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ABSTRACT

This paper investigates the vibration characteristic of a curved beam. A beam of known dimensions is modeled and
analyzed using computational analysis software ANSYS CFX and the results obtained are compared with the
straight beam undergoing vibrations. A study is conducted by considering various materials to obtain optimum
material selection. Different degrees of vibration are considered and the corresponding changes in the dimensions
are determined.
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INTRODUCTION

Curved beams are more efficient in transfer of $oditan straight beams because the transfer istedfdry

bending, shear, and membrane action. Some of thetwtes such as arches and arch bridges are raddeing
curved beam elements. Curved beams are the pansidiine members found in C clamps, crane hookmds

machines, planers etc. Uniform curved beam witlyimgr curvature and taper thickness can also beideresl

[11]. In straight beams the neutral axis of thetiseccoincides with its centroidal axis and theesg distribution in
the beam is linear. But in the case of curved bethmseutral axis of is shifted towards the ceofreurvature of
the beam causing a non linear [hyperbolic] distidruof stress. The neutral axis lies between #&roidal axis
and the centre of curvature and will always be gmesvithin the curved beams. Majority of structucas be made
to resonate, i.e. to vibrate with excessive ogoithamotion. Resonant vibration is mainly causedabyinteraction
between the inertial and elastic properties of thaterials within a structure [4]. Resonance is roftee

contributing factor to many of the vibration andiserelated problems that occur in structures gperaiing

machinery. Modal analysis is very important to deiee the frequency of vibration of the material.

Modal analysis has become a major option to proaidmntribution in understanding control of mankration

phenomena which encountered in practice [2]. Deténg the nature and extent of vibration respomrsels and
verifying theoretical models and prediction arelbotajor objectives. Vibration in the system is saimee desired
and most of the time its undesired. The modal amslgelps to reduce the noise emitted from theesydb the
environment. It helps to point out the reasons iifrations that cause damage of the integrity oftesys
components [3]. If the resultant force in the systis equal to zero, it represents equilibrium dtiord and when
there is unbalanced force exists it leads to vibnatlf the motion is described fully by only oniene-dependent

coordinate, such a system is termed a 1-degreeefiom (DOF) vibration model. When more than one

coordinate becomes necessary, the discrete systeaid to have multiple degrees-of-freedom. limgle degree
of freedom system there exists a single mode amabtle natural frequency. But, in multi degree foerdystem
there exists more than one natural frequency whiidhmake the system to vibrate in various modembiems
often occur in mechanical structure due to vibratitb is vital to prevent such problem becauseaih ¢ead to
structural fatigue and damage [5]. The structuselfthas a certain internal properties and it ipanmant to
understand its characteristics. In order to dth,first important thing to do is modal analysis flata acquisition

[9].



Sampath S St al Euro. J. Adv. Engg. Tech., 2015, 2(2):1-5

' ’. o
%> 4
¥ é

Fig. 1(a) Curved Hollow Member Fig. 1(b) Curved beam fixed at end Fig. 1(c) Cross section area ofdm

From the above Fig.s, 1(a) represents the simpllewasectioned curved beam. Fig. 1(b) represengscilrved
beam attached to one end, like a cantilever phenomeFig. 1(c) represents the cross section ofbiam.
Keeping the inner diameter of the beam equal to And outer diameter 1.5 m, and the angle of cusve i
considered to be 90°. The material which is assuimeiianium with the density 4500 kg/m3. A hollanember
undergoes vibration and the corresponding frequ&rdgh leads to the change in nodes is noted down.

The following element is modelled, meshed and a®alyin software ANSYS CFX and the results are coetha
Finite element approach provides the solution arywnode of consideration [1, 4]. The present moblwas

structured as a sequence of fundamental probleiitsonusimple models that determine structural gy of the

element under study. The models proceed from tmplsi toward the complex. The objective is to uncahe

most fundamental optimization principles (or desigmle-offs) that can be put to practical use al applications.
The method of analysis and optimization is the cimfion of vibration analysis & structures which used

subsequently in many engineering applications]2, 5

RELATED WORK

Ching and Widodo [5] performed Modal testing anddalcanalysis is done in using MEscopeVES modalyesmal
software. The analysis results obtained from expeni are then compared with the results obtainedirtite
element method (FEM) software ANSYS. Pavol Lengkiaes al [1] considered cantilever beam which i&d on
one end and all degrees of freedom on this end tadmEn. Mode shapes and natural frequencies arguteh in
programs ANSYS and compared with numerical formaoratf the direct solver including the block Lanszo
method by Mohammad Vaziri et al [4].

In this paper in lateral vibration is investigat&dhis model could be of use in building a contnolier reducing
vibrations in the mentioned cantilever beam Analysas been done in two categories which are caleStatic
and Dynamic analysis. Due to the analysis, displed in the free end, critical points, stress coirégty, nodal
solution, and shape functions is shown. A modalyaigis carried out using analysis software.

METHODOLOGY

Beam is a supporting member which generally sugpihe transverse loads. Curved beam is much efficiean
the straight beams and provides greater flexibiMithen the beam is subjected to vibration it gelhedbes not
vibrate in a single mode. When there is a riseundémental frequency, the modes of vibration aésal tto
change. The general equation of vibration showegimation (1) is given in the matrix form, in whiat the forces
are equated. If the overall sum of the forces isagétp zero then the system is said to be in duitilim condition.
A beam is fixed at one end and the other end iplsimupported the fundamental frequency is givenahby
equation (2).

The general equation of vibration is

MK +[CH X +[KKX ={f} 1)
Fundamental frequency of vibration for a cantilelveam
K
= El
22\ /m @

M= Mass of the element (kg), C= Damping coefficiéds/m),x= Velocity (m/s),x =Acceleration (m/3,
x= Displacement or deflection (m), f= Fundamentatjfiency (Hz), E= Young's Modulus of the materiéhg®)
k= Stiffness (N/m), K= Radius of gyration (m), L®hgth of the element (m) and I= Moment of inerti&)(
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MODELLING AND ANALYSIS

A curved beam which is having a hollow cross sectiomodelled using finite element software ANSY& [The
model is split into humerous elements in ordermpriove the preciseness of the solution therefoeebtbam is
meshed. Fig. 2 shows the meshing of a curved behinoh is fixed at one end and is similar to thetidawver beam.
Meshing is a process of splitting into many numbefselements [1]. As the number of element increase
complexity also tend to increase. Titanium matesidh a known density is used as a material forciimed beam.

Meshing is discretizing of an element into finitenmber of parts and each element is considered alweéds
separately [2]. Mesh generation is the practicgeferating a polygonal or polyhedral mesh that @pprates a
geometric domain. The term ‘grid generation’ iseafy used interchangeably. Typical uses are fodegng to
a computer screen or for physical simulation swefirite element analysis or computational fluichdgnics. After
this step a one end is made to fix before the eafidin of vibration. Since Titanium is consideradlae material for
the beam, density of the material is 4500 Kg/mvlodelling and Meshing is done using FEA and sheulation is
performed. Behaviour of the beam is determinedddgcsing different modes and the frequency corredpg to
the mode is noted down [1, 2]. By means of the enical solution, vibration analysis of the entilersent is
achieved [1].Validation of the results obtainedttie FEA is compared with the classical equatiortatt also be
compared with the modal analysis obtained for targr beam [1, 2 and 5]

Table 1 Fundamental Frequency at Different Modes ilANSYS —
Index of Data Set on Result File

Set | Time/Freq Load Sub Cumulative
step step
1 109.60 1 1 1
2 111.93 1 2 2
3 330.31 1 3 3
4 386.70 1 4 4
5 545.32 1 5 5

Fig. 2 Meshing of a curved beam with the applicatio of
displacement function

RESULTS AND DISCUSSION

The simulation to determine the vibration charastier in a curved beam is carried out with the agtlon of
appropriate boundary conditions. Analysis is carmeit and the mode change with respect to the sporaling
frequency is noted down [1]. Fig.s 3 to 7 shows dbérmations, minimum and maximum deflections aious
frequencies. Table 1 represents the various fregegmat different modes.

Figures 3 (a) - 7(a) represent the maximum defaomatin various modes whereas the Fig 3(b) - pjesent the
minimum and maximum result value in different mof&s Maximum deformation region determines thesten

and the minimum deformation region identifies tlmmpression regions in different phase of vibratiom the
results are validated in comparison with Pavol hemgky et al [1].
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Fig. 7 (&) Maximum deflection in mode 5 (frequency545.322 Hz Fig. 7 (b) Minimum and maximum result value in mode 5
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Fig. 8 shows vibration change in the behaviouthefdtructure with the rise in vibration levels afd. 9 shows the
increase and decrease of the maximum deformatigchwiikes place in the structure. From the graghawn that
maximum deformation will be at the frequency of Z0Hz. Overall nature of the curve is a sinusoiddlich may
again rise to a particular point of frequency agdia drop.

Table - 2 Fundamental Frequency Variations with theNumber of ~ Table - 3 Maximum Deformations Due to the Rise in indamental

Modes Frequency
Modes of vibrations Frequency (Hz) Fundamental Frequency (Hz) Maximum deformation (m)
1 109.60 109.60 0.024784
2 111.93 111.93 0.024688
3 330.31 330.31 0.026666
4 386.70 386.70 0.024262
5 545.32 545.32 0.025024
600 ounz7 —t— Maximum defermation [m)

== Fregquency [Hz)
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Fig. 8 Variation of modes with the change in fundamntal Fig. 9 Maximum deformation variation with the fundamental
frequency frequency (No of Modes)
CONCLUSION

Present work determines the vibration charactesstf a curved beam which is attached to an endieslmf
vibration at various frequencies are determinedngisfinite element analysis technique. It providéwe t
understanding of the behaviour of the beam whensubjected to multiple degree of vibration. Nataf the graph
infers that, there is a rise and fall in the maximdeflection values with the increase in the funeatal frequency
which means that material is continuously undesitamand compression. When the deformation is mininand in
the elastic limit, it can return to its originalgition, but if it exceeds the limit of elasticitiyetre will be a permanent
deformation. On recurrence of this nature of viloratleads to a failure in curved beams. Therefoeenml
selection is important to keep the elongations iwitihe limit. It is possible to obtain an optimwolution by
selecting a material which has better structurafopmances. Further analysis can be carried outHanging the
dimensions or selecting beams of different sectiéqpropriate design of the curved beam can onlgdrapleted
with the consideration of vibration. Analysis cam forther carried for more than 5 modes and theehr of the
beam can be determined.
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