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The methods used at present for vibration isolation provided from different sources - technological, 
human, random activities - leaves from the basic hypothesis of the isolator working parameters perfect 
determination. Comparing with the human practice, when the protective actions have done according 
to the self-senses and the subjective and potential imminence of high admissible limit passing through, 
the fixed and determined algorithms for vibration isolation drivers seems to be more complicated at the 
same performances level. Hereby, the fuzzy logic theory and its algorithms could be solve this 
apparent problem. And this is possible by using of fuzzy logic basic controller on active vibration 
isolation driver. The initial rules for fuzzy controller could be obtained from the human operator 
experiences or from initial tests with manual controller of isolation driver. Then it could be possible to 
develop a neuronal network which assure the necessary adjustments. Or, based on the working 
observations, it could be tunning the fuzzy controller manually. As a final remark, it could be said that 
the most difficult on a fuzzy logic utilization is the initial settlement of the fuzzification rules. In this 
paper it is briefly described a basic way to fuzzy logic unit utilization on vibration isolation device 
driver development. 

 
 
 
 

1. THE OBJECTIVES OF STUDY 
 

The main purpose of this research, regarding 
the isolation performances, taking into account the 
protective actions of human beeing, consist by the 
activities have done according to the self-senses, 
and the subjective and potential imminences of 
high admissible limit passing through.  

Comparing with these, the fixed and 
determined our days used algorithms, for vibration 
isolation drivers, seems to be more complex and 
more complicated, at the same performances   
level. 

For this main reasons, the author headed for the 
relative new trends on controllers science, and 
assumed good practices on the fuzzy logic 
techniques. Such as it is presents on abstract, the 
fuzzy logic theory and its algorithms could be 
solve this apparent problem, and this is possible by 
using of fuzzy logic basic controller on active 
vibration isolation driver. 

A number of studies on structural vibration 
control have been done recently and practical 
application have been realized [1]. It is used both a 
passive solutions for vibration isolation, and an 
active systems, based on PID controllers. In 
addition, semi-active vibration isolation methods 

are roposed and also used. Yoshida and Fujio 
(1999) applied such a method to a base in which 
the viscous damping coefficient is changed for 
vibration control. Fukushima et al. (1996) 
developed a semi-active composite-tuned mass 
damper to reduce the wind and the earthquake 
induced vibrations on tall structures. Different 
active control methods of the structures was 
offered by Nishimura et al. (1996). Yagiz (2001) 
applied sliding mode control for a multi degree of 
freedom analytical structural system. 

In the area of semi-active structural control, 
Zhou and Chang (2000) and Zhou et al. (2002) 
developed a fuzzy controller and an adaptation law 
for a structure-MR damper system. Shurter and 
Roschke (2001) used a neuro-fuzzy technique to 
control SDOF and 4DOF building models [2]. Liu 
et al. (2001) designed a slightly more intricate 
fuzzy controller for a 2kN R damper and were able 
to to reduce the vibrations of a SDOF bridge model 
subjected to a random input. 

In this paper it is presented a set of basic 
applications of fuzzy logic controller to a simple 
single degree of freedom mechanical system. The 
main objective of this study consist by marking out 
of the simplicity and the reliability of the fuzzy 
controllers at the vibration isolation devices. 
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2. THEORETICAL SUPPOSITIONS 
 

In the Figure 1 is depicted the basic model with 
sigle degree-of-freedom, used to study both the 
clasic solution, and the fuzzy logic controller, for 
vibration reduction at embedded equipments.  
 

 
Figure 1. The basic model for SDOF model of 
embedded equipments antivibratory isolation 

 
The motion equation for the proposed model is 
( ) ( ) ( ) ( ) ( )thmtftkxtxctxm ground
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where x is the displacement (velocity and 
acceleration) of the mass m, c and k denotes 
dampings and stiffness of the isolator, f(t) is the 
control force, and hground is the displacement of the 
ground (e.g. for the case of seismic actions). 

The control force f(t) is null for the clasical 
solving of the motion equation, and become equal 
with the fuzzy controller output, for the active 
control isolation device. 

The entire analysis was developed in MatlabTM 
- Simulink, with Fuzzy Logic Toolbox. In this 
case, the fuzzification and defuzzification 
processes have been done by the special modules 
of the Simulink. The fuzzy inference machine is 
also on custody of a special module of Simulink. 
Practically, the entire process of fuzzification - 
inference - defuzzification is automaton maded by 
the Fuzzy Logic Controller of SimulinkTM.  

The inference machine working is based on the 
set of rules which link the input variables by the 
outputs. The set of input variables, output variables 
and inference rules base derived by modelling the 
designers knowledge and experience on vibro-
isolation devices. 
 
3. NUMERICAL APPLICATIONS 
 

For clasical solving of the model it was used a 
SimulinkTM application, with the schematic 
diagram presented in Figure 2.  

For the second case, with active force 
controlled by fuzzy logic unit, it was developed the 
first calsical application, by appending the Fuzzy 

Logic Controller unit and the necessary modules to 
assure the input / output variables for this unit. 

The three cases presented in this paper set off 
the differences between the different type of 
inference rules, for the same kind of fuzzy 
machine. 

 

 
 

Figure 2. The SimulinkTM application for basic 
SDOF model of antivibratory isolation 

 
The Tables 1...3 contains the rules base for the 

proposed fuzzy inference machines. This sets of 
rules was implemented in the software module by 
using of the simple linguistic control rules as 
follows 

IF (in_1 is PB) AND (in_2 is ZE)  
THEN (out is PM) 

where in_1 and in_2 denotes the inputs of the 
fuzzy controller, and out is the output of its. 
 
Table 1. The basic rules for the first numerical application 

  mass velocity 
  PB ZE NB 

PB NB PM NB 
ZE NS ZE PS 

re
la

tiv
e 

ve
lo

ci
ty

 

NB PB NM PB 
 
Table 2. The basic rules for the second numerical application 

  mass velocity 
  PB ZE NB 

PB NB PM NM 
ZE NS ZE PS 

re
la

tiv
e 

ve
lo

ci
ty

 

NB PM NM PB 
 
Table 3. The basic rules for the third numerical application 

  mass velocity 
  PB ZE NB 

PB NB PM NB 
PS NM PS NM 
ZE ZE ZE ZE 
NS PM NS PM re

la
tiv

e 
ve

lo
ci

ty
 

NB PB NM PB 
 

The abbreviations from the Tables 1...3 have 
the follow meanings: N - negative; P - positive; ZE 
- null; S - small; M - medium; B - big; these words 
are references at values of the input / output 
variables of the fuzzy inference machine.  
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In the Figure 3 it is depicted the author choice 
of the membership functions for the three variables 
of the fuzzy controller. These are: input 1 - the 
velocity of the mass, input 2 - the mass deflection 
velocity (the difference beetween the velocity of 
mass and of the external charge), output - the 
control force. It have to be mentioned that the 
depicted rules for the relative velocity correspond 
to the case 3 of analysis. As it was presented in the 
Table 3, the third case is more complex than the 
others. However, in the Figure 4 it was depicted 
the the inference rule of relative velocity and the 
membership functions surface for the first two 
cases. 

 

 
(a) input variable - mass velocity 

 

 
 (b) input variable - relative velocity 

 

 
(c) output variable - control force 

 

 
(d) membership functions surface 

 

Figure 3. The memberships functions for input and 
output variables (for the third case of analysis) 

 
In the Figure 3 diagrams it could be view that 

for all of the memberhip functions it was adopted a 
triangular simetrical functions, identical for each 
entire set. The number of functions for each 
variable it also results from the diagrams in the 

Figure 3. Final tunning of these functions, relative 
to the shape and number per each variable, will be 
done after the instrumental lab tests validation of 
the numerical simulation results. 

 

 
(a) input variable - relative velocity 

 
(b) membership functions surface 

 

Figure 4. The memberships function of relative 
velocity for the first two cases of analysis 

 

 
(a) case I 

 
(b) case II 

 
(c) case III 

 

Figure 5. The inference rules of fuzzy machine 
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In the Figure 5 it was presented the inference 
rules as a full graphical representation. For all 
cases it was supposed the same input values both 
for mass velocity, and for relative velocity (0.5). It 
could be observed that the first two cases have the 
same behaviour for the proposed values at inputs. 
The differences between the first and the second 
cases consists by a fine tunning of the basic rules 
of inferences, meaning the roughly rules set for the 
first case, and the delicate rules for the second, 
both in the case of opposites values of inputs (e.g. 
NB relative to the PB) - see the Tables 1..2. 

These graphs are very usefull at verification and 
debuging processes of the fuzzy inference 
machine, especially for complex controllers with 
multiple inputs and outputs. It could be also very 
usefull for outputs analysis in the case of fine 
tunning of inputs and of inference rules set. 
 
4. THE SIMULATION RESULTS 
 

The output of the fuzzy inference machine is a 
fuzzy set of control. As a process usually requires a 
non-fuzzy value of control, it is used a 
defuzzification methods to transform a fuzzy value 
into a real-number (crisp) value. Usually, for this 
process it was used the center-of-gravity method. 
In this simulation the real-number value of the 
fuzzy control was computed based on this method. 

The input signal for all the simulations was a 10 
sec. step signal - Figure 6. The analysis was 
performed for a 50 sec. time period. 

 

 
 

Figure 6. The analogic input signal (the excitation 
for the real system) 

 
The final results of the numerical simulations it 

was depicted in the Figure 7. On this diagrams it 
was presents the follows 

 the excitation signal; 
 the clasical response of the system; 
 the fuzzy controller response of the system. 

Analysing the diagrams on Figure 7, it could be 
observed that both controllers (both isolators, 
passive and active devices) have been performed 
the initial purpose of vibration isolation. But, this 
is the singular similarity for the two kind of 
isolation devices.  

 

 
(a) case I 

 
(b) case II 

 
(c) case III 

 

Figure 7. The step responses of the system (input 
signal; passive isolation; active isolation) 

 
If will be maded an analysis from the point of 

view of time length evolution and transitory state 
behaviour, in all cases, the system get over the 
transitory state roughly on the same time period. 
Also, for the first two cases (with simplified 
inference rules sets for fuzzy machine), the time 
evolution of the outputs have a periodic and stable 
shape, like a clasical isolation system. But, it is 
evident from the diagrams presented in Figure 7, 
that the output is sensible equal for the clasical and 
fuzzy isolation devices - with a little diminution in 
the second case. It is also evident that this 
diminution was supplied by a better inference rules 
set. 

Comparative, in the third case of fuzzy 
machine, the time evolution acquire a random 
shape. It seems to be unstable evolution, but, the 
peak magnitudes of output signal strongly 
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decreases in the case of fuzzy logic controller, 
comparative with the classical case of vibration 
isolation. Thus, if it is consider a limit value for the 
initial transtory state, for the signal peaks, it could 
be easely observed that, for a fuzzy controller case, 
the system get out the transitory state more quickly 
as in the other case. 

Thus, the problematics of the time evolution 
output signal become a simple choise between the 
linear and slowly stabilization, and a random, rapid 
and efficiently reducing of system dynamics. 

For a short impulse, of 2 sec. width, with the 
same rectangular shape (a step impluse like the 
presented in Figure 6), the responses was presented 
in the diagrams on Figure 8. This additional 
analysis was performed with taking into account 
the real shape of stimulus. And, of course, it could 
be very usefull for frequency response function 
evaluation of the active isolation system. 

 

 
 

Figure 8. The step responses of the system (input 
signal; passive isolation; active isolation) for a short 
impulse on input 

 
 
5. CONCLUDING REMARKS 
 

Analysing the diagrams presented in Figure 7, 
especially for the first two cases of fuzzy machine, 
it is evident that the clasical isolation device 
provide the same performances as well as the 
active isolation based on the fuzzy machine. 
Assuming a large complexity of active isolation 
comparative with the clasic passive system, it 
seems to be inadequate to using a fuzzy machine at 
vibration isolation systems. 

But, if increasing the complexity of the 
inference rules base and, generally, of the fuzzy 
machine (e.g. supposing more inputs variables, 
with a large set of fuzzy values, increasing the 
number of fuzzy values for the output), the 
performances of the last exceeds the clasic system 
(see the last diagram on Figure 7). Taking into 
account the fact that the complexity of the fuzzy 
machine presume just a software problematics, 

solved at initial time of system implementation, 
and not supposing a new hardware components 
(asa well as the clasical case of isolation), it result 
the main advantage of fuzzy techniques utilization 
at these kind of technical systems. 

The diagrams from Figure 7 shown the output 
evolution of the SDOF dynamic system at a step 
signal stimulus. From these diagrams, it is evident 
that, for a simple modification of the inference 
rules set (see the Tables 1..3), the isolation system 
based on fuzzy machine, become from a theoretical 
hypotesis, by a simulation testing model, to a final 
practical usefull device. 

The inference rules used on these 
implementations of fuzzy controllers, and the 
option of the fuzzification / defuzzification method 
was an empirical results of the instrumental tests 
and laboratory experiments performed by the 
authors. The evolution of the system confirm the 
right choices about this selection of inference rules. 
Also, it confirm the right choice in selection of the 
membership functions sets. 

At this moment, it is the time to make the 
mention about the great problem of this kind of 
controllers. This is the inference machine 
settlement, with two major components: the rules 
base compilation and the fuzzification/ 
defuzzification methods selection. 

The initial rules for a fuzzy controller it will be 
obtained from the human operator experiences or 
from initial instrumental tests, with manual drive 
controller of isolation device. Then, it could be 
possible to develop a neuronal network / expert 
system, which assure the necessary adjustments of 
fuzzy inference rules. The second option is that, 
based on the working observations, it could be 
manually tunning the fuzzy controller.  

As a final remark, it could be said that, with the 
most difficulties on a fuzzy logic controller 
development, tunning and adjustment procedures, 
this is one of the right ways to automate drive the 
active devices for reducing the dynamic effects at 
technical systems. A fuzzy machine 
implementation supposing a complex conception 
and manufacturing procedures just for the initial 
development period of time. After this event, the 
modifications according to the real utilizations, 
will be maded only on the software impementation 
of fuzzy machine, and with a very small time 
input. 

This paper just briefly described a basic way for 
a fuzzy logic unit utilization on vibration isolation 
device driver development. Computer simulations 
was relevants, and reveals the goals of this study. 
For the future, the authors have been proposed the 
next objectives: a frequency domain analysis of the 
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output, a lab instrumental testing implementation 
of a simple fuzzy controller, and an experimental 
set of tests with this fuzzy logic unit for validation 
of the computer simulations. 
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