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The work presents the representation of the Hysteresis-loop as curve of the friction and elastic forces
dependant from displacement and as curve of the excitation dependant from displacement. The axis of
the loops can described elastic and friction properties .

1. INTRODUCTION.
The moving of the linear oscillator, excited
through harmonics forces, is described from the
almost known equation

mX + cX + kx = Fg sin(at) (1)
where m = mass in moving, ¢ = friction quotient, k

= elastic quotient, x = displacement. The law of the
stabilised moving is

x = Asin(ot — @) (2)
where
A= h2
2n
tan(p)=————
P —w

and ¢/m=2n, k/m= p?, Fo/m=h.

2. HYSTERESIS-LOOP

If the time is eliminated between the displacement
x from (1) and the elastic and friction forces, [1], is
to obtain the equation of the hysteresis loop. At our
example, that is
x = Asin(wt - )
F=2nx+ p2x= 4)

= A[Zna)cos(a)t — @)+ p? sin(at - (o)]

or

F= psz_anao\/A2 ~x2

The time can be eliminated not only between
expressions from (4), but between another two
expressions, namely the displacement x and
excitation

and it is to become an another hysteresis loop, as

Fe =(p2 —a)2><4_r2nco\/A2 —x2

In (4), (5), (6) and (7) the size of F is an
acceleration, but this can be a specific force, N/Kg;
if the quotients p, n and h may be written explicit,
the equations can express really a relation between
forces and displacement.

()

x = Asin(wt - ¢)

Fe = hsin(wt) ©

()

3. PROPERTIES

The loops described from (5) and (7) have some
properties:
-The area of the loops, calculated with

Area=§F(x)- dx=}F(x)->‘< -dt
0

is equal in the two cases, respectively

Area =2n a)A2

(8)

-The shape of the loops is different and dependant
from the pulsation «. At very little value of @,
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< p:a)2

<< p’ ©)
the shape of the loops is enough like.

-The axis of the loop from (5) gives the slope of
the mechanical elasticity, respectively the elastic
quotient k. This quotient can be found practical
easier from (7), at very little pulsation, the
parameters of the excitation (amplitude and
pulsation) can be mostly known easier as the
friction forces and the displacement can be easy
experimental determined.

4. EXAMPLE

A linear oscillator has m=100Kg, ¢=1000 Ns/m,
k=1000000 N/m, Fp=1000N. In this case is
p=86.6 rad/s. Fig. 1 shows the loops for »=0.1p
(fig. 1.a), a=p (fig. 1.b), @=5p (fig. 1.c).
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Figure 1. Hysteresis loops for a linear oscillator

If the elastic forces are non-linear, as

Felastic = (106 X+ 10° ‘XZ DSGN (x)

where SGN=signum function, the results show that

the hysteresis-loops are very near at little
pulsation, fig. 2.
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Figure 2. Hysteresis loops for a non-linear oscillator
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