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ABSTRACT

Free vibration analysis of a cracked cantilever beam with two types of additional
substructure attachment is investigated using ANSY S program. The cantilever beam is used
as a master structure with single substructure attachment in various locations (as 1-DOF mass
attachment and 1-DOF mass-spring attachment) with influence of crack in different location
and depths. The results for the changes of the natural frequencies of a cracked beam are
compared with the results produced by Vahit et a [1]. So the same geometrical properties
have been studied. In additional work a cracked beam carrying two types of substructure
attachment are compared with the results of the beam without a crack and with multi crack
depth. In dl caculations the beam has a uniform cross-section and the crack was modeled by
reduction in the modulus of the beam. The reducing effects of the cracked beam on the
natural frequencies had been more apparent with the substructure attached to the beam in
different situations. The effect of mass-spring substructure is larger than the effect of the
attachment when modeled as mass substructure for the same mass, with 17% for the first
natural frequency and 2% for the second and third natural frequencies. The results can be
used to identify cracks in simple beam structure; cracks have a clearer decreasing impact on
the natural frequencies.
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INTRODUCTION

Mechanical vibrations, long-term service or applied cyclic loads may result in the
initiation of structural defects such as cracks in the structures. Accordingly, the determination
of the effects of these deficiencies on the vibration safety and stability of the structures is an
important task of engineers. The existences of crack in beam increases the local flexibility
and modify its gtiffness and damping properties. In view of that, the modal data of the
structure hold information relating to the place and dimension of the defect. The influence of
cracks on dynamic characteristics such as changes in natural frequencies, modes of vibration
of structures has been the subject of many investigations. Cracked structures have been
modeled by various methods in past researchers.

The effect of mass attachment on the transverse vibration characteristics of a cracked
cantilever beam is investigated by Vahit and Haluk [1]. The governing equation for free
vibrations of the cracked beam is congtructed from the Bernoulli-Euler beam elements and
the crack is represented by a rotational spring. The relative changes of the first three natural
frequencies as a function of the location of the attached mass with two different distances
location of crack had been studied. The reducing effects of the cracked beam on the natural
frequencies had been more apparent with the mass attached to the beam in different
Stuations.

Kisa and Gurel [2] proposed a numerical mode that combines the finite element and
component mode synthesis methods for the modal analyss of beams with circular cross
section and containing multiple non-propagating open cracks. The modd virtually divides a
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beam into a number of parts from the crack sections and couples them by flexibility matrices
considering the interaction forces that are derived from the fracture mechanics theory.

Chondros et al. [3] developed a continuous cracked beam vibration theory for the latera
vibration of cracked Euler-Bernoulli beams with single-edge or double-edge open cracks.
This continuous cracked beam vibration theory lead to a good approximation for the dynamic
response to lateral excitation, as it can be easly extended to other vibration modes,
geometries and boundary conditions and to coupled lateral and torsional vibration problems.

A continuous cracked beam vibration theory is used for the prediction of changes in
transverse vibration of a smply supported beam with a breathing crack achieved by
Chondros et al. [4]. The eigen frequency changes due to a breathing edge-crack are shown to
depend on the bi-linear character of the system. The changes in vibration frequencies for a
fatigue-breathing crack are smaller than the ones caused by open cracks.

Chen et a. [5] used the transfer matrix method for the dynamic analysis of a stepped
beam with arbitrary multiple transverse open cracks. The reduction in bending stiffness due
to the presence of transverse open cracks or abrupt changes of cross section is modeled by
kind of massless rotational springs.

The vibrations characteristics of a cracked Timoshenko beam are analyzed using
integrated finite element method and component mode synthesis, this project developed by
Kisaet a. [6].

A smply supported beam is used as a master structure with unknown number of
attachments (substructure) with two types of attachments models 1-DOF mass attachment
and 1-DOF mass-spring attachment models, studied by Husam [7]. The effect of attachments
on the master structure natural frequencies when modeled as (mass-spring substructure) is
larger than the effect of attachments when modeled as (mass substructure) for the same
attachment mass.

In this study, the effects of mass attachment on the free vibration of cracked beam
carrying substructure 1-DOF mass attachment and 1-DOF mass-spring attachment models are
discussed analytically using ANSY S program, which is one of the numerical techniques to
andyze the dructural element. The ANSYS program has many finite element analysis
capabilities, ranging from a simple, linear, satic analysis to a complex, nonlinear and
transient dynamic analysis. The crack is modeled by reduction in the section modulus of the
beam, and calculates of the transverse natural frequencies of the beam with crack and
corresponding uncracked beam.

THEORETICAL MODEL
The effect of the attachment models 1-Dof mass attachment model and 1-Dof mass-

spring attachment model on the first three natural frequencies of a cantilever beam with a
crack as shown in Fig.(1) is given in form figures. Calculation in this study was carried out
using ANSY S program via the following beam data: length (L=1m), height (h=0.01m), width
(b=0.01m), young modulus (E=211GPa), Poisson ratio (v=0.3), density (p=7860kg/m°)

Three different crack location parameters Bc=Xc/L=0.2, 0.5 and 0.7 with a constant
crack depth ratio a/h=0.4 are consdered, aswell asfor Bc=0.5 different crack length are used
as ah=0.3,04 and 0.5. The mass parameter is kept constant as m/pAL=0.3 with
corresponding mass location (Bm=Xm/L) along the beam length.

The analysis guide manuas in the ANSYS documentation set describe specific
procedures for performing analyses for different engineering disciplines
A typica ANSY S analysis has three distinct steps:

* Build the model

* Apply loads and obtain the solution.

* Review the results.
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Assumptions and Restrictions: These are:
1- These structures have constant stiffness and mass effect.
2- Thereisno damping.
3-The structure has no time varying force, displacement, and temperatures applied (free
vibration)
The element stiffness matrix is:
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The element matrix when attaching mass is:
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The equation of motion for an undamped system, expressed in matrix notation by using
the above assumptionsis:

[ K} + [ fw} =0 (5)
{w} ={¢}, cosw,t (6)

So that the equation of motion becomes:
- 02[M] +[KI{ g}, =0

or

[K]- w?[M]=0 (7)
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Where: a)i2 = m
M

[ S—

RESULTS AND DISCUSSION

Most studies on the vibration analysis represent the crack by rotational spring such as
Vahit et a. [1] and Murat et al. [2], with single type of substructure attachment. The current
investigation uses ANSY S program to study the free vibration of cracked cantilever beam.
The crack is modeled by reduction in the section modulus of the beam and two types of
substructure attachment are used. The results have been compared with the Vahit & Haluk [1]
results, in order to show the difference between the two methods used. So, the same
geometrical properties of the beam are chosen as shown in Fig.(1) and the relative changes of
the first three natura frequencies as a function of the location of atached substructure are
shown, with second different type of substructure attachment to view the changes in the
natural frequencies. The crack was located at three different distances from the fixed end of
the cantilever beam. The results which one can see in Fig.(2) and Fig.(3) show a good
agreement compared between this two researches.

In Figs.(3) through (5), the variation of the first three relative natural frequencies
(normalized to the corresponding frequency ono Of a beam without a crack and a point
mass = o/ wno) are depicted as a function of the non-dimensional location parameter of the
attached mass in the range of zero to one with absence of crack and three different crack
location at B = 0.2, 0.5 and 0.7. It is known that the crack reduces the natura frequency and
it is also evident from the figures that the first frequency reduction is higher when the crack
are located near the fixed end while the second and third natural frequencies have been less
affected.

Figs.(6) through (8), use second type of substructure as (1-DOF mass-spring attachment)
along the beam length. The mass parameter is kept constant as m/pgL = 0.3 and the spring
gtiffness depending on the value of mass and the first natural frequency of uncracked beam

without attachment mass as 2af :\/? . The use of this type of substructure show high
m

difference in reducing the relative natural frequency as compared with the first type of
substructure (1-DOF mass attachment) and the variation of relative natura frequencies are
very small if it used along the beam length.

Figs.(9) through (11), show the first three relative natural frequencies with three types
of crack depth ah = 0.3, 0.4 and 0.5 at the middle of the beam (B=0.5) with 1-DOF mass
attachment. The natura frequencies of cracked beam are lower than those of corresponding
uncracked beam. As the depth of the crack increase the difference in the reducing of natural
frequencies is higher.

CONCLUSIONS

The main conclusions are summarized as.

1. Cracks have a clearer decreasing effect on the natural frequencies.

2. A crack near the free end will have smaller effect on the fundamenta frequency than
acrack closer to the fixed end.

3. The naturd frequencies are amost unchanged when the crack is located away from
the fixed end of the cantilever beam.

4. Naturd frequencies of a cantilever beam depend on the location and depth of the
crack.

5. The natura frequencies decrease when depth of the crack increases because of the
bending moment along the beam.
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6. The mass attachment is most effective at the free end of the beam for the first natura
frequency, at B,,=0.4 point from the fixed end for the second natural frequency and at
B—=0.25 point for the third natural frequency.

7. A large effect of mass-spring substructure on the natural frequencies than mass
substructure with constant changes from B,=0.2 to the free end.

8. The results provide useful information for the determination of structural defects such
as cracks and investigate the non-linear interface effects such as contact and impact
when crack breathe.

9. The reaults can be used to identify cracks in simple beam structures, which give with
two types of additional substructures in various situations.
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NOMENCLATURE
A area of the beam (nv?)
As shear area (m?)
young's modulus (N/ m?)
mass density ( kg/ m?)
natural frequency
frequency of the beam without any attachment (rad / sec)
frequency of the beam without a crack and apoint mass (rad / sec)
width (m)
height (m)
length (m)
areamoment of inertia (m"4)
integer
gpring constant (N / m)
attaching mass (kg)
mass of beam (kg)
the element matrix
global displacement
transverse deflections (m)
i natural frequency of vibration
matrix
radius of gyration
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Figure (1): Cracked cantilever beam with 1-DOF mass attachment
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Figure (2): The relative changes of the first natural frequency as a function of the mass
location for a cantilever beam. (a/h = 0.4, m/M = 0.3).[Ref.(1)]
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Figure (3): The relative changes of the first natural frequency as a function of mass
location for a cantilever beam.
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Figure (4): The relative changes of the second natural frequency as a function of
mass location for a cantilever beam.
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Figure (5): Therelative changes of the third natura frequency as a function of
mass location for a cantilever beam.
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Figure (6): The relative changes of the first natural frequency as a function of mass-
spring location for a cantilever beam.
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Figure ( 7): Therelative changes of the second natural frequency as a function of mass-
spring location for a cantilever beam.
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Figure (8): The relative changes of the third natura frequency as a function of mass-spring
location for a cantilever beam.

-EN -

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

Anbar Journal for Engineering Sciences© AJES,Vol.1,No.2 / 2008

=
=

—e— uncracked beam

—=— beam with crack depth

14 ah=0.3
—— beam with crack depth

ath=0.4
0.9 —— beam with crack depth

a/h=0.5

o
(0]
|

©
~
|

First relative natural frequency

o
o

0 0.2 0.4 0.6 0.8 1

Relative mass location

Figure (9): The relative changes of the first natural frequency as a function of mass
location for a cantilever beam with different crack depth.
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Figure (10): The relative changes of the second natura frequency as a function of mass
location for a cantilever beam with different crack depth.
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Figure (11): The relative changes of the third natural frequency as a function of mass
location for a cantilever beam with different crack depth.
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