
1 

 

Laboratory Manual-2020  

Dynamics of Machine (PCC-ME-311) 

 

 
 

Department of Mechanical Engineering 

J C Bose University of Science and Technology, YMCA, 

Faridabad 

 

 

 



2 

 

VISION 

“J.C. Bose University of Science & Technology, YMCA, Faridabad aspires to be a nationally and 

internationally acclaimed leader in technical and higher education in all spheres which transforms 

the life of students through integration of teaching, research and character building.” 

MISSION 

• To contribute to the development of science and technology by synthesizing teaching, research 

and creative activities. 

• To provide an enviable research environment and state-of-the-art technological exposure to its 

scholars. 

• To develop human potential to its fullest extent and make them emerge as world class leaders 

in their professions and enthuse them towards their social responsibilities. 
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DEPARTMENT OF MECHANICAL ENGINEERING 

 

Program Educational Outcomes (PEO’S):  B.Tech. Mechanical Engineering  

PEO-1:  To train students with practical skills and experimental practices related to core and applied 

areas of mechanical engineering to expand their knowledge horizon beyond books. 

PEO-2: To enable students to design, develop and maintain mechanical equipments which are useful for 

the society. 

PEO-3: To improve team building, team working and leadership skills of the students with high regard 

for ethical values and social responsibilities. 

PEO- 4: To enable students to communicate effectively and demonstrate the knowledge of project 

management and independent research. 

DEPARTMENT OF MECHANICAL ENGINEERING 

PROGRAMME OUTCOMES (PO) 

PO Engineering Graduates will be able to: 

 

PO1 

Engineering knowledge: Apply knowledge of mathematics, science, engineering 

fundamentals, and mechanical engineering to the solution of engineering problems. 

 

PO2 

Problem analysis: Identify, formulate, review literature and analyze mechanical 

engineering problems to design, conduct experiments, analyze data and interpret data. 

 

PO3 

Design /development of solutions:  Design solution for mechanical engineering problems 

and design system component of processes that meet the desired needs with appropriate 

consideration for the public health and safety, and the cultural, societal and the 

environmental considerations. 
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PO4 

Conduct investigations of complex problems: Use research based knowledge and 

research methods including design of experiments, analysis and interpretation of data, and 

synthesis of the information to provide valid conclusions in mechanical engineering. 

 

PO5 

Modern tool usage: Create, select, and apply appropriate techniques, resources, and 

modern engineering and IT tools including prediction and modeling to   mechanical 

engineering activities with an understanding of the limitations. 

 

PO6 

The engineer and society: Apply reasoning informed by the contextual knowledge to 

assess societal, health, safety, legal and cultural issues and the consequent responsibilities 

relevant to mechanical engineering practice. 

 

PO7 

Environment and sustainability: Understand the impact of the mechanical engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge and need 

for sustainable development. 

 

PO8 

Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 

norms of the mechanical engineering practice. 

 

PO9 

Individual and team work: Function affectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings in mechanical engineering. 

 

PO10 

Communication: Communicate effectively on complex engineering activities with the 

engineering committee and with society at large, such as, being able to comprehend and 

write affective reports and design documentation, make effective presentations in 

mechanical engineering. 

 

PO11 

Project Management and finance: Demonstrate knowledge & understanding of the 

mechanical engineering principles and management principles and apply these to one’s 

own work, as a member and leader in a team, to manage projects and in multidisciplinary 

environments in mechanical engineering.  

 

PO12 

Life- long learning: Recognize the need for, and the preparation and ability to engage in 

independent research and lifelong learning in the broadest contest of technological changes 

in mechanical engineering. 
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DEPARTMENT OF MECHANICAL ENGINEERING 

PROGRAMME SPECIFIC OUTCOMES (PSO) 

 

PSO Engineering Graduates will be able to: 

 

PSO1 

To empower the students to apply practical skills, knowledge in major streams such as 

thermal, design, manufacturing and industrial engineering. 

 

 

PSO2 

To enable the student to take-up career in industries or to pursue higher studies in 

mechanical and interdisciplinary programs with high regard for ethical values, 

environmental and social issues. 

 

 

 

Course Objective: 

The objective of this course is to demonstrate the effects of various forces in balancing, 

governing and directing in a mechanism. 

Course Outcomes: At the end of the course, the student shall be able to: 

CO 1- Understand the force Balancing mechanism through Static and Dynamic 

Balancing 

CO 2- Estimate moment of inertia of connecting rod by different methods. 

CO 3- Analyze the characteristics of controlling devices.  

CO 4- Determine the frequencies of Mechanical Vibration 
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LIST OF EXPERIMENTS: DOM 

Exp 

No. 

Description of Experiment Equipment Used 

 

1 

To carry out static balancing on balancing machine. Static and dynamic 

balancing machine 

 

2 

To carry out dynamic balancing on balancing 

machine. 

 

Static and dynamic 

balancing machine 

 

3 

To determine the moment of inertia of connecting rod 

by trifilar suspension pendulum. 

 

Tri-fillar suspension 

apparatus 

4 To determine the moment of inertia of connecting rod 

by compound pendulum method. 

 

Universal Vibration 

Machine 

 

5 

To draw performance characteristic curves and 

determine stability & sensitivity of governors. 

 

 

Universal governor 

apparatus 

6 To Determine gyroscopic couple on Motorized 

Gyroscope. 

 

Motorized gyroscope 

 

7 To determine the natural frequency of undamped 

torsional vibration of a single rotor shaft system. 

 

Universal Vibration 

Machine 

8 To determine the frequency of damped force vibration 

of a spring mass system.  

 

Universal Vibration 

Machine 

9 To study the un-damped free vibration 

 

Universal Vibration 

Machine 

10 To study longitudinal vibration of helical spring & to 

determine frequency or period of vibration 

(Oscillation). 

 

Universal Vibration 

Machine 



7 

 

 



8 

 

Experiment No.1 

Aim: To carry out static balancing on static balancing machine 

STATIC BALANCING APPARATUS 

This apparatus has been designed to allow the student to check experimentally the normal method of 

calculating the position of counter balancing weight in rotating mass systems. 

DESCRIPTION 

The apparatus basically consists of a steel shaft mounted in ball bearings in a stiff rectangular main frame. 

A set of six blocks of different weights is provided and may be clamped in any position on the shaft and 

also be easily detached from the shaft. A disc carrying a circular protractor scale is fitted to one side of 

the rectangular frame. Shaft carries a disc and rim of this disc is grooved to take a light cord provided 

with two cylindrical metal containers of exactly the same weight. A scale is fitted to the lower member 

of the main frame and when used in conjunction with the circular protractor scale, allows the exact 

longitudinal and angular position of each adjustable block to be determined. The shaft is driven by a 230 

volts single phase 50 cycles electric motor, mounted under the main frame, through a belt. For static 

balancing of individual weights the main frame is suspended to the support frame by chains and in this 

position the motor driving belt is 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. 

 

 

Fig1: Static Balancing Apperatus 
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PROCEDURE 

1. Remove the drive belt.  

2. The value of Wr. for each block is determined by clamping each block in turn on the shaft. Where 

W= weight of block, r distance of block from the end of shaft. 

3. The weighing panes are suspended over the protractor disc,  

4. Put steel balls (bearing balls of equal mass) in the weighing panes till block become horizontal to 

the plane of bottom frame. 

5. The number of balls ‘N’ will give the value of Wr.  

6. Repeat this 2-3 times and find the average no. of balls. 

 

7. Repeat the procedure for other blocks. 

 

 

Observation Table -1 

 

 

 

Observation

No. 

Unbalance  

  (Wr. Product) 

No of Balls 

(N) 

Mass of 

each ball  

(m) 

  

 N*m 

1. 124    

2. 122    

3. 120    

4 117    
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Note:  Several masses placed along the shaft can also be statically balanced by providing the suitable angular    

position of the blocks as shown in figure 1 

 

 

  

    Fig 2: Angular positions of the masses for Static balancing 
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Experiment 2 

Aim: To carry out dynamic balancing on dynamic balancing machine. 

Apparatus: 

The apparatus basically 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 clamped in any position 

on the shaft, and also be easily detached from the shaft. 

A disc carrying a circular protractor scale is fitted to one side of the rectangular frame. A grooved 

rim to take a light cord is provided at the same end of the shaft.   Two cylindrical metal containers 

of exactly the same weight is provided to keep the measuring balls. A scale is fitted to the lower 

member of the main frame to adjust the lateral shifting of masses and to be used in conjunction 

with the circular protractor scale. It allows the exact longitudinal and angular position of each 

adjustable block to be determined to make the rotating shaft dynamically balance. 

 

The shaft is driven by a 230 volts single phase 50 cycles electric motor, mounted under the main 

frame, through a belt. For static balancing of individual weights the main frame is suspended to 

the supported frame by chains and in this position the motor driving belt is removed. 
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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. 

Experimental Procedure: 

It is necessary to leave the machine before the experiment. Using the values of Wr. 

Obtained as above, and if the angular positions and planes of rotation of three of four blocks are 

known, the student can calculate the position of the other block(s) for balancing of the complete 

system. From the calculations, the student finally clamps all the blocks on the shaft in their 

appropriate positions. Replace the motor belt, transfer the main frame to its hanging position and 

then by running the motor, one can verify that these calculations are correct and the blocks are 

perfectly balanced. 

For dynamic balancing of 4 blocks 

Obtain Dynamic Balance of a set of four blocks with unbalance as shown, by properly positioning 

them in angular and lateral position on the shaft. 

 

Block  No. Unbalance (Wr Product) 

  

1. 74 

2. 71 

3. 70 

4. 76 

Distance between each block is 3 cm. The arrangement is as shown in Fig. 
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(Plane 4 and 1 are unbalance planes and 3 and 2 are balancing planes) 

First of all assume that reference plane is 3. Then find out the couples for blocks 4, 1 & 2 with 

respect to 3 and then draw couple polygon. 

Plane Wr. Dist. From No.-3 Couple 

3 70 0 0 

4 76 3 228 

1 74 6 444 

2 71 9 639 

 

Let us assume block no. 4 is in horizontal position. And also consider block No.1 is at 36° 

to block NO.4. Now draw the couple polygon as shown 
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Experiment no.3 

Aim: To determine experimentally the mass moment of inertia by the help of trifilar 

suspension apparatus 

Introduction: 

Many a time in engineering practice, the problem of finding out the mass moment of inertia of a 

regular or irregular body arises. For this and allied problems, sometimes the mathematical 

computation is tedious. Such problems can be solved by the method of bifilar/ trifilar suspension. 

Experimental Set Up: 

The experimental set up consists of M.S. Channel frame at the bottom side and three M.S. Pipes 

in vertical position. At top an angle frame is fitted. Three drill chucks are fitted on each arm of this 

angle frame. String can be fixed in these chucks at the top and a disc is fixed at the bottoms. The 

length of string can be easily varied. Two weights are provided for experiment. 

Theory: 

The setup consists of a disc having a weight W is suspended by three long parallel flexible cord 

of length' I'. The three strings being placed symmetrically about the center of gravity G at a radius 

'r' and disposed at 1200 to each other. When the disc is twisted through a small angle 8 about a 

vertical axis through the center of gravity G, it will vibrate with simple harmonic motion in a 

horizontal plane. 

Let, 

W = Weight of the body; k = Radius of gyration; I = Mass moment of Inertia of the body about a 

vertical axis through G 
2k

g

W
= ; l = length of each string; r = the distances of each wire 

from the axis of the disc 
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By measuring the frequency n actually we can find out radius of Gyration k and then mass moment 

of inertia IG. Radius of gyration k can be found by given formula…….   k= 
l

g

n

r

2
 

Experimental Procedure 

1. Fix all three strings (rope) to disc and drill chucks. Keep equal length of each cord. 

2. Place weight centrally on disc (i.e. disc or ring weight). 

3. Ensure that length of each cord is same. 

4. Now apply equal and opposite torque to disc by hand and measure time required for 10 

oscillations. 

5. Repeat the same procedure for different lengths of cords and weights. 

6. Take at least three readings for each set to minimize error. 
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Data Sheet 

Weight of the Disc, W, kg                   = 1.87 

 I.D. of Ring, cm                                  = 

O.D. of Ring, cm                                  = 

Weight of Ring, kg Length of cord, l, cm= r, cm                                                         = 

S. 

No. 

No. of 

Oscillation, 

N 

(osc) 

Time 

required,  

t (sec) 

Frequency  

n= N/t 

osc/sec 

Radius 

of 

gyration,  

k (cm2) 

Mass 

m(kg) 

 

moment 

of inertia 

I= mk^2 

Of the 

Disc 

kgcm.sec2 

moment 

of inertia 

I1= mk^2 

with the mass 

(Required) 

kgcm.sec2 

moment 

of inertia 

I= mk^2 

of the mass 

(Required) 

kgcm.sec2   

I m = I1-I 

      

   

 

Precautions: 

1. Apply carefully equal and opposite torque. 

2. Length of the each cord should be same. 

3. Place weight exactly at center of disc. 

4. Keep the amplitude of torsional vibrations small and not more than about 5°. 5. The moment 

of inertia of the platform should be small as compared to the moment of inertia of the 

mechanical part. 

5. Ensure that there are no kinks in the wires. 

6. Ensure that the vibrations are constrained in the horizontal plane. 

7. The electric fan etc. situated near the trifilar suspension should be switched off and ensure that 

guests of wind coming from a window opening in the room do not disturb the experimental 

set up. 
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Experiment no.4 

Aim: To determine the moment of inertia of connecting rod by compound 

pendulum method. 

Theory: To determine the MI of CR, initially radius of gyration of CR is to be found by using the 

following formula.  

𝑇 =  √(
𝑘2 + 𝑂𝐺2

𝑔(𝑂𝐺)
) 

Where T= Period time in second 

K= Radius of Gyration about the c.g.  in cm    

OG = Distance of CG of the rod from support. 

L = Length of suspended pendulum = 75 cm 

 

Set Up: Compound pendulum consists of a steel bar. The knife-edge supports the bar. Two 

pendulums of different lengths are provided with the universal vibration machine set up. 

Procedure – 

1. Support the rod on Knife-edge. 

2. Note the length of suspended pendulum and determine OG. 

3. Allow the bar to oscillate and determine T by knowing the time for say 10 oscillations. 

4. Repeat the experiment with different length of suspension.  

5. Complete the observation table given bellow. 

 

Observation Table 

Sr. No. L Cm.  OG  No. of 

Osc. N 

 Time 

for osc.  

T Expt.   K Expt. K Theoretical 
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Calculations – 

i) Find k experimental from relation- 

K2  +  (OG)2  

  T  = 2           --------------------- 

    g (OG) 

Substituting for OG and T in above formula find K Experimental. 

    K theoretical =
32

L
 

    Compare values of K obtained theoretical and experimental. 
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Experiment- 5 

Aim:  To Prepare performance characteristic Curves, and to find stability & 

sensitivity on Proell, Porter Governors and Hartnell Governor. 

Theory:  

The function of a governor is to maintain the speed of an engine within specified limits  wheneve

rthere is a variation of      load. It maintains speed within set limits from no load on the engine to 

fullrated load on the engine. If a governor is to regulate satisfactorily it  must posses certainfunda

mental qualities. In the first instance a governor must be so    designed that the engine candevelo

p maximum power when the sleeve reaches the bottom of its travel. Further if the engineload is s

uddenly removed, the sleeve must reach    the top of its travel before the speed isexcessively incr

eased. Under normal running      conditions this sleeve should float steadily in amean position bet

ween these extreme     limits i.e., the governor must be stable. In addition, it must be sensitive, i.e

., it must         respond readily to speed change. Lastly, it must be capable of exertingsufficient ef

fort at the sleeve to operate the control mechanism. 

 

Porter Governor Controlling Force 

The Controlling Force, which control the movement of the balls in a centrifugalgovernor, in what

ever manner they may be applied, can be regarded as equivalent to a singleinward radially force 

F acting at the center of each ball. This force F is called the Controlling Force. 

Apparatus: 

The apparatus is designed to exhibit the characteristics of the spring-loaded governor and dead 

weight governor. The apparatus consists of a main spindle driven by a variable speed D.C. Motor 

with variable speed control unit. The motor is connected through 'V' belt to drive shaft. Motor 

and main shaft are mounted on a rigid M.S. Base plate in vertical fashion. The spindle is 

supported in ball bearings. 

The optional governor mechanism can be mounted on a spindle. Speed control unit can control the 

spindle speed. And counter hole over the spindle shaft allows the use of a hand tachometer to 

determine the speed. A graduated scale is fixed to the sleeve and guided in vertical direction, 
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which measures the sleeve displacement. Dead weights at Sleeve are kept to have the better 

control in porter governor. 
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Data Sheet 

Length of each link, L(mm)  = 125 

Initial height of governor, h ( mm)  = 94  

Initial radius of rotation, R ( mm)  = 136 

Weight of each ball, W(kg)       = 0.6 

Sr. Sleeve Speed Height cosα = h/L Radius of rotation, r Force 

No. displacement ,N h = ho-X/2  r = 50 + L Sin α F(kg) 

        X (rpm) (mm)  (cm)  

 (mm)      

       

       

Results & Discussions: 

(a) Graph to be plotted: 

(a) Fill up the data sheet. 

(b) Note down sleeve displacement 'X' at various speeds 'N'. 

(c) Find the radius of rotation 'r' at any position. 

(d) The result may be plotted as curves of speed (on y axis) against sleeve displacement (on x 

axis). 

(e) Plot the graph of force F (on y axis) v/s radius R of rotation (on x axis). 

(f) Further tests are carried out changing the value of variable at a time to draw curves. 

 

(b) Calculations:   Porter Governor 

Let,    Radius of rotation 'r' can be calculated as follows: 

Find height h = (ho - x/2) 

Find 'α' by using cosα = h/L  
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Then, r = 50 + L Sinα 

Force can be calculated as follows: 

(a) Find the angular velocity ‘ω’ of the arm and ball about the spindle axis. 

sec/
60

2
rad

N
 =  

Where N is the speed of the spindle (RPM) 

(b) Find the centrifugal force acting on the ball, i.e.  

Force, 0

2 r
g

W
F =   in Kg 

Where g is the acceleration due to gravity, g = 9.81 m/sec2 

Precautions:  

a) Do not keep the mains "ON' when trial is complete. 

b) Increase the speed gradually. . 

c) Take the sleeve displacement reading when the pointer remains steady. 

d) See that at higher speed the load on sleeve does not hit the upper sleeve of the governor. 

e) While closing the test bring the dimmer to zero position and then switch "OFF”. 

QUESTIONS:- 

(a) What is the function of a governor? How does it differ from a flywheel? 

(b) Describe the function of a simple watt governor. What are its limitations? 

(c) What are the effects of friction on the functioning of a porter governor?                        
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Proell Governor 

Proell Governor is a different type of governor in which the fly balls are connected to 

the spindle using an extended arm. The fly balls are mounted on this additional arm. Like 

the porter governor, proell governor also has central weight which increases the speed of 

rotation. Once the experiment has been performed on porter Governor, the attachment for 

proell governor is fixed in apparatus. The similar kinds of observations are noted. 
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Hartnell governor 

The apparatus is designed to exhibit the characteristics of the spring-loaded governor and dead 

weight governor. The optional governor mechanism can be mounted on spindle with spring. 

Speed control unit can control the spindle speed. 
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Table of observation 

 

 

 

 

 

 

 

 

 

 

 

  

  

Sr. No. Sleeve displacement X Speed, N Radius of rotation, r Force, F 

 (mm) (rpm) = ro + X a/b (kg) 

   (cm)  
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Experiment 6 

Aim: To Determine gyroscopic couple on Motorized Gyroscope. 

Theory: 

Gyroscopic couple comes into effects whenever a spinning disc change in the direction of 

angular velocity. The effect can be seen in turning of motor vehicles, aircrafts and any other 

rotating body changing the direction of its axis of rotation. The Gyroscopic Couple can be 

derived as;  

PIC =  

Where I= MI of the rotating mass, ω is angular velocity of rotating mass and ωp is angular 

velocity of precision of rotating axis.  

 

INTRODUCTION 

(a) Axis of Span : If  a body is revolving about an axis, latter is known as axis of spin (Refer 

Fig.1 where OX is the axis of spin). 

(b) Precession: Precession means the rotation about the third axis OZ (Refer Fig. 1) which 

is perpendicular to both the axis of spin OX and that of couple OY. 
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(c) Axis of Precession: The third axis OX is perpendicular to both the axis of spin OX and 

that of couple OY is known as axis of precession. 

(d) Gyroscope: It is a body while spinning about an axis is free to rotate in other directions 

under the action of external forces. 

Example : Locomotive, automobile and aeroplane making a turn. In certain cases the gyroscopic 

forces are undesirable whereas in other cases the gyroscopic effect may be utilized in developing 

desirable. 

(e) Gyroscopic Effect : To a body revolving (for spinning) about an axis say OX (Refer Fig. 

1) if a couple represented by a vector OY perpendicular to OX is applied, then the body ties to 

process about an axis OZ which is perpendicular both to OX and OY. Thus the plane of spin, plane 

of precession and plane of gyroscopic couple are mutually perpendicular. 

The above combined effect is known as precessional or gyroscopoic effect. 
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Gyroscopic Couple of A Plane Disc 

Let a disc of weight ‘W’ having moment of inertia I be spinning at an angular velocity about axis OX 

in anti-clockwise direction viewing from front (Refer Fig. 2). Therefore the angular momentum of the 

disc is I. Applying right hand, screw rule, the sense of vector representing the angular momentum of 

the disc which is also a vector quantity will be in the direction OX as shown. A couple whose axis is 

OY perpendicular to OX and is in the plane Z, is now applied to process the axis OX. 

 

Let axis OX turn through a small angular displacement from OX to OX’ in time  t. The couple applied 

produces a change in the direction of angular velocity, the amplitude, the magnitude, remains constant. 

This change is due to the velocity of precession. Therefore OX represents the angular momentum after 

time t. 

Change of angular moment = OX’ – OX = XX’ 

 

                Angular Displacement 

Or rate of  change of Angular Momentum = ----------------------------- 

       Time 

 

               XX’        OX x  

            = -----  =    ----------- 

      t             t 

As XX’ = OX x   in direction of XX’ 

Now as rate of change of angular momentum  = couple applied = C = T 

 

We get 

 

          OX  

 T =    -------- 

  t 

But OX = I. 

 

Where I = moment of inertia of disc and  = Angular Velocity of disc. And in the limit when  is very 

small, We have – 

 

         d  

           ---   =  ---- 

  t         d t 
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     d  

and    -----  = p = Angular velocity of precession of yoke @ vertical axis. 

          d t 

 

Thus we get T = I x  x wp 

 

The direction of the couple applied on the body is clockwise when looking in the direction XX’ and in 

the limit this is perpendicular to the axis of  and of p. The reaction couple exerted by the body on 

its frame is equal in magnitude to that of c, but opposite in direction. 

 

DESCRIPTION AND WORKING INSTRUCTIONS 

 

Schematic arrangement of Gyroscope is shown in the Figure No.3. The motor is coupled to the disc 

rotor, which is balanced. The disc shaft rotates about XX axis in two ball bearing housed in the frame 

NO.1. This frame can swing about Y-Y axis in bearings provided in the yoke type frame NO.2. In 

steady position, Frame No.1 is balanced by providing a weight pan on the opposite side of the motor. 

The yoke frame is free to rotate about vertical axis Z-Z. Thus freedom of rotation about three 

perpendicular axes is given to the rotor. 

 

TECHNICAL DATA 

 

Weight of Rotor     : 5.0 kg 

Rotor diameter     : 300 mm 

Rotor thickness     : 10 m m = 1.0 cm 

Distance of bolt of weight pan from disc center L : 20.1 cm 

Motor fractional H.P. single phase 6000 rpm –AC/DC 

Auto-transformer provided for speed regulation. 

Moment of inertia of the      :   m x D2 /8  

disc, coupling and motor     : ………… kg.cm.sec2  

rotor about central axis (I) 

Distance of bolt of        :      20.1cm.  

 weight pan from disc center (L) 

 

 

RULE NO. 1 

 

“The spinning body exerts a torque or couple in such a direction which tends to make the axis of spin 

coincide with that of the percession” 

 

To study the rule of gyroscope behaviour following  procedure may be adopted : 



31 

 

 

(a) Balance the initial horizontal position of the rotor. 

 

(b)  Start the motor by increasing the voltage with the auto-transformer, and weight until it attains 

constant speed. 

 

(c)  Press the yoke frame No.2 about vertical axis by a applied necessary force by hand to the same 

(in the clockwise sense seen from above). 

 

(d)  It will be observed that the rotor frame swings about the horizontal Axis Y.Y Motor side is seen 

coming upwards and the weight pan side going downwards. 

 

Rotate the vertical yoke axis in the anti-clockwise direction seen from above and observe that the rotor 

frame swing in opposite sense (as compared to that in previous case following the above rule) 

 

RULE NO. 2 : 

 

“The spinning body processes in such a way as to make the axis of spin coincide with that of spin 

coincide with that of the couple applied, through 90o turn” 

 

a)  Balance the rotor position on the horizontal frame. 

 

b)   Start the motor by increasing the voltage with the auto-transformer and wait till the disc attains 

constant speed. 

 

c)   Put weight (0.5 kg, 1 kg or 2 kg) in the weight pan, and start stop watch to note the time in 

seconds required for procession, through 60o or 45o etc. 

 

d)   The vertical yoke processes about OZ axis as per the rule No. 2. 

 

e)   Speed may be measured by the tachometer provided on control panel. 

 

f)   Enter the observations in the table 

 

THE GYROSCOPIC RELATIONS 

 

Texp   = I x  x  p    where 

M.I of disc     I=mk2 kg.m2  here k=R/Ѵ2 

 = Angular velocity of precession of disc radians per second. 
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                  2 x  x N 

 =     -----------        where N = RPM of Disc spin 

   60 

 

 

 p = Angular velocity of precession of yoke about vertical radians per second. 

 

            d        

p  =   ---- x  -----     rad / sec 

  Dt     180 

 

Tth = w x L (N.m.),          w = weight applied in kgs. 

 

T  =  C  =  W.L. Kg.cm 

 

N  =  Motor speed in RPM 

  

 d = Angle of precession in radius 

 

dt = Time required for this processions. 

 

P is to be calculated for short duration of time, as the balance of rotation of disc about the horizontal 

axis YY due to application of torque, because of which  p gose on reducing gradually. 

 

 

CONCLUSION 

 

It is found that the equation T = I  x p is verified. 

 

    Z          

 

        Y 

 

 

        O                      X 

 

 

OX – Axis of spin, OY – Axis of couple and OZ – Axis of precession, Fig. 1 
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    Z          

                       Y 

        X’ 

 

          X 

           O 

 

 

 

S.No. Speed 

RPM 

Angle 

Deg 

Time 

Sec 

Wt. 

Kg 

TExp l T 

N.m 

Ttheo. T 

N.m 

1. 

2. 

3. 

 

1869 

 

 

100 

 

 

8 

 

 

1 

 

 

33.92 

 

 

23.6 

 

 

 

 

1. Wt. Of the plate = 5.1 kg. 

2. Dia of the plate = 27.6 cm 

3. ‘L’ distance  = 23.6 cm. 

 

Reading No. 3 

 

                 M x D2         5.1 x (27.6)2 

1. I = ---------  =    -------------------- = 0.495 

        g x 8             8 x 981 

 

 

                   2 N         2x3.14x2250 

2.  = -------- =   ------------------- = 235.5 

                   60                   60     

 

                        d     3.14 x 100 

3.   = -----   =   ---------------    =  0.291 

                      d t           6 x 180 

         

 

TAct T  =  I x  x    = 0.495 x 235.5 x 0.291 = 33.92   

 

Tact. T = 8.03 = 33.92  ;       Actual T =  F x D = 1.5 x 23.6 =35.400   
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Front view of typical gyroscope 

QUESTIONS:- 

(a) What do you mean by a gyroscopic couple? 

(b) What do you mean by spin, precession and gyroscopic plane? 

(c) How do the effects of gyroscopic couple and of centrifugal force make the rider of a one 

wheeler tilt on one side? 
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Experiment 7 
Title- To study the Torsional Vibrations (Undammed) of single Rotor Shaft 

System. 

 
Description (Ref. Fig. No. 7) 

 

Fig. No.  Shows the general arrangement for carrying out the experiments. One end of the shaft is 

gripped in the chuck & heavy flywheel free to rotate in ball bearing is fixed at the other end of the 

shaft. The bracket with fixed end of the shaft can be clamped at any convenient position along 

lower beam. Thus length of the shaft can be varied during the experiments. The ball bearing 

support to the flywheel provides negligible damping during experiment. The bearing housing is 

fixed to side member of the main frame. 
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Procedure- 

1. Fix the bracket at convenient position along the lower beam. 

2. Grip one end of the shaft at he bracket by chuck. 

3. Fix the rotor on other end of shaft. 

4. Twist the rotor through some angle & release. 

5. Note down the time required for 10,20 oscillations. 

6. Repeat the procedure for different length of shaft. 

7, Make the following observations- 

 

 a) Shaft Dia.    –  mm…..=…..meter. 

 b) Dia of Disc.    -   290 mm.= 0.290 meter. 

 c) Wt. of the disc.  -               3.220 Kg. 

 d) Modulus of rigidity for shaft - 0.8 x 106 kg/ cm2  = 8x109 kg/m2 

 

Observation Table – 

 

Sr. No. Length of Shaft – L Cm.  No. of Osc. N  Time for n Osc.  Periodic Time 

T = t/n (expt.) 

     

 

 

 

Calculations – 

1) Determination of Torsional stiffness Kt . 

GIp 

  Kt =  ------- 

   L 

  Where, L = Length of shaft 

   Ip = Polar M.l. of shaft  = d4 / 32 

   d = Dia of shaft. 

   G = Modulus of rigidity of shaft = 0.8 x106 kg/ cm2  

  

2) Determine T Theoretical  

    

  T  =
tk

I
2    Where      w           D2 

     I     = M.l. of disc.  =  -----   X   ------ 

             g             8 

3) Determine  - (T) Experimental, 

                                    Time of n Osc. 

                                    T  =    --------------------- Sec. 

                                     No. of Osc. n 
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Results – 

 

Sr. No. Length of 

Shaft 

Kt. T (Theo .) 

Secs. 

T (Exp.) 

Secs. 

F (Theo.) 

Secs. 

F (Exp.) 

Secs. 
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Experiment 8 

Aim: To determine the frequency of damped force vibration of a spring mass 

system 

 

Description  

The arrangement is as shown inFig.6 it is similar to that described for expt. no 7. The exciter 

unit is coupled to D.C. variable speed motor. Speed of motor can be varied with the speed 

control unit provided. Speed of rotation can be known for m the speed indicator on control 

panel. It is necessary to connect the damper unit to the exciter. Amplitude of vibration can 

be recorded on strip chart recorder. 

Procedure – 

1. Arrange the setup as described for expt.7. 

2. Start the motor and allow the system to vibrate. 

3. Wait for 1 to 2 minute for amplitude to build the particular forcing frequency. 

4. Adjust the position of strip chart recorder. Take the record of amplitude vs.  time on 

strip chart recorder by starting recorder motor. Press recorder platform  on the pen 

gently. Pen should be wet ink. Avoid excessive pressure to get  good results. 

5. Take record by changing forcing frequencies. 

6. Repeat the experiment for different damping. Damping can be changed by 

 adjusting the holes on the piston of damper. 

7. Plot the graph of amplitude vs. frequency for each damping conditions. 

 

Observation Table – 

 

Forcing frequency (cps.) Amplitude 

(mm.) 

  

 

 

 

 

 

Prepare similar observation tables for various damping conditions. 

 

Calculations- 

 

Plot the graph of amplitude vs. frequency for each setting. Typical graph is shown  

in fig.  
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UVM: Testing of Frequency of damped force vibration of a spring mass system 
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Experiment 9 

 
Aim:  To study the undamped free vibration of equivalent spring mass 

system. 

 
Description –  

The arrangement is shown in fig 5. It is designed to study free damped and undammed 

vibrations. It consists of M.S. rectangular beam supported at one end by a trunion pivoted in 

ball bearing. The bearing housing is fixed to the side member of the frame. The other end of 

beam is supported by the lower end of helical spring upper end of the spring is attached to 

screw. 

The exciter unit can be mounted at any position along the beam. Additional known weights 

may be added to the weight platform under side exciter. 

 

Procedure – 

1. Support one end of beam in the slot of trunnion and clamp it by means of screw. 

2. Attach the other end of the beam to lower end of spring. 

3. Adjust the screw to which the spring is attached such that beam is horizontal  in 

position. 

4. Weigh the exciter assembly along with discs, bearings and weight platform. 

5. Clamp the assembly at any convenient position. 

6. Measure the distance L1 of the assembly from pivot. Allow system to vibrate  freely. 

7. Measure the time for any 10 oscillations and find periodic time and natural 

 frequency of vibration. 

8. Repeat the experiment by varying L1 and by also putting different weights on 

 platform. 

Note - It is necessary to clamp the weights to platform by means of knobs so that weights 

 do not fall during oscillations. 

 

 

 

Observations Table- 

 

Wt. L 

1 

No. of Osc. 

n 

Time for n 

Osc. 

Periodic Time 

(expt.) 

T= t/n 

Natural Freq. 

Fn. (expt.) 

     

 

 

 

 

 

 

➢ Spring: Number of coil, n = (n+1) = 16 

➢ Stiffness of spring = 0.746 kg/cm 



41 

 

Stiffness = springhelicalfor
nD

Gd
3

4

8
 

Dia of wire of spring = 2.5 mm 

Dia of coil = 32.5 mm, G = 84 kN/mm2 

Calculations –  me 

T (Theoretical) = 2  ----- 

     k 

 

Where me   = equivalent mass at the spring 

 

   L1
2 

 =  m     ----  

   L2 

 

    k = Stiffness of the spring in Kg/ cms. 

 

  W  + w 

 m =    ----------- 

      G 

 

Where, 

 

W = Weight of exciter assembly along with wt. Platform = 3.800 kg. 

w  = Weight attached on exciter assembly. 

L1 = distance of w from pivot  

k  =  Stiffness of spring 

L  = distance of spring from pivot = length of beam   = 64 Cm. 

m =  Mass of exciter assembly along with wt. platform. 

g  = 981 cm/ Sec2 

 

Note: weight of beam = 2.150 kg.  
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UVM as undamped free vibration of equivalent spring mass system 
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Experimental No.10 
 

Aim- To study the longitudinal vibrations of helical spring and to 

determine the frequency or period of vibration (oscillation) theoretically 

and actually by experiment. 

 

Description – (Ref. Fig. No. 4 ) 

One end of open coil spring is fixed to screw, which engages with screwed handle wheel. 

The screw can be adjusted vertically in any convenient position and then clamped to upper 

beam by means of lock nut. Lower end of the spring is attached to the platform carrying 

the weights. The platform is guided in the lower beam. The whole unit can be clamped at 

any horizontal Position by using upper and lower clamping nuts. 

Procedure – 

1. Fix one and of the helical spring and note down the deflection. 

2. Determine free length. 

3. Put some weight to platform and note down the deflection. 

4. Stretch the spring through some distance and release. 

5. Count the time required in Sec. For say 10,20 oscillations. 

6.  Determine the actual period. 

7.  Repeat the procedure for different weights. 

Observations – 

1. Length of spring = 56 mm (No. of coil = 37) & 43.5 mm (No. of coil =27) 

springs. 

2. Mean dia. of spring = 36.5 mm (No. of coil = 37) & 36.5 mm (No. of coil =27) 

 

3. Wire dia. = 1.5 mm (No. of coil = 37) & 1.5 mm (No. of coil =27) 
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Observation Table 1 for finding Km (Mean stiffness) 

 

Sr. No. Wt. Attached Kg.  

        W 

Deflection in spring   (Cm.)      

 

        Stiffness 

            K  

    

 

 

 

 

 

Calculations 

 

 

1) Find Km (Mean stiffness) of the spring as following- 

   

  K1  +K2 + K3 

 Km =  --------------------  = -------kg/cm. 

   n 

 

  W1  W2  W3 

Where K1 =------, K2   =     -----   , K3 = ------ etc. and   n   =   no. of readings.  

  d1  d2    d3 

 

2) Find T theoretical by using relation  

     

  W 

 T theoretical   =2 ---------- 

     Km x g 

 

3) Check with experimental value of ‘T’ expt.  = 
n

t
 

 

 Hence   f theoretical = 1/ T (theo.)  Cps. 

   f experimental = 1/ T (expt.) cps. 
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Observation table 2 

 
Set up for longitudinal vibrations of helical  

 

 

 

 

**//** 

Sr. No. Wt. Attached 

W (Kg.) 

No. of 

Oscillation `n’ 

Time required for 

n Oscillation  - (t) 

Periodic Time 

T = t/n 

  

 

 

 

 

 

   


