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Abstract

A theory describing the dynamics behavior of a viscously damped Bernoulli -Euler
Beam traversed by a linearly varying distributed moving load is investigated, the
governing equation of fourth order partial differential equation wassolved by assumed
solution in series form to reduce the coupled equation to ordinarysecond order
differential equation. The obtained differential equation was solved with Mathematical
software (Mapl€). The numerical results arepresented in plotted curves which show that
the response amplitude of the beam increase as the value of the damping decreases.
And the maximum amplitude wasattained at wp,= 2:0, and that for a fixed value of w,
(dampingcoefficient) and for various values of the length (L).Increase in the length
produces maximum amplitude.
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1.0 Introduction

Several investigations have been carried out optbklems of the dynamic response of structureadeing loads [1 —
13]. Such studies are of importance in the fieldrafsportation and in designing space statioritiasi and machine parts.
In fact, a moving load induces larger deflectionsl stresses on the structure on which it moves tloes an equivalent
static load. As there are several different stngstion which loads move so are many types of IGatsequently, moving
load problems did and still continues to draw atten of researchers [1 — 13]. In the field of erggiring, applied
mathematics and physics. For simplicity, movingd®a@an be assumed to be approximated or concahwtiierwise they
are distributed. The problems that involved thenfer, that is concentrated moving load problems Hasen the most
common subject of investigating among researchiéhis is perhaps due to the fact that it is a sifigali formulation for
moving load problems. On the other hand, a morksteaapproach is to assume that the load isitlisted over a length or
contact area as it moves. In the case of a distiibload, a load that is distributed with constaagnitude is referred to as
uniformly distributed, while load's distribution tfe formula€; + C,x; whereC; and(, are constants and x is a variable is
said to be linearly distributed. While there iseawlimited number of publications on beam withtdligited loads, most of
these few publication focused on uniformly disttémdiproblems [2, 5, 7].

The idea behind assuming a uniform distributioremgouraging in that it results in a considerablapéiication of
moving load's distribution problems. However, i fhractical sense, in the area of road transpoesigning of machine
parts and aerospace engineering,

uniform distribution is just a specific case and g#implest. Hence it is more practically usefubtmsider the load as
linearly distributed as opposed to a uniformly dlistted.
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In this context, this study focuses on the respoiisi@early varying distributed moving load on ttieflection of a beam and
also comparison with or without the damping coeadiint, length of beam and velocity.
Numerical example involving a simply supported besipresented.

2.0  Mathematical Formulation and Simplification of the Governing Equation

The vibration of a beam as described by BernoulleEs differential equation, based on the assumptiat the theory
of small deformations, Hooke's law and Navier'sdipsis is being applied. Further assumptions sfellows. The beam is
of constant cross - section and constant massrpelength, the moving mass moves at constant sfreetleft to right and
beam damping is proportional to the velocity of tii@ation.

Under the above assumptions, the governing equatiorotion is described by the following equation.

a'u(x,t)  0%u(xt) ou(x,t)
El + + 20— = (X ) ———mmmm——mmm——— 1
ot TH > q(x,t) @

Where x is the length coordinate with the origirheg left hand end of the beam.

T is the time coordinate with the origin at thetémg of the force arriving on the beam.

W(X,1) is the beam deflection at the point x and time ¢asured from the equilibrium position when the bésmocated
with its own weight.

E is the Young's modulus of the beam.

| is the constant moment of inertia of the beanss®ection.

M is the constant mass per unit length of the beam.
@), is the circular frequency of the damping of therbea

g(X,t) is the applied force, and is defined by macaulagtiun as the load.
a(xt) =W(x-a,)’ +V%<x-al>l AW (x—a) Wy (x—ar)’ -V%g-al) ---------- )

Where
W, = M,;gAndw, = M,Q are the forces produced by mastés and M, respectively at the end points of the load. As
shown in Figure 1,

d =a, + a,is the length of the load,
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Fig 1: Schematic diagram showing linearly varying disitédl moving loads on Beam.
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2

V is the velocity of load, g is the acceleration due to gravity and the Maddatation is defined as
0 X<a,

<x—a>“:{( e ke (4)

x-a,) x2a,

With the boundary conditions;

w(0,t) =w' (L,t) =0
w(O,t) =w' (L,t) =0

and the initial conditions

w(x,0) = OW((;,t) e - (6)

3.0 Method of Solution
Evidently, a closed form solution of the partidfeliential equation (5) does not exist. The assuswddtion of the form

W) =3 X (T ()= === === - mmmmm oo ()

Were considered, wherandt are the known Eigenfunctions of the beam andthesiumber of contributed modes.

The differentials of equation (6) with respect tand t yields

W' (x,t) = Zoo: X, ()T, (1) = aV\/(§+t)
W’ (x,t) = Z X" ()T, (t) = M
0 t (T T T T (8)
W/// (X t) — Z x/// (X)T (t) — M
w' (X t) — Z X//// (X)T (t) M
W (x,t) :Z xn(x)T'n(t) :%
2 L N S o
W (x,1) =3 X, () Ta(t) :"V;f(;(’t)
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Substituting equations (8) and (9) into equation \{& obtain

[ [« .o [ . _ 0 V\é _V\{ 1
EIY X0, 0+ 4D X (I Ta(0) + 262> X, (I Ta(t) =Wi(x—at)” + (x-ar)

n=1 n=1 n=1 d

--@9
g W
W(x—a,) J (x-a,)
Applying the boundary condition and the initial dition of equations (5) and (6) into equation (10).
The natural modes satisfy the homogenous diffeabatjuation
EIX /" (X) = o X (X)) =0—-======== === - - 11)

The ri" normal mode of vibration of a uniform beam gives
X, (X) = Aﬁn/]';_x + BnCos/]’LX + CnSinh/]”X +D,Cosh /]'LX —————————————— a2

WhereA,,B.,C, and D, are constants and,, are determined. The natural circular frequenagiven by using the desired ends
support condition.

multiplying both sides of equation (10) Ky ,, and integrating along the entire length of thenbee have
L 2 L — L —
IO;AN\M X, (X)T, (© X, (n)dx jO;an ()T, (©) X, (x)ax jogzu% X, ()T, (%)

0 W2_VV1<

X = [y Wilx=a)” + e -w, (x-a)” P - x, 09 e a4

Applying the orthogonality property
(0] (0] b (0] ° L
[ 05 X, 00X, OOT, ©cx +[ 4K, 00X, () T, (D) + [~ 2040, X, ()X, () T, (©)ex= [ a(x, 1) X, () dx~=5)

Since n=k =, thereforej.LO X, (X)X, (X)dx=a

a pe T, (1) + arT, (t) + 2ua, aT, () = joLq(x,t) X, (X)X ——————————————— 16
W2T, () +T, (t) + 2uc9, T, () = 1 j Q) X, (X)X — === ———m———m— === a7
ap 7o

T, +26 T, 0 +WT, 0 = [ 6060 X, 090x a0
={W1<X, a)’ +w<x, a,) W (xa,)" —%(x, a2>} ———————————— k)

4.0 Numerical Method and Discussion of Results
To illustrate the foregoing analysis, the uniforrarBoulli-solar beam of length 15m were consideradss 3kg, 6kg and

9kg,a =1, =75, EI = 2785Nh K = 1,2, 3. .. vV 3.3ms', g =10ms*, 71 =3.142,n=1,2, 3. . :
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Figure 2:Deflection against time response of simply supgbBernoulli beam under the action of moving
mass for the various values of damping co- efficie}).
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Figure 3, Graph of Deflection against time response foiowar value of length L.

Conclusion

The problem of assessing the Dynamic Analysis séaiisly damped Euler-Bernoulli Beam carrying adihevarying
distributed moving load. The governing equationtf@ mathematical model is analytically simplifietio a set of ordinary
differential equations that are solved by a math&mlasoftware (Maple).

Clearly, the graph (Fig. 2) shows that the resp@msglitude of the beam increase as the value afaineping decreases,

and the maximum amplitude was attainedijt= 2:0.

The results have been able to show (Fig. 3) thaa fiixed value ofd), (dampingcoefficient) and for various values of
the length (L); it was observed that increase alémgth of the beam gives maximum amplitude.
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