A 1:2 internal resonance

> A classical case with

e Period doubling bifurcations

e Neimark-Sacker bifurcations
> Applications

e Spring pendulum, ships, surface waves, arches. ..
[Nayfeh et al., 1989, 2000. .., Tien et al. 1994]
o Shells, Cymbales, Gongs, Steel Pans

[Thomas et al. 2005, 2007, Achong 90']

> Two quadratically coupled oscillators

U1 + p1tr + w%ul + Biuius = Fycos Qt
g + pate + w%uz + .ffguf = F5 cos Ut

> 1:2 internal resonance

wo ~ 2w1
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Excitation of the second mode: P.D. bifurcations

iy + prtn + wiug 4+ Bruiug =0

U2 + pata + w%uz + ﬁgu% = FcosQt

w2 >~ wi,
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Two period-doubling bifurcations
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Excitation of the second mode: resonance curve
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> Comparisons with AUTO: (not shown)

Branches and bifurcations are well predicted
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Excitation of the first mode: resonance curve

U1 + p1ul + w%ul + G1urus = Fcos Qt
U + pau2 + w%ug + o 11f =0
w2 ~ Wi, Q~wp

©,=1 - ©,=2 = 4, =0.005 ~ 1,=0.01 ~ B,=0.1 = B,=0.1 ~ F=0.1 ~ H=10
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w1 (t) ~ a1 cos(Qt + 1)
u2(t) ~ az cos(2Q + ¢p2)
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Strong coupling with the 2nd. harm. of mode 2
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Excitation of the first mode: bifurcations

o,=1-©,=2 - 11,=0.005 - p,=0.01 - B,=0.1 - B,=0.1 - F=0.1 - H=10
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> Comparisons with: the 1st. order MS. solution + AUTO (not shown)
The two Neimark-Sacker bifurcations are well predicted
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Comparisons with the M.S. 1st. order solution

0,1 - 0,2 - 1,001 - 1,=0.02 - B, =0.

1-B,=0.1 - F=0.2 - H=10

©,=1 = 0,72 - 1, =0.005  1,=0.01 ~ B, =0.1 ~ B,=0.1 - F=0.1 ~ H=10
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> Fully validated with AUTO

> Numerical solution more precise than

SN1 - o-1.8751

Harmonics ampiitude
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multiple scale solution
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