Instituts
thematiques

m Vibration modes in a pendulums ring:

Instituto de investigacion
iNntegrada

o o para la gestion
R Analogy with gas microbubbles surface modes
‘ ENIVCI[ de [_O[re NINIVERETTE Jennifer Chaline !, Victor Sanchez-Morcillo 3, Noé Jiménez 3, Ayache Bouakaz ' and Serge Dos Santos 21
Ecole Nationale d’'Ingénieurs FRANCOIS - RABELAIS : . o . . . . o
————"TOURS = UMR Inserm U?30-Universite Francois-Rabelais, PRES Centre-Val de Loire Universite, Tours, France
FACULTE DE MEDECINE 2ENI Val de Loire, Blois, France
31GIC, Universidad Politecnica de Valencia, Gandia, Spain
Infroduction Material & Methods Results — Quantitative analysis
. . . 4""" — .
Ultrasound Contrast Agents are made of gas microbubble (1- 8 uym) The chain lies on a loudspeaker linked to a waveform generator LI sy 7 1D TNede
that present surface pattermns when subjected to specific ultrasound + © (Agilent 33220A) and an amplifier generating a sinusoidale - = ¢ | -ns | Oscillations at subharmonics
excitation (see scheme). The radius can thus be described on the excitafion. Two excitation parameters (l.e. frequency and & . | ns |ofthe emitted excitation:
basis of spherical harmonics: amplitude) have been studied and the generated surface modes 25“:.333 2:3 | Vibration modes observed in
have been acquired. ~ e —— | =8 | the red rectangle are the
co [ o e g ] = |
m Chain characterisfics: xcralionsystem: £ | |- nmo | parametric modes expected
RO, =RO+ ) ) a®X"(0,9) w ” gis " [ |i%32 fwhen the ring is excited of
[=0 m=— S D O E S I e et AT | twice the natural frequency
T o e e = of the pendulums.
T PRt osp e =17
:." ".‘ , “,-" , ‘ ‘ o ZZ§ﬁfﬁ§ﬁﬁﬁ§ﬁﬁﬁ§ﬁﬁﬁ§ﬁZﬁ@fﬁﬁ@ffﬁgfZﬁﬁgﬁffﬁfﬁﬁﬁﬁfﬁﬁﬁﬁﬁ@fﬁﬁ@ﬁﬁﬁ@ﬁﬁﬁ§ﬁﬁ§ﬁfﬁ§ﬁfﬁ§ﬁﬁﬁ@ffﬁ;ﬁff@ﬁZf@ﬁfﬁifﬁﬁﬁf}fﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁfiﬁﬁjﬁﬁﬁﬁfﬁﬁﬁﬁf
/ \ 5 g ! *.\ | 7. 1.5 2 2.5 '3 35 4 4.5 5
Y33 YS Y]-loo Y1122 i “ 4 fe (HZ) 4::i::it::é::2::2::é::é::é::é::=::i§::§::§::i§::j::j::j:::i:::5:::5:::5:::5:::5:::5:::5:::5:::5:::5:::5 n=2 |
\ ’ LB\ Observation of a bandgap: a5 b4 =3y
- o #N=54 pendulums Between f.=2.4Hz and f=315 .+ &+
"m=6g sFrequency range: Hz no vibration mode is " ¢ & a7
The surface oscillatory behavior of a microbubble is investigated " Aluminum support _ 5 Hy gamge  observed. . L |t e
through an acousto-mechanical analogy. It consists of a "Diameter=61 cm | Codes were not exoected. £ 2D Ty i oy
nacroscopic experiment of coupled pendulums parametrically 2976 em = Amplifude range: ++ 1. However, smulafions show few 181 fm e 1SS
excited by a vertical force. Eo10 o A= 0.5 Vpp - 3.5 Vpp vibration modes in this part for e B
. . . . L . high excitation amplitudes. We 01813 e L el Stk o 5 e P I
The aim of such study is fo defermine opfimal excitation condifions are in a region where the °° 4 4
of the microbubble for imaging and therapeutic applications. Results — QUCI'“'CIﬁVG CIﬂCI'YSiS oarametric resonance is smaller 0152'253I354455
but where modes can appear. f. (Hz)
©  cxpommontal ponts for At £Vpp On the right side of the bandgap,
3 | parametric vibration modes up fo
Theory | _ ﬁ=1 2 are observed. °
The system is a chain of 564 pendulums of mass m fixed on a ring with
nylon string forming a «V» shape with the vertical axis. The coupling is % 25l o | The first experimental points that have
obtained by overlapping the strings and fixing them by a nod. " ....0" been plotted are closed to the
2[wee® 1 theoretical dispersion relation. The
. . . . following points deviate and required
"o 10 o 0  more accurate measurements

Conclusions

The same mechanisms seem to be at the origin of surface vibration
modes of the pendulums ring and microbubbles. The results are
promising and consistent with theory. In addition, simulation results
seem to point In the same direction. Further studies are expected..
However, such acousto-mechanical analogy of macroscopic
behavior and microscopic one provides important insights for the
comprehension of coated microbubble’s dynamics for both imaging
and therapeutic applications. @
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Motion equation
6., + [0, + (mﬁ + Ams(ZmEt)) sin(@,) + k(0,,_, — 20, +0,.,) =0

with [ : damping coefficient
We, A: excitation pulsation, amplitude Wy =
k: coupling constant between pendulums
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