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Abstract: This article refers to about modeling the fuzzytmnwith reaction position force with the
electromechanical actuators. This paper shows #ilar fuzzy functional regulations can be used in
stead of the classical ones, which can be adjustere conveniently and where the modification of the
parameters has a special importance. By means azzyfanovement control equipments, the control is
simplified as far as programming is concerned, thsk does not require a special operator qualifica
tion. The modeling of complex system through fttzzgry represents a method much simpler than the
classic method. This brief paper outlines some tpamknd of standard proportional integral derivative
control and how the implementation of fuzzy logan émprove your single feedback control systems.
From the structural point of view, the paper contaiwo parts, one regarding the fuzzying procests an
the mathematical expression of the experimentad,damtd a part two dealing with the definition o&th
actuator as a fuzzy system
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1. INTRODUCTION called stand in order to study the dynamic behavsing
a numerical data acquiring module and a modulepef o
timization of fuzzy logistic parameters [2, 10].

The approach of the two categories the one of the
theory of mathematic statistics and that of theotheof
the fuzzy systems show some mutual connections be-
tween the principles of the two branches of thersme.

The development and the appearance of the statistic
methods in the industrial production on one hate, t
Beginning and the expansion of the approximateoreas
ing on the other hand, allowed the revelation ahso
r%urprising interferences between the two subjeess d
tined to the development and the understandingatits
tics technical thinking, the fuzzy one and modeied.

Replacing the classical models with the fuzzy medel
of the electromechanical actuators, which requiged r
calculations, is constant preoccupations in theddfi
These used a systemic approach of designing mdtiodo
gies of fuzzy inference systems which eliminates ith
certitude’s in choosing the appurtenance functiand
the set of rules.

The fuzzy system has destinations in generating the
trajectories of the type of actuators and the whgom-
trol movement.

The paper continues the author’'s preoccupation re-
arding the research of the electro-mechanic amtuat
echanisms and refers the results obtained by igpdy

multiple parameters measuring stand on these tgpes

The actuators having multiple applications both in-
dustrial and household become more useful in teeofis
fuzzy logistic and of these products. Owing to ammus
developing equipments based on new solutions, I e
tro-mechanic acting achieves more and more precisio
In view of constructive and functional optimizatiohthe
actuators and of the extension of their application
mains new methods and techniques are being tried i
present researches.

Thus the fuzzy logistics represent a new conceptio
applied in the field of regulating different proses. It is
known that the regulating and optimization systdrage
at their basis the mathematical pre-working of some
merical data by means of some transfer functiooh sis
regulators obtaining precise output data.

It is not always that the function of the used atius
in different domains can be described and thatdsreéa-
son why approximately “vague” expressions are used.

The mathematical theory of vague or “fuzzy” [7]tsse
initially applied in the theory of automats has idp
developed in diverse applications starting from -pro
gramming household appliances to the optimizatibn o
complex processes.

The applied researches in the field of the actsator
have aimed at creating an assembly or configuratio
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equipment the actuators have to fulfill strict astdble
criteria in any situation.

The functioning conditions of the machines impose
on the used actuator some conditions which do eet d
pend on the type of the screw. The analysis anajtie
v > mization of the construction is achieved by stamd a

0n

T

ﬂ o /L = ﬁ) machine tests.
‘ ‘ Monitoring the actuators can be achieved by meéns o
different engines of different sizes; electro metbact-
Fig. 1. The linear electromechanical actuator. ing’s with classical asynchrony engines with dynami
regulation by means of frequent converter.
We are going to focus on this starting from thesia To achieve intelligent actuators, the first stepisise

al measuring structure to the general method ofirspl @ new type of movement control such as the fuzay on
the measuring problem of the kinematic and dynamicwhich offers important advantages.
parameters in the case of the structural configumanf
the type of linear actuator mechanism type. 2. MODELING THE FUZZY CONTROL WITH
The study of technical considerations proves that REACTION POSITION FORCE
performances of electro-mechanic actuator havevedol

towards complex computerized automation towards me- Matheman_cally, fitting & curve of Iow_er order wdul
chatronic products. produce a fairly inaccurate representation. Theegfa

. . higher order curve fit would be appropriate to anow-
In this context the presented variants are an edblv dzgte the noisy signal. A few proggctg which havaebe
stage to solve the C(_)mplex automatic problemsethp fited from the implementation of fuzzy logic areaking
lution towards superior stages will be done by appF

ate sensor equioment and bv appropriate software Iintelligent decisions and minimizing travel and mow

order to dete(rqmipr:e the measZresth)haFt) charactelhed. consumption; anti lock braking systems with quieat-

whole functioning of the actuators the stand isi ing independent wheel decisions based on curredt an
. ng ; |@n.|md acquired knowledge; actuator with automatic move-co

Wlth. pargmetn_c traductors a}nd measurng an d rengrd trol based on signal and environmental conditicarsg

devices including the numerical (_Jlata acquisitystem. . finally, most importantly to this article, singledp tem-

Some flaws can be emphasized, because some 'nff)'erature and process controls
rence fuzzy systems, which can be implemented only '

he basis of f Kk ledae. d h In addition, if the system tends to have changing
the basis of formal knowledge, do not ensure theama ¢y properties or some thermal irregularitiezzy
ty of a stable and sure functioning in contingesaien-

”» logic control should offer a better alternativethe con-
ditions.

The inf for th . | Fs]tant adjustment parameters.
be In e(rjence systems Icl)r the expenrrT]\enta résearch | the absence of knowledge of the underlying pgsce
can be used to automatically generate the appuntena Proportional Integral Derivative (PID) controlisrthe
functions and identification of the system.

Th lentv of bout the f ~ best controller. This type of controller uses festb
ere aré pienty of papers about the Tuzzy systb_ . from the process it is controlling and takes actiased
fuzzy logic [2, 7, and 10] and the statistic mongliof

i tal data, but llel bet the heori on the error.
experimental data, but a paraliel between the es By tuning the three parameters in the PID controlle
is less approached.

; _ . algorithm, the controller can provide control antide-

'I_'he linear actuator (Fig. 1) is composgd of a mOtorsigned for specific process requirements. The respof
turning a screw in Wh'.Ch the nut on screw IS nahvatd the controller can be described in terms of thears
to .rotate. One type is the electrom_echanlcal Qntuat siveness of the controller to an error, the detpeghich
which converts the torque of an electric rotary@ato  yhe controller overshoots the set point and theetegf
linear mechanical thrust.

Li twat di ety of ... system oscillation.
Inéar actuators aré used in a variety o app.km:EE} The development of the microprocessor based PID
across numerous industries, including commerciahki

) ) . ) control has replaced a majority of the thermosyaet
en equipment, agriculture machinery, high-voltage jeices Most controllers that are microprocesstet
switch gears, train and bus doors, and medical machy,, e an auto tune function which operates a systqra-
nery. There are many others, such as those indlkdf

. . riment as shown in Fig. 2.

human mob|!|ty and ergonomics (where safety, cornpac This experiment helps to determine the thermal cha-
ness, l(.)W noise, and pomfort are the goals_). . racteristics of a particular system.

Typical end uses in these latter areas include caédi
beds, patient lifters, wheelchairs, and adjustabldes
and workstations.

Electromechanical linear actuators are designed to
provide precision, efficiency, accuracy, and reabiity
in effecting and controlling movement. These dewvice
often serve as practical, efficient, and relativelginten-
ance-free alternatives to their hydraulic or pnetiena
actuator counterparts.

The electromechanical acting can be developed by us
ing appropriate control destinations such as tlaelifay Fig. 2. Established actuator block scheme.

X
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The application of adaptive fuzzy control on théuac
ators allows the maintenance of a constant worfance
when the working conditions undergo changes of th
environmental conditions.

Experiments have provided that adaptative fuzzy con
troller have better performances than the conveatio
ones that are limited to variations. It is knowtthacon-
troller has to eliminate any significative inputarof the

process by a control adjustment, to prevent the pass-  ing to very strict engineering requirement it icessary

iNg anYmax min Value and to ensure a stable functioning. the introduction of a number of performance criteri
The fuzzy controller have block diagram in figure: and the formulation of some appropriate objectivect

basis for knowledge, basis for rules, scale factozy-  tions. The actuator controller should be reliabdelf and

ing, inference, defuzzying, process, input, outpatiuc-  jndependent from other equipment failures.

tors, fuzzy control system, in closed loop comzipee- The electromechanical unit is controlled throughaut

cise quantity. power output block. The controller only sets powen-
At fuzzy controller of type PCI, can be representedtro| and direction lines to a required state arel ghwer

Fig. 3. The closed loop position control systems.

In order to develop and optimization pattern aceord

thesis [2]: output realizes powering of motor.
The controller gets information about the load fod t
K, y(k) = f[K, [BK),K, De(k)] (1) unit throughout load line. A typical the closed fioposi-
tion control system is sketched in Fig. 3.
where:

3. THE CONTROL OF THE POSITIONING OF
THE TRAINED LOADING

y is the control;
e - the error at time t;

k - the sample time; The control of the positioning of the trained lazgli

Ky, Ke andK, - scale factors foe, Ae andAu; and the modeling of these positioning systems recari

f —is a non-linear function, the output of the equation or systems of non-linear equation whicplym
controller at timet. some parameters difficult to identify, such as fte

Thus the error of the system is represented byaeper quencies of precision of the composing equipmethts,
tors of type min. and max., of the following form, friction forces etc.

The most comfortable and efficient solution coudd b
the use of the fuzzy regulation in the structurehafse
systems. To achieve a system based on fuzzy ldgies
necessary to choose a certain number of linguisties
riants to which sets of qualitative values and bgiog
functions are associated.

To the input values, degree of belonging to the ap-
propriate linguistic variants are associated, djpanahat
is called fuzzification signals.

Unlike the systems of classical regulation where th

N standard regulator gets at the input the valuehefre-
Ve = z a Xk 3) sulted error as difference between the control evalnd
k=0 the reaction value, in the case of the system zfyfueg-
ulation it is necessary to determine the valuedadgu-
lated and some other values that characterizeythandic
behavior of the system since these constitute inaluies
for the fuzzy regulation.

The structure of the fuzzy regulation system is- pre
sented in Fig. 4.

With a control architecture, some of the informatio
available to the algorithms is: the error signiad process
variable and the set point variable; change inreinam
previous cycles to the current cycle; changeséacstt

£ =j-p=max[min (&, ), &,()], ()

where the operator of max type acts after all #hieesu
and v which satisfiesu + v =1 corresponding to some
linguistic (small, medium. big etc,) for valuesween 1
and 1.

Also the equation of the model of the fuzzy typefis
the form of a linear system

where j, &, X, are fuzzy numbers.

The coefficientsy, as fuzzy number correspond to a
description of qualitative type of the system.

To achieve intelligent actuators, the first stepisise
a new type of movement control such as the fuzay on
which offers important advantages.

Tuning a proportional integral derivative (PID) eon
troller involves adjusting,, K., andKy to achieve the
"optimal” system response. For small sample tinhés t
equation can be turned into a difference equatipdib-

cretization. The derivate term is replaced by stfarder System Pre-defined

difference equation and the integral term is apipnated of fuzzy functions of [

using trapezoidal integration. This equation reeplisto- inference fuzzy logics |p!  MatLab

rage of past errors. v v Simulink
The intermediate equation can be transformed into a Fuzzy en- Applications

recursive equation where only the previous output; gine of users

rent error, and last two errors must be stored. gereral

form of the block diagram of a feedback controlteys
is shown in the Fig. 2.

Fig. 4. Linking pattern between fuzzy modules and simulat-

ing MatLab.
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point variable; change of the manipulated varididen research direction has been tried using completesys
cycle to cycle; as well as the change in the pdesn  of data acquiring and analysis by means fuzzy togis

past to present. Thus a configuration has been used whose pattgreis
Also available, in addition to the above, are thd-m sented in Fig. 5.
tiple combinations of the system response dataloAg As it results from the pattern in hardware confagur

as the irregularity lies in that dimension whiclazy de-  tion, there are the following components whose main
cisions are being based or associated, the rdsulidsbe  characteristics are: linear actuator, traducer, dath
enhanced performance. This enhanced performancacquisition board (number of channels, maximum &pee
should be demonstrated in both the transient agadgt of sampling, data transfer); account unit (micragssor,

state response memory, video screen), actuator interface and boérd
In the basis configuration in order to acquire $ige¢  fuzzy logistics (number of fuzzy calculation rules)
nals associated to the functional parameters ofetsitng The system ensures the required performances with

process, momentary sensors-speed, incrementing poghe help of reaction coils for speed and for pogitfFig.
tioning sensors and sensors of accelerometer type a6). The reaction coil for speed commands the acterg
used. Additionally, according to the testing apgicns  vo engines and under the turation aspect comphises
other force sensors, vibrations, temperature sensan  sides the engine and the amplifier, comparatortahd-

be introduced owing o the open modular structuteesé  generator.

sensors are connected a special acquisition equipme  The positioning coil is made up of comparators, the
connected to the central calculator-sensor interfac amplifier, and the moving translators.

For dynamic handling and automation processes, in-
telligent actuator offers position and control attw
whereby the mechanical actuation unit is combingt w
an intelligent positioning motor. The intelligenttaator

has been designed for operation with frequency eenv The concrete problem refers to the use of the fazzy

gE=y-vy, ors=i, 4)
W

C

ter, & position sensor and position control. is that of the projection of a system of lineariposing
The intelligent actuator mpludes the follqwmg COM ¢ the type of translation module computer progradm
ponents: thrust unit with designed screw with meint Solving the problem within a coherent theory ofsthe

ance free, positioning motor asynchronous with rttzr quality measures is a system approximately detexhin

contact and frequency converter, pulse encoder poth  patween different limits.

sition electronic. _ _ Finally we have to eliminate the imprecision obtain
The parameter setting for ramp function, speedcer a ing from the approximate system fuzzy a systemedit d

celeration control and slow down is realized byla@a hite measures. From the point of view of intuitbénk-

input channels continuous position and speed, aigit ing the obtained result is appreciated well tham dhe

control output channels via opto-coupler, programia  ohtained by using the classical method exclusiveith
Each of these positions can be approached at a givgye|| determined numbers.

speed or a speed that is variable, acceleratiordacele- We require the projection design of a system which,

ration ramps are separately defined. at a given entrance signs should generate a puisigjo

The inference systems for the experimental researchc\wer with a certain precision as close as passibihe
can be used to automatically generate the appurtena imposed one.

functions and identification of the system.

The Mat Lab programming environment has pre-
defined functions in order to external modules aadhe Reference  Error Order Output
inference system and the fuzzy engine (Fig. 4).hiit X Controller ——| Actuator
the Mat Lab environment the adjustment of the param
ters is done with a module that functions similadythe
neural network.

The structure of fuzzy systems achieves the follow-
ing: the rigid input value — the input appurtenafoec-
tions, inference regulations - output charactexssti out-
put appurtenance functions - output value/data.

Traducers k——

Fig. 5. The block scheme of the fuzzy regulation system.

The typically fuzzy inference systems includes e-pr Actuator
defined regulating structure by the user who imetp interface
the variable characterizes of the systems. v

The intelligent actuator linear motion control aatr
contains a microprocessor, servo amplifier, memory Data < PC The board
module, high capacity roller thrust bearing, andosler acquisition of fuzzy
and is supplied with a program editor and debugger. devices ——\ logistics

) ) )
4. THE CONFIGURATION OF THE EXPERI- Software Software Software

MENTAL STAND Virtual Winxp Fuzzy

I

In order to improve and to study the possibilites
regulating and control of the actuator movemeniew n Fig. 6. The structure of the fuzzy regulation system.
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Hence the initial data of design are known, the sify
entranceX (t), as well as the given exit sigfft).

The condition of design for a minimum square error
of positioning is

min [Y ) =Y (9] )

The system of numeric control in time used even in
the real time of the dynamic processes especidlihe
quick ones which develop in the roto-translatiosteyn,
integrated components in the couple machine-tools o
robots offer information of objective quality whichmi-
nish the relativity and the degree of fuzzying.

Another aspect is that of modeling these complax sy
tems which in order to be described requires aelarg
amount of information.

The theoretic research under the aspect of thegghen
menological energetic aspect reveals the necesdity
considering in a system and of informatics, respgct
thus an info mechanic system. It is admitted theciple
of incompatibility according to which the biggereth
complexity, the smaller the possibility to the lewere
the precision and the relevance each other.

This type of system has at its basis some new @bnce
where the model of representation has numbers fardy
which is capable of working with signs of the neypd
of fuzzy signs.

In order to control the process, a specialized redu
with data acquisition system takes over from thecess
of acceleration parameters and refines it by takmg
account the shifts from a basis value and the dynam
this shift.

These refined values are analyzed in the module o
fuzzy logistics when the final decisions of optiation
are taken into account.
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Fig. 7. The structural pattern of the modular
stand of testing the actuator.

Fig. 8. The test stand for linear electro-mechanic actuato

The structural pattern of the modular stand ofirigst
the actuator, in the basis configuration in ordeatquire
the signals associated to the functional parametetise
testing process one uses momentary sensors — speed,
fncrementing positioning sensors and sensors oflecc
rometer type.

Additionally, according to the testing applications

The values stocked in the memory, appropriately reother force sensors, vibrations, temperature sensamn

fined, constitute the inputs of fuzzy analysis sysistage
that requires the implementation of interconnecting-
grams, data transfer and the fuzzy one.

The realization of a fuzzy controller is pursuedhwi
the introduction of the systems in the control @its of
the actuators movement, checking its functioningeial
time. This superior level of high complexity wilhgure
the possibility of the adjustment and the extensibthe
results in many other fields of application in arde
solve some optimization problems.

The configuration of a fuzzy regulator contains 4
main blocks: the amount of knowledge; the decision
blocks (the inference engine); the fuzzy blocks olhi
transform the input values in belonging degrees;dé-
fuzzying blocks which transform the fuzzy resufitoia
numerical stage of the output variants.

The introduction of the fuzzy logistic in the indiisl
practice of the actuators can be achieved botlwaodt
can hardware.

The majority application which uses the fuzzy legis
tics makes use of a particular calculating prograima
standard microprocessor and microcontrollers.

be introduced owing o the open modular structuteseé
sensors are connected a special acquisition eqaipme
connected to the central calculator —serial interfa

The test multi parametric stand for measuring linea
electro-mechanic actuatds Figs. 7 and 8 is composed
of: 1 — hydraulic brake installation; 2 pressure trans-
ducer; 3- force transducer; 4 displacement transducer;
5 — optical ruler; 6- linear actuator; 7 speed transduc-
er; 8- data acquisition board; 9 power measuring kit;
10 - computer; 1t display device. 12 support.

5. CONCLUSIONSAND OUTLOOK

An experimental stand has been designed meant to
lead by means of fuzzy logics a linear positiongyg-
tem, which achieves the load control throughout the
working cycle.

The paper presented a series of factors which recom
mend the implementation of the fuzzy logistics be t
linear actuators as well as the structure of thpedrmen-
tal stand.

The positioning precision of the actuators canre i

The standard assembling language is completeghroved if within the components of the regulating-s

which interactions to rapidly achieve inferencesiok
allow a high flexibility. In the hardware solutiavhen a
prompt answer is necessary dedicated analogicabaom
nents, processors and microcontrollers with intiegia
fuzzy components are used.

tems a fuzzy regulator is placed.

Searching the interferences of the statistic madeli
especially those linked to establishing the retatiof
representation of the experimental data resulteadn fr
measures with the theory of the vague multitudesbs ain
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the fuzzy logics reveals some of the conclusiongchvh REFERENCES
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