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Abstract: - Essentially, the analysis of the  excitation impulsive loadings of the machines foundations 
consist actually in establishing the existing connection between the excitation force parameters 
(amplitude, pulsation) and the vibration parameters (amplitude, pulsation) as a dynamic response if 
there are known the mechanical characteristics of the oscillating system (mass, the elastic constant and 
the amortization coefficient). Likewise, a fact of great importance is the oscillating system analysis 
excited by different types of loadings and the determination of the functions that define the dynamic 
behavior of the system. 
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INTRODUCTION 
 

The excitation impulsive loadings of the 
machines foundations can be analyzed as a 
consequence of the defects caused by the wear of 
the machines subsets or due to the production 
process peculiarity. Both of the mentioned 
situations are present in most of the working 
machines, especially those that execute alternative 
rectilinear movements. 
 
1. ANALYSIS OF THE NON-
PERIODICAL DYNAMIC EXCITATION 
FUNCTIONS  
 

The non-periodic functions can be considered 
periodic functions with infinite period ∞→0T  
and with infinitely minute fundamental pulsation 

0→ωd . This defining of the non-periodic 
functions is useful for their representation in the 
amplitude-frequency coordinates. Due to the fact 
that 0→ωd , the discreet spectra are converted 
into continuous spectra and the spectral lines 
alternate at infinitely minute intervals. 

A peculiar case of non-periodical functions 
consists in shock type loadings defined by kinetic 
energy propagation to a mechanic system in a very 
short time. The pulsations spectrum of the shock is 
obtained by graphic representation of the Fourier 
transform modulus: 
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1.2 The semi-sinusoidal wave form 
 The semi-sinusoidal wave form is defined 
according to the equation (2): 
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It is applied the Fourier transform on this function: 
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Then we obtain the pulsation spectrum of the 
shock: 
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Semi-sinusoidal wave form with T=0,03 s and 
A=1000N 
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Figure. 1 Semi-sinusoidal impulse - T=0,03s 
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Figure. 2 Pulsations spectrum of the function 
 semi-sinusoidal impulse - T=0,03s 
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Figure. 3 Pulsations spectrum of the function semi-
sinusoidal impulse - T=0,03s 

 
 It is noticed that the significant frequencies 
band of the shock depend on the application time 
of the excitation force. 
 
1.2 Haversine wave form 
 Haversine wave form is defined according 
to the equation (5): 
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The Fourier transform is applied on this function: 
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Then we obtain the pulsations spectrum of the 
shock: 
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Haversine wave form with T=0,03 s and A=1000N 
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Figure. 4 Haversine impulse - T=0,03s 
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Figure. 5 Pulsations spectrum of the Haversine 
impulse function - T=0,03s 
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Figure. 6 Pulsations spectrum of the Haversine 
impulse function - T=0,03s 

 
 In this case, the significant frequencies 
band width of the shock is inversely proportional 
with the application time of the excitation force. 
 
2. THE DYNAMIC RESPONSE TO THE 
NON-PERIODIC IMPULSIVE LOADINGS OF 
THE MECHANIC SYSTEMS WITH DAMPING  
 
 Thereby it is considered a linear 
mechanical system with one degree of liberty, 
formed by a mass m supported on a visco-elastic 
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system, as in figure 7, the system being 
dynamically excited by a function F(t).  
 

 
Figure. 7 

 
 The differential equation of the forced 
vibration with damping is obtained applying the 
d’Alembert principle, according to which the mass 
direct applied forces and the inertia forces 
compatible with the links are at equilibrium:  

( )mx kx cx F t+ + =&& &  (8) 
where x-the system motion in direction Oy [m], m- 
the mass [kg], k-the rigidity coefficient [N/m], c- 
the damping coefficient [Ns/m], F(t) – the system 
excitation function. 
 In order to achieve a quantitative 
evaluation of the dynamic system of the regarded 
mechanical system, there were analyzed the 
following parameters: 

 the mass elongation in direction Oy 
 the frequency spectrum of the mass 

motion m in direction Oy 
 the energy dissipated by the viscous 

friction 
 the system stability by representing its 

motion in the phases plan. 
 In order to determine the dynamic 
response of the regarded mechanical system from 
figure 7, one must find the differential equation 
solution (3.55), which has the following analytical 
expression: 
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In which, x1 is the term corresponding to the 
system’s free vibration, and x2 is the term 
corresponding to the forced vibration. 
The meaning of the terms that define the analytical 
expression of elongation x, is as follows: 
 X0 – the forced vibration amplitude [m]; 
 θ  - the phase angle of motion [rad]; 
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F0 – excitation force amplitude [N]; X0 – motion 
amplitude [m] ; p – self system‘s pulsation [rad/s]; 
ω - excitation function pulsation [rad/s]; ζ - 
damping factor; A, B – integration constants. 
 Considering that 2mp k=  and 0 / sF k x= , 
it can be written: 
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 Finally, the amplification factor has the 
following expression: 
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 Also, the vibrating motion study of mass m 
of the regarded mechanical system used the phases 
plan representation. This is possible by eliminating 
the time from the expressions of mass m motion 
and speed, thus obtaining a curve named 
characteristic or motion trajectory.  
  The dynamic response analysis of the 
system in the frequency range consists in applying 
the expansion in series Fourier on the periodic 
excitation, term the Fourier transform for the non-
periodic excitation on the mass m elongation. This 
approach shows a real interest because facilitates 
the representation of the power or amplitude 
spectra of the signal term the frequency.  
 Another approach of the dynamic response 
of the mechanical system considered is possible by 
studying the dissipated energy with the viscous 
friction force. 
 In order to evaluate the influence of the 
excitation function form on the dynamic response 
of the mechanical system in fig. 7, there was 
determined the evolution of the following 
parameters: 

 time motion on direction Oy of mass m; 
 the response in frequency of the mass m 

motion; 
 the hysteretic curve, as well as the 

dissipated energy in a period; 
 the representation in the phases plan. 

This parameters analysis was achieved for different 
forms of the dynamic excitation functions of the 
system, in the theory of the following numerical 
values of its parameters: k1=24·108  N/m; c1=7·106  
Ns/m;  m1=16,2·103  kg: F=1000·103  N. 
 
 
 



 

RJAV vol V no 1/2008                                               70                                                      ISSN 1584-7284 

 
2.1 The dynamic response of the mechanical 
system to the impulsive semi-sinusoidal loadings 
 The evaluation of the responding 
parameters of the system was achieved considering 
the impulsive semi-sinusoidal loading with a 0,03s 
width. 
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Figure. 8 
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Figure. 9 
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Figure. 10 Hysteretic loop W=456.24J 
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Figure. 11 Phases plan 

 
2.2 The dynamic response of the mechanical 
system to the impulsive Haversine form 
loadings 
 The evaluation of the responding 
parameters of the system was achieved considering 
the Haversine type impulsive loading with a 0,03s 
width. 
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Figure. 12 
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Figure. 13 
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Figure. 14 Hysteretic loop W=357.38 J 
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Figure. 15 Phases plan 
 
The synthesis of the results obtained while 
evaluating the vibration parameters as a dynamic 
response of the mechanical system considered is 
presented in the following table: 
Table 1 
No Type of 

excitation 
function 

Maximum 
value of 
motion on 
direction 
Oy 

[m] 

Dominant 
frequency 
band 

[Hz] 

Dissipated 
energy by 
viscous 
friction 
until 
motion 
stop 

W[J] 

Motion 
in 
phases 
plan 

1 Semi-
sinusoidal 

5,4·10-4 0-33,3 589.84 stable

2 Haversine 4,73·10-4 0-33,3 357.38 stable
 Term the impulsive excitation form of the 
mechanical system considered it is analyzed the 
degree of dissipation by viscous friction of the 
energy inserted into the system. Therefore, it is 
defined the relative dissipating coefficient in 
analytical expression as a ratio between the energy 
dissipated by viscous friction during a period and 
the total energy of the vibrating system (the energy 
cumulated in spring ) insert into the system. 

d

t

W
W

ψ =  (14) 

 
 The dissipated energy during a period by 
viscous friction could be determined as the 
mechanical work of the friction force: 

0

T

d fW F dx= ∫  (15)

 The total energy of the vibrating system 
(the energy cumulated in spring) has the following 
expression: 

2

2t
kAW =  (16)

 In which, A is the mass m elongation 
amplitude on direction Oy. Considering the 
excitation force amplitude with a value of 106 N, 
there were determined the numerical values of the 
following parameters: 

 the energy inserted into the system; 
 the energy dissipated by viscous friction 

inside the system’s residual dynamic 
response; 

 the maximum elastic energy inside the 
system; 

 the dissipated energy by viscous friction 
during an applied excitation of 0,03; 

 the dissipated energy by viscous friction 
until reaching the maximum elongation; 

 the dissipated energy by viscous friction 
inside the system’s residual dynamic 
response. 

Table 2 
No. Type of 

excitation 
function 

Energy 
induced 
into the 
system 

Wi [J] 

Maximum 
elastic energy 
inside the 
system 

Wel [J] 

Dissipation 
coefficient  
due to the 
residual 
response  
[%] 

1 Semi-
sinusoidal 453.96 349.92 77.08 

2 Haversine 365.05 276.48 75.74 
 
Table 3 

No.Type of 
excitation 
function 

The 
entry 
energy 
into the 
system 

The 
dissipated 
energy by 
viscous 
friction 
inside the 
system’s 
residual 
dynamic 
response  
Wd [J] 

The relative 
dissipation 
coefficient   
[%] 

1 Semi-
sinusoidal 453.96 347.99 76.65653 

2 Haversine 365.05 274.52 75.20066 
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Table 4 
No. Type of 

excitation 
function 

The 
dissipated 
energy by 
viscous 
friction 

during an 
applied 

excitation 
of 0,03 
WT [J] 

The 
dissipated 
energy by 
viscous 
friction 

until 
reaching 

the 
maximum 
elongation
WXmax [J] 

The time 
of 

reaching 
the  

maximum 
elongation

t [s] 

The 
dissipated 
energy by 
viscous 
friction 

inside the 
system’s 
residual 
dynamic 
response
Wd [J] 

1 Semi-
sinusoidal 105.97 104.04 0.027 347.99 

2 Haversine 90.53 88.57 0.023 274.52 
 
3. CONCLUSIONS 
 
a. Frequencies spectra of the two functions 
considered are similar showing the same width of 
the dominant frequencies band (0-33Hz); 
b. Both excitation functions induce stable 
movements of the system with one degree of 
liberty as in figure 7; 
c. Oscillator elongation considered is sensibly 
higher in case of the semi-sinusoidal signal; 
d. The response of the system in frequency for both 
cases is similar for frequencies less than 60Hz; 
above this value, to the Haversine signal 
corresponds a more rich frequency spectrum. 
e. From an energetic point of view, the Haversine 
function inserts into the system a smaller quantity 
of energy. 
f. The Haversine excitation leads to smaller values 
of the dissipation coefficients. 

g. The time to reach the maximum elongation is 
sensibly smaller in case of the Haversine signal, 
that shows a more impulsive character of this type 
of excitation. 
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