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Abstract.This work, considers a vibrating system, which consists of a snap-through truss absorber (STTA)
coupled to an oscillator, under excitation of an DC motor, with an eccentricity and limited power,
characterizing a non-ideal oscillator (NIO). It is aimed to use the absorber STTA, to establish the conditions,
that we have the maxim attenuation of the jumpphenomenon (Sommerfeld Effect). Here, weare interestedin
determining the conditions of the vibrating system, in which there arereduced amplitudes of the oscillator,
when it passes through the region of resonance.

1 Introduction Later, the forced system coupled STTA, was studied by
[4]. Also, in recent work [5]analyzed the interaction

This work, considers a non-ideal vibrating system, which between STTA and an elastic system.

is characterized by the mutual interaction between the Also, two previous works, [6, 7] analysed the use of
system’s response and the excitation. The responseTTA in attenuation of the jump phenomenon.

influences system’s excitation, in opposite to the  Thegoal of this paper is to analyse the phenomenon of
traditional one, called ideal systems. The non-ideal the mutual interaction, between the non-ideal oscillator
systems theories can be seenin details in: [1] and[2],and the STTA, so that the vibration amplitudes are

undeserving of others authors. reduced in the passage through resonance and the jump
Here, we used a vibrating system, formed by anphenomenon (Sommerfeld effect) is attenuated.
oscillating block and a DC motor, with limited power, This paper is organized as the follows:Section 2

which works as an excitation source. This situation, presents  the adopted mathematical model,
characterizes a non-ideal system. The passage througWhichrepresents the non-ideal system connected to a
resonance reveals interesting behaviors, once the motor iISTTA. In Section 3, the stability analysis is exhibited. In
able to transfer a big part of its energy to carry out systemSection 4, results and numerical simulations are showed
oscillations, generating large movement’'s amplitude. and in Section 5, conclusions will be presented. Finally,
Thereby, we used a DC motor, as a model of linearwe list the bibliographic references

torque. This torque was used as a control parameter, in

order to obtain the passage through resonance and contr% .

motor’s frequency. Mathematical model

The main phenomenon observed in non-ideal system
is the called Sommerfeld effect, in which the oscillator
presents unstable movements at resonance regions.
jump can be seen in the frequency-response curve
revealing the conditions where there is no permanent
state.

In this work, we used the snap-through trussSTTA, in
the absorption of the longitudinal vibrations of a non-
ideal oscillating system. Here, the oscillation energy of
the main system is transferred to STTA, which fluctuates
around an equilibrium point. The analysis ofthe free
oscillation of this system was recently studied by [3].

SThe system considered here, is based onan extension of
K1e previous works, from[3 - 6], and may be described by
figure 1. In this research, we will aim to show: How the
toupling of a small snap-through truss mass, can absorb
part of the non-ideal system vibrations, considering
especially the passage through resonance and the
Sommerfeld effect [1].
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Fig. 1.A non-ideal structurattachmer, coupled to snap-
through truss absorber.

The governing equations of motiowhict represent
the mathematical model of theor-ideal oscillator
coupled to snap-through truss absorlaee shown beloy
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where ky,4) are the generalized coordinates of N
STTA and rotor, respectivelyg] is the angular velocit
of the rotor andd) is therotation angle of the DC mot

shaft. M, m) are theNIO mass and STTA ma
respectively. i, my) are the eccentricity andnbalanced
mass of the electric motor considereis the moment of
inertia of the rotor. K, k;) are the linear stiffness of tl
springs. €;, ¢;) are NIO and STTA lineadamping.
Finally, | is the spring length ang is the angle that
defines STTA equilibrium positionBy using a linea

torque model, we consider tHay) =u, —u,@, in which
u, is related tahe voltage applied to the mo and acts

as a control parameter for our problem, u, is constant
for each type of motor.

2.1 Dimensionless system

Using the following dimensionless paramet

I SRVES B
= ,T=@t,u==,v=2, ,
“ M +m, TR uE VE A (M +my)l
_M = G =i =E
EE T A T My, e, T
=M gy —abg, a= b=% c=cosp,
laf I,
s=sing 2)

We can write the governirgguation of motion,as:

u"+u+2yu-c)KUu,v)=n,(¢?sing-¢ cop yau’
¢ =a-bg —nu’cosp
V' +2uy(s+Vv)K (u,v)=-a,Vv 3)

In which

1

K(u,v)=1-
\/1+ 2(vs—uc)+u® +v?

(4)
3 Equilibrium points and stability

Defining newvariables, wewill write the system in
the space state.

X1:u!X2:u’vx3=V!X4:\/1X5:¢1XG=¢
X = %,
%,

1
A2~ 0K (%, %)

+,X; SiNXs = @, X, = g(a—bx ) cosx 4]
X3 = X,

Xy = =21y (s+ X3)K (X, X5) = a X,

Xg = Xg
%= {(a-b) ~af X 204 ~9K(% %)

+Q,XZ SinX, — a,X,]cOsX, }

(5)
A=1-q,q,co¢x, % 0 ©)
1
K (%, %) =1-
(Xl X3) \/1+ 2(X,S—XC)+ Xf +X§ %

Equilibrium points:

Now, in (7) we will find the equilibriumpoints,
making x =X, =X, =X, =X;=X,=0.

If A#0, we canconside a = 0. We also assume
that X =0and we will obtairX, =0,%x, =0, %, =0
.Thus, the equilibrium points are obted in the
following cases:

a) If x; = 0,K(xp,Xg) = 0: 2,5+ x5 =0
First equilibrium point: X; = 0,%, = 0,%X3 = 0,%4 = 0,Xs
=0,%=0;
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Second equilibrium point: x; = 0,%, = 0,X3 =-28, X4 =

0,%=0,%=0; g:_)(1_2}/()(1_0)K+0quSinX5_alxz
_ Now, using the numerical values to the parameters
b) If x3=-sin (10): —s+2y(-s-c)K(-s,%) =0 exhibited on table 1, we evaluated the eigenvalues at each
: P .o _2yc-y _ _ equilibrium point and then we will find the stable points
Third equilibrium point:x, = 1+2y % =06=-5 %= of the system (the corresponding eigenvalues must have
0,% =0,X; = 0; negative real parts to ensure stability).
2y(c+1) Thus, for system (tablel), we will obtain:

Fourth equilibrium point: x; = X =0,X3=-8, X System:

142y S B _ _ _ A
=0,% = 0,% = O Xl_2’)(2__10’)(3_0!)(4_0')(5_O’XG_O’_> STABLE
Xl:y(C ),X2:0,X3:'51X4:0!X5:0’X5:0;:>
1+2y

The stability of equilibrium points can be checked
using of the Jacobian matrix (13). STABLE

r e Table 1.Dimensionless parameters of the non-ideal system [6].

Jop Jp Js 0 Jyy Jye Variables Symbol Values
0O 0 0 1 0O O system
J= J, 0 J, -, 0 O Interaction coefficients N1 N2 0.05, 0.35
o 0 o 0 o0 1 Damping coefficients ay, O 0.01, 0.03
Stiffness coefficient y 1.0
o Je Jeo 0 Jos oo (8) Mass coefficient H 100
Angle 4 0.405

where:

1
Jo = (I 2K -2y —e)etx ) 266s—xe ) G+ )") 4 Numerical simulations results and
a, discussionsof the obtained results

22

A In this paper, numerical simulations were carried out by
using Matlab®, with the numerical integrator odell3,
Adams-Bashforth-Moulton PECE solver algorithm with
variable step-length. Values s=0.39 and c¢=0.92 were
obtained fromp.

We will consider the non-ideal oscillator (NIO)

L /4 -0)(2s+2x)
(L+ 2(%,5— XC) + X2+ x2)™%?

23

‘J25 = (quéCOSX5+ ql@—bxe)sirMS)yl

—(g - q,(a—bx,)cosx; )ag, Sin X, A~ coupling to STTA. In this case, we will investigate the
1 ) dynamicbehaviour of the considered system, when the
Jze:Z(ZQ&Smeﬂ“qleOS(s] STTA is coupled to it and also we will verify the
reduction of amplitudesof the motion, compared to the
—201y(S+ %;)(~C+ %) system without STTA (we are going to analyse how the

a1 2\312 system works before, during and after passing through

L+ 2(x5— XC)+ X+ X
(14 20687 x0)+ X+ % the resonance region).

24y (s+ X%)(S+ %)
1+ 2(%8=XC)+ X +X;

Jus = —20yK -
w =K ) 4.1 Non-ideal vibrating system (NIO)

1 Now, considering the case of the non-ideal oscillator
It =K{-0Qcosx5[-1- K-k -c)ectx) (NI10), we will determine through the figure2: what is the
_ s a3 input value of the torque of the DC mota),(in which
XAt 2065 =XC)+ X, +%3) T} the jump phenomenon (Sommerfeld effect) occurs,
_ 0,0,C0SX; without coupling the STTA to the NIO (black point).

A Figure 2, displays the jump phenomenon present in
the NIO, with and without coupling, with STTA. In the
coupled system, different values for the stiffness
parametery) were used, in order to analyze the influence

‘]62

T = 5 (008 £ F/ (=0 )+, )t 26510 )€+ )*7))

e = (90,SinX, — 48 X4 coS X A of this parameter on the system (considering the other
. - values in table 1). In this figure, we used 0.05 (gray
~(a=bx; = f,Co8% i, Sin XA point), y; = 0.35 (red point)y, = 0.50 (blue point)y; =
. :1(—b—qlqzx63in2x5) 0.70 (green pc_>ir_1t.)y4 = 1.Q .(magenta point). For all cases
A (9) analyzed, the initial conditions are taken nulls.
Figure 2a, shows the maximal amplitudefor each
where : “averaging” value of the angular velocity of considered

DC motor. Figure 2b, shows the maximal amplitudes
versus the control parametea).( We notice thata =

08002-p.3



MATEC Webof Conferences

0.01, refers to the step lengtim the parameter contrc
We can see in both figures 2a argl that the maximur
amplitude and the jump of the frequency of the I
without coupling occur, when the)(is close to 1.8 an
(¢) to 1.0 What we can also confirm when NIO
coupled to STTA, is that while the value of) (is
increased, the maximum amplitudes of the oscillator
to decrease tag], value close to 1.8ggion of the jumg
of NIO. Another aspect tobe verifiedin this figureis
effectthat the change invalyg( causes tothecurves
shown.It iseasy to see thatas we increasethe valty),
the curves shift to the rightndicatin¢ that the jump
occurs for values ofa) abovel.8. Fothe frequency or
angular velocity ¢) the same happensothe valuesend
up being larger than1.0 for the jump.

i
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Fig. 4. Sommerfeld effect witld < a < 3.5and Aa=0.01.

NIO coupled to STTAy = 0.05 (gray point)y; = 0.35 (red

point),y, = 0.50 (blue point)ys = 0.70 (green pointy, = 1.0
(magenta point). NIO uncoupled: black poi

After determining the points,where the jump
phenomenon occurshe behavior of tt NIO with and
without the STTA is then analyze@o check the action
of the NIO ,in the passage througksonanct we will
observe the displacement aadgular velocity of tr DC
motor.

The displacement of the NIO amahgular velocit of
the motor are shown in figure3dn three different
situations: & = 1.4) before theesonanc (a = 1.8) in the
region of resonance and E 2.2) after the regio. The
parameters used are the same as iie thhn figure3, we
note that when the NIO is coupled 3G TA, the angular
velocity tends to fluctuate less amdhintan a constant
value. Also, for the displacement of tN¢O, we find that
the range of motion is reducedhen we have tt STTA

active in the system.

In figure 3, we notetha: before entering of the
resonance region (figureaB and within this region
(figure 3b),the angular veloci tends to fluctuate much
less and maintain eonstant valu when we have the
system with the STTA.

The comparisonbetween the displacements
revealsthat theoscillations can bedramaticallydecr,
whenthe absorberigttached toheNIO. Since the output
of the resonance region (figg3c), the system without
coupling oscillates less, whitee coupled system is in his
own region of resonanceyith large fluctuations, as
reflected in the figure2.
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NIO displacement is observedsing differen values for
(y), the time histories are showrhen (a = 1.4) before

the resonance (figured4a)a (= 1.8) in the resonanc

region (figure 4b) anda(

(figure 4c).

21

2.2) after the resonance

reshe displacemer

In these three figu

corresponding to each value @ {s showr at each time

interval700. The values adopted aye0.05

= 0.35,

Y1

=1.0.

=070’,Y4

’Y2=0.50’,Y3
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Fig. 4. Time historiedor stiffness coefficients with = 0.05 in
0<t<700,y=0.35in 706< 1< 1400,y = 0.50 in 140Gt <
2100,y =0.70in 210& t <2800 andy = 1.0 in 2800< t <
3500: Responses of NIO (blalike) and STTA (gray line). aa
=1.4.b)a=1.8.ca=2.2

Looking at figureda and figure4lt is evidentthat as
the coefficient of rigidity increases, tt movement
amplitude of the NIOtends to be low than before. At
the same time, the angular velocitigo decreas, due to
the increased stiffness. Howeyein figuredc, the
increased stiffness, causes that tisplacement ar
angular velocity increase, this is digethe fac, that with
this variation of ) and @) = 2.2the syster ends up in
the resonance region, a fahat we can verifyby lookin
atfigure2.

The results of this section show that when we v
with NIO, into the resonance region only, the STT/
highly efficient to reduce thengplitude:.

4 Conclusions

The non-ideal oscillator, coupled the STTA propose
in this work, hasshown that this type of passi
controller is very effective.
The main interest of this application in I-ideal systems
is the reduction of the vibration antpdes, especially
when the excitation frequency getkserto the natural
frequency of the system, whiclereates the jum
phenomenon.
Therefore,the absorber generated the ed results by
reducing ofeffectively the amplitudes of this regi

In future works starting from the parameters of mi
and stiffness, we will try to set the conditions in wt

occurs the highest energy transfer from oscillator to
the absorber (Energyumping phenomen(8]).
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