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Abstract

The suggested model covers most of the known types
of symmetrical hysteresis loops, and allows for the
building of smooth, piecewise-linear, hybrid, mirror-
reflected, inverse and double loops. The improvement
Introduces phase shifts Aay, Aa,, Aa; Into the existing
model. The phase shift Aa; makes it possible to change
the loop tilt at the split point. The phase shifts Aa,, Aa;
allow for continuously changing the loop curvature. The
model Is simple and intuitive; it permits quickly creating
hysteresis loops of a required type and easily defining
their parameters. The relative error in approximating a
hysteresis loop is about 1%.



Parametric equation of a family of
hysteresis loops

x(a)=acos™ a +b_sin" a,

y(a) =b, sina,

where ais a parameter (a=0...21),
a Is x coordinate of the split point;
b, , b, are the saturation point
coordinates; m is an integer odd
number (m=1, 3, 5, ...) defining
the curvature of the loop; nis an
Integer defining the type of the
hysteresis loop (with n=1, the
“Leaf” loop type is formed; with
n=2 — the “Crescent”, and with n=3
; — the “Classical’)




Introduction of phase shifts Aa,, Aa,, Aa,
x(a) = a°cos™(a + Aa,) + b¢ sin"(a + Aay,),
y(@)=b, sin(a +Aa,),

where a°, b; are corrected
parameters of a, b,

The phase shift Aa; allows
tilting a hysteresis loop at
the split point a




Effect of the phase shifts Aa,, Aa;

The phase shifts Aa, and Aa; provides a continuous change of the
loop curvature
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Additional capabilities of the model

Double loops

X, (a) = x{Za eyt ’j ey,

y’

ya(@) = y{Za - (-1)md(;;j ;T} + (‘1)""’(2%
where rnd() is a function

rounding to the nearest integer




Piecewise-linear loops

The parameter a takes values from 0 to 2mtwith step
217K, where k Iis an even integer (k=24)

k=12 k=8




Piecewise-linear loops built by means of
trapezoidal pulses

x(a) =a“trp. (a +Aa,) + b, trp_(a + Aa,),
y(a) — by trps (0’ T AO’3),

where trp are trapezoidal pulses
(trp.(a)=trp,(a+T/4), T Is a period)




Examples of approximation of real loops
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Areas of application

e Linearization of piezoceramic scanners and
manipulators

* Linearization of magnetic and magnetostrictive
scanners and manipulators

e Simulation of instruments that include hysteresis
elements
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Appendix

Formulae for calculation of the corrected parameters

= acos'(Aa, —Aa,) b, si' (Aa, - Aa,)
sif"(Aa, - A, )sin' (Aa, - Aa,) +cos™(Aa, - Aa, )cos' (Aa, - Aa,)’
e = asim"(Aa, - Aa,) +b, cos™(Aa, - Aar,)

~sim"(Aa, - Aay)sid' (Aa, —Aa,) +cos™(Aa, - Aa,)cos' (Aa, - Aa,)
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