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ABSTRACT

The article presents the dynamic model of a 1DOF elastic system with

viscous damping, perturbed by a harmonic force F(t)ZHSimt. The
rheological model of the damping is Standard Linear Solid (SLS) model,
the analyzed parameter being the amplitude factor/ratio, the
transmissibility factor and the isolation degree. This study, which analyzes

the amplitude factor A(Q,Q) function of pulsation/frequency ratio € and

the viscous damping ratio €, is useful to validate and/or to assess the
viscous materials with SLS model behavior.
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simplest linear viscoelastic models [3] [4] [5].
INTRODUCTION. SLS
RHEOLOGICAL MODEL

The books on viscoelasticity describe basic T =
linear rheological models and complex rheological E n
models [1] [2]. Figure 1 shows the models of linear % E
spring (Hooke) and linear dashpot (Newton).
a) b)
E 1 Fig. 2. Linear rheological models [3] [4] [5]
N a) serial spring+dashpot (Maxwell model)
| b) parallel spring+dashpot (Kelvin-Voigt model)
a) b) E
Fig. 1. Basic rheological elements [1] [2] !
a) Hooke model  b) Newton model \NV\
By combining in series and/or in parallel springs \/W 1
and dashpots, we can obtain complex rheological -
models. Figure 2 shows the rheological viscoelastic E2 n,

models Maxwell and Kelvin-Voigt, which are the
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Fig. 3. Standard Linear Solid model [6]
(parallel Hooke+Maxwell)

Figure 3 shows the SLS rheological model,
which is a parallel combination of Hooke model and
Maxwell model. The SLS model can describe, at the
same time, the stress relaxation and creep or recovery
of a viscous/elastic mechanical system under a given
set of loading conditions.

1DOF MECHANICAL SYSTEM.
SLS VISCOUS DAMPING MODEL

Figure 4 shows the simplified model of a
1DOF mechanical system. The mass m is borne on
the viscoelastic support VEM, modeled as a complex
rheological element. If the mass m is perturbed by a

variable force F(t), the vertical displacement is

Zf (t) The rheological characteristics of the VEM
determine the dynamic parameters: displacement

Zf (t) and transmitted force FT (t)

¢F (t)
m
l —lz i(t)

VEM

Fr(t)

Fig. 4. Model of 1DOF viscoelastic mechanical
system [3] [4] [5]
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Fig. 5. Model of 1DOF mechanical system with
viscous damping (SLS rheological model)

perturbed by a harmonic force [3] [4] [5]

Figure 5 shows the calculus model of
1DOF mechanical system with SLS viscous
damping, where:

» Kq is the stiffness coefficient (Hooke model)
| 2 (kz,bz) are the stiffness and viscous damping
coefficients (Maxwell model)

» F(t)=Fos imt is the perturbation harmonic
force

» Frt)=For s {dt—B) is the transmitted
force to the base

> Zf (t)=Ass (ot-a) is the displacement of
the mass m

DYNAMIC ANALYSIS OF 1DOF
MECHANICAL SYSTEM. SLS

VISCOUS DAMPING
The dynamic equations of the 1DOF
mechanical system from figure 5 are [6]:

m'z‘+b2(z'f —y)+klzf =Fps ot
bolZt —y)=koy )

Dividing by m the first equation of system
(1), we obtain

. by (. )k Fo .

Zf+—=\zf—ylH+—zf=—=5 at

f m( f J/) el e (2)
or

2f+2n(’zf—y)+p22f=/75 @t | (3)
where:

b
> 1=—% s the Maxwell model dampi
2/77 IS e axwe modade amplng

factor

s
» p= ;1 - natural pulsation (angular

frequency) of the 1DOF mechanical system

with Hooke model (without Maxwell model)
- by _ b

| 2 be 2\/m_2k - damping ratio of the

1DOF mechanical system with Maxwell model

(without Hooke model)

0
p Q= E - relative pulsation

Considering the second equation of (1), the
mathematical model of the mechanical system
can be written as follows [7]:



mz+koy+kizg=Fps bt (4)

THE ANALYSIS OF THE
FORCED VIBRATION AMPLITUDE
OF THE MECHANICAL SYSTEM

The 1DOF mechanical system has two
elastic linear elements (Hooke model) and one
viscous elastic element (Newton model), therefore all
the displacements have harmonic time variation with

different phase shifts to harmonic force
F(t)=H s i mt
zs (t)=Af s lat—
i(t)=Ass lot-go) -
Af - mass m displacement amplitude
Ay - point P displacement amplitude
0 - phase shift £f— F
o - phase shift Ve F
Considering  harmonic  time  variations

functions (5) and (6), the moving differential
equation becomes:

—m o%s Adt-mg)+ koAys (cit—m)+

7
+kiAs (0t-pg)=Fps of n %

The dynamic balance of forces in the point
P is:

bzl_(DAf ¢ (wd—q@gy— Ay C (OJJJ—OL)J‘F

=koAy s (Cdt —m) ®)

Solving the trigonometric equations (7) and (8)

in (Af 90, Ay ,(x)’ the amplitude of the forced
vibration of the mass m can be written

Af =E—(1)-A(Q-C,N)=As AQEN) | (9

where:
Ast =

model, without Maxwell model)
A(Q,C’N) - amplitude factor

Fo
ke is the static displacement (Hooke

2
1+(2CQJ
N

(1—92)2 +(N +1_Qz)2(2|igj

AQ,3,N)=

> (10)

AMPLITUDE FACTOR
DIAGRAMS

The relation (10) can be used to draw the
amplitude factor A diagrams function of the
relative angular frequency € for different

values of G and V.
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Fig. 6. Amplitude factor diagram
SLS model - N=0 (H model)
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Fig. 7. Amplitude factor diagram
SLS model - N=0.25
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Fig. 8. Amplitude factor diagram
SLS model - N=0.5
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Fig. 9. Amplitude factor diagram
SLS model - N=1
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Fig. 10. Amplitude factor diagram
SLS model - N=2
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Fig. 11. Amplitude factor diagram
SLS model - N—ow (V-K model)

CONCLUSIONS

» for N=0/k,=0 (cancellation of elastic element
from Maxwell model) or {=0 (cancellation of
viscous element from Maxwell model), SLS
model becomes Hooke model; the amplitude
factor diagram is shown in figure 6 and the
amplitude resonance point is Q=1; the
amplitude factor formula is as follows:

An=0(Q)= A€=0(Q)=@ (12)

» for N—>w/k,>>k; (the spring from Maxwell
model is replaced by a rigid connection,), SLS
model becomes a Voigt-Kelvin model; the
diagram is shown in figure 11; the amplitude
factor formula is:

1
(1—92)2 +4c202

» for Voigt-Kelvin model, the amplitude resonance
point is €2 <1, see figure 11; considering a viscous
damping C#0, the amplitude factor at resonance is:

AN —)oo(Q’C) =
\/ (13)

)
A -k i (14)

» for SLS rheological model, the amplitude
resonance are for Q>1; the value of the
amplitude factor depends on the elasticity
coefficients ratio N (figures 7 to 10).
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