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Experimental Results

W T ,ﬂ|'||'|||l‘|
i || i
0.75 | |||||I||||I||I || INIRIN |||I||||I||I| L ||||||||||||

(a) 1.50

07s 'llj |IJI lul |U| |u| u U |U| |||| |“| |||I | || | |q lJl J |J |||| |||| ||| ||| | IJ Il

i

-1.50t

(b)

(ch ’
‘ 2 |1 r| r|
L I

U+‘I|||n !JHFE ||n|||I |||‘|||'|' i "w"” ”*’ﬁ '|' I I| “|"|| |
a V WO | WAV Uy Y

(d)

PTRSA 366 (2008) 679 —704

mass velocity (mmss~!) mass displacement (mm) mass acceleration {mss™)  base acceleration (ms=2)

|
. AR
-120 time

Figure 2. A sample of the recorded experimental time histories for f,=9.38 Hz, f=6.5 Hz,






Grazing Phenomena

03F -
02

a1

— - grazing contact

0

441 F

0.2

\Y/

4.3

1 1 | 1 1 | 1 | 1
-0.25 <02 L1415 L1 =005 __ﬂX' 005 01 015 02 025

CNSNS 18 (2013) 2571-2580



D — D, ancafl D -Llin 3]
r'=FacoS(L2l+() 1
| o SR p (IR, o T TR o (T (O )
{ Fa COS(NZLT(D) T 1L s

- I J
. ' |
L Slldei" { k § C Xn
A [ TJ —
P X
X Pr
’ 7777777777777 X5

SO EESEIEEEEEY

(a) Meccanica 34 (1999) 425-434
(b) PRE 64 (2001) 056224



e ——

Grazing Phenomena - -
|
|
|
|
|

12
08 ]

q 05 |

PRE 70 (2004) 036201



Grazing: Experimental Study
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Grazing Phenomena
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Presentation Outline

21 Motivation - Grazing in Impact Oscillators
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Elastic Impact Oscillator |

x'=v

v’ :Fsin(é)r)—%jv—x—,B(x—e)H(x—e)
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H (-) is Heaviside step function
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Elastic Impact Oscillator - Experiments
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Experimental Verification
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Experimental Verification

40
0.50 |

20+
0.25 |

~ 0 2 0.00 |

20l 0.25 |-
-0.50 |-

X 03 0.0 03 0.6 | ' '

-0.6 -0. : - - -0.6 -0.3 0.0 0.3 0.6

16



B =29,

e=126, £=0.01,

0.7

1
0.80

1 1
0.85

Frequency (Hz)

1
0.90

-0.4
B ﬂ
= i 100
g H
g I
o} 'l ' 50
g il
= 12+
o, R :
.fé 'I| ot
Y
50
-1.6 = -100
75 -
100 100
50 50
- 0
-50 -50%
1 0 i 2 710 <100




o
(=]

Displacement
=T =
Cral
/
Displacement

e
8!
121
Ko 'ilﬁ;'fgu;nif dhiil 076 | 077 078 079 | 080  0.81
) 1 2 i Frequency
; : (b) (c)
% ° ‘ | 2> E I .
= A 4l / S 00 g-ﬂ.lﬁﬁﬁ =———: [T~
(1] |
= . | ! 11
2 a0 1 2 % a0 1 2 12 0-0058 O\
Displacement Displacement -15 00 1.5 0.80192 080194  0.8019
Displacement Frequency
PRE 79 (2009) 037201

18



Grazing Induced Bifurcations
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Grazing Induced Bifurcations
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Drifting Impact Oscillator — RED ‘22222
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Modelling of Impact Dynamics ‘22222

* No contact

X<z+g p<qg+g
x'=y p'=y
y'=acos(wt+@)+b - y' =acos(wt+@)+b
z'——i(z—v) 1
2 T
V=0 V=0
» Contact without progression
x>z+g and 0<2Ey+(z-v)<l p2q+g and 0<20y+g<lI
x'=y p'=y
V' =-28y—(z-v)+acos(wr+¢p)+b - y'=-28y—q+acos(wr+¢@)+b

2=) q=y
V=0 v'=0
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Modelling of Impact Dynamics ‘22222

» Contact with progression
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Reconstruction of Periodic Orbits ‘22222
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Reduction ‘22222
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Stability of 1D Map |
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Progression per period

Progression per period
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Grazing Induced Bifurcations
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Rotor System
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Mathematical Models

For D < v (no contact), we integrate the system

M3 + % + k(X — &) = mpw® cos(wt + ),
My, + cyr + ke(yr — €,) = mpw? sin(wt + o),
ksst + Csx).‘(s — 0} ksyys + Csy_}./s = 0.

At the moment when D = ~ (t = timp), an impact with the snubber has occurred
and the motion of the system is obtained by integrating the equations

M + ¢ + kr(Xr — £x) + Nex = mpw” cos(wt + 6o),
My, + cyr + ke(vr —€)) + Ny = mpw2 sin(wt + o),
).",5 — Xt(Xrgyrgf{'\’rg_)./mXSg_)/s; K)a 5/5 — Tt(Xrgyrgkrg_)./rgxs;ym K)a-

with the initial position of the snubber ring x.(£; ) = x (% (timp), ¥+ (timp), K, ),
-y5(t'|_’r;'1p) — T(Xf(timp)?yr(timp): K: 7)-

The system returns to the no contact regime when (F;, K/) < 0.
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Grazing Induced Bifurcations 4
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Closing Remarks ‘22222 ’113 e

 Grazing phenomena and the difference between grazing and
grazing induced bifurcations were introduced.

* Very rich dynamical behaviour (e.g. invisible grazing) is not
caused by standard grazing bifurcations but an interplay
between smooth and non-smooth dynamics, where smooth
bifurcations are triggered by grazing.

 Grazing [induced] bifurcations are definitely not innocent — they
can be equally dangerous as useful.
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