REMORT ON THE FURTHER DEVELOPMENT OF -BELGRADE
HAND PROSTHESIS«

M. RAKIC
Introducthon

The basic ideas and principles underlying the design and later
improvements of the multifunctional +Belgrade hand prosthesise have
been published elsewhera! 245 and it will therefore be assumed that
they are known. The prototype of the hand prosthesis was tested in
detail for its rehabililation properties in sununer 1964 by A group of
experts. The results of these tests and accompanying comments and
suggesiions can be lound in the published Reporit, Early this wyear,
the Bincybernetic Department of the Mihailo Pupin Institute started
a two-year program, the purpose of which is to eliminate deficiencies
which have been noted and w develop o technology which would malke
possible series priductions of the prosthesis and its wider application.
This program was prepared with a group of experts from Walter Reed
Army Medical Center, Washington, INC., U.5.A. Deficiencies of the pros-
thesis can be summarized as follows:

a) instability of finger joints,

b) insufficient grasping power,

¢) unsatisfactory and noncosmetic mevement of the thumb,

d) excessive weight,

e) insufficient cosmetic appearance,

£} impossikility of easy repetition of the same type of grasping,

£) unreliable operation of the transducers.

It is still too early to present final resulis of our work. We shall
therefore just try to explain how we intend to climinate the above
mentioned deficiencies and what we have done so far,

Fingers

We still adhere 1o the concept that Fingers should have three mo-
vable phalanges, but there will be two versions of the prosthesis. In
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the first version all four fingers will be movahle and the motion of the
fifth and the fourth finger can be voluntarily blocked im the extended
position if mecessary, In the secand version the index and the middle
fingers will ba movable while the other two fingers will be made of
hard rubber in a fixed, slightly bent position.

The lever mechanisms conirolling the finger motion have been
slightly changed in order to attain a somewhat more favorable mutual
heming of the phalanges and also 1o place the phalanx shafis into the
middle axs of the [ingers. By placing these shafts o the middle
axis of the fingers we avoid undesirable openings on the phalanges,
which had been inevitable earlier, and enable balllike joints between
the phalanges.

With these improvementis we have made all four Ffingers using
alumihum as basic material. Experiments with these fingers have
shown that the joimts of the phalanges are sufficienily stable and thai
the fingers can withstand a load of up to 100 kg. without any deform-
atien.

There ¥ another change which we mtend to make in the earlier
madel of the prosthesis. During experoments with the original prototype
it was found that in grasping with finger tips, nwrtual adaptation between
the index and the middle finger, which permits small displacement
between these two fingers, may often cause the patient to drop the
object, particularly #f it is thin. We wish, therefore, to introduce a
better solution in the new model of the prosthesis.

Grasping Power

Repeated calenlations have confirmed that the DC. servomotor
sige 11 PM can provide the required pressure of § kg at fimger tips.
The only reason why this was not achisved in the existing prototype
of the hand prosthesis 1.5 excessive mechandical losses 4n the gearbox
and the mechanism of the hand. Without making any changes in the
basic principles of the existing solution, but introducing only a rofating
lever, substituting ball-bearings for the sliding bearings amd with more
rareful machining of the various parts, particularly the gearbox, it is
expected that this deficiency will be eliminated. The new mechanism
of the hand has not yet been completed and it has therefore not been
possible to verify experimentally whether the expected results will
really be achieved.

The Thumb

With the existing prototypes of the hand prosthesis we have exper-
imented with two types of thumb motion. In the Ffirst version the
thumb was initially behind the index finger and after completing the
maotion it was in opposition to the index finger and middle finger, thus
realizing grasping with finger tips. In the seccnd version the thumb
was initially in opposition to the index and the middle finger and was
moving in such a way that the tip of the thwmb remained in a plane
parallel ta the palm.
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It was found that both types of motion of the thumb were un-
satisfactory both from the functional amd cosmetic points of view. We
want therefore to make some changes in the type of motion of the
thunb, In the final versiom of the hand prosthesis the thumb will
jnitially be in opposition to the index and middle finger and will move
in a plane which is almost normal to the plane of the palm. En order
1p understand the reason for adopting such a type of thumb motion,
it is necessary ta explain briefly how we intend to realize various types
of grasping.

Reafization of Varlous Types of Grasping

The initial position of the hand will be such that the Hngers are
slightly bent and the thumb, as already mentioned, would be in oppo-
sition to the index and the middle finger. In this position the free
opening between the tips of the index finger and the thumb would
be only three ventimeters wide. If the patient wishes to perform grasp-
ing by finger tips from tlos initial position, the fingers would move
towards the thumb and the latter would remain in its initial position.
1n this way the patient will be able to grasp only smaller objects.

To realize the fist from this initial position, the fingers and the
thumb would siart moving simultaneously in opposite directions so that
when the Fingers reach the fully extended position the thumb will also
be in its Farthest position, realizing the greatest free space between
the tips of the index finger and the thumb of about 9 cm, If the patient
does not £top or change the direction of the rotation of the servomotar,
the fingers would again start 1o bend until they closed into a fist while
the thumb remaingd still.

With such a program of motion of the fiugers and the thumb,
the patient, in ondar 1o grasp bigger objects with finger tips, would first
start the Bsttype of graspimg until the fingers and the thumb are
sufficiently apart and he would then change the direction of rotation
of the servomotor.

Actually, the new method of contrelling the hand prosthesis im-
poses no limitations as to the initial position which the patient may
chose, We indicated the earlier described position as initial because
the prosthesis has then a shallow and cosmetic appearance and the
patient can quickly perform grasping with finger tips of smaler objects
which is actually the motion most frequently needed.

Cosmetic Propertles of the Hand Prosthesis

Balllike joints between the finger phalanges and belween the
fingers and the body of the hand have made it pessible to eliminate
unnatura! shape of the fingers and undesirable openings in them. The
thumb is also joined to the body of the hand by a suitable joint which
mzkes it possible to avoid anv openings while the thumb is in motion.
These facts, together with the earlier described initial position of the
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fingers and the thumb and the type of their motion, have made it
possible te make a hand prosthesis with satisfactory cosmetic prap-
eriies.

Since such a prosthesis with movable fingers and thumb cannot
be fitted with a standard cosmetic glove, we are thinking of coating
the body of the hand with some suitable matenial.

Weight of the Hand Prosthesis

In designing the hand prosthesis we have been taking and shall
contimue to take the greatest care to reduce the weight of the prosthesis
{0 the minkmum without impairing the strength, reliability and durabil-
ity of the progthesis. However in this way it is impossible to achieve
any considerable reduction in the total weight of the prosthesis. Ana-
Iysing this problem in detail s the light of all performances an rehabili-
tation properties of the »Beigrade Hand Prosthesise we have come 1o
the conclusion that 1he use of an automatic hand prosthesis is justified
only in the cases of high amputations of the forearm, or as part of
an arm prosthesis. Taking this into aceount, it has been decided that
the servomator and the main gearbox should not be built into the hand
prosthesis, as is the case with the existing prototype, but that they
should be placed into the forearm section as dose to the elbow as
possible. In this way, the weight of the hand prosthesis will be greatly
raduced.

Conirol of Motions

Experiments with the exisling prototype fitted o patienits have
shown that Burther improvements in the control of the prosthesis are
possible. The basic dilemma as far as the control logic is comecerned
was the following: should the patient be given the freedom of independ-
ently commanding the power and the direction of the rotation of the
servomotor, in which case two points for voluntary comumand would
be required, or should these two commands be connectad and condi-
tiomed, in which case the number of command points would be reduced
te one, but the execution of certain types of grasping would then
become more complicated.

Since both solutions have certain advantages and disadvantages,
it was decided to develop electromics which would make possible both
types of control. The control logic would then be sei up for each patiemt
separately in accordance with his abilities and desires.

The block diagram of the circuitry for independent voluntary
control of the servamotor power and the direction of the servomotor
rotation with two command points is shown in Figure 1. Block diagram
of the same circuilry with one command point, where the reversal of
servomotor olation is conditioned by reducing its power to zero that
is, by stopping the motar, is shown in Figure 2.
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In the first case (block diagram Fig. 1), by pressing voluntarily
the sensitive element of relay type SR 1, the patient reverses the rota-
tion of the servomotor and therahy expresses his desire to close or open
the hand prosthesis, and also he chooses the type of grasping. By
pressing the sensitive element of potentiometer type SE, the patient
adjusts the power of the servomotor between zerv aml the maximum
value, In this way he decides when the motor should start or stop, what
shiould be the speed of tha fingsr motion, and what should be the grasp-
ing power.

5 Wa

5R,

Figure 1. Block diagram of the electronics with two points of voluntary

command. M — D.LC. servomotor, A — power amplifier, 5 — switch, SB: —

sensitive elerment of the relay type to cummand voluntarily the direction of

servomotor rotation, SR — sensitive elements of the relay type o oontrol

automatically the hand prosthesis, SE — semsitive element of the potento-
meter ype 10 command voluntarily the servomotor power

In the second version (block diagram Fig. 2}, the sensitive elemaeant
of relay type for commanding the reversal of servomotor rotation has
been dropped out and the semsitive element of the potenticmeter type
iz fitted with 2 semwitive tlernent of relay type which serves as an end-
point switch (SEC}. Therefore the reversal of servomotor rotation is
conditioned by bringing th: motor power to 2erc, and, conversely,
whenever the motor power comes to zero a reversal in the direction
of rotation is effected. This is quite justified since after every <losing
of the hand prosthesis and grasping of an cbject there should usually
fullow the opening of the hand prosthesis and dropping of the object,
and vice versa. The only difficulty occurs in the case when the patient
has initiated a movement of the hand prosthesis then stops amd after
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that wishes to contimue it, or if he has grasped an object aml wishes
t increase the grasping power. In that case he must First sliphtly press
the element SEC in order to change the direction of rotation of the
sepwormnotor and then continue the imitiated movement or erease the
grasping power.

The possibility of automatic grasping of objects, through the activ-
aticn of one of the sensitive slements of relay type located in finger tips
(SR 2}, is foreseen only for the position in which the fingers are fully
stretched, when the switch S is closed. When the hand prosthesis is
in this position the pressing of any of the sensitive e¢lements of relay
type SR 2 will slart the servomator. The power which the motor then
develops is approximately 75 percent of the maximum power.
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Flgure 2. Block di of the electronics with gne point of voluntary

command. M — D.C. servomotor, A — power amplifier, & — switch, 3R —

sensitive elements of the relay type (o controd automatically the hand

prosthesis, SEC — s=ensitive element of the potentiometer type to comimand

voluntarily the servomotor power with end point switch osed o conmol
the direction of servomoior retation

After this antomatic start the servormotor 1s automatically switched
off through a feedback path with delay thmer which is sulFiciently dong
lo emable the grasping of any type before the moror is switched off,

Sensithve Elementa

Certain improvements in the technology of the manufacture of
sensitive elements have been made, but we shall continue to make
improvements particularly in the characteristics of the sensitive ele-
ments of potentiotmeter type.
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