for the Watt governor is thus
obtained.
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PORTER GOVERNOR
Ex. no:
Date:
AIM:
Determination of characteristics curves of radius of rotation against controlling
force for Porter governor.

Porter Governor differs from Watt’s Governor Only in extra Sleeve weight,
else is similar to Watt Governor. Porter Governor is used to regulate the speed
between a minimum and maximum value. The weight of the sleeve is
determined accordingly.

Porter Governor
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Observations and Calculations:
L = 110 mm
hl = 100 mm
w = 0.45 kg
g = 9.81 m/s2
a = 40 mm
Wsleeve= 2.15 Kg
w1 =
w2 =
Xll = ____________________mm
Sl.NO

Xl mm

Nact, RPM

Calculations
X = (Xl – Xll) mm
𝑋

h={ℎ𝑙 − ( 2 )}, mm
ℎ

α = cos-1(𝐿 )
𝑎

H={(𝑡𝑎𝑛𝛼) + ℎ} , mm
R=(𝑎 + (𝐿𝑠𝑖𝑛𝛼)), mm
2𝜋𝑁

ω=

60

Fact =

, rad/ sec
𝑤×𝑅×𝜔2
𝑔×1000

Kg

Ftheo = ((𝑤 + 𝑊) × 𝑡𝑎𝑛𝛼) Kg
Plot the graph for following curves:1. R/H vs N
2. X vs N
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Nomenclature
a = Distance of pivot to center of spindle, mm
Ftheo= Theoretical centrifugal force, kg
Fact = Actual centrifugal force, kg
g = Acceleration due to gravity, m/s2
H = Height of governor, mm
h = Final height, mm
hl = Initial Height, mm
N = Speed of governor, RPM
R = Radius of Rotation
w = Weight of ball, kg
w1, w2 = Weight Added to Sleeve, kg
X = Final height of Sleeve, mm
Xl = Height of sleeve at N rpm.
Xll = Initial reading of pointer on sleeve
ω= Angular velocity, rad/sec
W = Weight of Sleeve in kg + weights added o sleeve i.e. w1, w2

RESULT:
The experimental values and characteristics curve for the Porter governor is
thus obtained.
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PROELL GOVERNOR
Ex. no:
Date:
AIM:
Determination of characteristics curves of radius of rotation against controlling force
for Proell governor.
In Proell governor the balls are fixed at the end point to the extension of the links

PROELL GOVERNOR
Observations And Calculations:
L = 110 mm
hl = 95.5 mm
αl = 29.8 deg
γl = 17 deg
w = 0.45 kg
g = 9.81 m/s2
a = 40 mm
CG = 178.1 mm
Wsleeve = 2.15 Kg
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w1=
w2 =
Xll= ______________mm
Sl.NO

Xl mm

Nact, RPM

Calculations
X = (Xl – Xll) mm
𝑋

h={ℎ𝑙 − ( 2 )}, mm
ℎ

α = cos-1(𝐿 )
𝑎

H={(𝑡𝑎𝑛𝛼) + ℎ} , mm
γ = [(α-αl) +γl]
R=(𝑎 + (𝐺𝐶𝑠𝑖𝑛𝛾)), mm
2𝜋𝑁

ω=

60

Fact =

, rad/ sec
𝑤×𝑅×𝜔2
𝑔×1000

Kg

DG =(𝐺𝐶𝑐𝑜𝑠𝛾), mm
𝑋
BD ={ℎ𝑙 − ( 2 )}, mm
W= Wsleeve+w1+w2
𝐵𝐷

Ftheo = ((2𝑤 + 𝑊) × 𝐺𝐶 ×

tan 𝛼
𝑐𝑜𝑠𝛾

) − (𝑤 × 𝑡𝑎𝑛𝛾)kg

Plot the graph for following curves:1. R/H vs N
2. X vs N
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Nomenclature
a = Distance of pivot to center of spindle, mm
Ftheo = Theoretical centrifugal force, kg
Fact = Actual centrifugal force, kg
GC = Displacement between points G & C of lower link, mm
g = Acceleration due to gravity, m/s2
H = Height of governor, mm
h = Final height, mm
hl = Initial height, mm
L = Length of Link, mm
N = Actual speed of governor, R.P.M
R = Radius of Rotation
w = Weight of ball, kg
w1, w2 = Weight of cast iron sleeve, kg
X = Final height of Sleeve, mm
Xl = Height of sleeve at N rpm, mm
Xll = Initial reading of pointer on sleeve
ω = Angular velocity, rad/sec
αl = Initial Angle
γl = Initial Angle
W = Weight of Sleeve in kg + weights added o sleeve i.e. w1, w2

RESULT:
The experimental values and characteristics curve for the Proell governor is
thus obtained.
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HARTNELL GOVERNOR
Ex. no:
Date:
AIM:
Determination of characteristics curves of radius of rotation against controlling force
for Hartnell governor.
Hartnell governor is a spring controlled centrifugal governor in which a spring controls
the movement of the ball and sleeve. It consist of a frame in which a pre-compressed
helical spring is housed. The spring applied a downward force on the sleeve and the
spring force could be adjusted by the must provide. Two bell crank lever the sleeve
each carrying a ball at the top end and connected with a roller at the bottom end.

HARTNELL GOVERNOR
a = 75 mm
b = 95 mm
R = 132.5 mm
w = 0.45 kg
g = 9.81 m/s2
w1 =
w2 =
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Xll= ______________mm
Sl.NO

Xl mm

Nact, RPM

Calculations
X = (Xl – Xll) mm
𝑎

R={𝑅 𝑙 + 𝑋 × 𝑏}, mm
2𝜋𝑁𝑎𝑐𝑡

ω=

Fc =

60

, rad/ sec

𝑤×𝑅×𝜔2
𝑔×1000

kg
𝑎

S=(2 × 𝐹𝑐 × 𝑏) − 𝑊, kg
𝑎 2

𝐹𝑐

S = 2 × (𝑏) × (𝑅−𝑅𝑙), kg/mm
Nomenclature
a = Length of Vertical Arm, mm
b= Length of Horizontal Arm, mm
Fc = Centrifugal force, kg
g = Acceleration due to gravity, m/s2
N= Actual speed of governor, R.P.M
R= Radius of Rotation
Rll= Initial Radius of Rotation
S= Force Excreted by spring, kg
w = Weight of ball, kg
w1, w2 = Weight of cast iron sleeve, kg
X = Final height of Sleeve, mm
Xl = Height of sleeve at N rpm, mm
Xll = Initial reading of pointer on sleeve
29

ω = Angular velocity, rad/sec
Precautions
1. No voltage fluctuation is desirable, as it may affect results.
2. Always increase the speed gradually.
3. Take the sleeve displacement reading when steady state is achieved.
4. At higher speed the load on sleeve should not hit the upper sleeve of the
governor.
5. Always switch off the motor after bringing the variac to zero position.
6. Keep the apparatus free from dust.
7. Before performing any experiment clean the sleeve properly and lubricate it
properly.

RESULT:
The experimental values and characteristics curve for the Hartnell governor is
thus obtained.
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CAM ANALYSIS APPARATUS
Ex.No:
Date:
Aim
•To find out the angular displacement of various cam follower pairs.
•To plot the n - 0 (follower displacement vs. angle of cam rotation) curves for
different cam follower pairs.
•The test can be repeated by changing compression spring, follower weights, &
cam speed.
Objective
•To study the various cam and follower pairs.
•To study the effect of follower weight on Jump Speed.
•To study effect of spring compression on jump Speed
Introduction
A cam may be defined as a rotating or a reciprocating element of a mechanism
which imparts a rotating, reciprocating or oscillating motion to another element
termed as follower.
Theory
Cam mechanism and its uses:
In most of the cases the cam is connected to a frame, forming a turning pair
and the follower is connected to the frame to form a sliding pair. The cam and
the follower form a three- link mechanism of the higher pair type. The three
links of the mechanism are:(a) The cam, which is the driving link and has a curved or a straight contact
surface
(b) The follower, which is the driven link and it. gets motion by contact with the
surface of the cam.
(c) The frame, which is used to support the cam and guide the follower.
The cam mechanism is used in clocks, printing machines, automatic screw
cutting machines, internal combustion engines for operating valves, shoe
making machinery etc.
DESCRIPTION:
The machine is a motorized unit a camshaft is driven by a D.C. Motor. The
shaft runs in a double ball bearing. At the end of the cam shaft a cam can be
easily mounted. As the follower is properly guided in gun- metal bushes and
the type of the follower can be changed to suit the cam under test. A graduated
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circular protractor is fitted coaxial with the shaft and a dial gauge can be fitted
to note the follower displacement for the angle of cam rotation. A spring is used
to provide controlling force to the system. Weights on the follower rod can be
adjusted as per the requirements. An arrangement is provided to vary the
speed of camshaft. The machine is particularly useful for testing the cam
performance for jump phenomenon during operation. The machine clearly
shows the effect of change of inertia forces on jump action of cam follower
during the operation. It is used for testing various cam and follower pairs, i.e.
1} An eccentric arc cam with Knife edge follower
2) Tangent cam with roller follower
3) Circular cam with Mushroom follower
UTILITIES REQUIRED:
•Electricity Supply: Single phase. 220 volts DC. 5-15 amp socket
•Bench Area Required: 0.6 m x 0.33 m
•Tachometer
EXPERIMENTAL PROCEDURE:
1. Fix the required cam & follower assembly on the apparatus.
2. Fix the dial gauge at top of follower shaft to get the follower displacement.
3. To find out the angular displacement, rotate the cam manually.
4. Note the angular displacement of cam and vertical displacement of the
follower with the help of protractor & dial gauge respectively.
5. Draw the n - θ (follower displacement V/s rotation of cam) curve.
6. Now remove the dial gauge from the follower shaft.
7. Switch on the main power supply.
8. Slowly increase the rpm of the motor with the help of dimmerstat provided at
the control panel & check the jump of the follower with the help of tachometer.
9. If jump of the follower is not appears then again adjust the speed of the
motor. At certain speed jump of the follower will occur. When jump occurs the
follower makes a good thumping sound on cam surface. This speed is the jump
speed.
10. Decrease the speed of the motor to the minimum value.
11. Now put some weight on the follower shaft plate and keep the spring
tension constant.
12. Increase the speed of the motor and find out the jump speed.
13. Now vary the weight on the follower shaft plate and get the two or three
jump speeds of the follower at constant spring tension.
14. Plot the curve for follower weight Vs jump speed.
15. Now get the jump speed by varying the spring tension and keeping the
follower weight constant.
16. Repeat the procedure for other two cam & follower assemblies.
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Observation:
Eccentric Cam with Knife Edge Follower
Sl. No
1
2
3
4
5
6
7
8
9
10
11
12

θ
0
30
60
90
120
150
180
210
240
270
300
330

n, mm
0

Spring Compression=Jump Speed = _____________RPM
To plot n vs θ curve Eccentric Cam with Knife Edge Follower
Tangent Cam with Roller Follower
Sl. No
1
2
3
4
5
6
7
8
9
10
11
12

θ
0
30
60
90
120
150
180
210
240
270
300
330

n, mm
0

Spring Compression=Jump Speed = _____________RPM
To plot n vs θ curve Tangent Cam with Roller Follower
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Circular Cam with Mushroom Follower:
Sl. No
1
2
3
4
5
6
7
8
9
10
11
12

θ
0
30
60
90
120
150
180
210
240
270
300
330

n, mm
0

Spring Compression=Jump Speed = _____________RPM
To plot n vs θ curve Circular Cam with Mushroom Follower
NOMENCLATURE
N = Revolutions per minute
n = Displacement, mm
S = Spring Force.
W = Follower assembly weight, kg
ω = Angular velocity of cam, rad/sec
θ = Cam Angle
PRECAUTIONS
1. Always lubricate the cam before starting the apparatus.
2. Tighten all the nuts properly before starting the apparatus.
3. Do not increase the speed of the motor at once.
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RESULT:
Thus the profile of cam is drawn and the jump phenomenon is studied.
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STATIC AND DYNAMIC BALANCING APPARATUS
Ex.No:
Date:
AIM
To balance the masses statically and dynamically of a simple rotating
mass system. To observe the effect of unbalance in a rotating mass system.
OBJECTIVE
To study the Static & Dynamic Balancing system.
INTRODUCTION
A system of rotating masses is said to be in static balance if the
combined mass centre of the system lies on the axis of rotation. When several
masses rotate in different planes, the centrifugal forces, in addition to being
out of balance, also form couples. A system of rotating masses is in dynamic
balance when there does not exist any resultant centrifugal force as well as
resultant couple.
CONDITIONS FOR STATIC AND DYNAMIC BALANCING:
• If a shaft carries a number of unbalanced masses such that the center of
mass of the system lies on the axis of rotation, the system is said to statically
balance.
• The resultant couple due to all the inertia forces during rotation must be
zero. These two conditions together will give complete dynamic balancing. It is
obvious that a dynamically - balanced system is also statically balanced, but
the statically balanced system is not dynamically balanced.
BALANCING OF SEVERAL MASSES ROTATING IN DIFFERENT PLANES:
When several masses revolve in different planes, they may be transferred to a
reference plane (written as RP), which may be defined as the plane passing
through a point on the axis of rotation and perpendicular to it. The effect of
transferring a revolving mass (in one plane) to a reference plane is to cause a
force of magnitude equal to centrifugal force of the revolving mass to act in the
reference plane, together with a couple of magnitude equal to the product of
the force and the distance between the plane of rotation and the reference
plane. In order to have a complete balance of the several revolving masses in
different planes, the following conditions must be satisfied:
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1. The forces in the reference plane must balance, i.e. the resultant force
must be zero
2.

The couple about the reference plane must balance, i.e. the resultant
couple must be zero.

DESCRIPTION:
The apparatus consists of a steel shaft mounted in ball bearings in a stiff
rectangular main frame. A set of four blocks of different weights is provided
and may be detached from the shaft.
Number of disc carrying a circular protractor scale is fitted to rectangular
frame. The circular protractor scale is provided to determine the exact angular
position of each adjustable block.
The shaft is driven by electric motor mounted under the main frame, through a
belt. For static balancing of weights the main frame is suspended to upper
frame by chains then rotate the shaft manually after fixing the blocks at their
proper angles. It should be completely balanced. In this position, the motor
driving belt should be removed.
For dynamic balancing of the rotating mass system, the main frame is
suspended from the support frame by two short links such that the main frame
and the supporting frame are in the same plane. Rotate the statically balanced
weights with the help of motor. If they rotate smoothly and without vibrations,
they are dynamically balanced.
UTILITIES REQUIRED
Electricity Supply: Single Phase, 220 VAC. 50Hz. 5-15 amp socket with earth
Connection Bench Area Required: 1m x 0.5 m
EXPERIMENTAL PROCEDURE
1) STATIC BALANCING
Let m1r1 and m2r2 be known system at an angle θ1. This has to be balanced by
m3r3 and m4r4. Draw the position Diagram as shown.
Draw vector abParllel to m1r1 to some scale. Draw bc parallel to m2r2. From
point c, draw an arc with radius of scaled m3r3. From point a, draw an arc with
radius of scaled m4r4.
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Point of intersection of arcs is d. join cd and ad, from scale, unkown values of
r3 and r4 can be determined as m3 and m4 are known.
Now draw parallel line to cd from origin in position diagram. This gives
direction of m4r4. Set the weights over the shaft at required radius and angle.
Rotate the shaft by hand and see that system us balanced by Static Balancing.
2) DYNAMIC BALANCING
Consider the above balanced system to be dynamically balanced. Let distance
between m1r1 and m2r2 be a1, Distance a2 between m1r1 and m3r3 and a3
between m1r1 and m4r4 is to be determined.
Select the reference plane suitably, let the reference plane be at m1r1.
Taking moments about reference plane
Mass
m1r1
M2r2
M3r3
M4r4

Distances from
Ref Plane
0
a1
a2
a3

Moment
0
m2r2a1
m3r3 a2
m4r4 a3

Now, draw couple polygon. Draw ef parallel to m2r2 to some suitable scale,
proportional to m2r2a1 from point e, draw parallel to m3r3. From point “f”, draw
parallel to m4r4 to intersect the previous line at g, eg is couple vector m3r3a2.
From scale and Known value of m3r3 determine a2. fg is couple vector parallel
to m4r4a3. From scale and from known value of m4r4 determine a3. (Note – while
drawing the couple polygon, see that couple polygon closes in one direction
only, i.e., all the vectors should be either in clockwise or anticlockwise
direction) Set the weight over the shaft as calculated by locking the shaft with
the locking screw. After setting all the weight in their proper positions, remove
the locking screw, rotate the shaft with the help of motor and see that system
in balanced i.e., dynamic Balancing.
Precautions:1) While fixing the disc and weights, see that they are properly tightened.
Under tightened bolts may loosen during rotation and over tightened bolts may
get damaged or break.
2) Depending upon the initial assumed unbalance, the radial and linear
distances will vary. Initially it is necessary to understand the limiting sizes of
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the frame disc. If distances determined from diagrams are out of the limit of
equipment, then it is necessary to modify or change the problem.
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Radius Table
SL.NO
1
2
3
4
5
6
7

Ring No
Ring
Ring
Ring
Ring
Ring
Ring
Ring

1
2
3
4
5
6
7

Radius
in mm
25
30
35
40
45
50
55

Sample Calculation
Sl.No
1
2
3
4

Plane

Mass (m)

Radius (r)
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Angle (θ)

Distance (l)

RESULT
The given rotor system has been dynamically and Staticbalanced with the aid
of force polygon and couple polygon.
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Transverse vibration of Free-Free beam with and
Without concentrated masses.
Ex.No:
Date:
Aim: To find the natural frequency of vibration of the free – free beam.
Theory:
In real life ships, aero-planes, missiles, rockets, space vehicles, satellites,
submarines etc. are modeled as free-free mechanical systems.
Consider a uniform beam with free-free boundary condition

WITHOUT CONCENTRATED MASS
Natural Frequency Free-Free beam with uniform section and uniform load is
given by

fn =

1 22.373 E I
[ 2 ]√
2π
L
ρ

Where
𝐸 = modulus of elasticity in N/m2
𝐼 = Area moment of Inertia in m4
𝐿 = Length of Beam in m
𝜌 = mass density (mass/length) in kg/m
WITH CONCENTRATED MASS

Natural Frequency Free-Free beam with concentrated mass at centre is given
by

𝑓𝑛 = 14 ×

1
𝐸𝐼
√
2𝜋 (𝑚 + 0.375 𝑚𝑏 )𝐿3

Where

42

𝐸 = modulus of elasticity in N/m2
𝐼 = Area moment of Inertia in m4
L = Length of Beam in m
m = mass of load in kg
mb = mass of beam in kg
PROCEDURE:
1) Put the beam on bottom supports
2) Attach pen holder
3) Start the chart recorder
4) Gently strike with hand
5) Measure length of 10 oscillations on chart paper
6) Attach mass at center of beam to take other set of readings with
concentrated
OBSERVATION:Mass of Weight holder =0.240 kg
Mass of Weights = 1.00; 0.75 and 0.5 kg
Modulus of Elasticity or Young’s Modulus E = 2.7 x 1011 N/m2
Chart Recorder Speed 75 mm = 1 sec
Beam Weight Table
Length
mm
1000
1000
1000
1000
1000
1000
1055
1055

Width
mm
25
25
20
20
16
16
25
25

Beam Material: Mild Steel
Thickness
mm
3
5
5
3
3
5
3
5
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Mass mb
kg
0.59
0.98
0.78
0.47
0.38
0.63
0.62
1.04

Mass density
Kg/m
0.59
0.98
0.78
0.47
0.38
0.63
0.59
0.98

OBSERVATION TABLE:Without Mass
Sl.no Beam
material

Length L
(m)

Width (m)

Thickness Time for 10
(m)
oscillations

With Mass at Centre
Sl.no Beam
Length Width Thickness Mass (kg)
material L (m)
(m)
(m)

Time for 10
oscillations

CONCLUSION:Without Mass
Sl.No.

Beam

Theoretical
Frequency

Practical
Frequency

Theoretical
Frequency

Practical
Frequency

With Mass at Centre
Sl.No.

Beam

Result:
Thus the natural frequency of transverse vibration of the free – free beam was
determined.
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Transverse vibration of Simply Supported beam with and
Without concentrated masses.
Ex.No:
Date:
Aim: To find the natural frequency of vibration of the simply supported beam.
THEORY:
Consider a uniform beam with Simply Supported (pinned) boundary condition

WITHOUT CONCENTRATED MASS
Natural Frequency Simply Supported beam with uniform section and uniform
load is given by

fn =

1 π 2 EI
[ ] √
2π L
ρ

Where
𝐸 = modulus of elasticity in N/m2
𝐼 = Area moment of Inertia in m4
𝐿 = Length of Beam in m
𝜌 = mass density (mass/length) in kg/m
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WITH CONCENTRATED MASS

Natural Frequency Free-Free beam with concentrated mass at centre is given
by

𝑓𝑛 =

1
48 𝐸𝐼
√
2𝜋 (𝑚 + 0.5 𝑚𝑏 )𝐿3

Where
𝐸 = modulus of elasticity in N/m2
𝐼 = Area moment of Inertia in m4
𝐿 = Length of Beam in m
𝑚 = mass of load in kg
𝑚𝑏 = mass of beam in kg
PROCEDURE:
1) Put the beam on side supports as shown in figure and tighten the screws
2) Attach pen holder
3) Start the chart recorder
4) Gently strike with hand
5) Measure length of 10 oscillations on chart paper
6) Attach mass at center of beam to take other set of readings with
concentrated.
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OBSERVATION:Mass of Weight holder = 0.240 kg
Mass of Weights = 1.00 ; 0.75 and 0.5 kg
Modulus of Elasticity or Young’s Modulus E = 2.7 x 1011 N/m2
Chart Recorder Speed 75 mm = 1 sec
Beam Weight Table

Length
mm
1055
1055

Beam Material: Mild Steel

Width
mm
25
25

Thickness
mm
3
5

Mass mb
kg
0.62
1.04

Mass density
Kg/m
0.59
0.98

OBSERVATION TABLE:Without Mass
Sl.no Beam
material

Length L
(m)

Width (m)

Thickness Time for 10
(m)
oscillations

With Mass at Centre
Sl.no Beam
Length Width Thickness Mass (kg)
material L (m)
(m)
(m)
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Time for 10
oscillations

CONCLUSION:Without Mass
Sl.No.

Beam

Theoretical
Frequency

Practical
Frequency

Theoretical
Frequency

Practical
Frequency

With Mass at Centre
Sl.No.

Beam

Result:
Thus the natural frequency of transverse vibration of the simply supported
beam was determined.
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COMPOUND PENDULAM
Ex.No:
Date:
Aim:
To determine the radius of gyration and mass moment of inertia of a shaft by
compound pendulum.
APPARATUS REQUIRED
1. A Shaft
2. Stopwatch
3. Scale
FORMULA
1. Frequency
𝑁𝑜𝑜𝑓𝐶𝑦𝑐𝑙𝑒𝑠

Fn =

𝑆𝑒𝑐

1

𝑔

0.4985

Hz Fn=2𝜋 √ 𝐿 =

√𝐿

. Hz

Where,
L = Equivalent length of simple pendulum in m
2. Radius of gyration(KG)
𝐾2

L= ℎ𝐺 + ℎ
3. Mass moment of inertia
I = mKG2(kgm2)
Where,
I = mass moment of inertia (kg-m2)
m = mass of pendulum (kg)
PROCEDURE
1. Support the flywheel in any one end.
2. Note the distance of centre of gravity from the support.
3. Make the system to oscillate.
4. Note down the time for number of oscillation
5. Repeat the procedure by changing the suspension
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6. Tabulate the readings
7. By using formulae calculate the radius of gyration and moment of inertia.
Diagram

Compound pendulum
TABULATION
Sl. Distance
No between
point of
suspension
from Centre
of
gravity (h)
mm m

No. of
Oscillation
s
‘n’

Time
taken for
n
oscillation
“T”
sec

50

Frequenc
y of
oscillatio
n
‘Fn’
Hz

Radius
of
Gyratio
n
“KG”
m2

Equivale
nt length
of simple
pendulu
m
“L”
m

Mass
momen
t of
inertia
“I”
Kg-m2

RESULT
Thus the radius of gyration and Mass moment of inertia for a shaft as
compound pendulum is calculated.
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BIFILAR SUSPENSION
Ex.No:
Date:
Aim:
To determine the radius of gyration and the moment of Inertia of a given
rectangular plate.
Apparatus required:
Main frame, bifilar plate, weights, stopwatch, thread
Formula used:
𝑡

Time period T=𝑁
Natural frequency fn =

1
𝑇

Hz

𝑇𝑏

𝑔

Radius of gyration k =(2𝜋) (√ 𝐿 )mm
Where,
b=distance of string from centre of gravity,
T= time period
L= length of the string,
N= number of oscillations
t= time taken for N oscillations
Procedure:
1. Select the bifilar plate
2. With the help of chuck tighten the string at the top.
3. Adjust the length of string to desired value.
4. Give a small horizontal displacement about vertical axis.
5. Start the stop watch and note down the time required for ‘N’ oscillation.
6. Repeat the experiment by adding weights and also by changing the length of
the strings.
7. Do the model calculation
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Calculations:

Observation:
Type of suspension = bifilar suspension
Number of oscillation n=10
b =10.15 cm d = 4.5 cm b1=21.5 cm
Tabulation:
Sl.NO Weight
added
m (kg)

Length of
string
L (m)

Time taken
for N osc. T
sec

Natural
frequency
fn (Hz)

Radius of
gyration
k (mm)

Result:
Thus the radius of gyration and mass moment of inertia for a bifilar
suspensionis calculated.
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Single degree of freedom Spring Mass System
Ex.No:
Date:
Aim: To study Undamped free vibrations of spring.
PROCEDURE:
Fix the spring to the stud. Attach the weight holder to the spring. Fix
the scale for the measurement of elongation of spring at suitable position.
Note initial reading. Attach different weights to spring and note down the
deflection. Find out stiffness 'k' of spring.
Repeat the experiment with different springs.
Now, with the weight attached to spring, set the spring vibrating by
slightly stretching the spring and note down the time for 10 oscillations.
Repeat the experiment with different springs at different weights. Here the
springs provided are having same length and stiffness (k= 632.2 N/m).
OBSERVATIONS:
Sl. Spring
no.

Attachment
mass
‘m’ Kg.

Deflection
m.

1.14+added
mass
CALCULATIONS:
Spring deflection

=
m.
Weight attached,
W
=
mxg
N
Where,
m = mass of pan i.e 1.14 kg + added mass.

𝑊
Stiffness of spring, k =

Frequency of oscillation, fn

=

𝛿

N/m

1
2𝜋

√

𝑘
𝑚
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Stiffness
N/m

Time for 10
oscillations

t = 2𝜋√

𝑚
𝑘

sec

Time for 10 oscillations
Experimentally, t=
--------------------------10

CONCLUSIONS:

𝑊
1]

Stiffness of spring =

ii]

For free vibrations fn =

𝛿

N/m

1
2𝜋

√

𝑘
𝑚

Hz

Result:
Thus, the natural frequency of Undamped free vibrations of spring.
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Motorized gyroscope – Study of gyroscopic effect and couple
Ex.No:
Date:
Aim:
To Study of gyroscopic effect and couple
INTRODUCTION:
Gyroscope is an interesting instrument, used for control of airplanes, guided
missiles etc. It consists of a spinning rotor, rotating about a horizontal axis called
the ‘axis of spin’. The rotor is mounted in such a way that the axis of spin of the
rotor can rotate in a horizontal plane about a vertical axis called the ‘axis of
precession’ and another horizontal axis called the ‘axis of gyroscopic couple.’ When
torque is applied to spinning rotor, the rotor turns about the ‘axis of precession’ as
well as, it also bends about the axis of gyroscopic couple. This is caused by a
couple generated due to spinning of the rotor, called Gyroscopic couple.
THE APPARATUS:
The apparatus consists of a rotor disc, mounted in bearings. The disc is driven
by a variable speed FHP motor, so that disc can be rotated at a required speed. The
disc bracket rests over knife-edges. The knife-edge base blocks are clamped to a
yoke. The yoke can rotate about vertical axis in the bearings fitted in the round
base. Thus, the motions about the entire three axes are possible.
On the opposite side of the motor, a balance weight is provided to balance the
motor. A stud is provided over the balance weight, onto which the required weights
can be placed to apply the required torque. An angular scale with pointer is
provided which enables us to measure the angular motion about the vertical axis.
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THEORY:

1) Velocity of Spin - The angular velocity of rotor is called velocity of spin. It is
denoted by ‘ ‘. It is measured in rad/sec.
2) Velocity of precession - Angular velocity of rotation of the rotor axis is called
velocity of precession. This rotation is about the vertical axis. It is denoted by P .
It is also measured in rad/sec.
3) Gyroscopic couple - The couple generated due to change of direction of angular
velocity of rotor, is called Gyroscopic couple.
4) Applied Torque - The torque applied to change the direction of angular velocity
of rotor is applied torque.
Numerically, it is the product of weight placed in the weight stud and its distance
from center of the disc.
5) Moment of Inertia of rotor I = m× k2
where,
I = Moment of inertia, (0.03424kg. m2)
m = Mass of disc = 4.385kg.
k = Radius of gyration =

𝑟

m

√2

r = Radius of rotor = 0.125m
 K = 7.81 x 10-3 m.
The Gyroscopic Relation

Tact=Ixώxώp
Where,
I= M.I. of disc kg.m2
ώ = Angular velocity of disc in rad/sec
ώ=2xπxN / 60 rad/sec

57

Where,
N= Speed of disc (RPM)
ώp=Angular velocity of precession of yoke.
EXPERIMENTAL PROCEDURE:
1) Check the rotor for vertical position. Adjust the balance weight slightly, if required.
2) Keep the dimmer at zero position & put ‘ON’ the supply.
3) Start the motor by applying the voltage of around 170 volts & then reduce.
4) Adjust the rotor speed as required.
5) Note down the rotor speed with the help of tachometer.(Not supplied with the unit) Speed is
to be noted when it becomes steady; it takes around 5 minutes to stabilise.
6) Put the required weight in the weight stud & at the same instant, start the stopwatch. Note
down the time required for 450precessions.
7) Repeat the procedure for different weights and rotor speeds.
OBSERVATION TABLE:
Sl. No. Rotor Speed
‘N’ rpm

Time for 450 Precession

Weight
‘W’ gm

1.
2.
3.
CALCULATIONS:
1) Velocity of Spin:
 =

2𝜋𝑁
60

Where,

rad / sec.
N = Rotor speed (rpm)

2) Velocity of precession:
Let time for 450 Precession be t, sec.
𝜋

450 =4 rad
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‘t’ sec

p=

𝜋

1

× 𝑡 rad/sec
4

Where,
t = Time for 45oprecession
3) Moment of inertia:
Mass of disc = 4.385 kg.
 Moment of inertia, I = m. k2
I =4.385 x (7.81 x 10-3)2
I = 0.03424 Kg - m2
4) Applied Torque:
Let distance of weight stud from centre of disc be ‘L’ meters.
i ) Applied torque,
Tact = (weight) .( L ) --------------- (where, L = 0.210 m )
ii ) Now, as derived earlier theoretical torque,
T th= I . . p
CONCLUSION:
1) When torque is applied to spinning rotor, rotating about horizontal
axis, precession takes place about vertical axis.
2) The applied torque equals to rate of change of angular momentum
of rotor.
PRECAUTIONS:
1) Check all the fastenings to be tight before start.
2) Check balance of the rotor before start.
3) Lubricate the bearings periodically.
4) Keep the base over a leveled platform.
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Result:
Thus the gyroscopic effect and couple.

60

Torsional natural frequency of single and double rotor systems
Ex.No:
Date:
Aim:
To Determination of torsional natural frequency of single and double
rotor systems.
PROCEDURE:
Tighten both the collets. Oscillate the rotor. Measure time required for 10
oscillations by small rotor. The bracket can be shifted in different slots to
change shaft length. For this, unscrew the small rotor and fix it in different
holes provided.
OBSERVATIONS:
Sl.No.

Shaft length , L m

Time for 10 oscillations, t sec.

CALCULATIONS:
texpt. = (time for 10 oscillations) / 10

Theoretically, fn

=

1
2𝜋

sec.

√

𝐶𝐽
𝐼𝐿

Hz

Where,

c = modulus of rigidity of shaft = 8.5x1010

N/m2

𝜋

J = Polar moment of inertia = (32 𝑑 4 ) = 7.95 x 10
L = Length of shaft m
I = Mass moment of inertia of disc. = m×k2
Where,
m = Mass of disc = 2.170 kg
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-12

m4

ttheo. =

𝑡

sec

𝑓𝑛

CONCLUSION:
1

Frequency fn =𝑡𝑖𝑚𝑒 Hz

To study the torsional vibrations of two rotor system.
PROCEDURE:
•

Remove the lock of upper rotor and make it free.

•

Remove damping arms. Twist the shaft by gently pulling both the rotors
equally in opposite directions.

•

Release the hands. Let the system oscillate.

•

Record the time required for 10 oscillations of the system.

OBSERVATIONS:
Sl. No Shaft Length , 'L' m

Time for 10 sec. 't' Sec

CALCULATIONS:
Mass of small rotor, ma= 2.1 Kg.
Diameter of small rotor, da= 0.18 m.
Mass of big rotor, mb= 2.8 Kg.
Diameter of big rotor, db = 0.225 m
Now, mass moment of inertia of small rotor,
I

a

= ma×k2 = m x (ra2/2)

= 0.0085 Kg.m2

I

b

= mb× k2 = m x (rb2/2)

= 0.0172 Kg.m2

To locate the node point, let distance of small rotor from node point be La
And hence, distance of bigger rotor (L - La)
Therefore,
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La× Ia = Ib× (L- La)
Therefore,
La =

𝐼𝑏×𝐿

(𝐼𝑎 +𝐼𝑏 )

Therefore, t=

2𝜋√

𝐿𝑎 ×𝐼𝑎
𝐶×𝐽

sec

Where, C = modulus of rigidity
= 8.5x1010N/m2
𝜋

J = polar moment of inertia, (32 𝑑4 ) = 1x 0

-11

m4

Where, d = shaft dia. = 4 mm.

Result:
Thus the torsional natural frequency of single and double rotor systems.
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STUDY OF VARIOUS GEAR PARAMETRS
Ex.No:
Date:
Aim:
To determine experimentally the important Gear geometrical parameters
given below.
❖ Pressure angle
❖ Module
❖ Contact ratio
Gears:
A gear may be defined as a toothed machine element that transmits
motion to another element by engaging the teeth on one gear to those on the
second gear.
Formula used:
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❖ Module m = Pitch circle diameter/No of teeth
❖ Gear ratio G = T/t
❖ Circular pitch Pc =π × module
❖ Length of path of approach = √(𝑅𝐴 )2 − 𝑅 2 𝑐𝑜𝑠 2 ∅ − 𝑅 sin ∅
❖ Length of path of recess = √(𝑟𝐴 )2 − 𝑟 2 𝑐𝑜𝑠 2 ∅ − 𝑟 sin ∅
❖ Length of the path of contact = Length of path of contact + Length of path
of recess
❖ Length of the arc of approach = Length of path of approach / cos
❖ Length of the arc of recess = Length of path of recess / cos
❖ Length of the arc of contact = Length of path of contact / cos
❖ Contact ratio = Length of the arc of contact / Circular pitch
Observation:
❖ The number of teeth on wheel =
❖ The number of teeth on pinion =
❖ Pitch circle diameter on wheel =
❖ Pitch circle diameter on pinion =
❖ Addendum circle diameter on wheel =
❖ Addendum circle diameter on pinion =
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Procedure
The setup is made up of two meshing gears. One of the gears can be considered
as the driver (input) gear and the other as driven (output) gear.
The addendum circle diameter, dedendum circle diameter and the centre
distance are measured directly from the setup using scale.
Draw all these circles in a separate sheet.
To determine the line of action, the initial point of contact and the final point of
contact must be known.
To find the initial point of contact rotate the driver gear clockwise and note the
position when the tip of the driven gear tooth just touches the flank of the
driving gear tooth.
Locate this point suitably on the driven gear addendum circle of the drawing.
Now continue rotating driving gear in the same direction till the tip of the driver
gear tooth touches flank of the driven gear tooth.
Locate this position on the driver's addendum circle.
This is the final point of contact.
Now, join the initial point of contact and final point of contact and extend it.
This line is called as line of action.
The intersection of line of action and line of centres will give the pitch point.
From the pitch point the pitch circle diameters can be calculated.
Using this value draw the pitch circle on the drawing.
Draw a common tangent to the pitch circle through the pitch point and
measure the pressure angle. Based on the pitch circle diameters measured
from the drawing.
Calculate the diametrical pitch, module, gear ratio, backlash, and contact ratio,
length of path of action, arc of action, arc of approach, arc of recess, angle of
action, angle of approach and angle of recess.
In order to calculate the angles of approach and recess of the driving and
driven gears draw the mating tooth profiles for the driving and driven gears in
the initial and final positions ( at the initial and final point of contact positions).
The inclination of the line joining the point where the contacting profiles cut
the pitch circles to the line of centres gives the required angles.
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Simple Gear Train
A simple gear train uses two gears, which may be of different sizes. If one
of these gears is attached to a motor or a crank then it is called the driver gear.
The gear that is turned by the driver gear is called the driven gear.

𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑒𝑎𝑟 𝐴

Idler Gear

𝑁𝑜 𝑜𝑓 𝑡𝑒𝑒𝑡ℎ 𝑜𝑛 𝑔𝑒𝑎𝑟 𝐵

𝐺𝑒𝑎𝑟 𝑟𝑎𝑡𝑖𝑜 = 𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑒𝑎𝑟 𝐵 = 𝑁𝑜 𝑜𝑓 𝑡𝑒𝑒𝑡ℎ 𝑜𝑛

𝑔𝑒𝑎𝑟 𝐴

When a simple gear train has three meshed gears, the intermediate gear
between the driver gear and the driven gear is called an idler gear.
An idler gear does not affect the gear ratio (velocity ratio) between the driver
gear and the driven gear.

𝐺𝑒𝑎𝑟 𝑟𝑎𝑡𝑖𝑜 =

𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑒𝑎𝑟 𝐴 (𝑑𝑟𝑖𝑣𝑒𝑟)
𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑒𝑎𝑟 𝐵(𝑖𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝑔𝑒𝑎𝑟)
×
𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑒𝑎𝑟 𝐵 (𝑖𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝑔𝑒𝑎𝑟)
𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑒𝑎𝑟 𝐶 (𝑑𝑟𝑖𝑣𝑒𝑛)
𝑁𝑜 𝑜𝑓 𝑡𝑒𝑒𝑡ℎ 𝑜𝑛 𝑔𝑒𝑎𝑟 𝐵 𝑁𝑜 𝑜𝑓 𝑡𝑒𝑒𝑡ℎ 𝑜𝑛 𝑔𝑒𝑎𝑟 𝐶
=
×
𝑁𝑜 𝑜𝑓 𝑡𝑒𝑒𝑡ℎ 𝑜𝑛 𝑔𝑒𝑎𝑟 𝐴 𝑁𝑜 𝑜𝑓 𝑡𝑒𝑒𝑡ℎ 𝑜𝑛 𝑔𝑒𝑎𝑟 𝐵

Compound Gear Train
In Compound gear train more than one gear, rotate on single shaft. Such type
of gear trains are used where the designer wants a compact layout and when
large changes in speed or power output are needed.
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𝐺𝑒𝑎𝑟 𝑟𝑎𝑡𝑖𝑜 =

𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑖𝑟𝑠𝑡 𝑑𝑟𝑖𝑣𝑒𝑟 𝑁𝑜 𝑜𝑓 𝑡𝑒𝑒𝑡ℎ 𝑜𝑛 𝑑𝑟𝑖𝑣𝑒𝑛
=
𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑎𝑠𝑡 𝑑𝑟𝑖𝑣𝑒𝑟
𝑁𝑜 𝑜𝑓 𝑡𝑒𝑒𝑡ℎ 𝑜𝑛 𝑑𝑟𝑖𝑣𝑒𝑟

Epicyclic Gear Train
Epicyclic means to move upon and around in circular manner. Consider the
diagrammatic representation of simple epicyclic gear train in the figure. In this
gear train gear B meshes with gear A. Considering the arm AB to rotate about
axis of gear A, then the gear B is forced to rotate upon and around gear A.

Result:
Thus, the various gear parameters are studied and the parameters are
studied.
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KINEMATICS OF MECHANISM
Ex.No:
Date:
Aim:
To study the kinematics of mechanisms of four bar linkage.
Four-Bar Linkage
A four-bar linkage or simply a 4-bar or four-bar is the simplest movable
linkage. It consists of four rigid bodies (called bars or links), each attached to two
others by single joints or pivots to form a closed loop.
Four-bars are simple mechanisms common in mechanical engineering
machine design and fall under the study of kinematics.
If each joint has one rotational degree of freedom (i.e., it is a pivot), then the
mechanism is usually planar, and the 4-bar is determinate if the positions of any
two bodies are known (although there may be two solutions). One body typically
does not move (called the ground link, fixed link, or the frame), so the position of
only one other body is needed to find all positions. The two links connected to the
ground link are called grounded links. The remaining link, not directly connected
to the ground link, is called the coupler link. In terms of mechanical action, one of
the grounded links is selected to be the input link, i.e., the link to which an
external force is applied to rotate it. The second grounded link is called the
follower link, since its motion is completely determined by the motion of the input
link.
Planar four-bar linkages perform a wide variety of motions with a few simple
parts. They were also popular in the past due to the ease of calculations, prior to
computers, compared to more complicated mechanisms.
Grashof's law is applied to pinned linkages and states; The sum of the
shortest and longest link of a planar four-bar linkage cannot be greater than the
sum of remaining two links if there is to be continuous relative motion between the
links. Below are the possible types of pinned, four-bar linkages;

Types of four-bar linkages, s = shortest link, ℓ = longest link
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Double crank or crank-crank
•
•
•

It has the shortest link of the four bar mechanism configured as the fixed
link or the frame.
If one of the pivoted links is rotated continuously, the other pivoted link
will also rotate continuously.
If double crank mechanism is also called a drag link mechanism.

Crank rocker
• It has the shortest link of the four bar mechanism configured adjacent to
the frame.
•

If this shortest link is continuously rotated the output link will oscillate
between limits. Thus the shortest link is called the crank; the output link
is called the rocker.

Double rocker
The double rocker or rocker-rocker, it has the link opposite the shortest
link of the four bar mechanism configured as frame. In this configuration
neither link connected to the frame will be able to complete a full revolution.
Thus, both input and output links are constrained to oscillate between limits
and called rocker. However, the coupler is able to complete a full revolution.
Slider crank mechanism
When one of the pairs of a four bar chain is replaced by a sliding pair, it
becomes a single slider crank chain or simply a slider crank chain. It is also
possible to replace two sliding pairs of a four bar chain to get a double slider
crank chain
In a slider may be passing through the fixed pivoted O or may be
displaced. The distance e between the fixed pivot O and the straight line path of
the slider is called the off-set and the chain so formed an off-set slider crank
chain.
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KINEMATICS OF SINGLE AND DOUBLE UNIVERSAL JOINT
Ex.No:
Date:
Aim:
To study the kinematics of single and double universal joints.
Theory
A universal joint is used to connect two shafts, which are intersecting at
small angle. The end of each shaft is forked to U type and each fork provided
two bearings for the arms of a cross. The arms of the cross are perpendicular to
each other. The motion is transmitted from the driving shaft to driven shaft
through a cross. The inclination of the two shafts may be constant, but in a
actual practice it varies, when the motion is transmitted. The main application
of the universal joint is found in the transmission from the gear box to the
differential or back axle of the automobiles. It is also used for transmission of
power to different spindles of multiple drilling machines. It is also used as a
knee joint in milling machines.
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