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Abstract: This paper represents the result of experimental and theoretical researches concerning the
behaviour and the performance level specific to neoprene bearings subjected to conformity assessment.
The standardized test involves only quasi-static and/or oligocyclic loading for displacements imposed
from outside. This method does not accurately represent the dissipation function of the neoprene bearing
under dynamic loading by inertial actions at shock and vibration generated by the road traffic, with

variable parameters under aleatory regime.

This paper puts into evidence the energy dissipated by the neoprene under dynamic actions by forces

having constant amplitude F, = const and F, = mom)2 .
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1. THE DISSIPATED ENERGY FOR
HARMONIC EXCITATION EXPRESSED
AS F =F,sinot

1.1 Massless linear viscoelastic system

Figure 1 presents the dynamic model where the
excitation force amplitude is constant, namely

F, (t, 03) = const .

Figure 1. Dynamic model

The linear viscoelastic force under steady regime
is given by relation:

% = oA cos(wt —¢) 3)
where A stands for the displacement amplitude
given by:

PR
k \1+8* )
¢- phase difference between force and
displacement under the form:
cw
‘gp=""=9 (5)
From relation (1) we have:

2 (6)

sin ot :2 ; CoS O = 1+Q—2

0 0

and developing relation (2) it results in:

x = Asin ot cos @ (7

where introducing (6) we have:

0 . 0,
x=A=coso—Asinp |l -== 8
F ¢ ® F02 )

resulting in the ellipse equation, in the rectangular
axis system Q-x, representing the hysteretic loop,
having the form:

2 2
Q +[£j —2££cosq):sin2(p )
F, A F, A

The graph Q= Q(x) can be provided by the

O=kx+cx=F'ysinwt (1) following function:
with the instantaneous displacement response under Q(x) =F, lX cos ptsin q)m J (10)
the form: where:
szsin(o)t—(p) 2) v x N | ) |
=7 sin@Q = m, cosp= m
RJAV vol IX issue 1/2012 53 ISSN 1584-7284



For the discrete variation of 4, and continuous

variation of x, we have the hysteretic loop family

0= Q(x E)) represented in figure 2.

Q[N]

x [m]

1.2. Linear viscoelastic system with mass

The dynamic model for the viscoelastic system

having the parameters m, k, ¢ and for the equivalent
hysteretic system with the parameters m, s =c®,

d= ; is represented in figure 5.

Figure 2. Hysteretic loop family Q = Q(x, FE))

The dissipated energy W, is under the form:
W, = ndkA®

or
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Figure 4. Curve family W, (8, E))

Figure 5. Dynamic model

For the dynamic equilibrium, under steady

regime with ®=const, in case of the linear
viscoelastic model we have the equation under the
form:

mx +cx + kx = F, sin ot

(12)

and for the hysteretic model:

h 13
mx +—X + kx = F, sin ot (13)
®

The dynamic response for the hysteretic model is:

where

x = Asin(wt —0) (14)

F, 1
A==~ 15
EJi—of+o (4
(16)

o ® , k
g 1-0? P P m

The dissipated energy W, is of the form:
nky )

Wi (1-Q°f +8 (17)
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2. Energy dissipated for harmonic dynamic
excitation under the form F = my o’ sin ot

The dynamic model presented in figure 5 has the
excitation force F =myrw’ sinot leading to the

displacement amplitude and the dissipated energy
expressed by the following relations:

myr 0%
A(Q,8)= =2 —— (18)
m
f[Hz) \/(I_Q)Z+5
Figure 6. Curve family A((D, 8)
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Figure 7. Curve family ¥, (0), 8)
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Figure 13. Curve family W, (5 , Q)

2 4
W,(Q,8)=p'n (1) 20 (19)

m (l—Qz)2 +8°

3. CONCLUSIONS

The dissipation capacity of the damping systems
basing on neoprene elements is expressed by the

internal dissipated energy W, representing a system
characteristic and not a material characteristic. This
parameter is very important for the evaluation of the
damping system capability. Thus, depending on the
excitation, the dynamic response in displacement
changes with the amplitude A(w, 8) having as result
the dissipated energy dependence on the excitation
parameters F;, o, under steady dynamic balanced

regime.

Having in regard the above mentioned items, one
can conclude the following:

- in case of dynamic excitation with steady
harmonic  forces  with  constant amplitude

F, =const or inertial amplitude F, = myro”, the
dissipated energy is a function of the dynamic
response amplitude in displacement A(a),fi) as a

result of the dynamic equilibrium for the whole
system,;

- the internal energy dissipation capacity for the
damping elements in neoprene, in various
constructions represents a system characteristic and
not a material characteristic. ~As material, the
elastomer is characterized by parametric values only
stated on reduced scale samples and not for the
whole damping element natural scaled.
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