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Laboratoire de Tribologie et Dynamique des Systemes

the generic beam case Mzt

[
ICTAIVI

Motivation Kinematics and balances —
Global description of transversal macroscopic dynamics of reticul- | @ Period Q - 3 linear elastic Fuler-Bernoulli beams f
ated beams for wavelengths L on the order of the cell size £, 7 g L

® Balances at each level :

® Transversal kinematics = _—\ S,
Classical ¥ " ”':,:{I,
homogenization : ) by S \ VX = O(f) \~ 4
" o N

L>/,
Quasi-static local
Scale separation : X -

At higher frequencies :

L =~/ )
A T | balance : H®. Y, , +H .V, +T H®. v, =0 (1)
Scale separation : amplitude A of the periodic modes (ref [1], [2], [3], [4]) ransversal balance @ A= V, ; + i, . YV, + + Ln+l

Dispersion equations Bloch modes

| @ Consider 0, =] Q of length £, = p{y,
Introducing V,, = (%oznéf, Vi, 0n) = Ve thenbw - k€ 0, ol p P p

5 0 by @ Eigenmodes{®”, U'* Yof (2,with periodic boundary conditions

into (1) vields : D..Vo=| 0 ¢r ép | Vy=0
(1) =10 - ¥ ® Periodic wavenumbers (Bloch numbers) :|k,, = ZTW% c [0, 7|

® Eigenfrequencies of are solutions of : Ep(wy, ky,) =0

Asymptotic approach (see [1]) Numerical values
® Scale ratio €, = £k, /2m< 1 where[r,, modulation number] Ay = 15.6kg/m = 8A¢ ; K¢ = 0.5MN = 8Ky, ; EAy, =21.9MN = 2E A;

e Rescale parameters : Lineic mass A = O (e2Ay, ) ; Bending stiffness K¢ = O (6229KW); Compression stiflness EA¢ = O (6pEAW)
P U] (A, B) modulation amplitudes of the (simple or double)modes {®”, U~}
® Dispersion relation : With k., < 224 introducing .A(x) = Ape "% in the modulation equations

w P bw D
Modulation equations Dispersion curves and branches
w(x10°%)[rad/s]
® Modulation based on 2 (k, = 0) Cleneric beam 15

wy =01 2LLELY©) (2B, + BL,)V®W — ELdawty () 4 A 0,2V =0
Shear stress T=-KyV —a) T' = (T — My") = Ayw?V

Global moment Mg = —FEI. o’ ML =—-T
Intern moment M; = —2E1, V(%) Ko(V' —8) =0

wy >0: ME(w)(w? —w?)A+ KL (w)A2) =0

® Modulation based on €22 (k, = ) (specific simple modes of {25)
M, () (w? = w7)A + K, (w)A?) =0
® Modulation based on Q3 (k, = 57~) (specific double modes of Q3)

Ag,(w)B + By, (w)(w — wy)A = } = M (W) (w—ws)?PA+K, (w) AP =0
A, (W) A" — By, (w)(w —ws)B = : 3

Simple reconstruction by three parts
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