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Abstract—The aim of this paper is to give the conditions on Il. BIBO Bouc-WEN MODEL PROPERTIES
the hysteretic Bouc-Wen model so that (i) it has the property
of being bounded input bounded output (BIBO), and (iij A- The model
it dissipates energy (or is passive). This study leads 1o a  consider a physical system with a hysteretic component
gg‘ji'_%:ﬂorggéérse. possible BIBO and dissipative (or passive) that can be represented by a m@ — ®g(x(t),t), which is
referred to as the “true” hysteresis. The so-called Bouc-Wen
model [12] represents the true hysteresis in the following

I. INTRODUCTION form:

To describe the behavior of hysteretic processes several gy (x,t)
mathematical models have been proposed [11]: the Duhem
i ! 2 = DH(A-BIXZ"z-yxZ"). ()
model uses the property that a hysteretic system’s output z yX 5
cha_nge§ its chara_cter when the input changes direction; t\f}v erez denotes the time derivative, and> 1, D > 0, k> 0
Ishlinskii hysteresis operator has been proposed as a mode

for plasticity—elasticity and the Preisach model has bee"i!]nOlo <a<lare parameters_. The limit cases-1, a =0,
=1 are treated in Appendix C.

used for the modelling of electromagnetic hysteresis . . M .
. . This model was originally developed in the context of
survey of the mathematical models for hysteresis may be . . 7 . .
. . Mmechanical systems in whichis a displacement and is
found in [6]. Most works devoted to controlling systems

with a continuous hysteresis have used the backlash mo&eresmrmg force.. .It represents thg hysteretic fofeéx,t)
as the superposition of an elastic componeaihkix and a

(see for example [9], [10]). As noted as early as in [S]; urely hysteretic componeiil — a)kDz in whichD >0 is

"Use of backlash to model [a magnetic] hysteresis elemerﬁge yield constant displacement ande (0,1) is the post

misrepresent the behavior about the origin, does not propd pre-yielding stiffness ratio. The hysteretic part involves

erly account for saturation, and introduces a dead zone that . ) . . S _
does not exist”. a nondimensional auxiliary variablewhich is the solution

T . . of the nonlinear first order differential equation (2). In this
The objective of the present paper is to introduce agq ationA B andy are nondimensional parameters which
alternative simple model of a smooth hysteresis knowpynig| the shape and the size of the hysteresis loop, while

as the Bouc-Wen .model. .Propo.sed in 19,76’ this mOd?ll is a scalar that governs the smoothness of the transition
(a first-order nonlinear differential equation) has beeR . alastic to plastic response.

used experimentally mainly in wood joints and structural
systems (see [1] for example) and has remained largely/ Problem statement
unknown for the wide cqntrol commum@y due mainly tc_: This study lies in the experimentally based premise that a
the absence of an analytical study of this model. The aim : . . .
. X N . o true physical hysteretic element is BIBO, which means that,
of this paper is to fill this gap by giving the conditions on . . . .
. - _for any bounded input signalt), the hysteretic response is
the Bouc-Wen model so that it holds the property of bein
) Iso bounded. Thus the Bouc—Wen modigly should keep
bounded input bounded output (BIBO) and, moreover, | : .
dissipates energy the BIBO property in order to be considered an adequate
‘ candidate to model real physical systems. Appendix A
gives an example of a set of paramet&s@, y, n such
that, for a particular bounded inputt), the corresponding
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= akx(t)+ (1— a)Dkzt), @)



	Header: Proceeding of the 2004 American Control Conference
Boston, Massachusetts June 30 - July 2, 2004
	Footer: 0-7803-8335-4/04/$17.00 ©2004 AACC
	Session: ThP09.1
	Page0: 3520


