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Chapter 3: Literature Review on Prostheses 24

Soft Robin-Aids hand(Figure 3-15): The hand is voluntary opening, with the thumb and the first two
fingers opening. The endoskeletal frame of the hand is encased in plastisol and covered with urathane

foam.

APRL voluntary closing hand(Figure 3-1¢ Tension on the cable causes the first two fingers to move
towards the stationary thumb. Relaxing the cable after the objectds gripped will cause the device to lock.

The re-application of tension unlocks the device again. The thumb can be manually prepositioned.

Sierra voluntary opening hand(Figure 3-17): The hand is essentially the same as the APRL version
except for being a voluntary opening hand and having a locking mechanism to lock the fingers after

gripping of the object has occurred.

Figure 3-16: The APRL voluntary . jsing Figure 3-17: The Sierra voluntary

hand. opening hand.
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Chapter 4: Developed Model

85

The next parameter investigated was

the location of the tendon guides to
see the effect on the trajectory of the
finger. The guides were shifted to see
how this would change the trajectory

of the finger. For the test the radius

(7;) and the angle( £,) of the distal
guide was changed. Figure 4-24(a)
represents the superimposed
trajectories for the various guide radii
and Figure 4-24(b) the trajectories for
the guide angles. The trajectories are
almost the same for a substantial
change in the guide radius. From this
can be deducted that a significant
the guide location is

change in

a noticeable

The

necessary to make
difference in the trajectory.
dimensions of the finger does not

allow considerable variation in the

Figure 4-23:

K.

~J

).0005

K,=0.0001

The effect of spring constants at individual

joints.

mr.= 0.005
mr.= 0.01 )
mr.= 0.015 i,

Figure 4-24: The effect of a changes in

ide location on the finger trajectory.
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Chapter 4: Develoned Madel 103

hand. These sensors can be used as described in Section 3.5.2.2 to provide lower level input signals to
control algorithms of the hand. The touch mnsors immediately available to the author was binary micro
contact switches, strain gauges and piezoelectric material. The circuitry for the latter two would lead to a
lot of additional circuitry making it less favourable. The piezoelectric material is also better for detecting
dynamic forces, in other words for the detecting of a change in force an not the force itself. The material
does not supply a continuous signal but one which fades after a change in the applied force was detected.
The use of a touch sensor only justifies itself if it provides additional functionality to the hand without
introducing too much additional circuitry. A binary contact switch was developed as shown in Figure 4-
51 to determine the additional function it provides. A contact switch that can only detect touch in one
direction does not justify its use because this can be detected
by the force sensors in the hand. The sensor therefore has to
detect touch in various directions which  cessitates a more
complicated, heavy and fragile design. The additional function
provided by the designed touch sensors was not enough to

include it into the design of the hand and it was decided to use

the force sensors as the only touch sensors because of the

effectiveness. Figure 4-51: A binary touch sensor.

4.10.2 Control strategy

The hand was developed to perform two major functions. The main function is to serve as a concept
model for further development as a prosthetic hand and the other is to be used as a educational tool to
stimulate children’s interest in science. The control strategy for these two functions are very different in
that with a pros * :tic hand the user is limited to only a few control signals where with the educational
tool there is no real limit to the number control signals for the hand, in fact the more controls the better.
The control strategy also depends highly on the intellectual level of user and the user familiarity with the

program.

4.10.2.1 Manual control

The manual control of the hand is developed mainly to be used by children to play with or by users who
are not familiar with the hand and want to see how is works. This mode of control must be straight
forward with as many control objects as | ssible to assist the user and make the use of the hand more
interesting. The design of the hand itself is primarily done to be used as a prosthetic hand which does not
really suite this mode of control. A very i eresting way would have been to enable the user to program
the hand to pérform certain co-ordinated tasks. This would unfortunately be too complicated for most

children because complicated software fu :ions are used to provide the object orientated user interface
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Chapter 5: Computer Program 113

help on the automatic window. To switch to the manual window the Manual option from the tool bar can
be used. This can be done at any time and can be used to correct any mistakes that might occur during

the automatic operation of the hand. The a omatic is shown in Figure 5-8.

5.1.8 Dialogue window

The dilogue box looks fike the I

information window but does not have an

OK button. The window is automatically D

invoked by the programme while using

the automatic window. The contents of

the dialogue window guides the user ———— —

through the steps that should be taken at Figure 5-9: The dialogue window.

each stage during automatic operation of

the hand. The window has no objects and  a read only window changing its dialogue to assist the user.
The window shows the user the available options to choose from using the three signals in the automatic
window. To differentiate between a “click” and a “hold down” of a button the window presents the first
in small letters (“both”) and the latter in capital letters (“BOTH”). The dialogue window without any

contents is presented in Figure 5-9.

5.2 Control algorithms

5.2.1 Manual Control

The manual control of the hand is designed to be used mainly by children. The control must be simple
and provide the user with as much control over the hand as possible. To achieve this the user is provided
with control over the individual motors of e hand. Keeping the average user in mind the hands control
must be fitted with safety mechanisms which will make sure the controls of the hand does not get mixed
up or that the motors in the hand are not « maged. There are five motors in the hand controlling all the
movements. Each of these motors is controlled individually in both directions which means two control

signals is needed for each motor.

When the motors deliver high torque a very high current is drawn which causes permanent damage and
reduces motor life. When full flexion of the fingers are reached or the stops in the fingers are reached the
motor responsible for that finger will stall. The first method of prevention is to switch the motors on for a
time slightly 'longer than the full closing time of the finger to ensure the motor is not switched on

indefinitely. Another way to prevent stalling by monitoring the current in the flexor motors as well as
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Chapter 6: Tests and reenlts 121

TESTS AND RESULTS
Chapter 6

The hand was designed with its primary function being to be used for the further development of a multi-

fingered prosthetic hand and its secondary function to be used as an educational tool. The concept model
was built to develop basic principles and mechanisms which can, be used in the design of the real hand
and to determine the problem areas. The model was developed successfully and satisfy the demands

sed on it. Exposing the hand to stringent force, speed or grip tests will have no real use because the
hand is a concept model and will never :rform any where near that of previous developed hands.
Simple tests were performed on the hand to provide the author some insight of the possible performance
of the prototype if it was developed. The real test for the success of the model is the proper function of
all the mechanisms showing full potential to be developed further into the prototype. It is very important
that the hand is able to form the desired hand shapes effectively to perform a proper grip on the object
using the available control scheme. The e :ctive control of the computer program and ease with which

the user can interact with the program is of equal importance.

6.1 Hand shapes

For the hand to perform effectively it needs to apply a firm grip on the object. This grip depends highly
on the ability of the hand to adapt to the shape of the object. A large gripping force applied at the wrong
point can lead to a poor grip on the object. In the developed hand the effectiveness of the grip depends on
the effective formation of the hand shapes. The hand shapes are chosen by the user according to the
shape of the object to be gripped. The « ferent hand shapes of the hand were tested using specially
shaped objects for each hand shape. The] d was then test oing irr ‘ars’ » " objects. Multiple
tests were performed on the grasping of the various objects without any problems. The resulting figures

for each of the tests are shown and comments are made on these results for each hand shape.

6.1.1 The Needle shape

This forms a grip between tip of the thumb and the index finger, with all the other fingers flexed, to pick
up small objects(Figure 6-1).The shape is performed successfully but due to the design medium the final
grip does not allow the user to grip objects which are too small. The thumb and the index finger tips are
not positioned at exactly the same location for every trial because there are no angle sensors to measure
the exact angle of the finger. The positioning is done be the timing of the motor and the fingers therefore
have a slight positioning tolerance. This tolerance however is sufficient for the use of the hand as a
model The shape performed by the human hand is a very fine movement, as the name states it is
supposed to eventually be able to pick up a needle. When the thumb is placed in the hand the closing

trajectory of the thumb should be used and may be adapted to ensure the correct placing for the fingers to
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RECOMMENDATIONS AND CONCLUSIONS
Chapter 7

7.1 Recommendations

Further development of the hand can be done for both applications it was designed for. The fundamental
difference between these two applications will inevitably lead to:l stage where the individual application

11 have to be developed separately. Devi »ping the hand as an educational tool means making it more
interesting to the users by adding more fe: 1ires to it. This is the opposite of what is desired from the
prosthetic hand. Developing a real prosthetic hand will mean producing a real robust prosthetic hand with
the least additional features as possible to make the hand as practical as possible. It is proposed that any
further development of the hand in either of these directions is done separately to ensure the most

functional system for the specific purpose.

7.1.1 Further developing of the Lego mo :l

Running the hand with Visual Basic 4 ¢ a faster computer should improve the reliability and the
precision of the hand shapes of the hand. Contrary to Visual Basic 3.1, Visual Basic 4 support binary
numbers. The inputs from the parallel ports are easier in their binary form because each bit represents a
port pin which is true (1) or false (0). In the present program the input had to be converted into a binary
string which slows down the running time »r each loop. The faster the loop the quicker the sampling

rate of the ports which leads to more accurate detecting of the limit switches.

A project which would be very interesting, is to fit the hand with various force and slip sensors. The
developed hand was designed to be a prosthetic hand and for that purpose the development of
sophisticated sensors was impractical but this could be a very interesting project and lead to a more

interesting hand to use for the educational  poses.

Another very similar project to the hand could be to develop a controllable Lego arm to fit on the hand.
This would also provide a more interest g display of the hand which will definitely capture the

imagination of young children.

A more electrical development that can be tempted to make the hand more interesting is to develop a
system that can detect EMG signals. This can easily be incorporated in the software to replace the
existing control signals. Using the real EMG signals to control the hand and maybe have visual displays
of the signals while operating the hand cc 1d be highly educational to children for understanding the

human body and prosthesis. Replacing the computer control of the hand with a programmable computer
























Appendiv A+ Tests and Calenlatinne

A PENDIX A
TESTS AND CALCULATIONS

A.1 Motor toque tests

The torque is measured by winding a mass, m, hanging on the end of a string onto the shaft of the motor.

The force, F, applied by the mass is given by: «
Femg (4-1)
where: g = gravitation (9.81 m's?)

The torque, 7, on a shaft with a radius of  is given by:

T=F-r (4-2)

To determine the toque versus speed relat: 1 for the motor the rotational speed of the motor has to be
determined. The speed of the motor shaft is too high for the Lego rotational sensors to measure directly.
This was overcome by counting the number of rotations after the test was done and not during the test.
The motor is switched on for a time interval, ¢, from a starting point. The string is then unwind from the

shaft until the initial position for the mass is reached and the revolutions, N, , counted. The rotational

rot ?

speed @ of the motor is given as:
w’ = N"Ol /[ (A—3)

The torque is multiplied and the rotational speed divided by the gearbox ratio to determine the theoretical

output of the gearbox for comparison with e real output. The results of the test are presented in Table

A-1.
Mass (g) Torque (N-mm) Rotational speed (r.p.m.)
Measured Theoretical Measured Theoretical
0 0 0 45.2 0.70625

53 0.779895 4991328 422 0.659375

106 1.55979 99.82656 31.8 0.496875

159 2.339685 149.73984 20.3 0.3171875

212 3.11958 199.65312 14.65 0.22890625

240 3.5316 226.0224 9.98 0.1559375

252 3.70818 237.32352 0 0

Table A-1: The torque measured at the motor shaft and the theoretical prediction of the torque at the

output shaft of the gearbox..
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