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ABSTRACT

The oscillation movement of a mechanical non-linear system is not easy
to solve exactly on analytical way. The approximate solutions are based on
different methods and give different values with different approximation
degree. Our method, based on “low parameter method” gives an another
way for this almost known method and it is applicable at non-linear
mechanical systems on free movement.

1. Introduction

Free oscillations of the non-linear
mechanical systems are described by differential
equations such as

mx+ F; =0

where m is the mass of the system and F; are the

internal forces (elastic and damping).
The equation can be written

g flex)tx=0 (1)

where # is a low positive parameter, the f

function includes linear and non-linear terms

depending on x,X and coefficients depending of

the mass of the system, X being the movement
leaning on time.

2. The principle

Marking )'c:z,z:z(t) we obtain a

differential equivalent system of the equation

(1)

(2)

58

The system (2) becomes under the

disregarding of the non-liniarities (¥ = 0)

Ox=z
0

0z=-x
with the solutions

Ox=Cy cos(t) +C) sin(t)

Dz:-Clsin(t)+ Czcos(t) C;,C,0R

For the non-linear system (2), we look
for solutions such as

Ox = Cl(t) cos(t)+ Cz(t) sin(t)
0 _ . (3)
0z = -Cl(t) sm(t)+ Cz(t) cos(l)

the functions C, (t) , Cz(t) will be determined

by identifying from the condition that (3) should
be a solution for system (2). It results

4)
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By solving of the system (4) with the
unknown C (t) , Cz(t) it results

%Cz(f) :

0_ p DCI(t) cos(t)+ Cz(t) sin(t), 0

= IL G sinl) €]l

0.

e et callanld 1
o 0C\¢t) cos\t)+ Colt) sin(t), O
=PIl sinl)+ Cale)eosl)

Integrating, we obtain C](l‘), Cg(t) and
coming back to (3) we find the exact analytical
solution. But system (4) can be solved only in
particular situations for simple expressions of
the f functions.

For low non-linearities we consider that
in a period 21 , the functions C](t), CQ(I) remain
invariable and can be approximate with their
medium values on this period, and than

2n .

. Cjcosag + CH sing ,
Cple)= Lo a1 2 sing do

2n 0 -Cysing + Cycoso

2n .
. Cjcoso + Cy sing ,
Cg(t): - L ! 2 cos0 dao
2n 0 - Cysing + C) cosa

After the calculating of the integral we
obtain results as

Cyle) = welcslo). i)

1
Eali)= w Aeslih ol ©)

2
i
H

respectively a system of differential equations
that can be integrated easier than (5) and its
solutions lead to solving the non-linear
equation.

3.Example

We will solve as a particular case the

following non-linear equation

3

X+t x°+x=0 7N

so f(kx)=

FASCILCE XIV

The expressions that help us obtain

Cl(t), Cz(l‘) can be written

2m
Cy(t) = Zu_n !’)(- Cysing + Cp cosc)3 sing do
2m
Cylt)= - 2u_ﬂ J'(- C;sing + Cp 0050)3 cosg do

where C1,Co 0 R

After integrating we obtain

0. 3uC

Sl - 2l fez )

0 8
IANE 3o (C2+C2) ®
i g 1772

The presence of CI2+ Cg in the right

part of the two equations leads to a division and
it results

1
— 9
&) ¢ ©)

differential equation that conducts to a linear
relation between functions C](t), Cz(t)

C,le) = kClt), kD R (10)

It results

x(t) = Cl(t) cost+ kC](t) sint = CI(t)[cosH ksint]

the function C;(7) verifying

el=- 2lei e}

éil)= - e+ el (an

Cle)+ro?cifl=0

Noting  z(7) = C;Z(t) it results later
z(7) = 20 2ttc,cIR, 0= %{(kz + 1] and than
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1

V20 2t+c

Choosing the solution with the sign +
(with the other we proceed identically), we
obtain

Cyle) =+

1
x(t) = —(cost+ ksint) (12)
V2w 2t+ c
From the initial conditions

x(O):ao,jc(O):O concerning the solution it
results

(13)

and than

a0

A=

(cost+ ksint) (14)
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From the relations

w:%{k2+1,w2:ck and k0 R
we obtain a condition about the low parameter
4 2
< —a 15
Hs =g (15)

3. Conclusion

The presented method permits the solving of
the non-linear mechanical systems and was
chosen as example a system with nonlinear
damping forces. The method presents the
solving and the evaluation of the value of the
low positive parameter in order to make the best
approximation.
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