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CONSTRUCTION AND DYNAMIC PERFORMANCE OF A PNEUMATIC MUSCLE
ACTUATED TRANSLATION MODULE FOR ROBOTIC ARMSDESIGNED FOR
WHEELCHAIRS

Tudor DEACONESCU?, Andrea DEACONESCU?

Abstract: Pneumatic muscle actuated translation modules represent an innovative solution for systems
designed for wheelchairs endowed with robotic arms. Pneumatic muscle actuated robotic arms are in-
tended to increase the degree of autonomy of persons with impairments of the lower and upper limbs. The
paper presents in detail the construction of such a translation module, as well as its dynamic perform-
ance. Based on the obtained experimental results the dependencies of the stroke lengths achievable by
means of pneumatic muscles on air feed pressure and load are highlighted. The developed empirical
model gives a concrete and effective description facilitating the understanding of the mechanical behav-
iour of the pneumatic muscle, in view of optimal design and utilization.
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1. INTRODUCTION

Worldwide an increasing trend of the number of
physically challenged persons can be observed. Wéh
aggravation of the physical disabilities, thesespes
increasingly lose their autonomy and need to relyhe
support of caregivers and medical assistance irs¢he
ing of everyday tasks. A modality of avoiding sigifua-
tions is the implementation of new technologiestia
care giving process.

In order to meet the option of disabled persons to
increase their autonomy in everyday domestic amd pr
fessional life by deploying modern rehabilitatiogugp-
ment, the last three decades have seen intensamgisc
research oriented towards developing, improving and
implementing robots in the field of physical reHadt
tion, medical assistance and support in the conuycif
professional activities [3, 5, and 6].

The increase of the degree of autonomy of person
with locomotion disabilities is achieved mainly bye
use of wheelchairs. Depending on the specific reapi
these chairs can be endowed with robotic armsittzeil
ing certain actions desired by the user. The robatmns
(one or two) are placed on the back of the chawmroits
sides.

An example of such a robot is the JACO, made by t
Canadian firm Kinova [7], that develops technoladjic
advanced products to enable people with disalslite
live a more normal and independent life (Fig. 1lnd<va
also adapts technologies from other industries sagh
aerospace, to provide concrete and practical soisitior
those who suffer from mobility impairment.

Fig. 1. Robotic arm on a wheelchair (JACO).

JACO is a lightweight, very quiet, discreet, safagd
waterproof robotic arm that attaches to any powered
Wwheelchair. It can be installed also on a bed desk. Its
multifunctional hand works as an extension of a &om
arm in order to assist the patient in conductingreday
activities. JACO, and generally wheelchair mourntest
nipulators have the highest degree of flexibilityrela-
tion to their applicability. They facilitate theigping of
objects located randomly in space, they are ingntai
h In opening doors, drawers, taps, or can condugt ees

nipulation tasks like pouring drink in a glass aaging
it to the patient’s mouth (Fig. 2).
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Fig. 4. Operational principle of pneumatic muscles.
Fig. 3. Robotic arm developed by the Fraunhofer Institute. ¢ P P P P

Many researchers around the world have tried to '-|—1

build robotic devices able to help people with pesia.

At present, European researchers have developed a r

botic control system based on electroencephalogram

(EEG). The patients using the Brain2Robot systeghini
regain some of their lost autonomy. The users eal-
trol the robotic arm with their thoughts. To comttbe
robotic arm, the Brain-Computer Interface (BCI) elev
oped at one Fraunhofer Institute in Germany is doatb
with an eye tracker (Fig. 3). The signals are dena
computer which performs the main learning task. Ac-
cording to the researchers, the robotic arm coelwbime
commercially available in a few years [8].

Until recently the actuation of robotic systemsswa
ensured in most cases by electric motors. Pneuraatic
tuation was generally avoided, because of issuasetke
to control and compliance. Certain advantages of th
type of drive, however, like the compactness of dbe
tuators, the favourable power to weight ratio, catl
costs, easy maintenance, clean operation haventatst
its increased deployment in robotics, over theyasts.

Research conducted over the last years at thesiFran
vania University of Brgov has revealed the benefits of
deploying pneumatic muscles in robotics. This paper
discusses the application of pneumatic musclesasa
tors of robotic manipulation arms destined for thba-
bilitation of disabled persons.

2. CONSTRUCTION OF THE ROBOTIC ARM

Fig. 5. Kinematic diagram and construction
of the robotic system.

Pneumatic muscle actuated robotic arms involvimg a
extremely light construction and increased flexipil

meet the safety demands of equipment operatingen t  figyre 5 shows the kinematic diagram and the struc
immediate vicinity of humans or in narrow spaceBe T e of the proposed robotic arm [1 and 2]. Thegtes]
robotic arm proposed in this paper includes ai@ia@nd gy cture ensures two degrees of freedom (rotaiuh

a translation module, both pneumatically actuatgd b angjation), all movements being obtained by mezins
artificial muscles. The solution of implementingsttype 0 pairs of pneumatic muscles.

of actuators was selected due to their improvetbprer The four utilized pneumatic muscles are each of 300
ance versus pneumatic cylinders. Thus pneumatic mUSym |ength and 10 mm interior diameter. The achitvab

cles are a_bout eight times lighter a_nd (_jevellop raefo  ¢troke depends on the level of the feeding pressume
about ten times greater, at the same interior diamj4]. is of maximum 60 mm.

Pneumatic muscles allow very slow motions, of $mal

amplltude, Completely Sthk-SIlp free, hence thdy— 3. CONSTRUCTION AND PERFORM ANCE OF
namic behaviour being superior to that of pneumatle THE TRANSLATION MODULE
inders.

The pneumatic muscle is system involving a cottrac ~ The vertical translation motion of the robotic aisn
ing membrane, which upon being fed compressed aipbtained by means of a pair of pneumatic musclek-wo
increases its diameter while decreasing its le(fgth 4).  ing synchronously. The superior ends of the musates
Thus the pneumatic muscle achieves a certain strokeattached to the mechanical structure of the roberna,
depending on the level of the feeding pressure. dfhe  while the free ends are attached to a slide thatgtide
erational behaviour of such a system is similathttt of  along a vertical guide. Figure 6 shows the constrnwf
a human muscle. the translation module.
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Fig. 6. Construction of the translation module.
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Fig. 8. Magnitude of muscle contraction at deflation.

Fig. 9 presents the evolution of the axial contoac
of the two muscles versus the pressure of the ifedoa
two values of attached weights (10 and 98 N). Tdtmic

The two muscles work simultaneously upon being fedrence of a hysteresis phenomenon can be noticacaeh
compressed air. By feeding compressed air to the- mu terized by a delay (a lag) in the muscles regairier

cles they decrease their initial (resting) lengthup to
60 mm, thus setting a vertically gliding slide immtion.
The gliding of the slide along the standardizedfiferas
ensured by two pairs of rollers.

initial form upon deflation. The maximum differenoé
muscle contractions in inflating-deflating, for tlsame
value of the feeding pressure is of about 7 mmaftoad
of 10 N, and of 10 mm for a load of 98 N, respedtiv

Experimental research on the performance of thisThese experimentally determined values imply, foz t

module was oriented towards determining the positip
precision of the mobile slide at various levelsha feed-
ing pressure. The conducted experiments includad-lo
ing the slide with five different weights, namelfyi® N,
34 N, 74 N, 98 N and 122 N, respectively. The mesasu
ments consisted of determining the contractibnof the
two muscles, upon being fed compressed air (ird)ass
well as upon releasing air (deflated).

two values of the attached weights, a differencehef
relative deformation of the muscles in inflatingdathe-
flating, respectively, namel§L/Ly- 100, ranging between
2.3 % and 3.3 %.

The hysteresis phenomenon can be explained by the
friction between the exterior wall of the musclastic
tube and the mesh enveloping it. The occurrendeysf
teresis represents a major disadvantage to theatitin

Based on the results obtained by measuring in botlyf pneumatic muscles in applications requiring higé-

the inflation and deflation phase of the muscles,dhar-
acteristic curves of Figs. 7 and 8 could be plottedan
be noticed that with the increase of pressure timtrac-
tion (ALu — for inflation andALd — for deflation) of the
muscles grows, reaching a deformation of 13% to ©6%
the initial muscle length, for a feeding pressur® dar.
As the weight attached to the gliding slide incesaghe
axial contraction of the muscles is smaller.
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Fig. 7. Magnitude of muscle contraction at inflation.

cision motions.
The measurements allowed the determination of two
equations for computing the axial contraction o€ th

pneumatic  muscles, contraction expressed as
AL = f(p, F):
* In the case of muscle inflation:
AL(p,F) = 12510p?248tF 0185 (1)
a0
(]
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Fig. 9. The hysteresis phenomenon of the pneumatic muscles
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* Inthe case of muscle deflation:
AL(p,F) = 12006[p°*F %+ 05  (2)
Figure 10 presents the evolution of the axial @mt

tion AL versus feeding air pressupeand the load~ at-
tached to the slide of the translation module.

p [bar]

Fig. 10. AL =f(p, F): a — inflation of the pneumatic muscles;
b - deflation of the pneumatic muscles.

Translation module

L5 iy S

Fig. 11. Pneumatic actuation diagram.

Equation (2) together with the graph describingsmu
cle behaviour at deflation reveal that for air pes of
zero bar, the pneumatic actuator does no resunnesits
ing lengthL,. A remnant contraction of 0.5 mm is no-
ticed, that disappears after a longer period oétim

The motion of the two pneumatic muscles is acldeve
according to the schematic in Fig. 11. The syncbusn
displacement of the two muscles is obtained by meén
a proportional pressure regulateR;. This has an inte-
grated sensor that measures the level of the presdu
the exit orifice. The role of the embedded eledtron
module is to actuate the regulator until the messur
value of the output pressure is equal to its présetl.
The adjustment of the output pressure is propaatiom
an electric control value.

4. CONCLUSIONS

The paper presents the mechanical structure and th
actuation system of a translation module develdjped
robotic manipulation systems, useful in rehabiliat
activities of disabled persons. The actuation &f thod-
ule by means of pneumatic muscles reveals thaethes
actuators, still insufficiently known and used, adawu-
merous advantages but also disadvantages relatbdito
operational behaviour. The main advantages incthde
reduce weight of the muscles compared to that bf-cy
ders and the absence of stick-slip, while the mdisad-
vantage is the occurrence of hysteresis. A detailed
knowledge of pneumatic muscles will allow theirufie
replacing simple action cylinders in an increasimgn-
ber of applications.

REFERENCES

[1] A. Deaconescu, T. DeaconescBneumatic Muscle Actu-
ated Robotized Arm for Rehabilitation Systems, Ed.
Newswood Limited Hong Kong, Proceeding vol. Il, pp.
1872-1875, Hong Kong, March 2009, International AAss
ciation of Engineers (IAENG), Hong Kong.

[2] A. Deaconescu, T. Deaconesdeerformance of a Pneu-
matic Muscle Actuated Rotation Module, Ed. Newswood
Limited Hong Kongyvol. Il, pp. 1516-1520, London, July
2009, International Association of Engineers (IAENG
London.

[3] C. Martens, O. Radchenko, A. Pape, H. She, loSak,
A. Graser,Autonomous and robust beverage serving-task
with the rehabilitation robotic system FRIEND, Proceed-
ings of the # Conference of the association for the Ad-
vancement of Assistive Technology in Europe (AAATE)
2003, Dublin.

[4] F. Daerden , D. LefeberThe concept and design of
pleated pneumatic artificial muscles, International Journal
of Fluid Power, vol. 2, no. 3, 2001, pp. 41-50.

[5] M. Mihajlov, O. Ivlev, A.GraserDesign and control of
safe robotic arm with compliant fluidic joints, Interna-
tional Symposium on Robotics antl @erman Conference
on Robotics , May 15-17, 2006, Munich.

[6] O. Lang, C. Martens, A. Graesé&alisation of a semiau-
tonomous gripping skill for the support of disabled people,
Robotik 2000, 29-30 June 2000, Berlin.

[7] http://ww. ki novar ehab. conf , accessed: 2010-04-21

[8] http://ww. fraunhof er.de/ en/ press/ , accessed:

2010-04



