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Newton cradle
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Invented by Edme Mariotte

XN

il

COBEM ..




P. Lieber and D.P. Jensen; 1945

This paper considers some theoretical aspects of the aceelera-
tion damper itself and gives a formula enabling one to use em-
pirical damping data in theoretical investigations of flutter and
vibration phenomena. The elastie rebound between the mass
particle and i1ts container is assumed to be zevo.
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Sinai billiard; 1963
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Vibro-impact systems have rich dynamical

behavior

* Chaotic motion

* Possesses classical and non-classical
bifurcations, including Symmetry
breaking, Grazing, Border-Collision and
Chattering bifurcations

* Use special methods developed for VI
systems (Zhuravlev’s transformation,
Mapping approach)

* Motivated targeted energy transfer and
nonlinear energy sinks
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No damping and no friction are

DE membranes \ assumed
v AN Motion of the tube is:
7 N A cos(2mf,yt)
zy(t) = W

Motion of the ball is:

Zm(t) = —gsinf

e e Rcin
B 2
sMw
. ) d = =—
The impact conditions are: A ,IE -
Az = zy — z, = Ss/2 forimpacts on the left 7
Az = zy — z,, = —s /2 for impacts on the right ﬂ”l
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Attracting (stable) behavior for r<I

Maps approach
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Classical bifurcations, which can be identified from linear analysis, help us
to predict motion stability
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Grazing bifurcations
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0.27 L . .
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B=n/9, r=0.3, A=5N

B=n/3, r=0.5, A=5N
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B3=mnt/4, r=0.5, s=0.5m
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B=m/3; reducing
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B=m/6; increasing “A”
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First return maps: Over state space:

Use the short sequences of returns to dB Sweep 7z, fixed 1,
return maps as the building blocks

Time series Phase planes

1.25 U I
= 0.2
*>< | (\—. _ #
a —0.75 : ¥
S 0.0 N =
v N \
= 0.25
< —0.2 Nk 0

025 075 1.25 0 P 4

[l
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Return maps in Relative framework:
2

1.25

Lk+1

Impact velocity

Vi+1

Wk, Pk

Impact phase
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Exchange non-smooth impacts
for non-smooth surfaces

potential attracting

dynamics

1 r=1.00

Cobweb

Log

o/
«

IC map

LN

Il

0.0 —

R R
0¢ 01 02 03 04 05 06 O0OF 08 09 1.0
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1.25

R Region of likely return to same values of Z,,, ¥
1 in phase plane, return near the diagonal

Vi+1(Vk, Ok) = f1(vk, o) =
bo + b1dx + bavr + b3di + badrvr + bsvi + bedrur + brdrvi + bgvy,

Prot1 (Vs Dk) = 91(Vk, Pk) =

2 2 2 2 3
ag + a1 9k + agvk + a3 Qi + a4PKVk + a5V + agPLVK + a7 QUi + agvy.

1.25  p—
N 0.4
0.
1.25
/2 ]
R 1 Yk 1 L1
Rl.g(d) = {(Zk’awk) : g < Ibk < 0 and 3 < Zk <0 }
Remainder of the region is transient BTB N
behavior: shape of surface and/or not near HH
diagonal in phase space COREM
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Approximate separable 1D maps in transient regions (R2, R4, R5):

-
52
5\

1.25,

0.4

V41 (Vk) = fo(Uk) = baov + bo1v; + boovi + bosv2 + bogvy, + bos,

Dr11(Pk) = 92(Px) = 2005 + 2105 + a220; + a23Pr + a4 + ass.

| =\
" A
S o ™
()
1.25
—
+
0.5
0o 0.5

1.25

R

bk
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1.0

1.0

Vik+1

I
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Introduce additional R,

P . -
Insufficient Surface too
more polynomial order complex
accurate L | L
. -
polynomial T
0 /2 m NO
e Wi B . Capture transient ﬁ
KT ' P LTe =1 ' = i ™
: | YES
» dynamics on
Subdivide state ancia
_ . Approximate transient K, ) ,
_ﬂpph' return maps space mto Rﬂ . Form
" : < » maps with I :
to time series using return maps . composite map
(frnign) on Ry, \ectrate
and/or refinement Accurate
approximation VES
L y . _ ) L J on attracting R, - . .
Zk ) F
1.25 «e
NO N 2\
R,
R, R ®s Introduce additional R,
¥
0 i3 *
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Worst Case Scenario:
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(a) 1 - (b)m/3 - 0.55 0,75 VL0 O 1 s /2
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Current State of the art

Some substantial progress has been made in understanding of non-smooth system, including VI systems

é!lgnosttanything is possible in such systems in terms of nonlinear behavior and bifurcations, including ghost
ifurcations

Global stability analysis can deal with low dimensional systems

TET can be effective not only near the resonance, but also force should match the mass ratio for optimal
performance

Energy harvesting and Vibration Mitigation are not exactly two sides of one coin

Challenges
« Large systems require high computational power tracking multiple impacts

« Automate the process of deriving maps

« Global stability analysis for MDOF systems N
« Design systems with prescribed behavior (energy localization, energy transfer, etc) T m”
COBEM..
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