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This paper describes a procedure taken in synthesis of mecha-
nical part and control system of medieal menipulators for suppor-
ting or substituting lost functions of upper extremities of a
man, The results obtained for prosthetic manipulators intended
for amputees with short stump are given in the first part of
the work. The second part of the work gives the results obtained
at testing of orthotic manipulators intended for supporting 3
and 4 motions of upper extremities of a man,

Introduction .

¥ithin a few recent years further progress has been made in
design of medieal manipulators of upper extremities having a few
degrees of freedom and simplified supply and control systems,
Ar inwnlid with sbove-elbow stump can use the shoulder joint only,
which means that 3 out of 30 possible degrees of freedom are at
disposal. Of course full replacement of the lost extremity is
thecretically possible but not realised in practice. This fact
is due to lack of adequate control systems, Limiting the mecha=-
olem of prebhension to one degree of freedom /opening and closing/
and actively supporting flexion and extension of the elbew and
wrigst jointa, promation and euppination of the forearm, a mani=-
pulator can be designed with 4 degrees of freedom and 8 suppor—
ted movemenin, Simultanecus controlling of this system calls
for a few couples of antagonistic musclee or a minicomputer. One
can ccnslderably simpiify the control system switching from the
simultaneocus %o sequential conitroiling l.e.movement by movement,
Recently extensive tesis have been made on a medical manipulator
having 4 degrees of freedom and performing 8 movements. Applied
in this solution sequential control system facilitated 1 bio-
electrio or mechanic signal with 2 levelsy -
Sequential conirol system is not the best from the physiologi-
cal point of view, but it can be wery eapily mastered by a pa-
“ient, Supply system is another difficult problem as two sour=
cem of energy must be used, .

x/ Work carried out in a team: Z,Busko,M.Z¢. K,Pidelus M A, D,
HeGasztold,M.E8c. K. Kedzior M.ScayPh,D. yE.Kotwicki M.Sc,.,
Prof .AMorecki M.5¢, ,Ph.D, P.Harkiewicz, L.Skorupaki,M.l.,
PhoD. ,E.Wolsici ,M.Sc. = Technical University of Warsaw and
Varsew Academy of Physical Education in cooperation with
Warsaw School of Medicine,




396

1, Prosthetig manipulater for upper exiremify

lele The model of a menipulator and the regults of igs_investiw
gation

The general view of the model of manipulator for amputees abo-
ve the elbow joint is given in the Fig,1a., Phe main technioal
Question to consider im a type of actuator Ffor driving artifi-
cial joints of the model, The regults of analysis and considera-
tions done by the inventigators and designers turn out, that for
portable prosihetic device with = high numbers of degrces of
freedom, the pneumatic drive is more efficient comparing to elesc—
tric or hydraulic ones, Three two~-aides action actuators aitua—~
ted inside a forearm assembly perform three couples of movements
analogically as in matural exiremity. For stuating of four fin-
gers and a thimb 2 two-zide actustor isg applied also, The fin.
gers are mounted and conmnected with the phalanges by jointe.
The design of & thumb makes it possible to put it in nine ¢ f{few
rent pesitions in the two perpendicular rlanes,

The eleciropneumatic seleroid valves designed by anthorz for
operating gas actuators has been appiied, Every two-sides actu-
ator for acting in definite direction must be connected on one
slde with the source of gas and with the atmoaphere on the other
sides 1t demands the set of 16 electropneumatic valves for con—
vrolling of eight movemenis. Preumatic actustors applied in the
model give a conmtant pressure, for that reason question of moe
vements control depends only on the time of filling ard exhau=
ailing of the ¢yliinders.-The fundamental assumption of the con=-
trol system is to perform each of the eight movements using a
ninimal number of signals. In binary system three bits or infor—
mation are demanded for eontrolling eight gtages device, Bio-
electric or microswitch control system may be used, In the first
case the bioelectriozéignels received from muscle by means of
surface or implanted electrodee are amplified and integrated

in the two stage BMG ampiifier and transmitted to the logi- -1
bicok, The purpose of the logical block is to transform bic -
electric signals obtained from muscle /or electric signal 1 m
outputs of microswitches/ to the information necessary for . =
coder controle, This question has been solved by means of twe
countees /M=2 gnd M=4/, .

It asgumed that proportion betwsen matural and artificial
exiremities should be preserved, After the model was completed
the meagurements were performed. Obtained results are sm fol—
lowse
- The mass of the model m=2,030 kg /assumed data 1,26 - 1,29ke/

the maes of 16 selenoid valves and the logical block 0,842kg,

MG smplifier and CO_ bottle — 0,5 kg. We suppose that the

totaL mass of portabie ranipwlator would not exeems 3 kg in

the future,
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in the joints of the model are equal at teast to 60% of +the

angles for natural extremity,

The investigation of gtatia characteristics curves includes
meassurementas of torque developed ag a funetion of angle in elbow,
radii-elbow and wrist joints with different pressure were done,
Some messurements wers repeted after 50 000 working cycles. The
statle characteristics curves for all the Joints and prehension
are given in Fig,1b. In generally, obtained results are satisfa-
ctory, but it seems neceesary to raise the force posgibilities
of the manipulator in the future. .

1.2._The projotype of a prosthetic_manipulater

Tests carried out on the model resulted in intreducing many
improvements both to mechanical part and the aystem of actuators,
valves and controlling,

In practice, hand and digit systems turned out to be complicaw
ted and very often small but iroublesome fallures occured, Thesa
systems have been considerably simplified in a prototypes The
design consisted of 3 fingers with inadjustable thumb, The gys~
tem for movements of the elbow and wriast joints remained almost
unchanged. In spite of considerable energy consumption, the mo-
vemenis of pronation and suppination of the forearm have been
retained for functional reasons.

Degign as a whole has been changed and 1s shown in Fige2. It
consisis of 3 main sub-assemblies: a socket with the elbow Jjoint
axis, forearm housing differential actuators /for operating the
elbow joint, pronation and suppination of the forearm/ and the
hand with digits. The actuators for operating the wrist joint
and prehension are piaced inside the hand, Owing to the appli-
cation of the two-way differential actuators the number of the
valves in the demign comld be reduced from 16 to 8, The block
diggram of the conirol system is shown in Fig,3a. The control
system has the structure of the automatic device with 4 stages.
The change of the states is realized by meens of the signal I.
The next asignal of the same type I sets the automatic device
in the nexi state. The device can change the states in predeter-
mined sequence 1 — 2 = 3 - 4 = ¥ eto, The states correspond %o
the determined movemenis of the joints. Selecting a proper sta-—
te of the sutomatic device prepares the system for performing
required movement, The movement is realized by -means of the
signal II. The next applimtion of the smme signal IT resulis
in performing the movement in the opposite direction. In systenm
presented in Pig.Za the contraction of the muscie switched on
the generater of impulses lasting T, seconds each, Should the
contraction be shorter then T, = 0,*3 the gate 1 generates
the impuls corresponding to the next state. After the time T
elapses /light signal/, the next contraction can be made,whic&
puis the generator of the +time interval 71 into aection, Should



the contraction last longer then. T, = 0,78 /after the light
sigoal is put out/, the generator ot the impulses lasting

'Tz = QyTs iz switched on. If the contraction lasts less then

T, % T, = 1,48 the gate 2 generates the impuls setting the
nekt atafe /from 1 to;2 to 1/ but the movement is not performed.
It creates possibility to perform the movement in one direction
in a few stages /intermittently/. The state corresponding to the
opposite direction of the movemert can be passed without realiza—
tion. Should the cobtraction last longer then T, + T., in spite
of change of direction the movement is performedjfor tge whole
time of musele contraction. The genergl view of a eleciropneuma-
iie valve is shown in Fig, 3b. The general view of the set of 8
valves is shown in PFig, 3e,

The manipulater is now put to the tests.

2 o orthotie ulstor fer or exriremi-

Some’ biomechanical saapects should be considered while desige
ning orthotie manipulator for supporting lest functioms of the
extremity. Onre of thew, the type and number of mupperted motien,
wiil be discusged here, Out of 8 characteriatic functions= of the
Joints of the upper extremity, 3 seems to be mest important:
flexion and extension of the elbow joint, pronation and supping-
tion uf the forearm, and prehenaion, Assuming that the patient
has efficlent shoulder joint, the number of possible versions
of the apparata can be reduced.to 4,

Schematic picture af the design elaborated by authors, with
purpose te asupport 3 palrs of movemenis of upper extresity is
given in fig.4a., This is model No.3 conslderably improwwd in
comparison with models designed in 1971-1973. This solution ie
an example of an asetive supporting system. Pneumatie actumtors
are used for opening hand, promstion and suppination ef forearm
and flexion in elbow jolnt is extended by gravitation. Thie so-
lufior made possible to grestly simplify supply and control
systems, as well as the general arrangement of actuators, In
design prehension and flexion of the elbow joint were operatec
by preumatic sctuators of unilateral sction /1/ and /2/, whil.
for promation and suppinztion of forearm was uoed an actuator
of bilateral action /3/. A set of 8 electropreumatic valves /4/
was similar as in prosthetle manipulstor; 4 valves are used for
unilateral aciuators and 4 arTe connected with bilateral actua~
tor. Logic system ie aimilar to thet discussed before for pro-
athetie manipulator. fwo microswitches or two level BMG ampli-
fier are uged for controlling. The pneumatio system was supplisd
from Oito-Bock’s bottle /6/. Logie system and IMG amplifiex
were supplied from 12 storage bathteries /7/+ Amplitudes of mo—
o e mm Y nd et ot dm maank ta the nroxrimity of mouth apd
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head, Values of torques developed at individual Joints were set

~at 20-30% of the values of the natural exiremity, Endurance teats

and clinical investigations indieate high functionality of all
the subassemblies, Patients learmed to control the msnipulator
in practically no time. A short series of these apparsiwill
Boon produced. The general view of orthotie manipulator is
shown in the fig,4b, ' :

Conclusion
On the basic of biomechanical and technieal analysis a few model

of prosthetie and ortotie manipulators, for sizbstitutimg or
supporting lost funciions of upper exiremities have been degig—
ned and manufactured. The teste proved that the mechanical and
conirol systems as well as actustors are properly designed,
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Fig. 3a
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Fig. 3b

Fig. 3c
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