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Abstract

Effect of vibration on the car's bumper was sudied in this paper.
Composite materials are used in manufacturing the car's bumper. The methods that
used in this investigation are Rayleigh's formula for lumped masses in addition to
super position method and the mixture rule. By using these techniques it can be
found the natural frequencies, mode shapes and deflection for the car's bumper.
Different matrix materid (resin), fibers and volume fraction are used in this
investigation. MATLAB program are built in this study. The results of this
program are compared with the results of the ANSYS 11 program. The
comparisons show good agreement.

Keywords: car's bumper, vibration in composite materials, Rayleigh's formula for
lumped masses, matrix resin with fibers, super position method.

AaiS Lgladia 9 B bl Buaal gl 333 o A8 yial) 3 gall iU
Sl ) daY

laval)

(Aled) 3ras apial &y L3 bwall (Auley) sauas e i iaY) BY WPt

Bk ) AVl S el JSU L)) dasa Hadil & L AS) ) 3 sl e byl

2 dagl (Say cbasil) bda Adad g LD (o 56 sUper position el a8 sl

gl padind &5 ) 13 sl (Lo d) Bacadd Gl At g ) Y] G el

colin sl @ LS Agaall sy Ll G, (mE) ok¥) dsdl e dibias

2l ae i) 8 i ) 13 e Lgle Jpeand) & Al il | =l 130 MATLAB
s Gl el D el g ANSY'S 11 iy (g Ledle Jgeanl) 23

E | Young modulus of elasticity for composite material. (MPa)
E; | Fiber young modulus of € asticity. (MPa)
En | Matrix young modulus of elasticity (MPa)

g | Gravity. (m/S)
m; | Mass at each section. (Kg)
P, | Load at each section. (N)
V¢ | Fiber volume fraction
V. | matrix volume fraction.
yi | Deflection at each section. (m)

Greek L etters
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r | Massdensity for composite material. (kg/nT)
p; | Fiber mass density. (kg/nT)
pm | Matrix mass density. (kg/nT)
o | Fundamental angular natural frequency rad/sec

Introduction

The increasing application of
the advanced composite materials in
the design of principa structural
components such as car's bumper
makes the invedtigation of the
dynamic characteristics (vibration) for
these structures very important. The
car's bumpers manufactured by using
resin injection molding processes
With resin injection molding (see
Figure (1)), the reinforcements
(fibers) is put in place between the
mold and counter mold then the resin
isinjected.

The studies related to
dynamic behavior started since 1930.
Recently, Akbarov et.a [1] studied
the natura vibrations of composite
materials having structures with
small-scale curvatures. They used the
continuum theory to develop an
approach to the determination of the
angular natura frequency and mode
of composite structural elements with
locally and regularly curved structures
aso they used the approach to
examine the solution of a specific
problem concerning natural vibration.
They found that the fundamental
frequency of the structural elements
may be reduced consderably by the
presence of curvature in the structure
of the composite. Vibrations of the
composite circular cylindrical shells
Were investigated based on the first
Love’'s approximation theory using
the first-order shear deformation shell
theory by Jafari et.a. [2]. They used
the modd technique to develop the
andytica solution of the composte

cylindrical shell. The effect of some
of the geometric parameters on the
time response of the shdls was
studied. It was concluded that the
dynamic responses were primarily
governed by the natura period of the
structure also the results showed that
the natural frequencies inversely
depend on the value of compressive
load. Rangaswamy and Vijayarangan
[3] made design optimization of
composite drive shafts for power
transmission applications. The one
piece composite drive shaft is
designed to replace conventional steel
drive shaft of cars using glass/ epoxy
and high modulus (HM) carbon/epoxy
composites. A formulation and
solution technique using genetic
adgorithms (GAs) for  design
optimization of composite drive shafts
is presented. The purpose of using GA
isto minimize the weight of shaft that
is subjected to the constraints such as
torque transmission, torsional
buckling capacities and fundamental
lateral natural frequency. The weight
savings of the glass /epoxy and high
modulus carbon/epoxy shaft were
48.36 % and 86.90 % of the steel shaft
respectively. The effect of the
boundary conditions on the dynamic
stability of orthotropic composite
materiad using a modified exact
anaysis was studied by Darvizeh
et.a. [4]. It has been found that the
frequency pattern was influenced by
the change in the direction of
orthotropic and the change in
boundary conditions. Also, the
influence of the boundary conditions
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was shown to increase the natural
frequencies as travelling through the
end conditions freefree and
clamped-free, respectively. A
numerical method based on the
Rayleigh-Ritz  method has been
presented for the vibration of open
cylindrical shells by Kandasamy and
Singh [5]. The transient response of
the shell is sought by transforming the
equation of the motion to the state-
space model, and then the state-space
differential equations are solved using
the Runge-K utta algorithm.
Trotsenko[6] considered a mechanical
system consisting of a rigid body
attached to one of the shel ends. A
boundary eigen value problem
describes the free vibrations of the
“body — shell”” system, and its
approxi mate solution was determined.
The exact solution of the above
problem was constructed by replacing
the shell with an equivaent
Timoshenko beam. The effect of the
rigid body on the system vibrations
was estimated, and the accuracy of the
beam approximation to the shel
bending vibrations was studied.
Analytical and experimenta vibration
anadysis of glass fiber reinforced
polymer (GFRP) composite beam
studied by Adediran [7]. The
composite beam assumed as prototype
of bridge in which pedestrians impart
to the model. For the dynamic test,
hummer excitation is used to excite
the beam a fixed locations. The
model parameters are extracted from
the time response using a time domain
anaysis, i.e the stochastic
identification  technique. Euler-
Bernoulli beam theory used in the
invedtigation. Finite element models
for different boundary conditions are
constructed usng commercia finite

edement software package ANSYS.
The natura frequencies and the mode
shapes for different  boundary
conditions are found. The results that
obtained from analytical solution and
dynamic tests (impact excitation)
compared with the results obtained
from the finite element method. A
free vibration analysis of the
composite shells  with  different
boundary conditions was presented by
Haftchenari et.al. [8], where they used
the differential quadrature method
(DQM). Equations of the motion are
derived based on the first order shear
deformation theory taking the effect
of the shear deformation into account.
By solving this algebraic system, the
natural frequencies of the shells made
of fibrous composite materials were
evaluated. It has been found that
DQM rapidly converges to accurate
solutions. The DQM was found to be
an excellent and sound technique in
dealing with the stability problems of
the composite shell structures. The
feasibility of using the transfer matrix
method to analyze a composite
materia was explored theoretically by
Liang et.a. [9]. Governing equations
of vibration for this system were
expressed by the matrix differential
equations, and the coefficient matrices
and joining matrix were derived. After
the relationship between the transfer
matrix and the coefficient matrix was
established, the fourth order Runge
Kutta method was numerically used to
solve the matrix equation. The
frequency equations and mode shapes
were formulated in terms of the
eements of the structural matrices.
The three dimension finite element
numerical simulaion had validated
the present formulas of the naturd
frequencies and mode shapes.
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Experimental study for  the
mechanical properties of epoxy
nanocompasite made by Sarathi et.al.
[10], where the fundamental
characteristics of epoxy
nanocompasites are anayzed through
wide angle X-ray diffraction (WAXD)
studies. They found the naturd
frequency for epoxy nanocomposte
by using vibration tests, the vibration
tests results indicate that natural
frequency of vibration of the material
increases by adding up to 5 wt% of
nanoclay to base resin. In the present
work, the dynamicd behavior of the
car's bumper structure is studied.
Effects of many design parameters
such as volume fraction, matrix and
fiber materid on the dynamic
response of the car's bumper are
investigated.

Modeing Of Car's Bumper

The bumper of the car which

is treated in this investigation is
illugtrated in Fig. (2).
The matrix material that used in the
composite material in this
invegtigation are (phenolic or epoxy)
while the fibers that used are (glass,
copper, kevlar, boron). These
composite materials will have new
characteristics as high rupture
strength, very good fatigue resistance
and high elastic elongation.

For the purpose of the
invedtigation the bumper can be
reduced to supported beam with (U)
cross-section area asillustrated in Fig.

2.

The car's bumper divided into
(31) section as showing in Fig. (2).
Where a each section there is a load
result from the weight of this part, this
load can be found as follows:

Mass Densty And Young Modulus
of Elasticity For The Composite
Materials

The mass density and the
young modulus of elasticity for the
composite materials can be found by
using the mixture rule. Where the
mass density caculated by using the
following:

total maes

2

total wolume

The above equation can aso be
expanded as

maszs offiber mass of matrix

= total velume total volume (3)
N0
P=ps* Vet Pm* Vi, ©)

Similarly the equation of the
young modulus of elasticity can be
found, which gives:

E=Ef*Vs+E, *V, (6)
Theoretical Analysis

The method that used in this
investigation is Rayleigh's formula for
lumped masses where in this method
it can be found the fundamenta
natural frequency. Where Rayleigh
suggested that the tota energy within
a vibrating system should remain
constant and that energy interchange
should be between the strain energy
and kinetic energy. Hence the
maximum strain  energy will  be
equivaent to the maximum Kkinetic
energy. Consider a uniform beam
subjected to a vibratory force gives:
[11]
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“w= *.,II I, misy;2 (7)
Deflection In Car'sBumper:

The deflection at each section
of ca's bumper comes from the
compound effects between the load
that applied a the same section and
the effect of the other loads that
applied on the other sections
therefore, the deflection at each
section found in two steps:

1- Founding the deflection
comes from the effect of the
load that applied on the same
section.

2- Founding the deflection
comes from the effects of the
loads that applied on the other
sections.

These deflections can be found by
using the formulas for the deflection
of beams [12] which is given bellow:

_ Bilfud | 1(341)
Ve =3 3[+ &l } (8)
_meld el al .::I} 9
Y = 2 |51 gl ©
PFiLc
¥ = em (10)
FylaliL+1]
e = 1 EEIL (1)
_ Fighd(L+h)
I T eEL (12)
FjhflL*—h®—f%|
Yo =7 gL (13
_ Fjgl'hl
Yi = T3en (4)
- hieelti et ) (15)
Yo = GEIL
__ PjghelL+g)
57T gmEn (16)

Then it must be using the
super position method to found the
total deflection on each section.
Where in this method the deflection at
any section (i) found by the formula:
deflection a any section (y) =
deflection at the same section with
respect to the first load + deflection at
the same section with respect to the
second load + deflection at the same
section with respect to the third load
Results And Discussion
1- The effect of the composite
material on the deflection

Figures (4 to 7) represent the
deflection for different kinds of the
composite material. For al figures it
can be notice that the maximum
deflection liesin the mid length of the
car's bumper that’s will make the car's
bumper may be brake in this point,
whilé there are two points have zero
deflection that because there are two
brackets in these points supports the
car's bumper and prevent it from
moving in these points. Also from
these figures it can be notice that the
effect of the composite materia onthe
deflection dependent on many
variables asfollows:

a) Effect of fiber's materia on the
deflection:

Figure (4) represent the effect of
changing fiber's materiad on the
deflection, where fig.(4a) shows the
deflection for epoxy matrix while
fig.(4b) shows the deflection for
phenolic matrix, different fiber's
materia are used (glass, copper,
Kevlar, boron). In these figures it can
be notice that when using the matrix
without fibers (alone epoxy or
phenolic) the deflection will be very
high comparing with the other cases
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that used the fibers, that's because the
fibers will increase material rigidity
hence decrease its deflection. Also it
can be natice that using the copper as
fiber gives the composte materid
deflection more than the other fiber's
material, while using the boron as
fiber gives the composte materid
deflection less than the other fiber's
material, that’s because the modulus
of elasticity for copper is less than the
modulus of elagticity for boron which
make the composite material for
(epoxy-copper or phenolic-copper)
has modulus of elasticity less than the
composite materia for (epoxy-boron
or  phenolic-boron) and since
increasing the modulus of eadticity
leads to increasing the stiffness
material hence  decrease the
deflection; therefore, its prefer using
the boron as a fiber's material to give
small deflection through the vibration
comparing with the other fiber's
material (glass, copper, Kevlar).

b) Effect of volume fraction on the
deflection:

Figures (5 & 6) represent the effect of
changing volume fraction on the
deflection, where fig.(5) shows the
deflection for epoxy matrix with
different volume fraction and fiber's
material  while fig.(6) shows the
deflection for phenolic matrix with
different volume fraction and fiber's
material. For all these figuresit can be
notice that when increasing the
volume fraction of the fibers for the
same composite  materid  the
deflection will decrease, thats
because increasing the volume
fraction for fibers leads to increasing
the percentage of fibers in the
composite materials in turn increases
the modulus of eadticity for

composite material which is found by
using equation (6) and shown in tables
(' & 1) hence decreasing the
deflection.
c) Effect of matrix materia on the
deflection:
Figure (7) represent the effect of
changing matrix materiad on the
deflection, this figure shows that for
al fiber's material when using
phenolic as a matrix the deflection
will be higher than using epoxy as a
matrix, that’s because phenolic has
modulus of elasticity (E) less than
epoxy that’s leadsto give it flexibility
more than epoxy; therefore, its prefer
using the epoxy as a matrix materia
to give small deflection through the
vibration of car's bumper.
2- The effects of the composite
material on the natural frequency:
Figures (8 to 13) and tables (I
& 1) represent the natural frequency
for different kinds of composite
materids. In these figures it can be
notice that al graphs start from the
same point that’s because the first
point represent the matrix without
fibers (alone epoxy or phenalic), the
natural frequency in this point is the
least natura frequency comparing
with the other cases that used the
fibers, that’s because the fibers will
increase its diffness and since the
stiffness has direct proportion with the
natural frequencies

(wn :\/stiffness/mass); therefore, the

fibers will increase the natura
frequency. In addition to before it can
be notice from these figures and tables
that the maximum natural frequency
happened when using the boron as a
fiber's material because the boron has
the maximum modulus of elasticity
comparing with the other fibers used
which leads to make the composite
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material has the maximum modul us of
elasticity and that's leads to increase
its stiffness hence increase the natural
frequencies (as explained before).
While using the copper as a fiber's
materia gives least natural frequency
comparing with the other fiber's
materials, that’s because the copper
has minimum modulus of eadicity
comparing with the other fibers used
which leads to make the composite
material has the minimum modulus of
elasticity and in turn decreases the
natural frequencies. Also from these
figures and tables it can be notice that
the effect of the composite material on
the natura frequency dependent on
many variables asfollows:

a) Effect of changing the modulus of
elasticity on the natural frequency:
Figures (8 & 9) represent the effect of
changing the modulus of elasticity on
the natural frequency, where fig.(8)
shows the relation for epoxy matrix
(by using MATLAB and ANSYS
program) while fig.(9) shows the
relation for phenolic matrix (by using
MATLAB and ANSYS program),
different fiber's materid are used
(glass, copper, Kevlar, boron). From
these figures it can be notice that
increasing the modulus of eadticity
for composite material will increase
the natural frequency. Also these
figures show that it can be give the
maximum modulus of elasticity for
composite material by using boron as
a fiber's material while it can be give
the minimum modulus of easticity for
composite material by using glassas a
fiber's material. From these charts it
can be found the natural frequency for
the composite material a any
modulus of elasticity.

b) Effect of changing volume fraction
on the natural frequency:

Figures (10 & 11) represent the effect
of changing the volume fraction on
the natural frequency, where fig.(10)
shows the relation for epoxy matrix
(by usng MATLAB and ANSYS
program) while fig.(11) shows the
relation for phenolic matrix (by using
MATLAB and ANSYS program),
different fiber's materia are used
(glass, copper, Kevlar, boron). From
these figures it can be notice that
increasing the volume fraction for
fibers will incresse the natural
frequency thaf's because increasing
volume fraction for fibers will
increase the giffness of composite
material and in turn increases the
natural frequency (as explained
before). From these charts it can be
found the natural frequency for the
composite material a volume fraction
range from (0%) to (50%).

c) Effect of changing matrix materia
on the natural frequency:

Figures (12 & 13) represent the effect
of changing the matrix material on the
natural frequency, where fig.(12)
shows the relation between the natural
frequency and the modulus of
eadticity while fig.(13) shows the
relation between the natural frequency
and the volume fraction. From these
figures it can be notice that using
epoxXy as a matrix gives naturd
frequency higher than using phenolic
as a matrix. Also these figures show
that it can be give the maximum
modulus of elasticity and maximum
natural frequency for composite
materia by using epoxy as a matrix
material with boron as a fiber's
materia (epoxy-boron) while it can be
give the minimum modulus of
easticity for composite materia by
using phenolic as a matrix material
with glass as a fiber's materia

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



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal, Vol.28, No23, 2010

Effect of The Composite Material of The
Car'sBumper on It's Fundamental Natural
Frequency And Response as a Result of

Car Vibration

(phenoalic-glass) and minimum natura
frequency by using phenolic as a
matrix material with copper as a
fiber's material (phenolic-copper).
3- Comparison between MATLAB
program and ANSY S 11 program
Figures (14 & 15) and tables
(I & 1) represent the comparison
between MATLAB program by using
Rayleigh's formula for lumped masses
and super position method and
ANSYS program by using finite
element method, where fig.(14) shows
the relation between the natural
frequency and the modulus of
elasticity while fig.(15) shows the
relation between the natura frequency
and the volume fraction for epoxy and
phenolic matrix with different fiber's
material  (glass, copper, Kevlar,
boron). From these figures and tables
it can be notice that there is good
agreement between two programs.
Conclusions
1- The minimum natural frequency
happened when using the matrix
material without fibers (alone epoxy
or phenolic) but in the same time it
gives the maximum deflection
comparing with the other cases that
used the fibers.
2- Using the boron as a fiber's
materia give small deflection through
the vibration comparing with the other
fiber's materid  (glass, copper,
Kevlar).
3- The deflection will decrease when
increasing the volume fraction of
fibers for the same composte
material.
4- Using the epoxy as a matrix
materia give small deflection through
the vibration comparing with the
phenalic.
5- Using the boron as a fiber's
material give the maximum naturd

frequency for the composite material
while using the copper as a fiber's
materia give the minimum natural
frequency for the composite material.
6- Increasing the modulus of elasticity
or increasing the volume fraction of
fibers will incresse the natural
frequency for composite material.

7- It can be give the maximum
modulus of elagticity for composite
materia by using boron as a fiber's
materia while it can be give the
minimum modulus of elasticity for
composite material by using glassas a
fiber's material.

8 Using epoxy as a matrix gives
natural frequency higher than using
phenolic as a matrix in composite
material.

9- Its prefer using epoxy as a matrix
with boron as a fiber's material
(epoxy-boron) to give the maximum
modulus of elasticity and maximum
natural frequency for composite
materia while using phenolic as a
matrix with glass as a fiber's material
(phenolic-glass) to give the minimum
modulus of elagticity for composite
materiad and using phenolic as a
matrix with copper as a fiber's
materia (phenolic-copper) to give the
minimum natural frequency.
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Table(l)

Finite
element
method (by
using Ansys
11)

Fundamenta | Fundamental
natural natural
frequency frequency
(H2) (H2)

1200 321.278 320.37
12650 1330 511.664 496.69
20800 1460 626.211 615.28
28950 1590 707.932 697.26
37100 172 770.528 766.72
45250 18 820.520 821.75
16550 19 482.099 475.2
28600 2720 537.978 530.26
3480 567.030 560.79
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Rayleigh's
method
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Modulus
Volume Matl ab)

Composite . of
material | TN N qagticity
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Table(I1)

Rayleigh's -
method Finite element

(by using _method (by
Volume | Modulusof M atlab) using Ansys 11)

Cr?]r;re)ﬁi]te fraction elasticity
(%) (Mpa) Fundamental Fundamental

natura natural
frequency frequency
(Hz) (H2)

[~ Prewoic | oo | oo [ 130 | meost | osiar
Phendlic Glass
Pheolic ~Copper

[ 50 [ oo | o0 | swoees | seodz

Phendlic Kevlar

Pheoic -boron
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Figure (1) manufacturing the bumper of the car

Figure (2) modeling the bumper of the car

Figure (3) loads and dimensions of the car's bumper
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Figure (4) the deflection for

(b)

epoxy and phenolic with different fiber's materials
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Figure (8) relation between the fundamental natural frequency and
the modulusof elasticity for epoxy with different fiber's materials
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Figure (9) relation between the fundamental natural frequency and the modulus of

elasticity for phenolic with different fiber's materials
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Figure (10) relation between the fundamental natural frequency and thevolume

fraction for epoxy with different fiber's materials
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Figure (11) relation between the fundamental natural frequency and thevolume fraction for
phenolic with different fiber's materials
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Figure (12) effect of changing matrix material on the fundamental natural
frequency and the modulus of elasticity with different fiber's materials
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Figure (14) comparison between MATLAB and ANSY Sfor the fundamental natural frequency

and the modulus of easticity for epoxy and phenolic with different fiber's materials
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Figure (15) comparison between MATLAB and ANSY Sfor the fundamental natural

frequency and the volume fraction for epoxy and phenalic with different fiber's materials
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