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ABSTRACT

A mechanical vibration creates random-magnitude cycles, These vibration cycles
makes the parts to be work the parts with different velocitics and noise. This effect may
tend create load distribution and displacement from one part to another part. All this
effect makes failure of machines, mechanical elements results with permanent breakage
of machineries. Evaluation of vibration characteristics, magnitudes and nature is one of
the critical phenomena. Many methods are there to reduce vibrations by means of
damping. In the present study, a torsional vibration tester has been designed, fabricated
and evaluated in order to identify the magnitude of vibrations and found out the influence
of graded SAE oil on damping characteristics. Three shaft materials such as mild steel,
bronze brass with three diameter variations i.e. 5 mm and 6 mm were selected. Three
different SAE graded oils i.e. SAE 40, SAE 50 and SAE 90 oils were used as damping
fluids. Experiments were conducted for 10 number of cycles and time period was

recorded. Natural frequencies and theoretical frequencies were calculated. Theoretical

time period and experimental time period was calculated. Logarithmic decrement graphs

were obtained for all shaft materials and SAE graded oils. Damping ratio and critical

damping factors were calculated and found that copper base alloy materials have good

torsional stiffness than and SAE 90 grade oil have better damping characteristics.
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DESIGN, STUDY AND EVALUATION OF TORSIONAL DAMPED
VIBRATION TESTER. 2018-19

CHAPTER 1

INTRODUCTION

Vibration is a mechanical phenomenon whereby oscillation occur about an
cquilibrium. A motion which repcats itsclf after a certain interval of time may be called
as vibration. Vibration is the motion of a particle or a body or a system of connected
bodies displace from the position of cquilibrium, Vibration occurs when a system is
displacing from a position of stable equilibrium, The system keeps on moving back and
forth across its position of cquilibrium,

A vibratory system, in general includes a means for storing potential energy
(spring or clastic), a means for storing kinctic cnergy (mass or incrtia), and a means by
which energy is gradually lost (damper).

The vibration of a system involves the transfer of its potential energy to kinctic
energy and kinetic energy to potential energy, alternatively. If the system is damped,
some energy is dissipated in each cycle of vibration and must be replace by an external
source if the state of steady vibration is to be maintained.

Most human activities involve vibration in one form or other. For example, we
hear because our eardrums vibrate and see because light waves undergoes vibration.
Breathing is associated with the vibration of lungs and walking involves oscillatory
motion of legs and hands. We speak due to the oscillatory motion of larynges. Early
scholars in the field of vibration concentrated their efforts on understanding the natural
phenomenon and developing mathematical theories to describe the vibration of physical
systems. In recent times many investigation has been motivated by the engineering
application of vibration, such as the design of machines, foundation, structures, engines,
turbines and control system.

Most prime movers have vibrational problems due to inherent unbalance in the
engines. The unbalance may be due to faulty design or poor manufacture. Imbalance in
diesel engines for example, can cause ground waves sufficiently powerful to create
nuisance in urban areas. The wheels of some locomotives can rise more than a centimeter
off the track at highs speeds due to imbalance. In turbines, vibration cause spectacular
mechanical failures. Engineers have not yet been able to prevent the failures that result
from blade and disc vibrations in turbines. Naturally, the structures designed to supports
heavy centrifugal machines, like motor and turbines, or reciprocating machines, like
stream and gas engines and reciprocating pumps, are also subjected to vibration.

#ﬂ———————————————_———_'——_—‘
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1.1 Causes of Vibration

e Unbalance forces in the machine

e External excitations

o Dry friction between to mating surfaces
o Earthquakes

e Winds

Most vibration are undesirable as they produce excessive stress, encrgy losses,
increase bearing loads, induce fatigue, undesirable noisc, partial or complete failure of
parts etc.

This undesirable vibration can be eliminated or reduced by one or more of the
following methods.

Using shock absorbers.

Dynamic vibration absorbers,

Resting the system proper vibration isolators.
Removing the causes of vibration.

1.2 Types of Vibration

Vibrations in a system can be classified into three categories; free, forced and self-
excited.

Free vibration of a system is the vibration that occurs in the absence of any force,
where damping is may or may not be present.

An external force that acts on the system causes forced vibration.
Self-excited vibrations are periodic and deterministic.
Free Vibration

When no external force acts on the body after giving it an initial displacement,
then the body is said to be under free or natural vibration. The oscillation of a simple
pendulum is an example of free vibration.

e ———————————
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Forced Vibration

: \Zhe‘; the bocily Vl.brates under the influence of external force ten the body is said
to be un ef orc.:ed vibration. Machine tools, electric bells etc. are the suitable examples
of forced vibration.

Damped and Un-damped Vibrations

If the v1l‘)rato'ry system has damper then there is a reduction in amplitude over
evc?ry cycle ot.’ v1bfat10n since the energy of the system will be dissipated due to friction.
This type of vibration is called as damped vibration.

If the vibratory system has no damper then the vibration is called as un-damped vibration.

Deterministic and Random Vibrations

If the magnitude of the excitation force or motion acting on a vibrating system is
known then the excitation is known deterministic. The resulting vibration is known as
deterministic vibration.

If the magnitude of the excitation force or motion acting on a vibrating system is

unknown, but the averages and deviation are known then the excitation is known as non-
deterministic. The vibration is called as random vibration.

Longitudinal, Transverse and Torsional Vibrations

When the particles of the shaft or disc moves parallel to the axis of shaft, then the
vibrations are known as longitudinal vibrations and is shown in figure 1.1(a).

When the particles of the shaft or disc moves approximately perpendicular to the
axis of the shaft, then the vibrations are known as transverse vibrations and is shown in

figure 1.1(b).

When the particles of the shaft or disc moves in a circle about the axis of the shaft
i.e., if the shaft gets alternately twisted and untwisted on account on account of vibratory
motion, then the vibrations are known as torsional and is shown in figure 1.1(c).

/
Page | 3
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(a) (b) (c)
Figure 1.1 (a) Longitudinal, (b) Transverse and (c) Torsional vibration

Transient Vibration
The free vibration continue indefinitely in an ideal system as there is no damping.

There is a reduction in amplitude of vibration continuously because of damping in a
real system and vanishes ultimately. The vibration in a real system is known as transient
vibration.

1.3 Measurement of Vibration
Vibration measurement is necessary due to the following reasons

o Demands of higher productivity and economical design leads to higher
operational speeds of machinery and efficient use of materials through light
weight structures.

e To select the operating speeds, it is necessary to known the natural
frequencies of a structure or machine in order to avoid resonant conditions.

o Theoretical vibration characteristics may differ from the actual values.

o To identify the system in terms of mass, stiffness and damping, the knowledge
of input and the resulting output vibration characteristics are required.

e To design an effective vibration isolation system, measurement of vibration
frequency and forces developed are necessary.

0 S S B S S o el
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» In many application, the survivability of structure or machines in a specified
vibration environment is to be determined. If the structure or machine can
perform the expected task even after completion of testing under the specified
vibration environment, it is expected to survive the specified conditions.

* The measurement of input and the resulting output vibration characteristics of
a system helps identifying the system in terms of its mass, stiffness and
damping.

e The information about ground vibration duc to carthquakes, fluctuating wind
velocities on structures, random variation on occan waves and road surface
roughness are important in the design of structure, machines, oil platform and
vehicle suspension systems.

Vibration Measurement scheme

The below block diagram shows the basic features of a vibration measurement
scheme. The motion (or dynamic force) of the vibrating body is converted into 2n
electrical signal by the vibration transducer or pickup. In general, a transducer is device
that transforms changes in mechanical quantities (such as displacement, velocity,
acceleration or force) into changes in electrical quantities (such as voltage or current).
Since the output signal (voltage or current) of a transducer is too small to be recorded
directly, a signal conversion instrument is used to amplify the signal to the required
value. The output from the signal conversion instrument can be presented on a display
unit for visual inspection or recorded by a recording unit or stored in a computer for later
use. The data can be analyzed to determine the desired vibration characteristics of the

machine or structure.

Depending on the quantity measured, a vibration measuring instrument is called a
vibrometer, a velocity meter, an accelerometer, a phase meter or a frequency meter. If the
instrument is designed to record the measured quantity, then the suffix “meter” is to be
replaced by “graph” is as shown in below. In some application we need to vibrate a
machine or structure to find its resonance characteristics. Foe this, electro-dynamic
vibrators, electrohydraulic vibrators and signal generators are used.

Vibrating Vibration Signal Display Data
Maching OF | pgy] transducer § conversion I UKL, |y ANAIYsES
Structure or pickup instrument recorder or

comouter

S
Department of Mechanical Engg, BGSIT, B.G. Nagara Page | 5
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CHAPTER 2

LITERATURE REVIEW

Damping is a medium it tends to damp or ccase the motion of the oscillator
generally by frictional force. A vibration occurring in a damping medium is called
damped vibration. As a result of damping a portion of cnergy of the vibrator is converted

to heat energy and thus amplitude of the vibration gradually decreases longitudinally over
time.

The damped contain fluid that get heated when compressed by the movement of
the suspension (kinetic energy converted into heat energy). This heat energy then
dissipated into the surrounding environment every time the fluid is compressed. Creating
the damping effect and reducing the intensity of the vibration finally killing its effect.

Although the amount of energy converted an accurate prediction of the vibration
response of a system. A damper is assumed to have neither mass nor elasticity, and
damping force exists only if there is relative velocity between the two ends of the
damper. It is difficult to determine the causes of damping in practical systems. Hence
damping is modeled as one or more of the types.

2.1 Types of Damping

1. Viscous Damping
Viscous damping is the most commonly used damping mechanism in
vibration analysis. When mechanical systems vibrate in a fluid medium such as
air, gas, water, or oil, the resistance offered by the fluid to the moving body
causes energy to be dissipated. In this case, the amount of dissipated energy
depends on many factors, such as the size and shape of the vibrating body, the
viscosity of the fluid, the frequency of vibration, and the velocity of the vibrating
body. In viscous damping, the damping force is proportional to the velocity of the
vibrating body. Typical examples of viscous damping include (1) fluid film
between sliding surfaces, (2) fluid flow around a piston in a cylinder, (3) fluid
flow through an orifice, and (4) fluid film around a journal in a bearing.
2. Coulomb Damping or Dry-friction Damping
Here the damping force is constant in magnitude but opposite in direction
to that of the motion of the vibrating body. It is caused by friction between
rubbing surfaces that either are dry or have insufficient lubrication.
F=uN
Where p =co-efficient of friction

N =normal force
W
e == s
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3.

Material or Solid or Hysteretic Damping.

When a material is deformed, energy is absorbed and dissipated by the
material. The effect is due to friction between the internal planes, which slip or
slide as the deformations take place. When a body having material damping is
subjected to vibration, the stress-strain diagram shows a hysteresis loop. The arca

of this loop denotes the energy lost per unit volume of the body per cycle due to
damping,.

2.2 Free Vibration of an Un-damped Translation System

Using Newton’s second law of motion, in this section, section we will consider

the derivation of the equation of motion. The procedure we will use can be summarized
as follows:

Select a suitable coordinate to describe the position of te mass or rigid body in the
system. Use a linear coordinate to describe the linear motion of a point mass or
the centroid of a rigid body, and an angular coordinate to describe the angular
motion of rigid body.

Determine the static equilibrium configuration of the system and measure the
displacement of the mass or rigid body from its static equilibrium position.

Draw the free body diagram of the mass or rigid body when a positive
displacement and velocity are given to it. Indicate all the active and reactive
forces acting on the mass or rigid body.

Apply Newton’s second law of motion to the mass or rigid body shown by the
free-body diagram. Newton’s second law of motion can be stated as follows:

Thus, if mass m is displaced a distance x(t) when acted upon by a resultant force F(t) in
the same direction. Newton’s second law of motion gives

= df dx@®
FO =\ ar

If mass m is constant, this equation reduces to

Where

22 )
30 mx
di’

Foy=m

d23(t)
de

=l

_“__—_____—__—m_—._
Department of Mechanical Engg, BGSIT, B.G. Nagara Page | 7
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is the acceleration of the mass, cquation can be stated in words as
Resultant force on the mass = mass x acceleration
For a rigid body undergoing rotational motion, newton’s law gives
My = J0

Where A7 s the resultant moment acting on the body © and 6 = d*0/de’
are the re.sulting angular displacement and angular acceleration, respectively. The
procedure is now applied to the undamped single-degree-of-freedom system shown in
Fig. 2.1(a). Here the mass is supported on frictionless rollers and can have translatory
motion in the horizontal direction. When the mass is displaced a distance from its static
equilibrium position, the force in the spring is kx, and the free-body diagram of the mass
can be represented as shown in Fig. 2.1(c). The application of above equation to mass m
yields the equation of motion

F(t) = —kx = mX
Or
mx + kx=20
2.3 Free Vibration of an Un-damped Torsional System

If a rigid body oscillates about a specific reference axis, the resulting motion is
called torsional vibration. In this case, the displacement of the body is measured in terms
of an angular coordinate. In a torsional vibration problem, the restoring moment may be
due to the torsion of an elastic member or to the unbalanced moment of a force or couple.

Figure2.1 shows a disc, which has a polar mass moment of inertia J, mounted at
one end of a solid circular shaft, the other end of which is fixed. Let the angular rotation
of the disc about the axis of the shaft be ©; O also represents the shaft s angle of twist.
From the theory of torsion of circular shafts, we have the relation

Gl
M‘=——l—2

Where, M; is the torque that produces the twist ©, G is the shear modulus, | is the length
of the shaft, is the polar moment of inertia of the cross section of the shaft, given by

ad*

1 o qmsm—

e 32

_/’;_/;
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d d is the diameter of g
an er of the shaft. If the disc is displaced by © from its equilibrium

. . . ¢ 1 ]UC (,)f "\n ’I\i(ll g 3 A8
ate

M, Gl, =wGd*

ke, w 22

0 { 321

LLLLLLLLLLLL LA L7

-

+— Shaft

e d

-
G

l
F
\U

“ 0,0,0 .

3

(a) (b)
Figure 2.1 Torsional vibration of a disc.

2.3.1 Equation of Motion

The equation of the angular motion of the disc about its axis can be derived by
using Newton’s second law. By considering the free body diagram of the disc, we can
derive the equation of motion by applying Newton s second law of motion:

INET/EL

which can be seen to be identical to above equation if the polar mass moment of

inertia Jo, the angular displacement O, and the torsional spring constant k. are replaced by

the mass m, the displacement X, and the linear spring constant k, respectively. Thus the

natural circular frequency of the torsional system is

Department of Mechanical Engg, BGSIT, B.G. Nagara Page | 9
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N\N172
e (k_
Joy

and the period and frequency of vibration in cycles per second are

Thn == 2or (-}%) e
- 1 (% \"7?
Note the following aspects of this system:

I I.f the Cross section of the shaft supporting the disc is not circular, an appropriate
torsional spring constant is to be used.

2. The polar mass moment of inertia of a disc is given by

_ phmD*  wD?
32 8g

Jo
Where, is the mass density, h is the thickness, D is the diameter, and W is the weight of
the disc.

3. The torsional spring-inertia system shown in Fig. 2.14 is referred to as a torsional
pendulum. One of the most important applications of a torsional pendulum is in a
mechanical clock, where a ratchet and pawl convert the regular oscillation of a small
torsional pendulum into the movements of the hands.

2.3.2 Solution

The general solution of Eq. can be obtained, as in the case of Eq.:
) = Acoseyl + Aysinayf
Where on is given by Eq. and A1 and A2 can be determined from the intial conditions. If

6t =0)=6, and 6¢ =0) = %(:: 0) = 6,

The constants A; and A can be found:
A =6y
A2 = éo/w,,

__________—_.—___________—_——_—___—_-——-———————————————_'
Department of Mechanical Engg, BGSIT, B.G. Nagara Page | 10
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2.4 Free Vibration with Viscous Damping

2.4.1 Equation of Motion

. As stated in Section 1.9, the viscous damping force F is proportional to the
velocity or v and can be expressed as

F=-cx

Where c is the damping constant or coefficient of viscous damping and the negative sign
indicates that the damping force is opposite to the direction of velocity. A single-degree-
of-freedom system with a viscous damper is shown in Figure. 2.2. If x is measured from

the equilibrium position of the mass m, the application of Newton’s law yields the
equation of motion:

myg = —cx - kx
Or
i+t kr=0

2.4.2 Solution
To solve, we assume a solution in the form
x(t) = Ce*

Where, C and s are undetermined constants. Inserting this function into leads to the
characteristic equation

ms:+ces+k=0

the roots of which are

~c+ V- dmk

_ ¢ ¢\t &
S| = — — ] Y |5
B m mE (2m) m

These roots give two solution give to

x(®) = Cles" and x,(t) = Cze-’z'

Thus the general solution is given by a combination of the two solutions x; and x2;

T ——————— e ——————————
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Figure 2.2 Single degree of freedom system with viscous damper

Critical Damping Constant and the Damping Ratio. The critical damping is defined as the
value of the damping constant ¢ for which the radical in Eq. (2.62) becomes zero:

.\’(l‘) = CI(.‘"' + Cz(.’""

b

= Cuel & VAT 4 s VIEF-H

For any damped system, the damping ratio ¢, is defined as the ratio of the damping
constant

To the critical damping constant:

{ =cle,
We can write
c c C =
2m ¢ 2m {on
And hence

52 = -{xV .{2 = Do,

Thus the solution can be written as:

xt) = Ci¢ VT GtV

Department of Mechanical Engg, BGSIT, B.G. Nagara Page | 12
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The nature of the roots and hence the behavior of the solution, Eq. (2.69), depends
upon the magnitude of damping. It can be scen that the case €= 0 leads to the undamped
vibrations. Hence we assume that € # 0 and consider the following threc cascs

Case 1. Under-damped system (g,< 1 or ¢ <€ or ¢/2m < Vk/m. For this condition (¢? -
1) is negative and roots s1 and s2 can be represented as;

s = (=L 4+ iV — 3w,
s = (=¢ = iVT = D) w,

The solution Eq. can be written in different form
() = CeEtVI=Dnt | @ o=V 1-Eut

= e-lwﬂ{eleﬁ@?wnr + Cze—f\/lefwnf}
= e“""’"'{ (C, + Cy)cos mw,,t + i(C; — C,)sin \/IT{iw,,t}
e e-{wn'{CS cos mw,,t + Cgsin\/l*——?w,,t}

= Xe ™% sin ( \/I_Q?wnt + ¢)

= Xoe~tor cos ( V1 = P — %)-

Where (C’1, C’2), (X, @) and (Xo, Do) are arbitrary constants determined from the initial

condition.

Cil=xp and c} =20t {@nXo
—_ 2
1 - fw,

And hence the solution becomes

) = e_“""{ xocos VI = 2 ¢ ¢
n
Xo * {wpxy
Vis VT P

4+ X0t fw,xg }

A ]
Department of Mechanical Engg, BGSIT, B.G. Nagara Page | 13




DESIGN, STUDY AND EVALUATION OF TORSIONAL DAMPED
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x(t)
y
Nt —
X ' T
Xl« |x,; ~7\ e Xemfout
le\ ~-"-7-—\-_ _____ ——

)
i?o.i h t; \/ S , -
s VA S a— N

Figure 2.3 Under-damped solution

The constants (X, @) and (X,, ®,) can be expressed as
X = Xo= V(C)* + (C3)*

¢ = tan"}(C}/C%)
¢o = tan~'(—C4/CY)

The motion described by above equation is a damped harmonic motion of angular

frequency ¥ 1 ~ ' @y but because of the factor ¥ the amplitude decreases
exponentially with time, as shown in Figure 2.3. The quantity is called the frequency of
damped vibration. It can be seen that the frequency of damped vibration e is always
less than the undamped natural frequencye.. The decrease in the frequency of damped
vibration with increasing amount of damping, is shown graphically in Figure 2.3.

The underdamped case is very important in the study of mechanical vibrations, as
it is the only case that leads to an oscillatory motion.

Case 2. Critically damped system (g, =1 orc = €e or ¢/2m = Vk/m. in this two roots sl

and s2 are equal.

Department of Mechanical Engg, BGSIT, B.G. Nagara Page | 14
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e esEETEEEEmaa e

g

-

B

Figure 2.4 Variation of damped vibartion with damping
Because of repeated roots the Eq. is given by

Wyt

x@) = (C, + Cy)e”

The application of the initial condition x(t = 0) = x, and ¥(t = 0) = Xo for this case
gives

Ci=x
C2 = x.o + wWyXo

And the solution becomes

x(l) = [xo t (l.'o t wnX{))t]e-w’t

+.It can be seen that the motion represented by Eq. is aperiodic-(i.e. non-periodic). Since
¢ =+ () a5 1 = 00 the motion will eventually diminish to zero, as indicated in fig.

Case 3. Over-damped system (g,> 1 or ¢ >€c or ¢/2m > \k/m. As \/eﬁ - 1> 0, equation
shows the roots s1 and s2 are real and distinct and are given by

5= (=0 + VI~ 1w, <0
5= (== V- 1w, <0
With s1 << s2. In this case, the solution, Equation can be expressed as

x(0) C,‘_,(-H\/{’-l)w,.t + Czc(-t-\/z‘—l)w.x

Department of Mechanical Engg, BGSIT, B.G. Nagara Page | 15
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For the initial condition x(t = 0) = x, and (= 0
\ X = )

obizined: = Xo, the constants C1 and C2 can be

C, = Xowy(f + \/_Z"T::_]) + %o
’.’.w,,\/zl—..._l

C,y, = “xown({"\/gT:——i-) - X0
2w, V2 — 1

Above equation

sho P
o mpnued 6 s S‘;’Ssteiatszhe motion is aperiodic regardless of the initial
S _ . Since roots s; and i i
diminishes exponentially with time, as shown in Figure 2825 are both negative, the motion

y I,Ovcrdumpcd €=1 , Undamped (;'n’o)
Underdamped (¢ < 1)

& Critically
~ ,\dampcd ¢=1) ( ey is smaller
thanw;,)

X0

2m
Wy

I

2

wll

Figure 2.5 Comparison motion with different types of damping

Note the following aspects of these systems:
tation of different types of the characteristics roots and and the

corresponding responses (solutions) of the system are presented. The representation of
the roots and with varying values of the system parameters C, k and m in the complex

plane (known as the root locus plots) is considered.

ed system will have the
sition 0

1. The graphical represen

2. A critically damp smallest dampirig required for aperiodic
motion; hence the mass returns to the po f rest in the shortest possible time without
page | 16

Department of Mechanical Engg, BGSIT, B.G. Nagara



DESIGN, STUDY AND EVALUATION
D RATION TESTER. OF TORSIONAL DAMPED
2018-19

e —

overSh?Ot;:f'eThe prﬁperty of critical. damping is used in many practical applications. For
ex.ar.np le, gt . guns;t ave da-Shl.)ots with critical damping value, so that they return to their
original position after recoil in the minimum time without vibrating. If the damping

?_“_Mded were more than the critical value, some delay would be caused before the next
iring.

3. The free damped response of a single-degree-of-freedom system can be represented in
phase-plane or state space.

2.5 Logarithmic decrement

The logarithmic decrement represents the rate at which the amplitude of a free
damped vibration decreases. It is defined as the natural logarithm of the ratio of any two
successive amplitudes. Let t; and t» denote the times corresponding to two consecutive
amplitudes, measured one cycle apart for an under-damped system, it is shown in
figure2.6 below.

It is used to find the damping ratio of an under-damped system in the time domain. And it
is represented by 8. '

The method of logarithmic decrement becomes less and less precise as the damping ratio
increase past about 0.5; it does not apply at all for a damping ratio greater than 1.0
because the system is over-damped.

A= 1/n Inx(t) / x(t + nT)

Where x(t) is the amplitude at time t and x(t + nT) is the amplitude of the peak n periods
away, where n is any integer number of successive, positive peaks.

x(0)
A
-;r'———— N
. T _2“:,15
\‘ i
J{ 'ﬁs__
1 ‘ e TR Kottt
X1 / ngl /\ ~~~~~ = N .
'y L 7408 . Y . xz';\\ i -m ______ .
< G0l A N e e
& A
’.” . .
,,
Prasd

Figure 2.6 Logarithmic decrement
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R.D.ADAM et al. (1) “The damping characteristics of certain steel, cast iron and
other metals”: In this study he determined damping capacity of a wide range of
engineering metals at direct cyclic stress up to the fatigue limit. A recently developed
damping apparatus was used in which the specimen, vibrated in its fundamental free
longitudinal mode, driven by a magnetostrictive vibrator. The energy dissipation was

determined from the rate of rise of temperature at different sections of the specimen.

The specific damping of 26% was recorded for sunstone, a commercial high damped
manganese\copper alloy. The damping of cast irons is due to shape of the graphite

inclusions rather than to the quantity of free graphite in the steel matrix.

7.A.JAESIMETAL et al. (2) “A review on the vibrational analysis for a damage
occurrence of a cantilever beam”: This work shows axially moving beams has several
applications, including robot arms, conveyor belts, shafts and automobile engine belts,

understanding the vibrations of axially moving beams are important for the design of the

devices.

Recent development in research on axially moving structures has been reviewed. Natural

frequencies of non-linear coupled planar vibration are investigated for axially moves

beam in the supercritical transport speed ranges.

TOBY J. MILES et al. (3): In this study he notice that the torsional vibration of rotating

shafts contributes significantly to machinery vibration and noise
perimentally. New development are reported which addre

ent tools, through improved understanding of the laser torsional

but is notoriously

difficult to study ex ss the need

for appropriate measurem

vibrometer and the application of model techniques.

The LTU was developed previously for non-contact measurement of torsional vibration.

Page | 18
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.« experiment descri :
This €xp ribe the real-time measurement of torque input to a system allows
i vibration :
torsional response function to be obtained. The aim of this work is to utilize
theory and si al processi
ry gnal p ng technology used excessively for convectional translational

model analyze.

GIACOMO BIANCHI, SELFANO CAGNA, NICOLA CAU et al. (4) “Analysis of
vibration damping in machine tools” : Today FE models provide a satisfying
description of structure distribution stiffness and inertia, machine damping is usually not
represented or is approximated as a uniform viscous damping with no precise reference to
the actual dissipation phenomenon occurring in the structure, in order to overcome this

limitation, this work aim at adding key energy dissipation mechanism into numerical
structural model.

The effect of guide ways friction an axis dynamics been evaluated computing on the

FEM models without position control compliance at the work piece with varying values

of viscous damping carriage some vibration modes aren’t influenced at all by guide ways

damping because then doesn’t involves significant development, if shows for different

modes of vibration different viscous damping values.

S, M.IIORODINCES et al. (5) “A vibration absorber

C.COOLETTE, R.BASTATI
». This 3 men’s shows the torsjonal

for torsional vibration of me
vibration of the wheel set are firs

vibration absorber tuned to the first to

tro wheel sets
t studied with free boundaries condition to dynamic

rsional vibration vibration of the wheel set as been

designed and it’s qumerical efficiency is compared with experiment result. The efficiency
of the dynamic torsional vibration absorber is get evaluated experimentally and compared

tput of the multibody model of the roller rig.

with ou

page | 19
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N

SHASHIKUMAR.C, B.AMARESHKUMAR et al.(6) “Design and development of a
setup for torsional vibration system” This work shows the torsional vibration is an
oscillatory angular motion causing twisting in the shaft of a system; even though the
vibration cannot be detected without specific measuring instrument. Torsional vibratory
motion can produce stress reverse that cause metals fatigue. Compound tolerates less

reversed stress that steady stress.

By using this models can be calculating the longitudinal and torsional natural frequencies
forced response analysis, to calculate the vibratory torque acting on the shaft, perform the
forced response analysis to access torsional vibration to avoid torsional vibration and

excessive, torsional we recommit ended changes such as but not limited to.

Page | 20
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CHAPTER 3
METHODLOGY

3.1 process flow chart
Design

Fabrication of model

A

Testing
SAE 40 grade oil SAE 50 grade ol SAE 90 grade ol
(Brass, Mild steel, (Brass, Mild steel, (Brass, Mild steel,
stainless steel) tainless steell ctainlace cteal)

Y.
Calculation of Calculation of Calculation of T
Theoretical and Theoretical and Theoretical and
Experimental Experimental Experimental
logarithmic decrement logarithmic decrement logarithmic decrement

//—

iL_________/—.————J
¢

rent grade SAE oils and 3
s with different diameters

Comparison of 3 diffe
different shaft material

D
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3.2 MATERIALS USED

1. Mild steel

Mild steel usually contains 40 points of carbon at most. One carbon point is 0.01
percent of carbon in the steel. This means that it has at most 0.4 percent carbon. Mild

steel is very strong due to the low amount of carbon it contains. In materials science,

strength is a complicated term. Mild steel has a high resistance to breakage. Mild steel, as

opposed to higher carbon steels, is quite malleable, even when cold. This means it has

high tensile and impact strength.

Mild steel is especially desirable for construction due to its weldability and

machinability.

2. Stainless steel
Stainless steel is best known for its resistance to rust, but the material also resists

many other forms of corrosion. Mechanical properties such as strength,
high temperature strength, ductility and toughness are therefore also important
considerations. Due to its strength, flexibility and resistance to corrosion, stainless steel is
now commonly used in modern construction. Properties of this materials are it has high

and low temperature resistance, ease of lubrication, high strength, long life cycle, low

magnetic permeability and recyclable.

3. Brass
Brass is a binary alloy composed of copper and zinc that has been produced for

millennia and is valued for its workability, hardness, corrosion resistance and attractive

appearance. The exact properties of different brasses depend on the composition of the

brass alloy, particularly the copper-zinc ratio. The alloy has a relatively low melting

point; brass has high malleability than either bronze or zinc.

d
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4. SAE 40 Grade oil
SAE 40 s synthetic oil derived from natural or crude oil. Here, SAE stands for Society of
Automotive Engineers and 40 refer to viscosity of the oil. In layman’s term we can say 40 is

thickness of oil. More is the thickness, lesser is the contact between metals, which increase

the life of engine.

5. SAE 50 Grade oil

SAE 50 has been specially developed for classic vehicles. It is extremely well suited for
use with petrol and diesel engines with forced-feed. Lubrication and fine mesh filters. It is
also ideal for use in engines with increased operating temperatures and also subject to high
loads. The viscosity SAE 50 is designed for use in air-cooled engines and for motor bikes. It
can also be used in the event of overheating problems or increased oil consumption. SAE 50
can be mixed with mineral-oil based motor oil of the same performance level. Oil and filter
must be replaced in accordance with the vehicle manufacturer’s specifications. Optimally

formulated for classic vehicles, good wear and oxidation protection, extensive corrosion

protection, good cleaning performance.

6. SAE 90 grade oil
SAE-90 is a lubricant used mainly as gear oil. The digit 90 indicates the viscosity of the

lubricant. SAE stands for “society of automotive engineers” which was founded by American
automobile industry. Viscosity means resistance of the liquid to flow. Purpose of the
lubricant is to form a thin layer between the tooth surfaces of the gear box so that friction
between these surfaces is reduced drastically and in turn, wear of gear teeth too gets reduced,

thus enhancing the life of gears. During manufacturing of these oils, some materials are also

added to it. \These are called as EP additives.

\—__—“’__—_———_—_/
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CHAPTER 4
THEORATICAL ANALYSIS
4.1 For Mild steel

o Modulus of rigidity = 73Gpa
o Length of shaft=1m
e Diameter of shaft = 5mm

Polar moment of inertia

wd*
] =—
32
B w5%x 10712
a 32

=6.13671 X 10~ m*

Torsional stiffness

G
k or q =T]

_ 73X 10° x 6.1367 x 1071

k 1

= 4.4798 Nm

Moment of inertia
s wd*
T 64

__1r><5"'
T 64

=1.2568x10"1'm*

Natural frequency

Dept. of Mechanical Engineering, BGSIT, B G Nagara
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SI%S!IW‘O' ey

201819

f ] ‘j ‘**m;—;—-..

Tan oLBe10” it

= 60805.145Hz

Time med

Yasihs
In

i
60005145

=1.6446 710~ scc

piameter of shaft = 6mm

Polar moment of inertia

_ nd*
V)

_m6tx 1071
- 32

=1.27251 x 10~19m*

Torsional stiffness

G
korq =_l_

73 x 1091.27251 X 10710
- 1
= 9.2893 Nm

Moment of inertia

[ = nwd*

T 64
=X 0.006*

T 64

=0,636255% 10~'%m*

w
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Natural frequency
fn-_-.’_ k
ny{

9.2893

8
T Pyrrr e 1
= 60805.058Hz
Time period

1
T=—
fa

- 1
60805.058

= 1.6446x10"%sec
4.2 For Brass

e Modulus of rigidity = 40Gpa
o Length of shaft=1m
o Diameter of shaft =5mm

Polar moment of inertia

_Ttd4
J = 32

_ m5*x 107"
S 32
=6.13671 107 m*

Torsional stiffness

G
korq =—ll

40 x 10° X 6.1367 x 10~
k= 1
=2.45468Nm

M
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D ATION TS

Mom"“t ofil‘ICftia
nd*

I =—-

64

o 7 x 0,005%
T 64

=3.06835x10™*m*

Natural frequency

n=—./|zs

2y L

f L =L 2.45468
27+ 3.06835+10~ 11

=45043.3891Hz

Time period
1
T=—
fa

1

T=
45043.389

=2.22008x10~%sec

¢ Diameter of shaft = 6mm

Polar moment of inertia

_1rd"
J = 32

m 6% x 10712

32

=1.27251 x 1071 m*

Eﬂ_’_ﬁ
P
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0 orsional stiffness
G
k or q= _]..
. [
k= 40 X 10% X 1.27251 x 10~10
) 1
=5.09904 Nm
Moment of inertia
P
~ 64

[= 7 X 0.006*
T 64

=0.636255x10—10m4

Natural frequency

R

n=— |+

2m\ i

fper [smm_
27| 10.636255%10701

= 45010.17Hz

Time period

1
=
fn

1
T=————

45010.17

N 2.2217x10—ossec

J_—/
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For gtainless steel

sodulus of rigidity = 77.2Gpa
¢ |

, Length of shaft = 1m
, Diameter of shaft =5mm

Po‘ar momCﬂt Of inelﬁa

nd*
I=3F

_ w54 x 107"
T 32

=6.13671+ 10" m*

Torsional stiffness
GJ

kOTq =_l—

§ = 77.2 X 10° X 6.1367 X 10-1t
N 1

=4.7375

Moment of inertia

I_nd‘*
T 64

L 0.005*
T 64

=3.06835% 10~ *'m*

Natural frequency

w
9
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\'
/—___‘“__—_-—____

n=i i_
27m4/3.06835x10~11

=62529.648Hz
Time period

puk
fn

1
62529.6483

=1.5994% 10~ %sec

=1.2568x10~*m*

e Diameter of shaft=6mm

Polar moment of inertia

wd*

5:32
w64 x 10712

— —————————

B 32
~1.27251 x 10~10m*

Torsional stiffness

G
korq =—21

772 % 10° x 1.27251 x 107
k=—
1

=9.82377 Nm

B G Nagara Page 30
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nd*
64

; _ T 0.006*

64
=0.636255x10~10p4

Natural frequency

foes
2m10.636255x10~01
=62529.839Hz
Time period
1
'I&—
fn

1
62529.839 10710

=2.3931x10"%sec

4.4 Calculation of logarithmic decrement

X5 = 0.3x0
S
X0 3333
= 3333
Xy

\—__\————_—____—————————_—__—_—-__—
D
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v
Xo
2 = 1272234
X1

Xo X1 X3 X3 X
_2=_1.=._2=_3=x—4=1.272234

= In(1.272234)
= 0.240774

Damping factor

2TE
§=

ﬁl

— g2

2me
0.240774 = ——
1—¢g?

¢ =0.0382872

DisPloerent

oo -
- W

\/

ya oo W

s

c'ﬂ’ e,

w o ey wn

o

Figure 4.1 Logarithmic decrement
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CHAPTER 5
EXPERIMENTAL ANALYSIS

5.1 Expcrimcntal setup

Figure 5.1 Damped torsional vibration tester and shaft materials

5.2 EXPERIMENTAL PROCEDURE
» Fit the shaft at bucket and attach the rotor damping drum.
» Warp a white paper around the rotor to note down the signature (variations) of the

vibration produced by the torsional system.
> Fix the pen to the pen holder which is carried by hydraulic mover (oil), make sure

that the tip of the pen should be touch the white paper.

> Then, rotate the rotor up to its twisting capacity, then release the rotor and at the same

time release the pen holder also.
> As this rotating of the rotor and relcasc it. The system vibrates take the signature of

the vibration on the white paper.

“
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Figure 5.2 Project testing

» As this experiment carried out note down the time taken for ‘n’ oscillation using a
stopwatch and note down the value of x1 and x2 from the graph for calculation of
logarithmic decrement.

» Repeat the experiment for all shaft materials (brass, mild steel and stainless steel) and

different grade SAE oils (SAE 40, SAE 50 and SAE 90).
E
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’”Farsﬁgmgradeail
For brass material
., Dizmeter of the shaft = Smm
o Length of the shaft = Imm
. Number of oscillation = 10
. Time taken for 10 oscillation = 6.12sec
e Valeofxi=15mm
o Value of x2=12mm
. _ number of oscillation _ 10 _ ;
1. Neturel frequency (] e taten =— = 1.63398Hz
" _ __1
2. Time period [T] = wariral frequency 163398 0.6120025sec
" G] _ 40x10° x6.1367 x 10712
3. Torsional siffness [K] = 2 = T2 10— =) 45468Nm
. d*  mx0005*
Polar moment of ineria [J] = o = 2= = 6.1367% 107 m*

72 061200252

Moment of inertia [ = k= 245468 = 0.02328m*

:l\

T

Critical dzmping factor [C] =2V x k=2v/0.0232 X 2.45468 =0.4781Ns'm

Lh
.

6. Logarithmic decrement [ 6] = In == ln§= 022314
2

5 022314
e = =0.03548
Demping rztio [€] = =72 = 1727 0223142

)
.

8. Damping co-¢efficient [ C]=C, X &= 04781 X 0.03548=0.01696 Ns'm
R

Figure 5.3 Logarithmic decrement of brass (Smm) using SAE 40 oil

w
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_ Time period (T1= natural frequency 14184

. Damping ratio [£] = 7577 = 72 0 167052

. Damping co-efficient [

2018-19

shaft = 6mm

piameter of the
Length of the shaft = lmm

Number of oscillation = 10

Time taken for 10 oscillation = 7.05scc
value of X1= 13mm

vValue of x2= | Imm

® & S 3 8 =

number of oscillation _ 10
=—=14184Hz

_ Natural frequency [f] = time taken 7.05

0.7050sec

40 x 10% x1, =10
GJ _ 40x10% x12725x 10770 _ o o0

 Torsional stiffness Kl=77 :

nxd* _mx0006*

polar moment of inertia [J] ==~ =1.2725% 10~ 10m*

T2 070502
. Moment of inertia [I] = = k= = 5.090040.06406m*

. (Critical damping factor [Cc] =2V1 X k =21/0.06406 X 5.09004 = 1.1421Ns/m

13
. Logarithmic decrement [ 8] = In2=In—=0.167054
X, 11

§ 0167054

=0.02657
C]=c, X £€=11421X 0.02657= 0.03032Ns/m

&
@

VU Vv oy v o

/

q‘.
i=——""0p A

Figure 5.4 Logarithmic decrement of brass (6mm) using SAE 40 oil
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f the shaft = 5Smm

, Diameter©
., Lengthof the shaft = Imm
, Number of oscillation = 10
, Time taken for 10 oscillation = 4.21sec
, Value of x1=8mm
, Valueofx2= Smm
[f] et number of oscillation _ 10 _
1. Natural frequency L T tdh | Al
4 = = 1
2. Time perlOd [T] natural frequency 23752 0.42101scc
) GJ 73x10° x6.1367 x 10711 _
3. Torsional stiffness [k] = T] = : % = 4.4798Nm
. T xd* 0.005*
Polar moment of inertia [J]= 22 =z 5 =6.1367x 10" 11m*
_— 72, 0421012 )
4. Moment of inertia [n= = k e 4.4798 = 0.0201m

2018-19

1B :
\ Tor mild steel material

5. Critical damping factor [CeJ=2VT X k=2v0.0201 X 4.4798 = 0.6002Ns/m

8
6. Logarithmic decrement [ 6] = In % = lnE =047
2

e 6 _ o4
7. Damping ratio [€] A2+ 62 4m2+ 0472

= (.07474

8. Damping co-efficient [

2

AY
3

Figure 5.5 Logarithmic decrement of Mild steel (Smm) using

J

Dept. of Mechanical Engineering, BGSIT, B G Nagara

Cl=c, X &= 06002 x 0.07474=0.04486Ns/m

P

SAE 40 oil

age 3
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oy, STUDY AND EVALUATION OF TORSIONAL DAMPED
pESIO N TESTER. 2018-19
yIBRA

Diameter of the shaft = 6mm
Length of the shaft = Imm

Number of oscillation = 10

Time taken for 10 oscillation = 4.115sec
value of X1 =4mm

Value of X2= 3mm

_ number of oscillation _ 10 _
 Natural frequency [fo] = ——p o o === = 2.433Hz
1
L 041101sec

_ Time period (M= natural frequency  2.433

i GJ _ 73x10° x1.2725x 10720
 Torsional stiffness [k] ==7= -

. i Tl'Xd4_71'x0'0064
Polar moment of inertia [J] = =

= 9.2893Nm

=1.2725% 10~ 10m*

0.411012
21

9.2893 = 0.03973m*

: T 2
. Moment of inertia [I] = = k=

. Critical damping factor [Cc] =21 x k=210.03973 X 9.2893 = 1.2151Ns/m

4
. Logarithmic decrement [ 6] = In %1- = ln; =0.2876
2

L 5§ 02876
. Damping ratio [£] = =5 = 72 0 28767

=0.04571

. Damping co-efficient[C] =C; X €= 1.2151 x 0.04571= 0.0555Ns/m

VAR aAAAR

Figure 5.6 Logarithmic decrement of Mild steel (6mm) using SAE 40 oil

w
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ESIGN, STUDY AND EVALUATION OF TORSIONAL DAMPED

VIBRATION TESTER. 2018-19

For stainless steel material

¢ Diameter of the shaft = 5mm

o Length of the shaft = 1mm

¢ Number of oscillation = 10

o Time taken for 10 oscillation = 4.3 1sec

o Value of X = 8mm

e Valucof Xxa= 5Smm

number of oscillation _ 10

1 frequ fu] = . o=
1. Natural frequency [f] time taken 431 2.3201Hz
. A _ G
2. Time period [T] = Rakural frequency: Siza201 0.43101sec
G 77. 9 i 0-11
3. Torsional stiffness [k] = _ll = 2Ud kil XG11367 ot =4.,7375Nm
4 4
Polar moment of inertia [J] = :zd =IX0005 _ ¢ 1367% 1071 m?
. T2 0431012 _ -
4. Moment of inertia [I] = = k= 5 4.7375=0.0222m

5. Critical damping factor [Cc] =2VT X k=2v/0.0222 X 4.7375 = 0.6498Ns/m
X1 _ 8 _
6. Logarithmic decrement [ 8]=In - = lng = 0.471
2

: § _ 0471
7. Damping ratio [£] = i 52 amit 04TE 0.07474

8. Damping co-efficient [C]=C; X €= 0.6498 x 0.07474 = 0.04856Ns/m

s
<:>
<>
<;>

-
<
g =0
BN

Figure 5.7 Logarithmic decrement of Stainless steel (Smm) using SAE 40 oil

9
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gTUDY AND EVALUATION OF tong

of ] . () Y
pESIGN N TESTER. ONAL DAMPRI)

VIBRATIO

_ ‘).“”{:h)‘

. Diameter of the shaft = 6mm

o Lenpth of the shaft = fmm

o+ Number of oscillation = 10

» Time taken for 10 oscillation = 4,128e¢
o Value of Xy =6mm

o Value of x2=4mm

number of osclllation 10
e

1. Natural frequency [fy] = ;
: time taken 412

= 2427Hz

1

. ; - il
2. Time pcrlod [T] natural fraquency—2.427 0.41203scc

; ; G] 77.2%10% x1, -10
3. Torsional stiffncss [k]=-l]-= - )“12725“0 =0.8237Nm

mxd* _ mx0006*
32

Polar moment of inertia [J] =

=1.2725x 1071%m*

0.412032
21

T2
4. Moment of inertia [I] = = k= 9.8237 = 0.04223m*

5 Critical damping factor [Cc] =2vT X k=21/0.04223 X 9.8237 = 1.2882Ns/m
6
6. Logarithmic decrement [ 8] = ln% = lnz = (0.40546

§ _ 040546

7. Damping ratio [€] = TR 57 AmEt 0405467 = (0.06438

8. Damping co-efficient [ C]=C¢ X €= 1.2882 X 0.06438= 0.0829Ns/m

<13
A8
N A A DA
ATAAY

Figure 5.8 Logarithmic decrement of Stainless steel

(6mm) using SAE 40 oil

Page 40
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SIGN, STUDY AND EVALUATION oF TORSIONAL DAMpEp
DE> ™ TTON TESTER.
M/_U
532 For SAE 50 grade oil

For brass material

o Diameter of the shaft = 5y

o Length of the shaft = Imm

o Number of oscillation = 10

o Time taken for 10 oscillation = 6.12sec
e Value of X; =9mm

o Value of x2=7mm

number of oscillation 10

f,]1= — =
{. Natural frequency [f,] e ok 13~ 163398Hz
1

2. Time perlod (= natural frequency 1.63398 Te339g 0120025sec

40 x 109 x6.1367 x 10~11
] n = 2.45468Nm

o mxd* 0.005*
Polar moment of inertia [J] = T £ 20005° 6.1367x 10~ 11m*

32

3. Torsional stiffness [k] =

2

S T4 061200252
4. Moment of inertia [I] = o k=—"2

245468 = 0.02328m*
2n

5. Critical damping factor [Cc] =2v1 X k=2v/0.0232 X 2.45468 = 0.4781Ns/m
X1 9 _
6. Logarithmic decrement [ §] = In py = ln; =(.25131

) § _ 025131
7. Damping ratio [¢] = Tn21 82 3n21 02513 0.03996

8. Damping co-efficient [ C] = ¢, X &= 0.4781 x 0.03996 = 0.01910Ns/m

N
3

5
A
[7/‘\ \/\/\/\TJ Vanvs

Figure 5.9 Logarithmic decrement of brass (Smm) using SAE 50 oil

\__\———_—_'_—_—_-___—-——————————‘_——__M
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STUDY AND EVALUATION OF TORSIONAL DAMPED

2018-19

Diameter of the shaft = 6mm

o Length of the shaft = Imm

o Number of oscillation = 10

o Time taken for 10 oscillation = 7,125e¢
o Value of X1=7mm

o Value of x2=6mm

number of oscillation _ 10
time taken 712 14044Hz

1. Natural frequency [fa] =

1
natural frequency 14084 O/ |204sec

2. Time period [T] =

GJ _ 40x10° x1.2725x 10~10
3. Torsional stiffness [k] = ) - = 5.09004Nm

Polar moment of inertia [J] =

nxd*  mx0006*
3

= -10..,4
% 1.2725x 10~10p

0.712042
21

T2
4. Moment of inertia [I] = = k= 5.09004 = 0.06535m*

5. Critical damping factor [Cc] =2VI X k=2+/0.06535 x 5.09004 = 1.1535Ns/m
7
6. Logarithmic decrement [ §] = In ? = lng =0.154155
2

. : § _ 015415
7. Damping ratio [¢] = T2Ta - 3525 0i5iice 0.02452

8. Damping co-efficient [ C] =, X &= 1.1535 x 0.02452=0.02828Ns/m

m/ﬂ\/ﬂvﬂwvvvvw

Figure 5.10 Logarithmic decrement of brass (6mm) using SAE 50 oil

E p I
% >

w
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pESIGN: STUDY AND EVALUATION OF TORSIONAL DAMPED
ON TESTER. P

%ﬁw

For Mild steel material

Diameter of the shaft = 5mm

Length of the shaft = Imm

Number of oscillation = 10

Time taken for 10 oscillation = 4.23scc
o Value of x;=7mm

o Value of x2=5mm

_ number of oscillation _ 10
1fi fa] = = =
1. Natural frequency [fn] ) time taken 423 2-36406Hz
1
= 0.423sec

_ Time period [T] = =
2 p (7] natural frequency 2.36406

GJ] 73x10% x6.1367 x 10~11
T =4.4798Nm

1
mxd* _ mx0.005*

32

3. Torsional stiffness [k] =
=6.1367x 10~ 1'm*

Polar moment of inertia [J] =

0.4232

: T 2
4. Moment of inertia [I] = pe k= — 4.4798 = 0.0202m*

Critical damping factor [CcJ=2VT X k=2v/0.0202 x 4.4798 = 0.603INs/m
7
6. Logarithmic decrement [ 8]=In -Ei =[n e 0.0.33647
2

. : 033647 _
7. Damping ratio [£] = iy ol amPt 0336472 0.05346

Damping co-efficient [ C] =Cc X €= 0.6031 X 0.05346 = 0.032246Ns/m

Sco

2y

AWAY
V'V \l[\"\i

Figure 5.11 Logarithmic decrement of Mild steel (Smm) using SAE 50 oil

\-—_—w——_———_-'-———w—_—__—
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SIGN, STUDY AND EVALUATION OF TORSIONAL DAMPED
D SRATION TESTER

\ 2018-19

o Diameter of the shaft = 6mm

o Length of the shaft = Imm

o Number of oscillation = 10

o Time taken for 10 oscillation = 4.1 5s¢c
o Value of x1=5mm

e Value of x2=4mm

number of oscillation _ 10

1. Natural frequency [f,] = _ -
time taken 4,15

= 2.4096Hz

: . - 1 1
2. Time perlod [T] natural frequency B 2.4096= 0413sec

: . GJ] _ 73x10° x1. -10
3. Torsional stiffness [k] = T] = 112725x .

nxd*  mx0006*
32

=9.2893Nm

Polar moment of inertia [J] = =1.2725% 10~10m*

e T2 04152
4. Moment of inertia [I] = po k= — 9.2893= 0.04051m*

5. Critical damping factor [Cc] =2vI X k=2+v/0.04051 X 9.2893 = 1.22688Ns/m
5
6. Logarithmic decrement [ 6] = In=* = In-=0.22314
2

_0.22314
m2+ 62 4m2+0.223142

7. Damping ratio [&] = 2 =0.03548

8. Damping co-efficient [ C] =, X &= 1.22688 X 0.03548= 0.04352Ns/m

Figure 5.12 Logarithmic decrement of Mild steel (6mm) using SAE 50 oil

w
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N uDY AND EVALUATION OF TORSIONAL DAMPED
GIN STER. 2018-19
pESI* HJON TE

JIBRA

r stainless stecl material
X piameter of the shaft = Smm
Length of the shaft = lmm
Number of oscillation = 10
Time taken for 10 oscillation = 4.71sec
o Value of x; = 8mm
. Value of x2= 6mm

[
[}
[

number of oscillation _ 10
time taken 471

Natural frequency [fa] = =2.1231Hz

1

2. Time period M= e frequency 21231 0Tlsce

GJ _ 77.2x10° x6.1367 x 10~11

3. Torsional stiffness [k] = 7= - = 4.7375Nm

nxd* _mx0.005*
32

= 6.1367x 10~ 11m*

Polar moment of inertia [J] =

T2 047112

4. Moment of inertia [I] =0 k P 47375 =0.02661m*

5 Critical damping factor [Cc] =2v1 X k=2+/0.02661 x 4.7375 =0.7101Ns/m

x 8
6. Logarithmic decrement [ 6]=In x—: = lng =(.28868

0.28868

w2+ 62 g 472+ 0.288682 = 0.04587

7. Damping ratio [€] = s

8. Damping co-efficient [ C] = ¢, X €=0.7101 x 0.04587 = 0.03257Ns/m

Figure 5.13 Logarithmic decrement of Stainless steel (Smm) using SAE 50 oil

D
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r N, STUDY AND EVALUATION OF TORSIONAL DAMPED
3$£T’ION TESTER. "

piameter of the shaft = 6mm

, Lengthof the shaft = Imm

Number of oscillation = 10

Time taken for 10 oscillation = 4.41sec

Value of X1 =4mm

Value of x2= 3mm

number of oscillation _ 10 _ 22675H
time taken 441 - z

Natural frequency [fa] =

1
2. Time period [T] = natural frequency 22675

0.44101sec

GJ _ 77.2x10° x1.2725% 1010

Torsional stiffness k] = e : =9.8237Nm

nxd*  mx0006*
32

=1.2725x 10710m*

Polar moment of inertia [J] =

oo T2 0441012
4. Moment of inertia [I] = —= k= —

9.28237 = 0.04838m*

Critical damping factor [Cc] =2VI X k=2v0.04838 X 9.8237 = 1.37885Ns/m

x 4
6. Logarithmic decrement [ §]= In x_: = ln; = (.28768

6 0.28768

7. Damping ratio [£] = Tt 52 = 1727 028768 =0.04571

efficient [ C]=¢c, X €=13788X 0.04571=0.06302Ns/m

AAAAARAAA Ao

Figure 5.14 Logarithmic decrement of Stainless steel (6mm) using SAE 50 oil

8. Damping co-

\____—-——\———_—'——'—__—————‘___——__—'———_———_—_—
P
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DY AND EVALUATION OF TORS10n

’ " NAL DAMPED
gSIGN: :STER. »-
811;}11\ R 01819

3 For SAE 90 grade oil
g3

For brass material

piameter of the shaft = Smm

Length of the shaft = Imm

Number of oscillation = 10

Time taken for 10 oscillation = 6.19sc¢
Value of x; =16mm

Value of x2= 14mm
= number of oscillation 10

| Natural frequency [fs tmie takon =5 = 1.6155Hz
iod [T] = 1 _ 1
2. Time period [T natural frequency  1.6155 0.619sec
. G] _ 40%10% x6.1367 x 10~11
3. Torsional stiffness [k] = i : = 2.45468Nm
nxd* _mx0.005*

Polar moment of inertia [J] = =6.1367% 10-"'m*

32

. T2 06192
4. Moment of inertia [I] = P k= e 2.45468 = 0.02381m*

5. Critical damping factor [Cc] =2VI X k=2v0.02381 X 2.45468 = 0.48359Ns/m
Xy 16 _

6. Logarithmic decrement [ §]=In—=In—=10.13353
X2 14

0.13353

= =0.021207
4m2+ 62  4m2+0.133532

7. Damping ratio [£] =

8. Damping co-efficient [ C] =, X €=0.48359 X 0.021207 =0.0128INs'm
e 8

A QAN
S ATATATRAL

Figure 5.15 Logarithmic decrement of brass (Smm) using SAE 90 oil

w
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ESIGN’ T%‘slT/}"r\IJ{D EVALUATION OF ToRs1onal, DAMPED
D TION

2018-19
, Diameter of the shaft = 6mm :

Length of the shaft = lmm

Number of oscillation = 10

Time taken for 10 oscillation = 4,60g¢¢
value of X1 =13mm

Value of x2= 12mm

1= number of osclllation 10

| Natural frequency [fy time taken 35~ 21739Hz

1 1

2. Time period (1= natural frequency B 21739 0.46sec

G] _40x10° x1.2725x 10~10
3. Torsional stiffness [k] = —l = . = 5.09004Nm
nxd* mwx0.006*

Polar moment of inertia [J] = e —— 1.2725% 10~19m*

0. 462
4. Moment of inertia [I] = — k =— 5.09004 = 0.0272m*

5. Critical damping factor [Cc] =2VI x k=2v0.0272 X 5.09004 = 0.74518Ns/m
6. Logarithmic decrement [ 8] = ln == ln —=.08004

) 0.08004

7. Damping ratio [€] = T2 82 4nt 0.080047 =0.01273

8. Damping co-efficient [ C] =, X €= 0.74518 x 0.01273=0.009486Ns/m

Figure 5.16 Logarithmic decrement of brass (6mm) using SAE 90 oil

M
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SIGN, STUDY AND EVALUATION OF
5IEBRATION TESTER. FTORSIONAL DAMPED

2018-19

For mild steel material

o Diameter of the shaft = 5mm

e Length of the shaft = Imm

e Number of oscillation = 10

e Time taken for 10 oscillation = 4.42scc
e Valueof x;=1lmm

e Value of x2=8mm

1. Natural frequency [f, — number of oscillation _ 10
¥ o] = == = g =2.2624Hz

. . 1
2. Time period [T 1
p [T]= atural frequency 32654 0.442scc

] . _GJ] _ 73x10° x6.1367 x 1011
3. Torsional stiffness [k] = 7= = 4.4798Nm

1
4
Polar moment of inertia [J] = z :zd = TXO005T o 6.1367x 10~ 11m*
32 .

0. 4422
4. Moment of inertia [I] = — k =—— 4.4798 = 0.02216m*

5. Critical damping factor [Cc] =2VI X k=21/0.02216 X 4.4798 = 0.63015Ns/m
s . X1 11
6. Logarithmic decrement [ 6] = In = In ria 0.31845
2

0.31845

. . 5 _ -
7. Damping ratio [e] = A1 52 anit 0318452 0.05061

8. Damping co-efficient [ C] =, X &€= 0.63015 X 0.05061 = 0.03189Ns/m

Ay
oA N
lﬂ ﬁ /\ ./' \ ,»’r\‘ &)

YRTRTE AVEVASE

(W4

Figure 5.17 Logarithmic decrement of Mild steel (Smm) using SAE 90 oil

e S
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GN, STUDY AND EVALUATION OF ToRsjonL 1 AMpEts
DESFI{AT’ION TESTER.

L 2018-19

piameter of the shaft = 6mm
Length of the shaft = Imm

Number of oscillation = 10

Time taken for 10 oscillation = 4 5g¢¢
Value of X1 =6mm

o Value of x2=5mm

number of oscillation 19
time taken T a5 2.222Hz

{. Natural frequency [fa] =

1
natural frequency 2222 0.45004sec

9. Time period [T] =

i GJ _ 73 x 10° x1.2725x 10~10
3. Torsional stiffness [k] = =S 1

nxd*  mwx0.006*
32

=9.2893Nm

Polar moment of inertia [J] = =1.2725x 10~10*

T2 0450042
— k =
21 27

4. Moment of inertia [I] = 9.2893 = 0.04764m*

5. Critical damping factor [Cc] =2VI X k=210.04764 x 9.2893 = 1.3304Ns/m
ithmi t[6]=InZ2=In2=0.18232 -
6. Logarithmic decrement [ & y i

§ 018232
42+ 62 4m2+0.182322

i i = =0.02901
7. Damping ratio [¢] =

8. Damping co-efficient [ C] = ¢, X €= 13304 x0.02901= 0.03858Ns/m

i ing SAE 90 oil
Figure 5,18 Logarithmic decrement of Mild steel (6mm) using S

Page S0
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£sIGN. STUDY AND EVALUATION OF TORSIONAL pAnpey
DmRAT'ON D bl o it

20!8 l‘)

For stainless steel material

« Diameter of the shaft = Smm

o Length of the shaft = 1mm

e Number of oscillation = 10

» Time taken for 10 oscillation = 4.19g¢c
e Valucof x;= 10mm

« Value of x2= 7Tmm

number of osclllatlon 10
| frequency [fy] =
1. Natural freq y ) = time taken 419
1

= (.419s¢c

=2.3866H7

ro

N ‘Od T =
Time period [T] natural frequency 23866

. GJ] _ 77.2x10% x6,1367 x 10~11
3. Torsional stiffness [k] = i = - =4.7375Nm
txd* %0005

Polar moment of inertia [J] = 32 - = 6.1367x 107 m*

T2 04192
4. Moment of inertia [I] = > =—4.7375=10.02106m*

Critical damping factor [Cc] =2VI X k=21/0.02106 x 4.7375 = 0.6317Ns/m

w

x 10
6. Logarithmic decrement [ §] = In x—: =ln — = 035667

0.35667

. . §  _ = 6
7. Damping ratio [e] = a2t 57 2wt 0356672 0.0566

8. Damping co-efficient [ C]=¢, X &= 0.6317 x 0.05666 = 0.03579Ns/m

§n
/B/A/\ /\ /\/\/\[\1

V VVVVVVVV

Figure 5.19 Logarithmic decrement of Stainless steel (Smm) using SAE 90 oil

w}’agcﬂ
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_qIGN, STUDY AND EVALUATION OF TORSIONA] DAMPED
DES \TION TESTER.

viB 2018-19

pDiameter of the shaft = 6mm

Length of the shaft = 1mm

Number of oscillation = 10

o Time taken for 10 oscillation = 2,955cc
o Value of Xy =4mm

o Value of x2=3mm

number of oscillation _ 10
time taken 295

. Natural frequency [fi] = = 3.3898Hz

1 1

Time p eriod [T] B natural frequency - 3.3898 0.2955€‘:c

o

§
_ 77.2x10° x1.2725% 10™10

1
wxd* mwx0.006*

32 32

G
3. Torsional stiffness [k] = T] =9.8237Nm

Polar moment of inertia [J] = =1.2725% 10~10m*

e s T2 _ 02952 B 2
4. Moment of inertia [I] = = k= o 9.28237=10.02165m

Critical damping factor [C¢] =2vI X k=2v0.02165 X 9.8237 = 0.92234Ns/m

wn

X1 __ 4 _
6. Logarithmic decrement [ 8] =In ™ In i 0.28768

§ 028768
7. Damping ratio [e]= 42+ §2 " 472+ 0.287682

=0.04573

8. Damping co-efficient [C]=C¢ X €= 0.92234 x 0.04573 = 0.0421Ns/m

Ay

W

5.20 Logarithmic decrement of Stainless steel (6mm) SAE 90 oil
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IGN, STUDY AND EVALUATION 0
3IEBSRATION TESTER. F TORSIONAL DAMPED
/M

RESULTS AND DISSCUSSION

6.1 For SAE 40 grade oil

Firstly, we use SAE 40 grade oil and three different shaft materials (brass, mild steel and
stainless steel) with two different diameter (Smm and 6mm), SAE 40 has low viscosity, the
prass has low stiffness hence in the logarithmic decrement graph x; and x2 value is high
pare to other two material, mild steel has medium stiffness compare to brass and SS so,

com
1ogarithmic decrement is lies in between them and x; and x, values of stainless steel is very
Jow because it has relatively high stiffness value than other two materials. As we observe
ypon increase in diameter of the shaft, logarithmic decrement value decreases and these

Jogarithmic decrement graphs are shown in experimental analysis chapter 4.

Material D.iameter Logarithmic decrement
in mm
5 0.22314
Brass 6 0.16705
5 0.47
Mild steel 6 0.28765
5 0.471
Stainless steel 6 0.40546

Table 6.1 Comparison of different shaft materials using SAE 40 0il

6.2 For SAE 50 grade oil

In this second trail we use SAE 40 grade oil and with same three different shaft

materials (brass, mild steel and stainless steel) with two different diameter (Smm and 6mm),

SAE 50 has high viscosity value compare to SAE 40 oil. The brass has low stiffness hence in

\—__—\_—g——/—#——-/____‘
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SIGN, STUDY AND EVALUATION OF TORS
DIEBRATION TESTER. SIONAL DAMPED i

_L—————_——_—-"‘/’—_—-\M_MM_
the Jogarithmic decrement graph x; and x, valyc is high compare to other two material, mild
stecl has medium stiffncss compare to brass and SS so, logarithmic decrement is lies in
petween them and X; and X2 values of stainlegs steel is very low because it has relatively high

stiffness value than other two materials. Ag we observe upon increase in diameter of the

shaft, logarithmic decrement value decreases and these logarithmic decrement graphs are

shown in experimental analysis chapter 4,

Material Diameter | Logarithmic decrement
in mm
5 0.25131
Brass
0.15415
5 0.33647
Mild steel
6 0.22314
5 0.2886
Stainless steel
6 0.2878

Table 6.2 Comparison of different shaft materials using SAE 50 0il

6.3 For SAE 90 grade oil

After second trail, we use SAE 90 grade oil and with same three different shaft
materials (brass, mild steel and stainless steel) with two different diameter (Smm and 6mm),
SAE 90 has high viscosity value relatively to both SAE 40 and SAE 50 grade oils. The brass
has low stiffness hence in the logarithmic decrement graph x1 and x» value is high compare to
other two material, mild steel has medium stiffness compare to brass and SS so, logarithmic
decrement is lies in between them and x; and X2 values of stainless steel is very low because it
has relatively high stiffness value than other two materials. As we observe upon increase in

diameter of the shaft, logarithmic decrement value decreases and these logarithmic

decrement graphs are shown in experimental analysis chapter 5.

M
P
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Material Diameter Logarithmic decrement
In mm

Brass 5 0.13353
6 0.08004
Mild steel 5 0.31845
6 0.18232
Stainless steel 5 0.35667
6 0.22314

Table 6.3 Comparison of different shaft materials using SAE 90 0il

6.4 Comparison

For SAE 40 grade oil

0.08
0.07
o 0.06 12
o]
= 0.05
w 0.04
£
2 0.03
£
S 002
0.01
1]

torsional stiffness(k)
)

1 2 3 )

w=@==Series] ws@mmSeries]  e=@=eSeries2
e Series2

(a) (b)

Figure 6.1 Comparison of (a) Damping ratio and (b) Torsional stiffness for 3 materials

of S5mm (series 1) and 6mm (series 2) using SAE 40 oil

The above Figure 6.1 (a) shows the variation of dampin.g ratio (s.) of three matgrials
i.c. brass, mild steel and stainless steel and with two difft?rent dfameters ie. Smm' and tmm
The bras; has low damping ratio than the other two matx?mids, mild steel has damp(llx.]g ra:c; 12
between them and stainless steel has higher damping ratio In botp 5mm ?nd 6m1lr11 1antlaei neI e
the SAE 40 grade oil. Figure 6.1 (b) shows the vari.ation o.f torsional Stlfﬁles; Stzrizlse g
steel has high torsional stiffness, mild steel has relatively slight low compare

and brass has lower stiffness.
\_/’J’___—_—/-W
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Figure 6.2 Comparison of xi/x2 for 3 shaft materials of Smm (series 1) and bmyen (tevies
2) diameter using SAFE 40 ofl

The Figure 6.2 indicates the variation of xi/xs value for 3 shaft matcrials of Smm s
6mm diameter. As shown in the Figure 6.2 we observe that in Smm diameter muld sreef value
is higher than stainless steel value, in 6mm diameter all the matenal values onorseenly

increases.

For SAE 50 grade oil
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The above Figure 6.3 (1) showe the ono: ..
The {\l gure 1 (a) shows the vanation of damping ratio (£) of three materials
i ¢. brass, mild steel and stainless and with two different di y SR

brass has lower damping ratio than the other two materi
higher than brass and stainless steel in Smm diameter
catio in 6mm diameter but lower in (he SAL 50 grade ¢

amcters i.c. Smm and 6mm. The
als, mild steel has damping ratio
and stainless steel has high damping
il Figure 6.3 (b) shows the variation
I has high torsional stiffness, mild steel has
and brass has lower torsional stiffness

of torsional stiffness, here also stainlesg stee
relatively slight low compare to stainless steel

g
wn

|

(=

ratio of x; and x,
o
(V2]

1 2 3

e=Qm=Series] =@ Series?

Figure 6.4 comparison of xi/x: for 3 shaft material of Smm (series 1) and 6mm (series 2)
diameter use SAE 50 oil

The Figure 6.4 indicates the variation of x1/x» value for 3 shaft materials of Smm and
6mm diameter. As shown in the Figure 6.4 we observe that in Smm diameter mild steel value
is higher than brass and stainless steel value, in 6mm diameter all the material values

increases.

For SAE 90 grade oil

The below Figure 6.5 (a) shows the variation of damping ratio (&) of three materials
Le. brass, mild steel and stainless and with two different diameters i.c. Smm and 6mm. In
Smm diameter brass has lower damping ratio, mild steel in between stainless steel and brass
and stainless steel has higher damping ratio. In 6mm diameter damping ratio value of three
shaft materials increase linearly. Figure 6.5 (b) shows the variation of torsional stiftness, here
Stainless steel has high torsional stiffness, mild steel has relatively slight low compare to

Stainless steel and brass has lower torsional stiffness.

w
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Figure 6.5 Comparison of (a) Damping ratio and (b) Torsional stiffness for 3 shaft
materials of Smm (series 1) and 6mm (series 2) using SAE 90 oil

The Figure 6.6 indicates the variation of X1/x2 value for 3 shaft materials of 5mm and

. 6mm diameter. As shown in the Figure 6.6 we observe that brass has higher value in Smm

compare to 6mm diameter, but mild steel is lower value in $mm and stainless has alomost
same value for both Smm and 6mm diameter.

1.6

p =

ratio of x, and x,
© o o o =
(=] N ~ A 0O =k N
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Figure 6.6 comparison of xi/x2 for 3 shaft material of Smm (series 1) and 6mm (series 2)
diameter use SAE 50 oil
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CHAPTER 7
PROJECT COST ESTIMATION
Activities Cost (in rupees)
Fabrication of model 20,000
Shaft materials 1,000

(brass, Mild steel, Stainless steel)

SAE grade oils 1,500

(40, 50, 90)
Transportation charge 2,000
Other activities 1,000
Total _25,500

Table 7.1 Project cost details.
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SOCPES FOR FUTURE WORK

o To create and design the vibration tester using modern software and analysis the
thing.

o To design parts of the test rig that can use various shaft materials like copper, steel,
aluminium etc.

o To increase the efficiency of the tester in better way.

o To know the better viscous damper and that can be used in future testing in better way

to achieve the good results.

g————‘_—_—_‘———_;;
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CHAPTER 9
CONCLUSIONS

In this project work, we are fabricate the damped torsional vibration tester machine
and conducted test using different materials like brass, mild steel and steel with using
different diameters Smm and 6mm and using different grade of oil like SAE 40, SAE 50 and
SAE 90.

Here we conducting the experiments to know the better characteristics of the damping
of the different oils with using different shaft materials, using this data we calculated natural
frequency (fo), time period (T), theoretical logarithmic decrement (67, experimental
logarithmic decrement (&), critical damping factor (Ce), damping ratio (¢), torsional stiffness

(k), damping co-efficient (C).

Here we finally observe that, SAE 90 having good damping characteristics, compare
to other 2 grades of oils (i.e. SAE 40 and SAE 50). Here time period increases and number of
oscillation increases. Finally logarithmic decrement decreases and we are conducting the

experiment on 6mm and Smm diameter shafts.

Here we finally conclude that logarithmic decrement value affected by diameter, type
of shaft materials and viscosity of the oil. As increase in diameter of the shaft, torsional
stiffness value of the shaft also increases then logarithmic decrement value decreases and

damping value is increases. Damping ratio and damping factor is linearly affected by the

logarithmic decrement value.

w
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