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Bifurcation Analysis of a Non-linear Hysteretic Oscillating System
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ABSTRACT
Three kinds of viscoelastic damper model, which has a non-linear spring as an element is studied

analytically and numerically. The behavior of the damper model shows non-linear hysteresis curves

which is qualitatively similar to those of real viscoelastic materials. The motion is governed by a

non-linear constitutive equation and an additional equation of motion. Harmonic balance method is

applied to get analytic solutions of the system. The frequency-response curves show that multiple

solutions co-exist and that the jump phenomena can occur. In addition, it is shown that separate

solution branch exists and that it can merge with the primary response curve. Saddle-node

bifurcation sets explain the occurrences of such non-linear phenomena.
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Fig. 2 Nonlinear hysteresis cycle at
different frequencies ( Kelvin model)
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Fig. 5 Nonlinear hysteresis cycle at
different frequencies ( Maxwell
mode)
=1, e;=1, ¢=0.1, Xp=1

Fig. bollA REo] Fupst Ao wet njydgAy
< YehZI=Estn YEA] g E g E3 Wit
QA4 oF 742 @ pE o Fig. 63 o)
Jerdt.
18 e = -
'—// ""A' I
os . oo //
/ ; /
[=) o i i =01 ; /.,
08 / //,
Fig. 6 Nonlinear hysteresis cycle at
different damping constants  (
Maxwell model)
e=1, ey=1, ¢=0.1, X;=1
bgoeR 3—Parameter 2dg Moy 29
9 =

Fig. 7 3-Parameter model

Fig. 78 & v|3d¥ 3-Parameter 29 Eu7}
e 3 pol @b AEstd o4y go] JE
¥ 5 9l

D+ cvi D+ kAD) = kyxt o )

w7k 5712 W $4 -9 #A=

Fig. 83 9]

- 291 -

vebd £ o Fa47t S wet 2dE e
duizale] e ZolEd T w dFL 9 pE
& Fig. 97 #o] vehus, doe] go] F7t%
of wel 245 E gAY ¢ FojErh

o8

o6

04

oz

1 ©8 ©0& 04 02 o 02 04 06 08 k]
x

Fig. 8 Nonlinear hysteresis cycle at different
frequencies ( 3-Parameter model)
di=1, d3=1, c=3, =1 X;=1

&
°
-3
o
a
IS
-]
N
X o
o
N
-]
IS
o
o
<
]

Fig. 9 Nonlinear hysteresis cycle at different
damping  constants  (
model)
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Fig. 11 Bifucation diagram
( Kelvin Model system)
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{ Kelvin Model System)
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Fig. 13 Bifurcation diagram
( Maxwell Model System)
m=10, e,=e;=1, F.=1, k=2,c=1
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Fig. 14 Bifurcation diagram
( Maxwell Model System )
m=10, e,=e3=1, k=2, F.=1
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Fig. 15(a) Bifurcation diagram
( 3-parameter Model System)
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Fig. 15(b) Bifurcation diagram
( 3-parameter Model System)
m=10, eg=e;=1, k=2, by=1,F.=1
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Fig. 16(a) Bifurcation diagram
( 3-Parameter Model System)
m= 10, e=e3=1, k=2, k'g:l, c=1
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Fig. 16(b) Bifurcation diagram
( 3-Parameter Model System)
m=10, ey=e3=1, k=2, by=1,F.=1
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Fig. 18 Bifurcation Set in Fc & ¢ vs w Plane
( Kelvin Model System)
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Fig. 19 Bifurcation Set in Fc & ¢ vs w
Plane ( Maxwell Model System )
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Fig. 20 Bifurcation Set in Fc & ¢ vs Plane
( 3-Parameter Model System )
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