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ABSTRACT

Estimating damping in structure made of different materials (steel, brass, aluminum) and
processes still remains as one of the biggest challengers. All materials posses certain amount of
internal damping, which manifested as dissipation of energy from the system. This energy in a
vibratory system is either dissipated into heat or radiated away from the system. Material
damping or internal damping contributes to about 10-15% of total system damping. The man
objective of thisthesisisto estimate the damping ratio, natural frequency of aluminum, brass and
steel by free vibration anaysis experimentally & verify theoretically. Cantilever beams of
required size & shape are prepared for experimental purpose & damping ratio is investigated.
Damping ratio is determined by half-power bandwidth method. It is observed that damping ratio
is higher for steel than brass than aluminum.

This thesis presents results of an experimental free vibration analysis of beams made with
different materials such as Brass, duminum and steel. The theoretica modal analysis was also
done in ANSYS to compare the results. The beams were excited using wooden mallet and
signas were catched with the help of accelerometer attached with VIB SCANNER instruments.
Then FRF (Frequency response functions) were obtained using omnitrend software to identify

fundamental natural frequency and damping ratios.
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CHAPTER 1
INTRODUCTION

1.1 INTRODUCTION

Vibration is the motion of a particle or a bodysystem of connected bodies displaced from a
position of equilibrium. Most vibrations are undesie in machines and structures because they
produce increased stresses, energy losses, cadsd ackar, increase bearing loads, induce
fatigue, create passenger discomfort in vehicled, @sorb energy from the system. Rotating

machine parts need careful balancing in order éwgmt damage from vibrations.

Vibration occurs when a system is displaced froposition of stable equilibrium. The system
tends to return to this equilibrium position unttez action of restoring forces (such as the elastic
forces, as for a mass attached to a spring, oitgtenal forces, as for a simple pendulum). The
system keeps moving back and forth across itsipogif equilibrium. A system is a combination
of elements intended to act together to accomplisbbjective. For example, an automobile is a
system whose elements are the wheels, suspenaiopody, and so forth. A static element is one
whose output at any given time depends only onrjbiet at that time while a dynamic element is
one whose present output depends on past dynamtice Isame way we also speak of static and
dynamic systems. A static system contains all efgsn@hile a dynamic system contains at least

one dynamic element.

A physical system undergoing a time-varying intarae or dissipation of energy among or
within its elementary storage or dissipative devitesaid to be in a dynamic system. All of the
elements in general are called passive, i.e., #reyincapable of generating net energy. A
dynamic system composed of a finite number of g@elements is said to be lumped & discrete,
while a system containing elements, which are densghysical space, is called continuous
system. The analytical description of the dynanofshe discrete case is a set of ordinary
differential equations, while for the continuouseat is a set of partial differential equationeeT

analytical formation of a dynamic system dependsnuihe kinematic or geometric constraints

and the physical laws governing the behaviour efsystem.



1.1.1 Elementary Parts of Vibrating System

In general, a vibrating system consists of a sp(agieans for storing potential energy), a mass
or inertia (a means for storing kinetic energy)d an damper (a means by which energy is
gradually lost) as shown in Fig. 1.1. An undampéxating system involves the transfer of its
potential energy to kinetic energy and kinetic ggeto potential energy, alternatively. In a
damped vibrating system, some energy is dissipatezhch cycle of vibration and should be
replaced by an external source if a steady statéaddtion is to be maintained.

x(t)
L [

7///////%///4

Fig.1.1 Elementary parts of vibrating system [33]

1.1.2 Vibration and Damping [23]

Damping is the resistance offered by a body tartb&on of a vibratory system. The resistance
may be applied by a liquid or solid internally aternally. The main advantage of providing
damping in mechanical systems is just to contrelamplitude of vibration so that the failure

occurring because of resonance may be avoided.



Vibration damping plays an important role in mad@simnd structures by improving performance
and stability, reducing noise and increasing Inheti

In mechanics, Damping may be realized using a adsfipis device uses the viscous drag of a
fluid, such as olil, to provide a resistance thatlated linearly to velocity. The damping force

Fc is expressed as follows:

FC = —C%

dt (1.1)
where C is the viscous damping coefficient, givennits of Newton seconds per meter (N s/m).

Generally, damped harmonic oscillators satisfystheond-order differential equation:

2
d X+2(a)n%+a)n2x=0

dt? dt (1.2)

where @, is the undamped angular frequency of the oscilland{ is a constant called

the damping ratio.

The value of the damping ratfadetermines the behavior of the system. A dampeddraic

oscillator can be:

= Overdampedd{ > 1): The system returns (exponentially decays)etmilibrium without
oscillating. Larger values of the damping rdtieturn to equilibrium more slowly.

= Critically damped ¢ = 1): The system returns to equilibrium as quick$ypossible without
oscillating. This is often desired for the dampaigystems such as doors.

= Underdamped (0 € <1): The system oscillates (at reduced frequekoynpared to

the undamped case) with the amplitude graduallyedeing to zero.

» Undamped ¢ = 0): The system oscillates at its natural resbfraquency(c,) .
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Figl.2 Time dependence of the systemhavior on the value of the damping ri(, for
undamped (blue), undelampei(green), critically damped (redand ove-damped (cyan)cases,
for zerovelocity initial condition[23]

1.1.3 Continuous Systemand Discrete Systems

Most of the mechanical arfructural systems can be described using a finiteber of degree
of freedom. However, there are some systems, eslyechose include continuous elas
members,have an infinite number of degree of freedom. Mosthanical and structural syste
have elastic (deformable) elements or componentseasbars and hence have an infinite nun
of degrees of freedom. Systems which have a fmit@ber of degrees of freedom are knowi
discrete olumped parameter syste, and those systems with an infsmihumber of degrees
freedom are calledontinuou or distributed systems.

1.2 FREE VIBRATION OF A SINGLE DEGREE OF FREEDOM SYSTEM
[24]

The most basic mechanical system is single degree of freedom systewhich is characterize
by the fact that itenotion is described by a single variable or coat#s. Such a model is oft
used as an approximation for a generally more cexglstem. Excitations can be broa
divided into two types, initial excitations and esttally applied forces. The beha\ of a system

4



characterized by the motion caused by these exxcitis called as the system response. The

motion is generally described by displacements.

1.2.1 Free Vibration of an Undamped Translation Sytem

The simplest model of a vibrating mechanical systemsists of a single mass element
which is connected to a rigid support through adnhy elastic massless spring as shown in Fig.
1.3. The mass is constrained to move only in thidoa direction. The motion of the system is

described by a single coordinate x(t) and henbastone degree of freedom (DOF).

Fig 1.3 Spring mass system [33]

1.3 TYPES OF DAMPING [33]

There are mainly four types of damping used in raactal systems:

1.3.1 Viscous damping

When the system is allowed to vibrate in a viscoweglium, the damping is called as viscous.
Viscosity is the property of a fluid by virtue oftieh it offers resistance to the motion of one

layer over the adjacent one.



Force F

—_—ee

A I// I; Vo
Area Aj T
VISCOUS FLUID \ f
= |/ ;;l Vg=0

wviscol

Fig. 1.4 Viscosity [23]

This can be explained by fig.1.4 where two platesseparated by fluid film by thickness t, the
upper plate is allowed to move parallel to the dixgate with velocity, . The net force required
is:-
F =ﬁv0
t (1.3)

A is the area of platet,is the thickness of the fluid filmy is the coefficient of viscosity

The energy dissipation in viscous damping can b#enras:-

— 2
AE = cw, A (1.4)
From the above equation it is clear that the eneliggipation per cycle is proportional to the

square of the amplitude of motion.
1.3.2 Coulomb damping

When one body is allowed to slide over the othes,durface of one body offers some resistance
to the movement of other body on it. This resisfimge is called force of friction. Thus force of
friction arises only because of relative movemesitveen the two surfaces. Some amount of
energy is wasted in overcoming this friction asgbdaces are dry.

So itis called dry friction. The general expressior coulomb damping is:-



F =R, (1.5)
where is the coefficient of friction and is thermal reaction. Frictional force is proportional to

the normal reaction on the mating surface. Theesyss shown in the fig.1.5

*

|

Frictional
force (F)* ¥ Force (applied)

Fig.1.5 System showing force of friction and normesction [33]

1.3.3 Structural damping

It is the inherent characteristics of the matemall the resistance is offered by the elastic
properties from within the body. This type of dangparises because of intermolecular friction in
the structure which opposes its movement. The rmadmiof this damping is very small as

compared to other types of damping. Elastic mdgedaring loading and unloading form a loop

known as hysteresis loop. The area of this logvésamount of energy dissipated in one cycle

during vibration.
E = 7KAA? (1.6)

Where A represents the amplitude of vibration ahds dimensionless damping factor

Force

Extension

Fig.1.6 Hysteresis loop [30]



1.3.4 Non-Linear, Slip or Interfacial damping

The machine elements are connected through vatypes of joints. Microscopic slip occurs on
the interfaces of machine elements which causespdison of vibrational energy when the
interface of the machine elements or parts in araee under fluctuating loads. The amount of
damping depends on surface roughness of contga#irtg, contact pressure and the amplitude of
vibration. The energy dissipated per cycle deperms the co-efficient of friction, the pressure
at the contacting parts and amplitudes. There i®@mum value of pressure for which the
energy dissipated is maximum. This value is diffiéfer different amplitudes. Larger the energy
dissipation, larger is the effective damping in slystem.

1.4 MEASURES OF DAMPING [24]

Several techniques are used to quantify the Idvelaterial damping in a structure:

1.4.1 Half-Power Bandwidth Method

For the SDOF, the structure will possess a classigpliance a response as shown in figure 1.7.
The level of material damping can be subjectivedyednined by noting the sharpness of the
resonant peak abo the more rounded shape, the more damping preseheistructure. For a
guantitative measure of damping, the half powedaaith method can be employed. As defined
in Equation 1.2, the damping of the structure camdétermined from the ratio dtw to wo with

Aw determined from the half power point down from teeonant peak value A (equal to the
inverse of the amplification factor Q). On a detibeale, this corresponds to a -3 dB drop from
the peak. For that reason, this damping measuretaehhique is also referred to as the 3 dB

method.
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Fig.1.7 Frequency response of a SDOF system [24]

To estimate damping ratio from frequency domainwas use half-power bandwidth method. In
this method, FRF amplitude of the system is obthifiest. Corresponding to each natural
frequency, there is a peak in FRF amplitude. 3 dB/rdfrom the peak there are two points
corresponding to half power point, as shown infifpgre below. The more the damping, the more
the frequencies range between these two pointd-pgdaler bandwidth (BD) is defined as the

ratio of the frequency range between the two halfgr points to the natural frequency at this
mode.

1.4.2 Log Decrement Method

Logarithmic decrement method is used to measuretegmn time domain. In this method, the
free vibration displacement amplitude history ayatem to an impulse is measured and recorded.
A typical free decay curve is shown as below. Labaric decrement is the natural logarithmic
value of the ratio of two adjacent peak valuesigpldcement in free decay vibration.
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Fig.1.8 Motion Decay for viscous damping [24]

1.4.3 Hysteresis Loop Method

Another method to calculate damping can be achiéyechlculating the energy loss per cycle of
oscillation due to steady state harmonic loadingaiA assume the complex spring element of is
subjected to the cyclic stress (Force) resulting istrain response (Extension) by plotting the
instantaneous stress versus strain for a givereaytcmotion, the hysteresis curve of fig.1.9 is
generated. The area captured within the hystetesfs D is equal to the dissipated energy per
cycle of harmonic motion. For reasonable levelsdamping, the loop area can be used to

calculate damping, as shown in equation:-

(1.7)

10



Force

Extension

Fig.1.9 Hysteresis loop [24]

1.5 BEAM [25]

A beam is a horizontal or vertical structural elaitdat is capable of withstanding load primarily
by resisting bending. The bending force induced the material of the beam as a result of the
external loads, own weight, span and external i@actto these loads is called a bending

movement.

Beams are traditionally descriptions of building @vil engineering structural elements, but
smaller structures such as truck or automobile é&gmqmachine frames, and other mechanical or

structural systems contain beam structures thalesigned and analyzed in a similar fashion.

1.5.1 Types of Beams

Beams are characterized by their profile (the sledpbeir cross-section), their length, and their
material. In contemporary constructions, beamgyguieally made of steel, reinforced concrete or
wood. One of the most common types of steel beatheid-beam or wide - flange beam (also
known as a "universal beam” or, for stouter sesti@ "universal column”). This is commonly

used in steel-frame buildings and bridges. Othenmmon beam profiles are the C- channels, the

hollow structural section beam, the pipe, and tigiea

11



Beams are also described by how they are suppo®epports restrict lateral or rotational
movements so as to satisfy stability conditionsvali as to limit the deformations to a certain
allowance. A simple beam is supported by a pin stpgat one end and a roller support at the
other end. A beam with a laterally and rotation&ihgd support at one end with no support at the
other end is called a cantilever beam. A beam sirappported at two points and having one end
or both ends extended beyond the supports is catleaverhanging beam. Fig.1.10 showing the

different types of beams.

cantilever simply supporied
with owverhang
simply supporied fixed or restralined

continuous

Fig.1.10 Different types of beams [23]

1.6 THEORY OF VIBRATION OF BEAMS

1.6.1 Timoshenko theory of Beams [32]

The Timoshenko beam theory was developed by Ulaaihorn scientist Stephen Timoshenko in
the beginning of the 20th century. The model tak&#® account shear deformation and
rotational inertia effects, making it suitable ttescribing the behaviour of short beams, sandwich
composite beams or beams subject to high-frequexcyation when the wavelength approaches
the thickness of the beam. The resulting equataf éth order, but unlike ordinary beam theory

- i.e. Bernoulli-Euler theory - there is also a@®t order spatial derivative present. Physically,

12



taking into accounthe added mechanisms of deformation effectivelyel®athe stiffness of tr
beam, while the result is a larger deflection undestatic load and lower predic eigen
frequenciedor a given set of boundary conditions. The lagffect is more noticeak for higher
frequencies as the wavelength becomes shortertrarsdthe distance between opposing s

forces decreases.

If the shear modulus of the beam material approachestin- and thus the beam becomes ri
in shear and if rotational inertiaffects are neglected, Timoshenko beam theory cges

towards ordinarypeam theon

Fig . 1.11Deformation of a Timoshenko beam. The normal rethtean amou &, =¢/(X)

which is not equal tale/ dx32]

In static Timoshenk beam theory without axial effects, the displacetsmef the beam ai

assumed to be given by

U, (x,¥,2) ==z¢(X)
u,(x,y,2=0

u, (X, y) = af(x) (1.8)

where (x,y,zjare the coordinates of a point in the beu,,u,,u, are the components of t|

displacement vectdn the three coordinate directio is the angle of rotation of the normal

the midsurface of the beam, ew is the displacement of the msaxface in th z-direction.

The governing equations are the follng uncoupled system ofdinary differential equatior
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%(EI 9y - qx.t)

dx
dw 1 d d
— =y -————(El _41/)
dx KAG dx dx (1.9)

The Timoshenko beam theory for the static casgusvalent to the Euler Bernoulli theory when
the last term above is neglected, an approximaliahis valid when

El
— o <<1
KL"AG (1.10)

where L is the length of the beam.
Combining the two equations gives, for a homogesdmmam of constant cross-section,

d*x El d?
El F=q(x)———(2:I
X KAG dx (1.11)

In Timoshenko beam theory without axial effectg thsplacements of the beam are assumed to
be given by:-

u (%Y, zt) =-zg(x t);u, (X, y,2t) =0 u, (X, ¥, 2t) = a(x,t) (1.12)

where (x,y,z) are the coordinates of a point in lleam,u,,u,,u, are the components of the

displacement vector in the three coordinate dioesti{// is the angle of rotation of the normal to

the mid-surface of the beam, andis the displacement of the mid-surface in thereation.

Starting from the above assumption, the Timoshdydam theory, allowing for vibrations, may

be described with the coupled linear partial déferal equations

0’w 0 ow
o qx ) = — [KAG(==2 -
e a(xt) ax[ (ax V)]
oy _o
ot ox

g 1Y)+ kac2?-y)
()4 ()4

(1.13)
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where the dependent variables argx,t), the translational displacement of the beam,
and¢/(x,t), the angular displacement. Note that unlike theeiEBernoulli theory, the angular

deflection is another variable and not approximétgthe slope of the deflection. Also,

= Qs the density of the beam material (but not thedr density).

= Ais the cross section area.
= Eis the elastic modulus
= G is the shear modulus.

= | is the second moment of area.
» K, called the Timoshenko shear coefficient, depemdthe geometry. NormallyK :g

for a rectangular section.

= ((xt) is a distributed load (force per length).
These parameters are not necessarily constants.

For a linear elastic, isotropic, homogeneous beboomstant cross-section these two

equations can be combined to give

@er@_(pHElm) 0'w . Jm a4w=q(xt)+
ox* ot? KAG’ 0x%0t> KAG at* '

pl 9%q  El 0°q

El
KAG 0t> KAG 0x* (1.14)

Further the above equation can be solved by applyie boundary conditions with the help of

numerical methods.

1.6.2 Euler Bernoulli Beam Theory [34]

Euler Bernoulli's Beam Theory also known as engiisegeam theory or classical beam theory is
a simplification of the linear theory of elasticityhich provides a means of calculating the load-
carrying and deflection characteristics of beantiscovers the case for small deflections of a

beam which is subjected to lateral loads onlys thus a special case of Timoshenko beam theory
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which accounts for shear deformation and is apiplecéor thick beams. It was first enunciated
circa 1750, but was not applied on a large scali tine development of the Eiffel tower and the
Ferris wheel in the late 19th century. Followingegl successful demonstrations, it quickly

became a cornerstone of engineering and an eratiles second industrial revolution.

Additional analysis tools have been developed siscplate theory and finite element analysis,
but the simplicity of beam theory makes it an intpot tool in the sciences, especially structural
and mechanical engineering.

Fig.1.12 This vibrating glass beam may be modeted @antilever beam with acceleration,
variable linear density, variable section moduggne kind of dissipation, springy end loading,

and possibly a point mass at the free end. [34]

The Euler-Bernoulli equation describes the relaiop between the beam's deflection and the

applied load:
d? d’w
— (Bl —) =
dx? ( dx? )=d (1.15)

The curvea(X) describes the deflection of the beam inzldérection at some position (the
beam is modeled as a one-dimensional objé€tis a distributed load, in other words a force per

unit length (analogous to pressure being a forreapea); it may be a function &f& or other

variables.
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Note thatE is the elastic modulus and thhts the second moment of arda.must be calculated
with respect to the centroidal axis perpendicutathie applied loading. For an Euler-Bernoulli

beam not under any axial loading this axis is dailee Neutral axis.
Often, El is a constant, so that:

d*w
El o =q(x)

(1.16)

This equation, describing the deflection of a umfpstatic beam, is used widely in engineering
practice. For more complicated situations the défie can be determined by solving the Euler-
Bernoulli equation using techniques such as thepésdeflection method”, "moment distribution
method”, "moment area method, "conjugate beam rd&tHhe principle of virtual work",

"direct integration”, "Castigliano's method", "Matay's method" or the "direct stiffness

method".

Sign conventions are defined here since differemventions can be found in the literature. In
this article, a right handed coordinate systenmseduas shown in the figure, Bending of an Euler-

Bernoulli beam. In this figure, the x and z direatiof a right handed coordinate system are
shown. Sinceg, * €, =€, whereg,,g,and e, are unit vectors in the direction of the x, y, anakes
respectively, the y axis direction is into the figu Forces acting in the positive andz
directions are assumed positive. The sign ofbidseding moment is positive when the torque
vector associated with the bending moment on tyle hand side of the section is in the positive
y direction (i.e. so that a positive value of Mdsao a compressive stress at the bottom fibers).
With this choice of bending moment sign conventionorder to haveM =QdX, it is necessary
that Q the sOhear force acting on the right side of #atisn be positive in the z direction so as to
achieve static equilibrium of moments. To have doeguilibrium with dQ=qdx, the loading
intensity must be positive in the minus z directipnaddition to these sign conventions for scalar
guantities, we also sometimes use vectors in wthiehdirections of the vectors are made clear

through the use of the unit vectors.

Successive derivatives af have important meanings wheteis the deflection in the z

direction:
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= wis the deflectior

. i—i’ is the slope of the bea

2
= M =-El d 62‘) is the bending moment in the beam.
X
2
. —di(El ?j ?) = Q Iis the shear force in the beam.
X X

The stresses in a beam can be calculated from libgeaexpressions after t

deflection due to a given load has been deternr

Fig.1.13 Bending of an Eer-Bernoulli beam. Each crosection of the beam is at 90 degree

the neutral axis. [34]

1.6.2.1 Boundary consideration

The beam equation contains a fo-order derivative inx. To find a unique solutic w(x,t) we

need four boundary conditions. The boundary coomtiusually mod support, but they can

also model point loads, distributed loads and madamethe supporter displacement bounda
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conditions are usetb fix values of displacemei(«w) and rotationsi—i) on the boundary. Such

boundary conditions are also ca Dirichlet boundary conditions.

Fixed End

Free End

Fig.1.14 A cantilever beam [34]

As an example considersantileve beam that is builta at one end and free at the «. At the
built-in end of the beam there cannot be any displaceprerdtation of the beam. This mee
that at the left end both deflection and slope zg®. Since no external bending momen
applied at the free end of the beam, the bendingient atthat location is zero. In addition,

there is no external force applied to the beamskigar force at the free end is also :

Taking thex coordinate of the left end O and the right end ak (the length of the bearr

these statements translatethe following set of boundary conditions (ass El is a constant):

W|o=0; %—le:O: 0 (fixed end) (1.17)
Vw, O free end 1.18
e 52 k=0 (free end) (1.18)

A simple support (pin or roller) is equivalent tgaint force on the beam which is adjustec
such a way as to fix the position of the beam at ploint. A fixed support or clamp, is equival
to the combination of a pat force and a point torque which is adjusted iohsa way as to fi
both the position and slope of the beam at thamtp&toint forces and torques, whether fr
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supports or directly applied, will divide a beantoim set of segments, between which the beam
equation will yield a continuous solution, giverufdoundary conditions, two at each end of the

segment. Assuming that the prodEtts a constant, and defining=F/ El whereF is the
magnitude of a point force, and=M/El whereM is the magnitude of a point torque, the
boundary conditions appropriate for some commoesaésgiven in the table below. The change

in a particular derivative off across the boundary a@ncreases is denoted iy followed by that

derivative. For exampledw =w (X+) —w (X-) wherew(x+) is the value ofw at the lower

boundary of the upper segment, wmé(x—) is the value ofw at the upper boundary of the
lower segment. When the values of the particulaivdgve are not only continuous across the
boundary, but fixed as well, the boundary conditisnwritten e.g.Aw =0 which actually

0w _ . 0'w_

constitutes two separate equations (ex{X-)=w(x+)= fixed). As Fv w, e :
X

Pw_ .

—-w.

ox°
BOUNDARY o W & @
Clamp A =0 Ae=0
Simple support Aw =0 Aw =0 Aw=0
Point force Aw = Aw =0 Aw =0 Aa=0
Point torque Acw =0 Aw =T Aw =0 Aa=0
Free end w =0 Aw =0
Clamp at end w fixed « fixed
Simply w =0 « fixed
supported end
Point force at Aq' =2 w =0
end
Point torque at Aw =0 wW=T
end

Table: 1.1 Point forces and torques are locateddsst two segments, there are four boundary
conditions, two for the lower segment, and twotfa upper. [34]
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1.7 CANTILEVER BEAMS [25]

Another important class of problems involves cangr beams. A system is said to be a
cantilever beam system if one end of the systengidly fixed to a support and the other end is
free to move. Cantilevers are widely found in camgion, in cantilever bridges and balconies . In
cantilever bridges the cantilevers are usuallytkasl pairs, with each cantilever used to support
one end of a central section. Another use of thatileser is in fixed-wing aircraft design,
Cantilevered beams are the most ubiquitous strestur the field of microelectro mechanical

systems (MEMS).A cantilever rack is a type of waxgde storage system.

An aircraft wing as a cantilever beam An atomic force probe

Cantilever Beam
Wings of a Stationary Alrcraft is a Cantilever Beam

~ Load on the Beam

A double overhang folding bridge

Fig. 1.15 Applications of cantilever beams [25]
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Vibration analysis of a cantilever beam systenmigartant as it can explain and t to analyse a
number of real life systentkere by helpful in makinglesign changes accordingly for the

efficient systems.

The bending momen(d1), shear forces(Q), and deflections & ) for a cantilever beam

subjected to a point load at the free end and #oumiy distrituted load are given in the figu

below:
Distribution Max. value
Cantilever beam with end loac "
P
M(z)=P(zx— L) My = PL 5 ] C
>
b \
Q(z) =P Umax = F

Fig. 1.16The bending momer (M) , shear force) , and deflectiong) for a cantilever

beam subjected to a point load at the free enchamdformly distributedoad[25]
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1.7.1 Theory of Free Vibration of Cantilever Beam$25]

For a cantilever beam subjected to free vibrateomj the system is considered as continuous
system in which the beam mass is considered asbdigtd along with the stiffness of the shaft,

the equation of motion can be written-as

dzr
dx?"

El (X) dj;(((zx)} = @ m(xX)Y (x) (1.19)

WhereE is the modulus of rigidity of beam materibljs the moment of inertia of the beam
cross-sectior¥(x) is displacement ilydirection at distance from fixed ende,is the circular
natural frequencym is the mass per unit length= pA(X) , p is the material densityx is the

distance measured from the fixed end.

Fixed suppart

Frae and

Fig.1.17 (a): A cantilever beam [30]
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A

Fig.1.17 (b): The beam under free vibration [30]

Fig.1.17 (a) shows of a cantilever beam with regtidar cross section, which can be subjected to
bending vibration by giving a small initial disp&moent at the free end; and Fig.1.17 (b) depicts

of cantilever beam under the free vibration.

Following are the boundary conditions for a cantlebeam (Fig.1.17)

at x=0,Y(x) =0,

() _ g (1.20)
dx

at x=1

d2y(x) _ - d3Y(x) _
e =05 =0
X X (1.21)

For a uniform beam under free vibration from eguef1.19), we get

Y0 _ gy (x =0 (1.22)
dx
2
with = “gm (1.23)

Using the boundary condition from Eq. (1.20) & Ef21), we obtain the frequency equation as
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cosB L+coshgL=-1 (1.24)

which must be solved numerically and it yields fimite of solutions of3, .

Corresponding to the eigen valuesBf the mode shapes for a continuous cantilever deam

given as

f.09 = Al(SING L -sinB L)(sinGx—sinhx) +(cogi L +costff L) (cogtx—costf X} ; s,

Where
n=123....,0and S L=a,

A closed form solution of the circular natural fuemcye, , from above equation of motion and
boundary conditions can be written as,

> | El

Che =0\ ® (1.26)

The Eq.(1.26) is satisfied by a number of valuegBgL corresponding to each normal mode of

oscillation, which for first three modes are giva-

a,=1.875, 4.694, 7.855
So,

First natural frequency

El
PAL

w, = 187%
(1.27)
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Second natural frequency

w, = 4698 | 5
PAL (1.28)

Third natural frequency

@, = 7858 |
PAL (1.29)

The natural frequency is related with the circulatural frequency as

wnf
fe = Hz
2m (1.30)

wherel, the moment of inertia of the beam cross-secfmma circular cross-section it is given as

| = —
(1.31)

Whereb andd are the breadth and width of the beam cross-seashown in the Fig. 1.18.
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Fig.1.18 Cross-section of the cantilever beam

fix) f

Y
(a) 'f/; - -H Fr—_=
m,
!'4' L ;1|
&
(o) Z RS - w, = (187517 [—EL
Z fx) me
Z Ny |_E
(c = - {4.694)2
: ﬂ fgfx]' e { } mt*
7 . N
- %/\_‘\\_;jﬂ - oy = (7.85512 E:

Fig. 1.19 The first three undamped natural fregie=nand mode shape of cantilever beam [30]
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1.8 FRF (Frequency Response Function)

The FRF (frequency response function) is the measiany system output spectrum in response
to an input signal. A linear system such as an SBO&1 MDOF, when subjected to sinusoidal
excitation will respond sinusoidally at the sameqfrency and at specific amplitude that is
characteristic to the frequency of excitation. Tptease difference b/w the response and the

excitation will vary with frequency.

The characteristics of a system that describeegiganse to excitation as the function of frequency
is the frequency response function. It is definedhe ratio of the output to the input as a functio
of frequency. Accelerometer measures the vibrdeeels at several points on the structure and
signal analyzer computes the FRF.

1.9 MODAL ANALYSIS [26]

Modal analysis is a worldwide used methodology #iliws fast and reliable identification of
system dynamics in complex structures. In thedastdes several methods have been developed
in quest to improve accuracy of modal models eschdrom test data and to enlarge the

applicability of modal analysis in industrial coxte

Structures vibrate in special shapes called modapesh when excited at their resonant
frequencies. A mode shape is the characteristicsrdation shape defined by relative amplitudes
of the extreme positions of vibration of a systemaasingle natural frequency. The modal
parameters are the natural frequencies, dampirasrahd modal masses associated with each of
the mode shapes. Under normal operating conditithes,structure will vibrate in a complex
combination of all the mode shapes. Modal analyefisrs to measuring and predicting the mode
shapes and frequencies of a structure.
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1.9.1 EXPERIMENTAL MODAL ANALYSIS

Experimental modal analysis is to identify the ma@gponse of an existing structure to help to
solve a vibration problem. Impact test or bump tesised in the experimental modal analysis.
Impact testing is a fast and low cost of findinge tnodes of machines and structures.
Experimental modal analysis consists of excitirggtructure with an impact hammer, measuring
the FRF between the excitation and many pointstroietsire and then using software to visualize
the mode shapes. Accelerometers measure the vibrdatvels at several points on the structure
and a signal analyzer computes the FRF. The staegtare divided into a grid pattern with

enough points to cover the entire grid structurée Thumber of measurements points is

determined by size and complexity of the structaurd the highest resonant frequency of interest.

Each FRF identifies the resonant frequencies of dfnecture and modal amplitudes of the
measuring grid point associated with FRF. The medaplitude indicates the ratio of vibration

acceleration divided by force input. The objectofemodal analysis is to understand the mode
shapes by visualizing the deformed geometry. Th& FRa fundamental measurement that
isolates the inherent dynamic properties of a mmichh The process of determining modal

parameters from experimental data involves sey#ases including:

* Modal analysis theory

» Experimental Modal Analysis Methods
* Modal Data Acquisition

* Modal Parameter Estimation

 Modal Data Presentation/Validation

Experimental modal analysis is a supportive tootht® study of various vibration problems. In

addition to verifying the theoretical results, #lps to study the actual dynamic behavior of a
structure away from idealization. Modal analysistie representation of the dynamic properties
of an elastic structure in terms of its modes ofation”. The elastic structure tends to bend, ttwis
and vibrate when subjected to an external dynaarwef The dynamic properties are also known

as the modal parameters which are unique for thetste. The modal parameters are:
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* Natural Frequency
* Damping Factor
* Mode Shape

The physical appearance of the three modal parasnestexpressed by the “way” the structure
behaves dynamically. When a structure vibrates @r&ain frequency, it will possess a unique
shape of motion known as the mode shape. At the dane, it dissipates the energy, absorbed
from the external force, at a rate known as the pdiagnfactor. The frequency at which the
structure may vibrate is the natural frequency.

The determination of the modal parameters is thyet&esolve the problem created such as noise,
excessive vibration, failure of mechanical systam tb fatigue etc. The modal parameters are
determined by two methods: Sine test method anduErey response function method as
described earlier.

1.10 OBJECTIVE OF THE PRESENT WORK

The objective of the thesis is to study:
» free vibration of a cantilever beam using Euler&iulli beam theory.
» the vibration characteristics of a cantilever beaade with different materials such as
mild steel , brass and aluminium.
» the natural frequencies and mode shapes of a @amtibeam and effect of different
parameters like thickness, length of the beamd$ieset Both theoretical and experimental

techniques are to be used and to estimate modadidgrior the fundamental mode.
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1.11 SCOPE OF WORK

To achieve the above objectives, the scope ofwhisk for the project generally involves the

following:

a) To build up the experiment test rig for testing.

b) To catch the signals of vibration using VIB SCANNIERobtain the natural frequency of
beams of different materials by varying the paramsetike thickness ,length etc. and
modal damping for the fundamental mode.

c) To compare the damping ratio of different matenaider different parameters.

d) To do the harmonic and structure analysis of beafrd#ferent materials using ANSYS.

1.12 OUTLINE OF THESIS

CHAPTER 2 is a presentation of previous studieked vibration techniques, material damping
technigues to measure damping of materials. Thdudies theoretical and experimental
investigations done by other investigators.

CHAPTER 3 is an experimental procedure and metlogyol

CHAPTER 4 describes experimental investigation.

CHAPTERS presents a description of finite elementaling in ANSYS. Harmonic analysis is

also included in this chapter.

CHAPTER 6 The experimental results and analysisgmed in details. The study of the results

in terms of the parameters is also presented.
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CHAPTER 2
LITERATURE REVIEW

A wealth of literature exists in the area of vilwas of beams but while going through the
literature regarding material damping of cantilebeams it has been figured out that still a lot of
work has to be done regarding it. Usually whenetedy of various materials has been done the
focus of researchers has been damping, mode shegsEsant frequency, etc. but material

damping have not been paid much attention. Someriauqt literatures are given below:

1. H H Yoo and S H Shin [4] Vibration analysis of a rotating cantilever beamars
important and peculiar subject of study in mechaniengineering. There are many
engineering examples which can be idealized asimgtaantilever beams such as turbine
blades or turbo engine blades and helicopter bldetesthe proper design of the structures
their vibration characteristics which are naturagtiencies and mode shapes should be
well identified. Compared to the vibration charast&cs of non rotating structures those
of rotating structures often vary significantly. el wariation results from the stretching
induced by the centrifugal inertia force due to tbitional motion. The stretching causes
the increment of the bending stiffness of the s$tm& which naturally results in the
variation of natural frequencies and mode shaphks. équations of motion of a rotating
cantilever beam are derived based on a new dynamieling method. With the coupling
effect ignored the analysis results are consisteith the results obtained by the
conventional modelling method. A modal formulatiorethod is also introduced in this

study to calculate the tuned angular speed ofaingt beam at which resonance occurs.

2. Mousa Rezaee and Reza Hassannejad [ldlerived a new analytical method for
vibration analysis of a cracked simply supportednbas investigated. By considering a
non linear model for the fatigue crack, the govegnéquation of motion of the cracked
beam is solved using perturbation method. The isnludf the governing equation reveals
the super harmonics of the fundamental frequenay tduthe nonlinear effects in the
dynamic response of the cracked beam. Furthernoamesidering such a solution, an

explicit expression is also derived for the systamping changes due to the changes in
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the crack parameters, geometric dimensions and anedi properties of the cracked

beam. The results show that an increase in thé& gawerity and approaching the crack
location to the middle of the beam increase théegsyslamping.

In order to validate the results, changes in thelfumental frequency ratios against the
fatigue crack severities are compared with thosexplerimental results available in the

literature. Also, a comparison is made betweerfrieresponse of the cracked beam with
a given crack depth and location obtained by tlop@sed analytical solution and that of
the numerical method. The results of the proposethod agree with the experimental

and numerical results.

. Chih Ling Huang,Wen Yi Lin,Kuo Mo Hsio[7] Rotating beams are often used as a
simple model for propellers, turbine blades, antels@ booms. The free vibration
frequencies of rotating beams have been extensstetlied. Rotating beam differs from a
non-rotating beam in having additional centrifugatce and Coriollis effects on its
dynamics. The natural frequency of the flap wisedieg vibration, and coupled lagwise
bending and axial vibrations investigated for tb&ating beam. A method based on the
power series solution is proposed to solve therahfrequency of very slender rotating
beam at high angular velocity. The rotating beamsubdivided into several equal
segments. The governing equations of each segmensaved by a power series.
Numerical examples are studied to demonstrate tweiracy and efficiency of the
proposed method. The effect of Coriolis force, daiguelocity, and slenderness ratio on
the natural frequency of rotating beams is investid. The Free vibration of the beam is

measured from the position of the steady statd dgfarmation.

. H.Ding,G.C. Zhang,LQ Chen[16]The axially moving beams has several applications,
including robot arms, conveyor belts, high-speedymetic tapes, and automobile engine
belt. Understanding the vibrations of axially mayimeams are important for the design of
the devices. Recent developments in research ailyaxnoving structures have been
reviewed. Natural frequencies of nonlinear coughahar vibration are investigated for
axially moving beams in the supercritical transgméed ranges. The straight equilibrium

configuration bifurcates in multiple equilibrium gtions in the supercritical regime. The
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finite difference scheme is developed to calcuthte non-trivial static equilibrium. The

equations are cast in the standard form of contiswgyroscopic systems via introducing a
coordinate transform for non-trivial equilibrium rdgguration. Under fixed boundary

conditions, time series are calculated via thadiniifference method. Based on the time
series, the natural frequencies of nonlinear planlaration, which are determined via
discrete Fourier transform (DFT), are compared Wl results of the Galerkin method
for the corresponding governing equations withaurtlimear parts. The effects of material
parameters and vibration amplitude on the natuejuencies are investigated through

parametric studies.

. Liao-Liang Ke,Jie Yang, Sritawat Kitipornchai,Yang Xiang[13]Free vibration  and
elastic buckling of beams made of functionally geanaterials (FGMs) containing open
edge cracks are studied in this paper based onshiemko beam theory. The crack is
modeled by a massless elastic rotational sprinig. dssumed that the material properties
follow exponential distributions along beam thickaealirection. Analytical solutions of
natural frequencies and critical buckling load abtained for cracked FGM beams with
clamped-free, hinged-hinged, and clamped-clampedsapports. A detailed parametric
study is conducted to study the influences of ci@defth, crack location, total number of
cracks, material properties, beam slenderness &t end supports on the free vibration

and buckling characteristics of cracked FGM beams.

M.Shavezipur,S.M. Hashemi[10] A set of differential equations governing triply
coupled vibrations of centrifugally stiffened beanasrefined dynamic finite element
(RDFE) method is developed. The application ofgheposed method is demonstrated to
obtain numerical results for several examples. Sofrinese results are compared with
those obtained from classical FEM and publishedilt®s As it was confirmed by
numerical results, the RDFE method is a reliablatem method with drastically higher
convergence rates compared to other numerical miethd@he RDFE can be
advantageously used when multiple natural freq@snand/or higher modes of the beam
structures are of interest. It is important to ntitat the method is not limited to the

equations introduced in this paper and can be dgtemo more advanced models which

34



may include more geometric and material couplingite Many aerospace and terrestrial
structures, such as aircraft wings, propeller IBadmlar panels and satellite antenna,
compressor, turbine and helicopter rotor bladeacepstructures, bridges, etc. can be
modelled as a combination of beam elements with twathree coupled governing

differential equations.

Michael | Frisswell,John E Mottershead[19] A Method is proposed for the
replacement of unknown stiffness with rigid coniats in two systems of equation from
a finite element model and from measured respams&ibns. The frequency response can
be determined from standard modal tests and naadgercing arrangements or physical
constraints are needed. The only use of constranteathematics where the physical
behaviour of constrained system is inferred from tinconstrained measurements and
predictions are obtained from constrained finiten@nt equations since stiffness which
are replaced by rigid connections can’t experieang elastic strain they can have no
effect on the inferred measurements from an elasticture. The method can be used to
determine erroneous connections in a finite elenmatel or to locate discrete non-

linearities. Simulated examples are used to ildstthe application of the technique.

Hamid Zabihi Ferezgi,Masoud Tahani,Hamid Ekhteraei Touss[15] This paper
presents an analytical investigation of the frd@ations of a cracked Timoshenko beam
made up of functionally graded materials (FGMs).iltassumed that the beam is
constructed of FGM materials with a power law vaoia of metal-ceramic volume
fraction. The perspective of wave method is adodt@dthe analysis. The method
considers the nature of the propagation and réflecdf the waves along the beam.
Consequently, the propagation, transmission andeatein matrices for various
discontinuities located on the beam are derivegdh&liscontinuities may include crack,
boundaries or change in section. By combining timestices a global frequency matrix is
formed. In order to investigate the effect of theaim’'s structural synthesis, different
natural frequencies are obtained and studied.

R. Lassoued, M. Guenfoud[8\n accurate procedure to determine free vibratiohs

beams and plates is presented. The natural fregpseare exact solutions of governing
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vibration equations witch load to a nonlinear hoemog system. The bilinear and linear
structures considered simulate a bridge. The dyndminavior of this one is analyzed by
using the theory of the orthotropic plate simplpgorted on two sides and free on the two
others. The plate can be excited by a convoy ofsteert or harmonic loads. The

determination of the dynamic response of the strestconsidered requires knowledge of
the free frequencies and the shape modes of winsatiThe formulation is based on the
determination of the solution of the differentigjuations of vibrations. The boundary

conditions corresponding to the shape modes péorfead to a homogeneous system.

10. Metin O Kaya[9]There has been a growing interest in the analysiseofree vibration
characteristics of elastic structures that rotaitd wonstant angular velocity. Numerous
structural configurations such as turbine, commessd helicopter blades, spinning
spacecraft and satellite booms fall into this catggA simple equation (known as the
Southwell equation), which is based on the Rayledglergy theorem to estimate the
natural frequencies of rotating cantilever beanasli& studies mainly focused on Euler
Bernoulli beams. However, due to the inclusion loéag deformation and rotary inertia
effects, Timoshenko beam theory is more accurad@ @uler Bernoulli beam theory.
Therefore, considerable research has been caruedrothe free vibrations of rotating
Timoshenko beams, recently. Recently, the Dynanifin8ss Method for a rotating
cantilever Timoshenko beam that is based on Freseseries expansion and claims its
superiority of finding more correct results. On titber hand, the advantage of the DTM

is its simplicity and high accuracy.

11.M.Shahidi,M.Bayat,|.Pakar,GR Abdollahzadeh[17]n this paper, the nonlinear
governing equation of tapered beams, attempt has beade to analyze the nonlinear
behavior of tapered beams analytically. The noalingoverning equation is solved by
employing the variational approach method (VAM) amghroved Amplitude-Formulation
(IAFF). Despite the increasing expenses of buildstigictures to maintain their linear
behavior, nonlinearity has been inevitable andedoee, nonlinear analysis has been of
great importance to the scientists in the fielde Thajor concern is to assess excellent

approximations to the exact solutions for the whalege of the oscillation amplitude,
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reducing the respective error of angular frequemcgomparison with the VAM and
IAFF. The effect of vibration amplitude on the noelr frequency is discussed. It is
predicted that there can be wide application of VAMI IAFF in engineering problems,

as indicated in this paper.

12.Sabah Mohammed Jamel Ali, Ziad Shakeeb Al-Sarraf[2]LA numerical solution to the
frequency equation for the transverse vibrationaobeam (Simply Supported with
symmetric overhang) is done. It is proposed twoitlilg cases of abeam with no
overhang, and no span. This agrees with the casebich the supports are at the nodal
Points of a freely vibrating beam. Also the numariesults compared with the analytical
solutions for this study are coincident. An appnoeaiion to the solution of the frequency
equation for beams with small overhang is preseateti compared with the numerical
solution. This approximation is quite useful toetatine a beam’s flexural stiffness (El),

or modulus of elasticity (E), by free vibratinga&imply supported beam.

13.W.L. LI[22] A simple and unified approach is presented foruibeation analysis of a
generally supported beam. The flexural displacemérhe beam is sought as the linear
combination of a Fourier series and an auxiliaryypamial function. The polynomial
function is introduced to take all the relevant cdistinuities with the original
displacement and its derivatives at the boundaaied the Fourier series now simply
represents a residual or conditioned displacemieat has at least three continuous
derivatives. As a result, not only is it always gibte to expand the displacement in a
Fourier series for beams with any boundary coonstj but also the solution converges at
a much faster speed. The reliability and robustnafsshe proposed technique are
demonstrated through numerical examples.

14.Gurgoze,H.Erol[5] The frequency response function is obtained thHroagformula,
which was established for the reacceptance matuiksorete systems subjected to linear
constraint equations. The comparison of the nurakrisults obtained with those via a
boundary value problem formulation justifies th@mach used here. Frequency response
is the quantitative measure of the output specwéim system or device in response to a
stimulus, and is used to characterize the dynamicthe system. It is a measure of
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magnitude and phase of the output as a functidreqtiency, in comparison to the input.
In simplest terms, if a sine wave is injected iatgystem at a given frequency, a linear
system will respond at that same frequency witlergaa magnitude and a certain phase
angle relative to the input. Also for a linear gyst doubling the amplitude of the input

will double the amplitude of the output.

15.JinsuoNie, Xing Wei[18] This paper is aimed at determining how materigietielent
damping can be specified conveniently in ANSYS imade superposition transient
dynamic analysis. A simple cantilever beam is aredyusing various damping options in
ANSYS. The mode superposition method is often deedlynamic analysis of complex
structures, such as the seismic Category | strestur nuclear power plants, in place of
the less efficient full method, which uses the fystem matrices for calculation of the
transient responses. In such applications, spatiic of material-dependent damping is
usually desirable because complex structures casistoof multiple types of materials
that may have different energy dissipation capidsli A recent review of the ANSYS
manual for several releases found that the use aiknmml-dependent damping is not
clearly explained for performing a mode superpositiransient dynamic analysis. This
paper includes several mode superposition translgnamic analyses using different
ways to specify damping in ANSYS, in order to detere how material-dependent
damping can be specified conveniently in a modeemgsition transient dynamic

analysis

16.Shibabrat Naik, Wrik Mallik[20] Studied of substantial importance in complaint
structures, now days ,are the dynamic parameters as the modal frequencies and
damping constant of their components. These pasameire the essential technical
information required in engineering analysis angiglie In addition this information is
needed for numerical simulations and finite elenmantleling to predict the response of
structures to a variety of dynamic loadings. Irs twork, experimental modal testing of a
cantilever beam has been performed to obtain thiersbapes, modal frequencies and the
damping parameters. A fast fourier transform aralyPULSE lab shop was used to

obtain the frequency response functions and sulsegxtraction of modal data was
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performed using ME’s scope. These modal parameterse then checked using finite
element analysis software, ANSYS which were foumadamply with the experimental
results. The range of applications for modal dataast and includes checking modal
frequencies, forming qualitative descriptions ofe ttmode shapes as an aid to
understanding dynamic structural behaviour forlitewshooting, verifying and improving
analytical models. It is with this objective thhetexperimental method was standardized
and thus the mathematical model can be updatdukefurt

The experimental methods include obtaining the pREs from a cantilever beam and
then using the ME’s scope to obtain the variousspafrthe FRF plots like the magnitude,
phase, real, imaginary. Then the modal data walyzsthto obtain different parameters
which were further compared with the model devetbipeANSYS.

17.D.Ravi Prasad[11Modal analysis is a process of describing a strecim terms of its
natural characteristics which are the frequencypmiag and mode shapes —its dynamic
properties. The change of modal characteristicectdy provides an indication of
structural condition based on changes in frequsenaiel mode shapes of vibration. This
paper presents results of an experimental mod&ysisaf beams with different materials
such as steel, brass, copper and aluminum. The sh@sere excited using an impact
hammer excitation technique over the frequency eawfginterest, 0-2000 Hz. Response
functions were obtained using vibration analyzere TFRFs were processed using NV
solutions modal analysis package to identify natdraquencies, damping and the

corresponding mode shapes of the beam.
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CHAPTER 3

GENERAL PROCEDURE & EXPERIMENTAL SETUP

3.1 INSTRUMENT SETUP

The experiment test rig was build in the vibratiab at Baba Banda Singh Bahadur Engg.
College, Fatehgarh Sahib under the supervisionssistant Prof. Sanjiv Kumar. The instruments
used in the testing are shown in Fig. 3.1 and Big. The experimental vibscanner system
consists of three main components; (i) portablea datllectors (ii) accelerometer (iii) data
acquisition system. The vibscanner is used fordilgnosis and recording of conditions of test
specimens. The accelerometer is used to converndahanical motion of the structure into an
electrical signal. The data acquisition systemdeduto convert the analog signals into digital

format. Software called OMNITREND is then used xe@ute signal processing and analysis.

3.2 VIBSCANNER DETAIL

VIBSCANNER is a measuring instrument for the diagjs@nd recording of machine conditions.
The transducers required for this are already rated so that the time consuming task of
changing to different transducers and cables i®mger necessary.

VIBSCANNER is also a data collector. You can usw itransfer the stored measurement results
to your PC. The OMNITREND software processes the dad checks whether any limits have
been exceeded. For the visualization, the datade@ayed graphically in a diagram (trend,
spectrum, time signal). A comprehensive report fiomc supports the documentation and

archiving of the machine data acquired.

Together with the VIBCODE transducer, the VIBSCANRIEecognizes the measurement
location number absolutely safely and reliably gsiforms the necessary measurement tasks

virtually independently.
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WAL

Fig 3.1 VIB SCANNER

Fig. 3.2 Accelerometer [35]

Key features

+ Built-in transducers for
- Vibration velocity / acceleration / displacement
- Bearing condition (shock pulse)

- RPM, temperature, cavitations
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Almost any type of transducer can be connecteddntirvoltage, displacement, ICP)

Measurement / Input of process parameters

(e.g. continuous flow rate)

Evaluation of the measurement results relativeamwg/alarm thresholds (ISO)

Shockproof, waterproof enclosure (IP 65)

Intrinsic safety is available as an option.

1x analog:
- Vibration sensors (Current Line Drive
- CLD, ICP)

- Instrument outputs (AC & DC)
1x digital:

Channels - Trigger (TTL)

Built-in sensors:

- Vibration, Shock pulse & Pump
cavitation

- Temperature

- RPM

Displacement: 9,000 um (p-p)
Velocity: 9,000 mm/s (p-p)
Acceleration: 6,000 m/s? (p-p)
Meas. Range RPM: 60 .. 60,000 rpm
Temp.: -50 .. +100°C

Low signal voltage: + 30V

Low signal current: £ 20mA
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Dynamic range

60 dB

F max 10 kHz

Max. FFT lines 6,400

Memory 512 MB

Prot. Class IP 65

Display LCD, pixel, backilit
Supply Rechargeable battery

Table 3.1 Technical Specifications [35]

ALUMINIUM

Flexural Member Beam
Material Aluminium
Length 690,500 mm
Width 25.4 mm
Depth 6,3 mm
Boundary Condition | Cantilever
Mass Density 2700 kg/mi
Modulus of Elasticity | 69-70 GPa
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3.3 DESCRIPTION OF SPECIMENS (CANTILEVER BEAMS)

BRASS
Flexural Member Beam
Material Brass
Length 690,500 mm
Width 25.4 mm
Depth 6,3 mm
Boundary Condition | Cantilever
Mass Density 7037 kg/m
Modulus of Elasticity | 103.4GPa




MILD STEEL

Flexural Member Beam
Material Mild Steel
Length 690,500 mm
Width 25.4 mm
Depth 10,6 mm

Boundary Condition | Cantilever

Mass Density 7850 kg/m
Modulus of Elasticity | 200 GPa

Table 3.2 Geometric and material properties fortéisé specimens

3.4 EXPERIMENTAL PROCEDURE & TEST METHODOLOGY

Free vibration is conducted on the test specimerabtain its dynamic characteristics including
natural frequencies and damping ratios. The beamlaimped on the table with the help of
clamping device arrangement. The impact is apfliedtriking the free end of the test specimen (
horizontally mounted ,slender, uniform cross sextid.S., Brass, Aluminium(6063), cantilever
beam) on the table with one end fixed has dimess{6A80 mm x 25.4 mm x 6 mm ),(690 mm x
25.4 mm x 3 mm),(500 mm x 25.4 mm x 6 mm),( 500 mr25.4 mm x 3 mm) as shown in

Figure(3.3) by using a mallet.

Fig 3.3 Experimental Set Up
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During free vibrations, the dynamic responses of team are measured through the
accelerometer as shown in fig. 3.2. For this tds, location of accelerometer at free end is
carried out in order to extract the signals of ailom. The layout of the sensors on the test
specimen is depicted in Fig. 3.3. The verticallyumed accelerometer at free end is used
primarily for measuring the response in terms afeteration. A data acquisition system i.e.
vibscanner is used to store the record data antsféia measured data to the pc for post
processing. Frequency response functions (FRFs} wletained using vibscanner software and

were processed using OMNITREND Solutions analysigléntify natural frequencies, damping

and the corresponding mode shapes of the beams.

Fig. 3.4 Omnitrend Software used for generatirgcspm of signals catched during vibration

3.4.1 Measurement procedure

1. A beam of a particular material (mild steel, bragdaminium), dimensions( L, w, d)
was used as a cantilever beam

2. The fixed end was made by fixing the beam withhbkk of clamp (bolt is attached)
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fixed on the table.
. The connections of the vibscanner, accelerometes m®@perly made.
. Accelerometer was placed at the free end of thdileaar beam, to measure the

vibration response.

. The free end of a cantilever beam was struck wittvaden mallet and beam starts

vibrating.

All the data was recorded obtained from the vibhgatbeam with the help of
vibscanner as accelerometer is attached to it.

. The experiments were repeated to check the repkgtalb the experimentation ( i.e.
vibration data).

Repeat the whole experiment for different matebyalchanging the parameters i.e.
length & thickness.

The whole set of data was recorded and then tke wlas imported into the PC ,

further processing and analysis was done using OMEND software.
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CHAPTER

EXPERIMENTAL INVESTIGATION

The experimental set up was build in the vibratiao at B.B.S.B. Engineering College. Free
vibration is conducted on the test specimens t@iobits dynamic characteristics i.e. natural
frequencies and damping ratios. During free vibragj the dynamic responses of the beam are
measured through the accelerometer. The accelezonseplaced at the free end to extract the
signals of vibrations and import the data into PRF (Frequency response function) i.e spectrum
or graphs were obtained.

Data for the free vibration characteristics hasnbden for first mode i.e. fundamental mode at
the free end of the cantilever setup. The dampatip was also calculated with the help of half
power bandwidth method.

4.1 NOTATIONS USED FOR SPECIMENS

The notations used for specimens of different dsiers are following:-

SPECIMEN DIMENSION NOTATION
1) MILD STEEL 690mm X 25.4mm X 6mm MS1
690mm X 25.4mm X 3mm MS2
500mm X 25.4mm X 6mm MS3
500mm X 25.4mm X 3mm MS4
2) ALUMINIUM 690mm X 25.4mm X 6mm AL1
690mm X 25.4mm X 3mm AL2
500mm X 25.4mm X 6mm AL3
500mm X 25.4mm X 3mm AL4
3) BRASS 690mm X 25.4mm X 6mm BR1
690mm X 25.4mm X 3mm BR2
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500mm X 25.4mm X 6mm BR3

500mm X 25.4mm X 3mm BR4

Table 5.2 Notations used for different specimens

The graphs have been plotted between excitatioquémcy and amplitude in terms of

displacement are as given below:-

4.2 VIBRATION CHARACTERSTICS OF BRASS BEAMS BY VARY ING
LENGTH AND THICKNESS

The Vibration characteristics (natural frequencyd&mping ratio) of brass beam of length
(690mm, 500mm) and thickness (6mm, 3mm) and cohstadth (25.4mm) have been
determined by spectrum graphs between amplitudeenms of displacement and excitation

frequency. Damping ratio is calculated with thephafl half power bandwidth method.

The FRFs obtained using omnitrend software fordbesmm of same length i.e. 690 mm and

different thickness i.e. 6 mm & 3 mm using vibsoaninas been shown in the figures 4.1 to 4.4.
This shows that variation of amplitude in termglsplacement with respect to excitation
frequency for brass beam in vertical direction bglgzing the displacement signals from aligned

accelerometer.

The peak value shows maximum amplitude in terngisglacement corresponding to

fundamental natural frequency i.e. resonant frequen
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Fig.4.1 Vibration Characteristics of BR1 beam

From fig 4.1 the natural frequency correspond$iéopteak response can be seen to be 5.9 Hz.

The half power points where the response amplitsidgual to .707 times the peak response

can be identified agy= 6 Hz andw,= 5.5 Hz.

From analysis point of view resonant frequency oesp amplitude is very important. Since, the
output can be viewed as frequency response fundtience output response can be considered
for analysis of damping for first mode. Hence thenging of specimen made up of brass

corresponding to natural frequency 5.9 Hz is 0.042.
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RPM : 1800 (30.00Hz)
M(x) : 30.00 Hz (1.00 Orders)
34 M(y): 0.00 ym

Fig.4.2 Vibrati€haracteristics of BR2 beam

The half power points where the response amplitsiégual to .707 times the peak response
can be identified a&, = 2.4 Hz andw, = 3.8 Hz as shown in fig 4.2

The natural frequency corresponds to the peak nsgpcan be seen to be 3.3 Hz. Hence the

damping of specimen made up of brass correspondingtural frequency 3.3 Hz is 0.111.

RPM : 1800 (30.00H2)

Fig.4.3 Vdbion Characteristics of BR3 beam
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In fig 4.3 the natural frequency corresponds ®ghak response can be seen to be 10.8 Hz. The
peak response can be identifiedcgs 2.4 Hz andw, = 3.8 Hz. Hence the damping of specimen

made up of brass is 0.018.

30 RPM : 1800 (30.00Hz)
M(x) : 29.75 Hz (0.99 Orders)
M(y) : 0.02 ym

Fig.4.4 Vibration Cheteristics of BR4 beam

The peak response can be identifiedygs 5.2 Hz andw, = 5.8 Hz as shown in fig 4.4. The

natural frequency corresponds to the peak respmarsbe seen to be 5.5 Hz. Hence the damping
of specimen made up of brass corresponding toaldtequency 5.5 Hz is 0.054.

4.3 VIBRATION CHARACTERSTICS OF ALUMINIUM BEAMS BY
VARYING LENGTH AND THICKNESS

The Vibration characteristics (natural frequencyl@nping ratio) of aluminium beam of length
(690mm, 500mm) and thickness (6mm, 3mm) and cohsgiaith(25.4mm) have been determined
by spectrum graphs between amplitude in terms splatement and excitation frequency.
Damping ratio is calculated with the help of hadiner bandwidth method.
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RPM : 1800 (30.00Hz)
M(x) : 29.75 Hz (0.99 Orders)|
M(y): 0,00 ym

Fig.4.5 Vibration Characteristics of AL1 beam

The peak value shows maximum amplitude in terngisglacement corresponding to
fundamental natural frequency i.e. 6.5 Hz. The palfrer points where the response amplitude is

equal to .707 times the peak response can be fieedis «, = 6.0 Hz andw, = 6.9 Hz as shown

in fig 4.5. Hence the damping of specimen madefigluminium corresponding to natural

frequency 6.5 Hz is 0.039.
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Fig.4.6 Vibration Characteristics of AL2 beam
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In fig 4.6 the peak value shows maximum amplitudeerms of displacement corresponding to

fundamental natural frequency i.e. 2.5 Hz. The peakonse can be identified as= 2.4 Hz and

w,= 2.9 Hz. Hence the damping of specimen made @tuafinium is 0.08.
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Fig.4.7 Vibration Characteristics of AL3 beam

The half power points where the response amplitsiégual to .707 times the peak response
can be identified agy= 10.8 Hz andw, = 11.2 Hz as shown in fig 4.7.

From analysis point of view resonant frequency oesp amplitude is very important. Since, the
output can be viewed as frequency response fundtdence output response can be considered
for analysis of damping for first mode. Hence thenging of specimen made up of aluminium

corresponding to natural frequency 11 Hz is 0.017.
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s M) : 001 ym

Fig.4.8 Vibration Characteristics of AL4 beam

In fig 4.8 the peak value shows maximum amplitudeerms of displacement corresponding to
fundamental natural frequency i.e. 3 Hz. From agialgoint of view resonant frequency response
amplitude is very important. Since, the output barviewed as frequency response function
.Hence output response can be considered for amalydamping for first mode. The peak

response can be identified as= 2.4 Hz andw, = 2.9 Hz. Hence the damping of specimen made

up of aluminium corresponding to natural frequeBdyz is 0.033.

4.4 VIBRATION CHARACTERSTICS OF MILD STEEL BEAMS BY
VARYING LENGTH AND THICKNESS

The Vibration characteristics (natural frequencyd&mping ratio) of mild steel beam of length
(690mm, 500mm) and thickness (6mm, 3mm) and cohsgitaith(25.4mm) have been determined

by spectrum graphs between amplitude in termssgfi@cement and excitation frequency.
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Fig.4.9 Vibration Characteristics of MS1

In fig 4.9 the peak value shows maximum amplitudeerms of displacement corresponding to

fundamental natural frequency i.e. 8.5 Hz. The peakonse can be identified as= 8.3 Hz and

«,= 8.9 Hz. Hence the damping of specimen made unpildfsteel is 0.069

600 RPM : 1800 (30.00H2)
M(x) : 99.75 Hz (3.33 Orders)
580 M():002
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Fig.4.10 Vibration Characteristics of MS2
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In fig 4.10 the peak value shows maximum amplitudierms of displacement corresponding to
fundamental natural frequency i.e. 2.7 Hz and thiput can be viewed as frequency response
function .Hence output response can be considereahflysis of damping for first mode. The

peak response can be identifiedcgs 2.5 Hz andw,= 3 Hz. Hence the damping of specimen

made up of mild steel corresponding to naturaldesgry 2.7 Hz is 0.212.

Fig.4.11 Vibration Characteristics of MS3

The peak value gives maximum amplitude in termdigflacement corresponding to
fundamental natural frequency i.e. 15.5 Hz as shioviig 4.11. This graph is not giving the

exact readings due to experimental limitations. fféak response can be identifiedcas 14 Hz

and «,= 16 Hz. Hence the damping of specimen made upldfsteel is 0.064.
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Fig.4.12 Valbion Characteristics of MS4

In fig 4.12 the peak value shows maximum amplitudierms of displacement corresponding to
fundamental natural frequency i.e. 6 Hz. From agialgoint of view resonant frequency response
amplitude is very important. Since, the output barviewed as frequency response function.
Hence output response can be considered for apalydamping for first mode. The peak
response can be identified ag= 5.8 Hz andw, = 6.2 Hz. Hence the damping of specimen made

up of mild steel corresponding to natural frequeé¢yz is 0.083.

4.5 CALCULATION OF DAMPING RATIO ( ¢)

The Damping ratio is a parameter, usually denoted (zeta) provides a mathematical means of
expressing the level of damping in a system regativcritical damping.

Damping of specimens made up of different mater{alsiss,aluminium and mildsteel) was
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calculated with the help of half power bandwidthtinogl .
4.5.1 HALF POWER BANDWIDTH METHOD

The damping value is calculated as:

(=t
“h (4.4)

where w, and ¢y are the frequencies corresponding to the half pgegts which are defined at
which the response amplitude is 0.707 times thenast response amplitude anmd is the

resonant frequency. The damping of specimens mpd# different materials calculated by this

methods are as following:-

S. Specimens Experimental | ¢ (Half power
NO. (w,) Hz bandwidth)
1. MS1 8.5 0.069
2. MS2 3.5 0.212
3. MS3 15.5 0.064
4. MS4 6 0.083
5. AL1 6.5 0.039
6. AL2 2.5 0.08
7. AL3 11 0.017
8. AL4 3 0.033
9. BR1 5.9 0.042
10. BR2 3.3 0.111
11. BR3 10.8 0.018
12. BR4 5.5 0.054

Tabl@ &£valuation of damping ratio
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CHAPTER 5

HARMONIC ANALYSIS IN ANSYS AND THEORETICAL
CALCULATIONS

5.1 INTRODUCTION

ANSYS is engineering simulation software basedhanfinite element method and is capable of
performing static (stress) analysis, thermal amglysodal analysis, frequency response analysis,
transient simulation and also coupled field analydihe ANSYS multiphysics can couple

various physical domains such as structural, theama electromagnetic.

5.2 ELEMENT TYPE

A beam 2 node 188 is used to model the specimewn. Aades are required for this element.
Each node has three degrees of freedom-translatiahe nodal x and y direction and rotation
about the nodal z axis.

5.3 MATERIAL PROPERTIES

MODULUS OF

SPECIMENS DENSITY(kg/m® | ELASTICITY(Pa) | POISSON’s RATIO
Mild Steel 7850 2¢e" 0.3
Aluminium 2700 7€ 0.33

Brass 7037 1.03€" 0.34

Table: 5.1 Mastproperties of specimens
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5.4 GEOMETRY

For the load deflection curve the beam was analgsedeformation controlled analysis. Value
of displacement in y direction at support nodesengsed to create the support. Fig.5.1 shows

the boundary condition for a typical model.

Fig.5.1 Analysis of a beam

5.5 HARMONIC ANALYSIS

The harmonic analysis is performed in ANSYS to fihd natural frequency of first mode and to
plot the graph between frequency and displaceniemere are three steps involved in full

harmonic response analysis of a structure. Theps stre:

® Building the model
* Applying loads and constraints

® Reviewing the results

After building model the following steps are invetvin harmonic analysis:-
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1. APPLYING LOADS AND CONSTRAINTS

* Open up the Solution Menu, and select New AnalysisHarmonic .Click on Analysis
Options... The following window will open showiniget methods available for harmonic

analysis. Select Full.

Harmonic Analysis

Fig.5.2 Harmonic analysis options

« Applying constraints: Click Apply -> Displacement On Nodes and click on the node

at x=0. Constrain all the degrees of freedom atriode.

Fig.5.3 Applying U, ROT on nodes
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Applying Loads: From the Apply menu, click on Foidement -> On Nodes and click
the node at x=1. Apply a load in the Y directionthwa real value of 100 and an
imaginary value of 0.

For harmonic analysis we can observe the structesgionse to a load over a range of
frequencies. To do this, select Time/Frequencywelbe -Load Step Opts- (Solution
Menu). Select Freq & Substeps... and specify augaqy range of 0 - 100Hz with 100

substeps.

Fig. 5.4 Harmonic Frequency and Substep Options

By doing this the beam is subjecting to loads Biz12 Hz, 3 Hz, ..... 100 Hz. A stepped
boundary condition (SBC) is specified as this wilsure that the same amplitude (100 N)

will be applied for each of the frequencies.

The ramped option, on the other hand, would ramphepamplitude where at 1 Hz the
amplitude would be 1 N and at 100 Hz the amplitwdeld be 100 N.
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Aplply F/M on Nodes

Fig.5.5 Applying F/M on nodes

2. REVIEWING THE RESULTS

* Use Time History Post Processing (POST26). POST &tainly used to observe certain
variables as a function of either time or frequency

+ Enter POST26 by selecting TimeHistory Postprocgsom the ANSYS Main Menu.

By default, Variable 1 is assigned either Timd=cgquency. In our case it will be assigned
frequency . The displacement UY at the node at wa#iich is node #2. (To get a list of nodes
and their attributes, select List -> nodes fromUtiéity Menu).

« Select Define Variables... and the following windskould pop up.

Defined Time-History Yariables

Fig.5.6 Time-history variables
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« Select Add.. from this window and the following wow should appear

Add Time-History Variable

Fig.5.7 Time history variables

« The following dialog box will open up. Enter valuas shown below (note UY has been

selected).

Fig. 5.8 Nodal data

* Note that by default ANSYS names variable numbeas I'ime, whether the variable is

time or frequency.

+  Now plot UY vs. frequency. To do this select Grafdriables.. and select variable 2 as

the first variable to plot.
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A harmonic analysis yields solutions of time-depamdequations of motion associated with
linear structures undergoing steady-state vibrafi@nthis end , all displacements are assumed to
vary with different frequencies. The analysis isfpened on beams of different materials (mild
steel, aluminium, brass) by varying their lengthd ghickness. The following graphs were
obtained from harmonic analysis as shown in fig5 2D

1
POSTZ6

AMPLITUDE

Uy =2

Fig.5.9 FRF graph of MS1

Dynamic Analysis

Fig.5.10 FRF graph of MS2
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1
POST26

AMPLITUDE

Dynamic Analysis

Fdl1l FRF graph of MS3

POSTZ6

IMPLITUDE
U

Dynamic Analysis

Fig.5.12 FRF graph of MS4
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1
POSTZ26

AMPLITUDE

Dynamic BAnalysis

Fig.5.13 FRF graph of AL1

Dynamic Analysis

Fig.5.14 FRF graph of AL2
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1
POSTZ6

IMPLITUDE

Dynamic Analysis

Fig.5.15 FRF graph of AL3

1
POSTZ26

AMPLITUDE

Uy

Dynamic Analysis

Fig.5.16 FRF graph of AL4
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1
POSTZ26

LMPLITUDE

Dynamic Analysis

Fid3 FRF graph of BR1

Dynamic Analysis

Fig.5.18 FRF graptB&2
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1
POSTZ26

AMPLITUDE
Uy 2

Fig.5.19 FRF graph of BR3

S

Fig.5.20 FRF graph of BR4

Fig. 5.9-5.20 shows the FRF (Frequency Responsetibn) plots between displacement and

frequency of different specimens with different dmsions. These graphs are plotted by

harmonic analysis done in ANSYS. From these grayaltgral frequency was calculated. This is
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basically theoretical modal analysis done in ANSYS.

5.6 THEORETICAL CALCULATIONS

All the calculations used to find the natural freqay and damping ratio are as following:-

5.6.1 Natural frequency

For calculating natural frequency, first of all@aate stiffness i.e. K which is given by:-

_ SEl

K 3
L (5.1)

After this calculate the mass of beam from itsefisions. This is calculated by a factor which is
multiplied with the dimensions of a beam. This nplying factor i.e. density{g—s) is different
cm

for different materials as given in the table below

S.NO.| SPECIMENS | MULTIPLYING FACTOR
1. MILD STEEL 7.8
2. ALUMINIUM 2.6
3. BRASS 8.5

Table 5.2 Multiplying factor of differeapecimens to calculate mass

Thus calculate mass of the beams with differentedsions. Then calculate the natural

frequency with the formula:-

w =i K Hz (5.2)
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The natural frequencies calculated by this methwtl tay harmonic analysis are given below in
the table:-

S.NO| SPECIMENS| m = IXbXtXp « - 3E THEORETICAL UNDAMPED
L’ FREQUENCY(Hz)| FREQUENCY
1 [K (HARMONIC
“=om\m ANALYSIS) (Hz )
1. MS1 0.82 835.0 5.08 10.00
2. MS2 0.41 104.3 2.53 5.00
3. MS3 0.59 2194.56 9.71 20.00
4. ALL 0.273 202.2 5.20 10.00
5, AL2 0.136 36.53 2.60 4.00
6. AL3 0.198 768.04 10.12 20.00
7. AL4 0.09 96.01 5.20 10.00
8. BR1 0.89 431.71 3.50 8.00
9. BR2 0.44 53.96 1.76 3.00
10. BR3 0.64 11345 6.70 13.00
11. BR4 0.32 141.8 3.35 7.00

Table 5.3 Natural frequency (theoretical Aarmonic analysis) of different specimens
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CHAPTER 6
RESULTS AND DISCUSSION

The objective of the present work is to comparentiieiral frequencies and damping of different
structural materials i.e. mild steel, aluminium dndss. In the present study the observations
have been taken to calculate damping ratio foreckfit materials by varying the length and

thickness of materials and constant width at fregyeanges from 0 to 100 (Hz).

Data for the free vibration characteristics hasbia&en for first mode i.e. fundamental mode at
the free end of the cantilever setup. The grapke baen plotted between excitation frequency

and amplitude in terms of displacement.

The natural frequencies and damping ratio are ohitexd based on frequency response spectrum

obtained by analyzing the acceleration signals ftieenbeam as the response data.

The natural frequencies (only for fundamental mode}the specimens are identified as the

frequencies corresponding to peaks present inFfiespectrum.

6.1 NATURAL FREQUENCY

The natural frequencies of different specimenssdraluminium and mild steel) of different
dimensions by varying their length and thicknessciviwere calculated experimentally and
theoretically are compared with each other andlteswe discussed and shown with the help of
bar charts as following:
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Fig.6.1 Comparison of experimental and theoretiealiral frequency of BR1 and BR2
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Fig.6.2 Comparison of experimental and theoretiedliral frequency of BR3 and BR4
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Fig.6.3 Comparison of experimental and theoretiedliral frequency of BR1 and BR3
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Fig.6.4 Comparison of experimental and theoretiealiral frequency of BR2 and BR4
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Fig.6.5 Comparison of experimental and theoretiedliral frequency of AL1 and AL2
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Fig.6.6 Comparison of experimental and theoretiedliral frequency AL3 and AL4
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Fig.6.7 Comparison of experimental and theoretealiral frequency of AL1 and AL3
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Fig.6.8 Comparison of experimental and theoretiedliral frequency of AL2 and AL4
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Fig.6.9 Comparison of experimental and theoretiedliral frequency of MS1 and MS2
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Fig.6.10 Comparison of experimental and theoretiealiral frequency of MS3 and MS4
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Fig.6.11 Comparison of experimental and theoretiedliral frequency of MS1 and MS3
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Fig.6.12 Comparison of experimental and theoretiedliral frequency of MS2 and MS4
As seen from the experimental investigation andrtiecal analysis the natural frequency

decreases as the decrease in thickness for theleagth of beams of different materials. But

decrease in length increases the natural frequeintye beams.
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6.1.1 COMPARISON OF EXPERIMENTAL AND THEORETICAL
FUNDAMENTAL

NATURAL

DIFFERENT MATERIALS

FREQUENCIES OF

BEAMS OF

The modal frequencies (Hz) for different beam Speations are compared as below:

Material Beam Frequency(by | Frequency(by | Percentage

dimensions theoretical experimental | of error
method) method)

Aluminium 690mm x 25.4mm X 5.20 6.5 20%
6mm

Brass 690mm x 25.4mm X 3.50 5.9 40.67%
6mm

Mild steel 690mm x 25.4mm X 5.08 8.5 40.23%
6mm

Table: 6.1 Comparison of fundamentadjérencies of beams of thickness 6mm

Material Beam Frequency(by | Frequency(by | Percentage

dimensions theoretical experimental | of error
method) method)

Aluminium 690mm x 25.4mm X 2.6 2.5 3.84%
3mm

Brass 690mm x 25.4mm X 1.76 3.3 46.66%
3mm

Mild steel 690mm x 25.4mm X 2.53 3.5 27.71%
3mm

Table: 6.2 Comparison of fundamental frequencidseaims of thickness 3mm
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Material Beam Frequency(by | Frequency(by | Percentage

dimensions theoretical experimental | of error
method) method)

Aluminium 500mm x 25.4mm X 10.12 11 8%
6mm

Brass 500mm x 25.4mm X 6.70 10.8 37.96%
6mm

Mild steel 500mm x 25.4mm X 9.71 15.5 37.35%
6mm

Table: 6.3 Comparison of fundamental frequencidseaims of length 500mm & thickness 6mm

Material Beam Frequency(by | Frequency(by | Percentage

dimensions theoretical experimental | of error
method) method)

Aluminium 500mm x 25.4mm X 3.14 3 4.45%
3mm

Brass 500mm x 25.4mm X 3.35 5.5 39.09%
3mm

Mild steel 500mm x 25.4mm X 1.61 6 73.16%
3mm

Table: 6.4 Comparison of fundamental frequencidseaims of length 500mm & thickness 3mm
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Fig.6.13 Comparison of theoretical determined ratinequencies of three specimens
(690mm X 25.4mm X 6mm) (690mm X 25.4mm X 3mm)
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Fig.6.14 Comparison of experimentally determinetdirad frequencies of three specimens
(690mm X 25.4mm X 6mm) (690mm X 25.4mm X 3mm)
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NATURAL FREQUENCY(Hz)
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Fig.6.15 Comparison of theoretical determined ratinequencies of three specimens
(690mm X 25.4mm X 6mm) (500mm X 25.4mm X 6mm)

From fig.6.14 it can be seen from the experimeat #teel and aluminium has higher natural
frequency in comparison with brass. The reasonddcba of higher stiffness hence in turn
higher elastic modulus. Fig.6.13-6.14 comparesrabfuequency of three specimens of same
length and same width but different thickness. Asnsfrom the theoretical and experimental
values of natural frequencies for the first fundataemode in the above tables, the effect of
thickness variates the natural frequency. In calsdeam of thickness 3mm, the natural
frequency reduces for all the three materials mgarison with beam of thickness 6mm.The can

be accounted to be lower moment of inertia whicults in lower stiffness value.

Fig.6.15 compares natural frequency of three spmtsnof same width and same thickness but
different length. As seen from the theoretical arderimental values of natural frequencies for
the first fundamental mode in the above tables,dffiect of length also variates the natural
frequency. In case of beam of length 500mm, therakfrequency increases for all the three

material in comparison with beam of thickness 690mm
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6.2 DAMPING RATIO

The damping of specimens of different materials @mmpared with each other and results are

discussed.

6.2.1 COMPARISON OF DAMPING OF SPECIMENS FOR DIFFERENT

MATERIALS BEAMS BY VARYING LENGTH AND THICKNESS

The damping of specimens of different materigls' ‘are compared as below in tables:-

Dimensions 690mm X 25.4mm X 6mm

Material Fundamental mode(Hz) Damping ratio({)
Mild steel 8.5 0.069
Brass 5.9 0.042
Aluminium 6.5 0.039

Table: 6.5 Estimated damping by half power banthwidethod

Dimensions 690mm X 25.4mm X 3mm

Material Fundamental mode(Hz) Damping ratio({)
Mild steel 2.7 0.212
Brass 3.3 0.111
Aluminium 2.5 0.08

Table: 6.6 Estimated damping ratio by half powemdwidth method

Dimensions 500mm X 25.4mm X 6mm

Material Fundamental mode(Hz) Damping ratio({)
Mild steel 15.5 0.064
Brass 10.8 0.018
Aluminium 11 0.017

Table: 6.7 Estimated damping ratio by half powemdwidth method
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Dimensions 500mm X 25.4mm X 3mm

Material Fundamental mode(Hz) Damping ratio(¢)
Mild steel 6 0.083
Brass 55 0.054
Aluminium 3 0.033

Table: 6.8 Estimated damping ratio by half powerdveidth method

From Tables 6.5-6.8, it is evident that materiahgang for the first mode is higher for steel in
comparison with brass and aluminium of same lewgith width by varying thickness. Also of
same width and thickness by varying length. Fig& 118 compares material damping of three

specimens by changing parameters i.e. thicknesteagth.

DAMPING RATIO
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0 - . . ; ;
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Fig.6.16 Comparison of damping ratio of three specis of dimensions
(690mm X 25.4mm X 6mm)
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Fig.6.16 Comparison of damping ratios of three spens of dimensions
(690mm X 25.4mm X 3mm)
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Fig.6.17 Comparison of damping ratios of three spens of dimensions
0@nm X 25.4mm X 6mm)
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Fig.6.18 Comparison of damping ratioghoée specimens of dimensions
BOM X 25.4mm X 3mm)

The effect of thickness and length also variates rtfaterial damping. The different material
beam of thickness 6mm has found to be higher dagngtio as compared to thickness 3mm.

Brass has second highest damping value after gteshinium damping was found to be lowest.

6.3 SUMMARIZED RESULTS AND DISCUSSIONS

1. The natural frequencies obtained experimentallthatfirst mode of vibration of all the
three specimens have been compared with the tihesdretlues.

2. The harmonic analysis also carried out in ANSY $ltd the FRF's.

3. There is reasonable agreement of the theoretidallated natural frequency with the
experimental one.

4. The discrepancy may be due to loading effect irearpentation.

5. Enharmonics occurred and graphs are not clearetbdemperimental limitations.

6. Results could be better if more samples taken.
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CHAPTER 7

CONCLUSION AND SCOPE FOR FUTURE WORK

7.1 CONCLUSION

The main objective of the present work is to sttigy vibration damping characteristics of three
materials i.e. steel, brass and aluminium. To coliee data based on excitation frequency using
free vibration technique and compare it theoretieslults. The cantilever beams have been
subjected to impact hammer test and damping ratsolkeen computed using half power band
width method.

On the basis of present study following conclusiaresdrawn:
From the experiment it is evident that material dang is higher for steel in comparison with
brass and aluminum.
* The increase in material damping could be corrdltdghe stiffness of materials.
* The damping ratio increases with decrease in tleis&iior each material.
» The natural frequency decreases with decreasdscikness for each material. But it is
vice-versa in case of length.
* The damping of specimen made up of aluminium wamdoto be lowest than either
steel or brass.
* The theoretical result obtained by the method psedoin this work and experiment

result vibration are in fair matching in terms aftuaral frequency.

7.2 SCOPE FOR FUTURE WORK
* The present work may be extended in one of thewatlg ways. Direction in which the
work can be further carried out in future are:
» Use of tapered beams, variable thickness beams.
* There are other composite materials i.e. metal irmawmposite (MMC) in the use

today.
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