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a INTRODUCTION - - SOLUTION TO THE PROBLEM ~ A NUMERICAL RESULTS L
Functionally graded (FG) beams are Denotations Table 1 The first three non-dimensional free vibration
composites characterized by the volume frequencies for g(&)=(1+y§)3, h(§)= 1+y§, clamped-
fraction of different materials which is varied W(&)=w (&) EL<E<E clamped beam
continuously with the thickness and/or the ' '_1 ' [ | Power seriesmethod | Huang Li(2010) | Present |
length of the beam. Through an appropriate 02 ="M 4 > LA IS 2L2ics Tz 212505
selection of the volume fraction the FG beam dod; i=1..n 114780241659 147802750005 114824704
with expected thermal and mechanical ,_md, _ el et i
properties can be obtained. Therefore, the FG H —@ 120903391727 12090340027002 120908392
beams can be used in various engineering ' e e
applications. The governing equation for i-th segment D T

— 67.7047553171 67.7047553184 67.596273
In this study the solution to the free vibration 42 daw & <E<E 132723075751 L2 T2A06EA07 TN N 52 16612
problem of axially graded beams with a non- F[BZWTZ'}—QZMZGZ/}‘{V\/. =0 i '_11' n '
uniform cross-section has been presented. ¢ ¢ T Table 2 The first three non-dimensional free vibration
The proposed approach relies on replacing of . . frequencies for g(£)=(1+y€)3, h(§)= 1+y§, clamped-
the functions characterizing the functionally Continuity conditions pinned beam
graded beams by piecewise exponential dw dw | ¢ | Powe srismahod |__Huang Li(2010) | Present |
. . +: -0.1 14.8488960557 14.84889605539 14.844562
funCtlonS The frequency equatlon has been VVI({I):\A/I-*].(QrI) dié,l({'): d;(l(grl) P 47.6370371901 47.63703719174 47.647237
derived for axially graded beams divided into i=1.,n-1 s e
an arbitrary number of subintervals. dW (€)= dAW,,, ) dw (€)= dW,, ) — 19964062032 oogE016 49964062
Numerical examples show the influence of dez T ggz B ges v T ges B o= Ealiociacd el el
the parameters of the functionally graded 522372268871 5223722689817 52198883
beams on the free vibration frequencies for Boundarv conditions e i
different boundary conditions. y — i:ggzgﬁ mﬁmm f{'if;f;.i
) Clamped-clamped beam (C-C) ; : ;
Huang Y., Li X.-F,, 2010, A new approach for free
~—1 FORMULATION OF THE PROBLEM [\ V\é(o):o, M(0)=0’ Wn(1)=0. aw, (1)=0 vibration of axially functionally graded beams
dé dé with non-uniform cross-section, Journal of Sound
. . . . and Vibration, 329, 2291-2303
The governing equation Pinned-pinned beam (P-P)
d? dw)_ . day dAw, - - imens! brai
— | E(&) — %P =0, 0<¢&<1 - - - - Fig.1 The first non-dimensional free vibration
d{z|: ()(€) drfz} AW ¢ w(0)=o0, dé? (0)=0.w,1)=o0, dg; @=0 frequency as a function of y for a=1 (solid line), a=2
(dashed line), a=3 (dotted line) for different boundary
. . . -pi - ditions, =(1+y&)*, h(§)= 1+
W(&) - the amplitude of vibration Clamped-pinned beam (C-P) conditions, g(&)=(1+y&)*, h(€)= 1+y¢
o daw. % c-C P_p
E(¢) - the modulus of elasticity w(0)=0, %\:1(0) =0,W,(1)=0, d{zn (®=0 .
1(¢) -the moment of inertia Pinned-clamped beam (P-C)
p({) - the material density V\4(0) =0 dw (0) =0 W (1) =0 de (1) =0
. " dé? o " dé
A&) - the cross-section area
) L Clamped-free beam (C-F)
@ - the circular frequency of vibration
L -the length of beam W,(0)=0, M(O): 0 daw, (=0, d Ry daw, =0
d¢ dé? d¢ dé?
Basic assumptions Free-clamped beam (F-C)
Assumption 1
W () =0, 4 [ e 9WE o) g (1) =0, Mag) =
E(€)I(6)=dog(¢)  pl&)A(E)=meh(¢), 0<é<1 dé dé dé dé
where The general solutions
d =E(0)1(0). m, = p(0)A(0) W (&) =e(A cosd & + B sing & +C cosh3 & + D, sinh 5.¢)
g(g() Ddiezﬂ‘é i - (0 ( i 0 i 0
h(&) Ome?4¢ §u<E<E, i=l..n §a<é<§, i=Ll..n
) where
Assumption 2
(&) =de™in 8 :\/MQ_'gf' 3 =\/MQ+;6|2, A.B.C,D,OR EEE L N
9(&)=de . . .
ol&)=1 i=1..n The system of linear equations i CONCLUSIONS |
h <‘.+<‘.4):me/%(a+m Ala)IX =0
( )2 where In this study a new method, which is capable of
h(&)=1 T computing the free vibration frequencies of axially
X _[Ai’Bl'Cl’D ""’A“’B"'C"’D"] functionally graded beams is presented. An exact
Hence Al) = solution is derived for the axially piece-wise
_ 1 | a(&) (“)_[akJ]4nx4n exponential graded beams  with  various
B —72(5_ —¢) ”g({_ ) combinations of clamped, pinned and free ends.
' 72';;{ = The condition for non-trivial solution A high agreement of the numerical results obtained
d; = g(&)e A by using the presented method with the results
(& &L aEa _ obtained by using the power series method, as
m _h( : 2 = e ' detA(a)=0 well as with results given by other authors was
also observed.




