
 
 
 
 
 

 
 
 
  
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

CCC...   NNN...   RRR...   RRRaaaooo   LLLeeeccctttuuurrreee   

Abstract 
  

Hysteresis, for this lecture, is a largely rate independent, history dependent, and 
irreversible behavior seen in electromagnets, material dissipation, plasticity, liquid-
solid contact angles, and other areas. I will begin by describing the Bouc-Wen 
model, often used for hysteresis in structural systems; and the classical Preisach 
model, used for magnets. I will then discuss hysteresis in high-dimensional frictional 
systems, and novel low-order models for the same that I have developed with my 
students. 
 

We have studied two systems with signum nonlinearities and high dimensionality. The 
governing equations, involving signs of velocities, are not differential equations in the 
usual sense. They are solved incrementally using a linear complementarity problem 
formulation. From this numerical solution, to develop a reduced-order model, basis 
vectors are chosen using the singular value decomposition. The slip direction in 
generalized coordinates minimizes a complicated dissipation-related function. That 
function includes frictional dissipation through signum nonlinearities at many friction 
sites. Luckily for this research effort, it allows a convenient analytical approximation. 
The approximated minimization problem yields the slip direction. An evolution rule for 
a few states is finally obtained that matches the full solution well. 
 

The above line of attack was first implemented on a 500-state frictional system, 
whereby we developed a six-state hysteresis model. The shortcomings of that model 
helped us identify a second system for similar analysis. The new system leads to more 
pleasing outcomes. The basis functions for model reduction now have simple 
analytical description. The number of states required decreases from six to a 
theoretical minimum of two. Fitted parameters are dramatically fewer in number. 
Parameter fitting to match different specified hysteresis loops is demonstrated. 
 

In summary, a two-state, physically based, first-principles model of single-input single-
output hysteresis is developed that is ready for practical implementation. This model 
has no parallel in the literature that I know of. 
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