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Rezumat. Lucrarea preziit experimentele efectuate Abstract. The paper presents the experiments performed
pentru determinarea f@or dezvoltate intr-un sistem de to determine the forces developed by a drive sysiém
antrenare a unui echipament de reabilitaresi@atuator  rehabilitation equipment. As actuator is used aupratic
este folosit un mgchi pneumatic, care futioneaz pe muscle, which works on a spring principle - incesags
principiul unui arc — ¢ mareste diametrul si Tsi diameter and decreases its length under the adfion
micsoreaz lungimea sub anea aerului comprimat [1, compressed air [1, 2]. Determination of the avadab
2]. Determinarea foei disponibile dezvoltdat de  force developed by the pneumatic muscle is perfdrme
muschiul pneumatic ales se realizéazu ajutorul unui  using a force transducer attached to the equipsietgr
traductor de fad atgat culisorului echipamentulugi and connected to the computer. The results of the
conectat la computer. Rezultatele experimentelorexperiments made, presents the drive system forces
efectuate preziatevoluia fortelor dezvoltate sistemul de evolution developed for a load cycle and for a
antrenare pentru un ciclu de dnzaresi pentru unul de  load/unload cycle with pressures between 1 and 6 ba
Tncircare-desircare cu presiuni intregl 6 bar.

Cuvinte cheie:mugchi pneumatic, echipament de Key words: pneumatic muscle, rehabilitation equipment,
reabilitare, traductor de fr force transducer

1. Introducere 1. Introduction
Lucrarea propune analiza felor dezvoltate de This paper analyzes the forces developed by the

sistemul de antrenare al unui echipament dalrive system of rehabilitation equipment bearing
reabilitare a afgwnilor articulgiilor portante ale joints of lower limb disorders.
membrului inferior.

Experimentele au fost efectuate prinsataa Experiments were performed by attaching a
unui traductor de f@& la culisorul echipamentului force transducer to the slider of the rehabilitatio
de reabilitaresi conectarea acestuia la computer,equipment, by connecting the transducer to the
urmat de alimentarea succesia actuatorului cu computer, followed by successive actuator supply
presiuni intre 1si 6 bar. Valorile tensiunilor pressure between 1 and 6 bar. Voltages provided by
furnizate de traductori evoluia acestora sunt the transducer and developments are viewed
vizualizate prin intermediul soft-ului FluidLab-P. through FluidLab-P software.

Pentru transformarea tensiuniitiolute in fota To convert voltage power to force it is used a
se folosgte o fungie oliinuta prin etalonarea function obtained by calibrating the transducer.
traductorului. Aceste valori experimentale suntThese experimental values are correlated with the
corelate cu cele teoretice, furnizate de prathral  theoretical analysis provided by the manufactufer o

muschiului pneumatic analizat. pneumatic muscle.
2. Echipament de reabilitare a articuldiilor 2. Lower limb joints rehabilitation
membrelor inferioare equipment

Echipamentul de reabilitare propus este capabil The proposed rehabilitation equipment is
de realizarea unei gwiri continue pasive cu capable of achieving continuous passive motion, by
ajutorul unui sistem aionat cu mgchi pneumatic  means of a pneumatic muscle actuated system [3].
[3].

Acesta agioneaz culisorul echipamentului It actuates the equipment slider to make the
pentru efectuarea diferitelor curse impuse dedifferent displacements required for exercise
exerciiul de reabilitare. rehabilitation.

Echipamentul de reabilitare utilizat pentru The rehabilitation equipment used for the
experimente este prezentat in figura 1. researches presented below is shown in figure 1.
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Figura 1. Echipamentul de reabilitare a rtig'ilbi membrelor inferioare
Figure 1. Lower limb joints rehabilitation equipnten

3. Studii privind for tele dezvoltate Tn 3. Studies on the forces developed in the
sistemul de antrenare al echipamentului actuating system of rehabilitation
de reabilitare equipment
Determinarea faei disponibile dezvoltét de Determination of available force developed by

muschiul pneumatic care antrené@azculisorul  pneumatic muscle which actuates the rehabilitation
echipamentului de reabilitare s-a realizat cu ajto equipment slider was performed using an assembly
unui montaj ca cel din figura 2. Traductorul dgfor as in Figure 2. Force transducer is rigidly mounted
este legat rigid de -culisor, el nepef@nd to slide, and it is not allowed the movement of the
deplasarea elementului mobil al echipamentului demobile element of rehabilitation equipment with air
reabilitare oddt cu alimentarea cu aer sub presiunesupply pressure of the pneumatic muscle.

a muchiului pneumatic.

3 | T 1"- | L
Figura 2. Amplasarea traductorului detfope echipament
Figure 2.Force transducer location on the equipment

3.1. Etalonarea traductorului de forta 3.1. Force transducer calibration
Traductorul de fad utilizat (figura 3) are Force transducer used (Figure 3) has the
urmatoarele caracteristici tehnice [4]: following technical characteristics [4]:
e domeniul de risurare: G- 1 kN; » measuring range: 0 to 1 kN;
« tensiunea de alimentare: 24 Vcc; * supply voltage: 24 VDC;
* semnal de igre: 0+ 10 V. * output signal: 6- 10 V.
Etalonarea traductorului de fars-a realizat Force transducer calibration was achieved by
prin incircarea sa treptatcu greuiti calibrate, ga  gradually loading with calibrated weights, as is
dupa cum este prezentat in figura 4. shown in Figure 4.

Figura 3. Traductor de fgr Figura 4. Etalonarea traductorului detfor
Figure 3. Force transducer Figure 4. Force transducer calibration
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Semnalele furnizate de traductor sunt transmise  Signals provided by the transducer are
prin intermediul unei @ki de achizii de date tip transmitted through a EasyPort data acquisition
EasyPort (Festo) atre calculator, unde pot fi board (Festo) to the computer, where can be viewed
vizualizate cu ajutorul programului FluidLab-P with FluidLab-P program (Festo) (Figure 5).
(Festo) (figura 5). FluidLab-P este un programFluidLab-P is a program used for collecting and
destinat coledtrii si reprezentrii sub formi grafica  representing data in graphical form [5].

a datelor de natampneumatia [5].
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Figura 5. Traseul semnalului generat de traducteudbra
Figure 5. Route of the signal generated by thesftnr@nsducer

Y

Cu ajutorul programului FluidLab-P pot fi With the FluidLab-P program can be viewed
vizualizate valorile tensiunilor desiee furnizate de output voltages provided by the force transducer.
traductorul de faa. Astfel, de exemplu, pentru o Thus, for example, for a transducer load with a
incircare a traductorului cu o fidrde 65 N, s-a force of 65 N, the value obtained is of 0.635 V.
ohtinut o valoare a tensiunii de 0,635 V.

In figura urmitoare se preziatvaloarea afati The following figure presents the value
de FluidLab-P. displayed by FluidLab-P.
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Figura 6. Valoarea tensiunii desiie afisati pentru o Tnércare de 65 N
Figure 6. The output voltage for a load of 65 N

Figura 7 prezirit nivelurile tensiunii de igre Figure 7 shows the output voltage levels for
pentru diferite Tn&rciri ale traductorului. different loads of the transducer.

Tix|
“lupa

= SSRERE g

Figura 7. Valorile tensiunilor degiee din traductor pentru diferite Tarcari
Figure 7. The values of the transducer output geltar different loads

S-a solicitat traductorul cu f@le 0; 20; 40; 65 The forces applied to the transducer are 0; 20;
N si s-au oljinut tensiunile 0; 0,195; 0,39; 0,635 V. 40; 65 N and the tensions obtained are 0; 0,195;
Din datele de mai sus se poate determina expres®39; 0,635 V. From the above data one can
fundgiei de etalonare a traductorului de tfpr determine the expression function of force
U = 0,00977F, in careU reprezini tensiunea de transducer calibratiol) = 0.00977F, where U is
iesire din traductor, iaf- este fota ce agioneaz  the voltage output of the transducer, and F is the
asupra acestuia. force acting on it.
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Graficul ce red forma dreptei de etalonare pe Graph that renders the form of the calibration
intregul domeniu de #surare al traductorului este segment on the measurement domain of the
prezentat n figura 8. transducer is shown in Figure 8.

[IT1Y]

T -

]
, Il

o L) 1000

Figura 8. Dreapta de etalonare a traductorulubdé f
Figure 8. Force transducer calibration segment

3.2. Determinarea fortei aplicate la culisorul 3.2. Determination of force applied to
echipamentului de reabilitare rehabilitation equipment slider
Schema de principiu conformireia s-au The schematic diagram on which the

efectuat masurfatorile privitoare la fora aplicai ~ measurements were made, regarding the force
culisorului echipamentului de reabilitare este ceaapplied to the slider of the rehabilitation equiptne
din figura 9. is shown in Figure 9.

Traductor de forla

Fr
Figura 9. Determinareaammii fortei aplicate culisorului
Figure 9. Determining the size of the force appt@dlider

Forta dezvoltat de muychiul pneumatic este Force developed by the pneumatic muscle is
notai cu F., La culisor, din cauza efectului denoted by, At the slider, because the dividend
demultiplicator al sistemului mobil de scripe effect of mobile system pulleys, force size,
marimea fogei, masurat cu ajutorul traductorului, measured by the transducerfjg2.
devineF,/2.

Utilizadnd un lan al sistemului de &surare ca Using a measurement system chain as in figure
cel din figura 6, pentru diferite valori ale prasiu 6, for different values of air pressure of the
de narcare cu aer a mahiului pneumatic s-au pneumatic muscle, was obtained curves in Figure

obtinut curbele din figura 10. 10.
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—..._._,-"FFF- _ﬁvﬂ"ﬂ Figura 10. Evoltia tensiuniisi a presiunii in funge de timp
o e ' la un ciclu de Tn@rcare a mgchiului pneumatic:

- = U =1(t); p=1f(t)

J,x-f“"' Figure 10. Evolution of the voltage and pressurinie at a
I,,e—" load cycle of the pneumatic musclé=f(t); p =f(t)
_,/
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Se remart faptul & o cretere treptat a It is noted that a gradual increase of air pressure
presiunii aerului determino majorare a semnalului causes an increase in the output signal (voltage)
de isire (tensiune) emis de traductorul degfor from the force transducer.

Din cele dodé grafice se obsedvfaptul & Of the two graphs is observed that the

semnalul de igre emis de traductor este nul pda  transducer output signal has value of zero until a
o valoare a presiunii de alimentare asoliului de  supply pressure of 1.9 bar. After this value, the
1,9 bar. Dup acest prag, tensiunea semnalului deoutput signal voltage increases with pressure
iesire cregte odal cu presiunea aplicaimuschiului applied to pneumatic muscle.

pneumatic.

Pornind de la curbele din figura de mai sus, se  From the curves in the figure above, it can be
poate construi graficul care prezindependefa rendered a graph showing voltage dependence of
tensiunii semnalului de g&e n raport cu presiunea the output signal relative to the air pressuredesi
aerului din interiorul mgchiului pneumatic (figura 11).  the pneumatic muscle (figure 11).

Pe baza retei fungiei de etalonare a Based on function relation of force transducer
traductorului de fga se pot calcula valorile fggi  calibration, can calculate the pneumatic muscle
dezvoltate de mehiul pneumatic in fune de  force developed by compressed air pressure. Force
presiunea aerului comprimat. Vaiéa fortei Tn  variation depending on the pressure results from
fungie de presiune rezéldin graficul din figura 12.  Figure 12.
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Figura 11. Evoltia tensiunii in funge de presiune la un Figura 12. Evoltia fortei in fungie de presiune la un ciclu
ciclu de Tndrcare a mgchiului pneumaticl) =f(p) de Tnd@rcare a mgchiului pneumaticF = f(p)

Figure 11. Evolution of the voltage in functionmessure Figure 12. Evolution of the force in function ofegsure at

at a load cycle of the pneumatic mustles f(p) a load cycle of the pneumatic musdies f(p)

o e

Din programul MuscleSim furnizat de FESTO From MuscleSim software provided by FESTO
Ag&Co au fost extrase fegle dezvoltate de AG & Co., it had been extracted muscle forces
muschiul pneumatic ales corespudtaare presiunii  developed with pressure supplied (Figure 13). dt ha
alimentate (figura 13). S-au ales doar acele valorbeen chosen only those values for pressure limits
considerate pentru limitele de presiune acceptate dconsidered  acceptable by the  technical
specificaiile tehnice ale mgchiului pneumatic. specifications of pneumatic muscle.

Figure 13. MuscleSim force values depending wittspure

in figura 14 sunt reprezentate fiele nisurate In Figure 14 are presented the measured forces
si fortele furnizate de MuscleSim Tn raport cu and the forces provided by MuscleSim with pressure.
presiunea. Se obsérvca fortele niisurate sunt Itis noted that the measured forces are superithret
superioare faelor indicate de compania FESTO forces provided by the FESTO company that
care produce mghiul pneumatic analizat. produces the analyzed pneumatic muscle.
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Aceast diferena semnifi@ faptul G muschiul This difference means that the pneumatic
pneumatic are performgmsuperioare celor tehnice, muscle performances are superior to technical
compania luandgt o marg de sigurati la  performance, the company taking a safety margin in

momentul stabilirii specifigglor tehnice. determining the technical specifications.
ED0
u Figura 14. Evoltia fortei masuratesi a forei indicate de
= s _ softul MuscleSim¥F,, = f(p); Fuusclesim= f(p)
20 " Figure 14. Evolution of the measured force andhef t
o force provided by MuscleSim softwarg;, = f(p);
37 3 33L630424543 515457 6 Fuusciesim= f(p)
plbar]
4. Concluzii 4. Conclusions
Articolul prezint studii experimentale cu This paper presents experimental studies on the

privire la fotele dezvoltate de sistemul de antrenareforces developed by a pneumatic muscle actuating
cu muychi pneumatici al unui echipament de system of lower joints affections rehabilitation
reabilitare a afgwnilor articulgiilor portante ale equipment.

membrului inferior.

Din experimentele efectuate se obderms, Experiments made shows that, for a charge
pentru un ciclu de iriccare, semnalul degiee emis  cycle, the output signal issued by the transducer a
de traductor este nul péifa o valoare a presiunii de zero up to a supply pressure of 1.9 bar musclerAft
alimentare a mychiului de 1,9 bar. Dup acest this threshold, the output signal voltage increases
prag, tensiunea semnalului dgiiie creste odai cu  with pressure applied to pneumatic muscle, up to
presiunea aplicat muschiului pneumatic, p&nla  273.9 N, value obtained for a pressure of 6 bar.
valoarea de 273,9 N gbuta pentru o presiune de 6 Values obtained from experimental values were
bar. Valorile olinute din experimente au fost correlated with technical specifications, where it
corelate cu valorile din specifiiide tehnice, de was found that the forces developed by pneumatic
unde s-a constatal fortele dezvoltate de myahiul muscle are higher than theoretical, provided the
pneumatic sunt superioare celor teoretice furnizateompany FESTO. The explanation could be the
de compania FESTO. Expliga ar fi marja de safety margin taken by the company in determining
sigurana luati de companie la momentul stabilirii the technical specifications.
specificaiilor tehnice.

Dirediile viitoare au ca scop o analidetaliat This research will be continued with a more in
a performatelor echipamentului de reabilitare depth analysis and testing of the pneumatic muscle
agionat de mgchi pneumatic. actuated rehabilitation equipment.
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