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Chaotic Phenomena in MEMS with Duffing Equation
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ABSTRACT

Recently, there are many difficult for maintenance in the power in established sensor networks. In order to solve this problems,
the power development has been interested using vibration in MEMS that insert the MEMS oscillator.

In this paper, we propose the MEMS system with Duffing equation to generate vibration signal that can be use power signal in
MEMS and confirm and verify the chaotic behaviors in vibration signal of MEMS by computer simulation. As a verification
methods, we confirm the existence of period motion and chaotic motion by parameter variation through the time series, phase
portrait, power spectrum and poincare map.
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% 1. Duffing & Alel 2E
Fig. 1 Model of Duffing equation

21(1)¢] Duffing A2 elA A L (free osci-
llation), A& & (damped oscillation), 3|2~H2]A| 2~
dgelet Eele AAER 1A 3R Fx Ay
(Forced Oscillations - Primary Resonance and Jump
Phenomenon)® A 2.8} 2 Y (subharmonic) @ 473 3} %
Y(superharmonic) .2 &2+ 22} & (Secondary

Resonances) &3 &7do] wAISCH10].
2.2 MEMS 237][2]
MEMS #317]1%= 4(2)} 2

Aedlog wddy = 5 9ty Q)2 HASHE

MEMS Al 2(1)Z FA|sHE Duffing #44]

FUs ndojgty B 4 gtk

mz + cx+ kyz + k3x3 = Flx, V) @)
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ks = 0.3x 10" N/m?* & st om d7)42l 3]
Flz(t), V()= ANzF t, B9 z, A7|HA=TAY
(excitation electode voltage) V¢l =% yepith
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Flz)=kViu(z)— kViu(—2) e}

3714 u(x)E A 34 (step function), ke =7
gl, V), Vo5& 53 Al A7st dgEolth

0.03

O 2 stitel Sx MI28H ¥ (o) @

Fig. 2 f(x) value from one tuning electrode

2.3.2 AA A714 [1-2]
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s

Flz)= Vif(z)— Vif(—x) @

A ot 1V, (t), V,(t) cE A
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3% 3. f(—2) d=
Fig. 3 f(—2) graph

2@l vV, = V,— V,cos(wt),
Vy,=Vy+ V,cos(wt)et 3 Fz)2 b
2 (5)¢} 7ol At

F(z)=[V,— V,cos (wt)]2f (z) = [Vy+ V,cos (wt)]2f (= 2)(5)
= [V5+ V7/2+ Vieos (2wt) /2] [f (z) = f(— x)]
-2V, V,cos (wt)[f(z)— f(—a)]

= (Vi+ vi/2)[f (@)~ f(=2)]
— 2V, V,cos(wt)[f(z)+ f(—=2)]+ O(cos (2wt))
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Fig. 5 f(z)+ f(—=) graph
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Fig. 6 F(x) graph of electric forcing
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