Mechanics of Advanced and Smart Materials Journal 2(3) (2022) 235- 256

AS M_I Mechanics of Advanced and Smart
M Materials Journal
http://masm.araku.ac.ir Ak

Mechanics of Advanced and Smart Materials Journal University

Dynamic Instability Analysis of Rectangular Plates under
Periodic Passage of Oscillating Rigid Bodies

Mehran Ghomeshi Bozorg *

a Department of Mechanical Engineering, Jundi shapur University of Technology, Dezful, Postcode 64615-334, Iran

Original Article

Use your device to scan
and read the article online

Citation: Ghomeshi Bozorg M. Dynamic Instability Analysis of Rectangular Plates under
Periodic Passage of Oscillating Rigid Bodies. Mechanics of Advanced and Smart Materials.
2022; 2(3)235-256.

d https://10.52547 /masm.2.3.235.

KEYWORDS ABSTRACT

Plate, In this paper, the dynamic stability of a thin rectangular plate under the periodic passage
Oscillating Rigid Body, of oscillating rigid bodies is studied. Each of the two ends of a rigid body is connected to a
Stability Analysis, wheel through a suspension system. Using the assumed-mode method, the governing
Floquet Theory. equations are derived. The periodic passing of moving objects along a straight path on the

surface of the plate results in a dynamic system with periodic coefficients. The Floquet
theory is employed as a numerical method to obtained stable and unstable zones of
parameters plane. Considering the point moving object model, the effect of moving object
modeling on the stability analysis results is also investigated. The results indicate that the
stiffness and damping of the suspension system, the mass ratio of the wheels to the whole
rigid body, the rigid body’s length and the moving object modeling method are very
effective on domains stability and instability of the system. Numerical simulations of the
plate middle point verify the accuracy of the obtained results.

Extended Abstract

1. Introduction

variety of engineering applications, e.g., railway tracks and highway bridges under the action of traversing trains or

vehicles [1], loads transported along cranes span [2], high-speed machining processes [3]. Time-varying position of
moving masses and considering all interval components of the moving masses in the analysis leads to the appearance of time-
varying matrices in the coefficients of the governing equation. The passage of continuous series of moving masses along the
rectilinear path results in a parametrically excited system with periodic coefficients. In certain conditions, parametric
excitations generate instability in the elastic structures under the moving masses. Therefore, the stability analysis of these
systems is very important. There are various studies for dynamic instability elastic structures under moving masses that have
been considered by many researchers [15-20].

In the present research, an approach based on Floquet theory is followed, contributing to a comprehensive evaluation of
the influence of modeling methods on the dynamic stability of the plate vibrations. To the best of the author’s knowledge,
stability analysis concerning the aforementioned aspects has been done yet. The results are presented as stability maps in mass—
velocity diagrams which show that the modeling method and value of the model parameters have a significant effect on the
system stability.

I nvestigating the dynamic stability of a flexible structure carrying a moving mass is an extensive problem embracing a wide

2. Mathematical Formulation

Throughout this study the plate is considered to be a simply supported uniform thin rectangular plate with a length of a,
with of b, the thickness of h, traversed by moving objects along a rectilinear trajectory parallel to the longitude edges of the
plate with a constant velocity of v. The material of the plate is set to be undamped, linear isotropic homogeneous.

For the moving object, a moving oscillating rigid body with a two wheels suspension system is considered (Fig. 1).
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Figure 1. Plate under the effect of a moving oscillating rigid body.

In this model, the moving object chassis is considered as a rigid body with length L,, mass M, and moment of inertia about
the center of mass . wy, is the transverse displacement of the center of mass, and ¥ and ¢ denote the rotations about parallel
and vertical axes to the plate, respectively. M; is the mass of each wheel, and k and ¢ denote stiffness and damping of each

suspension system, respectively. Through the use of the assumed—-mode method and Lagrange’s equations, the governing
equations can be expressed as a set of ordinary differential equations,
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Where A is the modal coordinates vector and the coefficient matrices T (t), Y (t), A(t) and vector f(t) are all time-varying.
Considering the entrance of a similar object on the plate following the exiting of the precedent mass, the coefficients of Eq. (1)

become periodical with the period T,, = a/v. By selecting only one shape mode ¢(x,y) = /2/ab sin(mx/a) sin(y/b) in
assumed-mode method, the governing equations become,

m(t)ij + c(O)n + k(n = f(t) )

Where n = [4,wy,, 6] and for 0 < t < T,

m(t) = 0 10
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and for t > T,:

m(t) =m(t—T,), c(t) = c(t - T,,), “)
k(@) =k(t=T,),f(®) = f(t—T,)
Where

c11 = 2raw,Q,(t) + 4(1 — r)aéQQ4(¢t),
c1, = —2¥ab(1 — N aéQQ3 (1),

c13 = Vab(1 —r)agQL,Q,(t),
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C1 = _\/ﬁ gQQS(t)r (5)
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ki, = —a(1 —1)Q*VabQ;(b),

Lovab
iy = 5 a1 = 0204 (0),
1
kyy = _\/ﬁ (Q2Q3(0) + 280w, Q5(1)),
60
k3, = Loﬁ (QQ4 (1) + 28@; Q6 (1)),

Q1(t) = xy sin?(@1t) + xo sin® (@1t — L),
Q,(t) = x1 sin(RQw,t) + x, sin(2(@,t — L)),
Q3(t) = x1 sin(@1t) + x sin(@t — L),
Q4(t) = xz sin(@yt — L) — xy sin® (@, t),
Qs(t) = )1 cos(@t) + xp cos(@,t — L),
Q6(t) = Xz cos(@,t — L) — x1 cos(@,t)

The other parameters defined as follows

_ 2M1 + MZ _ 14 —
@= phab ' y_awl'wl =Y
2My 2k 2c _ mly ©)
r=——1_ - = -0 [T
2M1 + MZ MZ ZQMZ a

Where w, is the first natural frequency of the plate.

3. Floquet Theory

Floquet theory is a general theory for linear differential equations with periodic coefficients. This theory can be performed
on any equation in form

G¢=R®)q,R(t+T,) =R(®) @

According to the periodicity of R(t), it can be deduced that R(t + T,) also forms a fundamental set of solutions and the
following relation can be established

q(t+T,) = Cq(®) ®)
Where C is a fundamental matrix solution of the periodic system (7). According to Floquet theory, computing the
eigenvalues of the fundamental matrix determines the stability conditions as [|A¢]| < 1.
4. Results and Discussion

Throughout this study, the mechanical and geometrical properties of plate are Young’s modulus E=200Gpa, density p =
7800 kg / m”3 , Poisson’s ratio v=0.3, a=5m,b=1m, and thickness h=0.01m.

The effects of varying &, Q, r and L_0 on the stability map are evaluated. The results are presented in Figs. 2, 3, 4 and 5.

3

25

0.5

0.5 1 15 2 25 3

Figure 2. The effect of varying the damping ratio & for r = 0.04,Q = 10, L, = 1m on stability map.
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Figure 5. The effect of varying the length L_0 for r=0.2, &=1, Q=10 on stability map.

It is concluded that increasing each of the parameters &, Q, r causes the unstable zone to increase span and the unstable
tongue to appear. The trend is revised for the rigid body length L, as its increasing enhances stability. The effect of the
modelling approach for moving objects on the stable/unstable border line is investigated. The results of the Floquet theory for
moving point mass and moving oscillating rigid body are plotted in Fig. 6.

Mechanics of Advanced and Smart Materials Journal 2(3) (2022) 235 — 256



239  Mehran Ghomeshi Bozorg

25

Syl

0.5

Figure 6. The effect of modeling approach on stability map: moving point mass (solid line), moving oscillating rigid
body (r = 0.04,Q = 20, = 1, Ly = 1m) (dashed line).

As shown, modeling approach has a significant influence on the results. The results are confirmed through numerical
simulations.

5. Conclusion

In this paper, time-domain analysis of a thin rectangular plate subjected to the periodic passage of vehicles has been
investigated by Floquet theory. For the moving object, instead of moving point mass, a moving oscillating rigid body with a
two wheels suspension system is considered. The results permitted splitting the speed-mass parameter plane into two distinct
regions of stability and instability. The results have indicated that the modeling method has a significant influence on the
dynamic stability analysis of this system and inappropriate modeling leads to inaccurate results. For the oscillating rigid body,
the effects of various parameters on the stability conditions have been discussed in detail.
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