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Ishizaki’s Model

Parametric Excitation Flex joint was modelled

in @ continuous system

Elastic deformation as an elastic bOdy-

X U (elongation) The flex joint is excited vertically by
’ s V (deflection) the sinusoidal ground motion X.
X =Dbcos 02t
| | UL e The deflection v is a function of
flex joint / Mg coordinate X and time t.
( cantilever) X =b cos 2t v =v(x,t)
The equation of motion for the
ground deflection:
O y Agav .M d?X\ 0%v . v 0
coordinate P at2 t g+ dt? | ot2 + axt
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p are density, A are cross section, and £/ are flexural rigidity of the flex joint.
M is a mass of the tip mass. g is gravitational acceleration.



, , Parametric Excitation
Elastic deformation

X u separation of variables: v(x,t) = {(x)o(t)
-V &(x) : the first natural vibration mode (quarter cosine wave)
| Tip Mass 42
o
.Fl.ex Mg —— +(a—2qcos2t)o = 0. Mathieu’s
joint X =Dbcos 2t dt Equation
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Srofi% y a=(2—u) (1——9), q=2—">b, T=—F".
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U: unstable state,
sl S:stable state.
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Parametric Excitation

dz

do
apz T2ven ot w,%(1—q' coswt)o + ewy?a3 = 0.
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Frequency response of the non-linear Mathieu’s equation.

There is a resonance at twice frequency with the natural frequency.
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