
The Design and Development of an Electromechanical 

Adaptation for a Novel 3D Printed Functional Hand 

Prosthesis 

 

Un
ive

rsi
ty 
of 
Ca
pe
 T
ow

n



The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 

Un
ive

rsi
ty 
of 
Ca
pe
 T
ow

n



DECLARATION 

I, Moegammad Ameen Bardien, hereby declare that the work on which this 

dissertation/thesis is based is my original work (except where acknowledgements indicate 

otherwise) and that neither the whole work nor any part of it has been, is being, or is to be 

submitted for another degree in this or any other university. 

I empower the university to reproduce for the purpose of research either the whole or 

any portion of the contents in any manner whatsoever. 

Signature: 

Date:   24/11/2020 



 



 



  



 

 

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

  

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 

• 

o 

o 

o 

• 

o 

o 

o 

• 

 



 

 



 

 











 



 

 

 



 





 

 

Power, Intermediate and Precision Grasps 





Pad, Palmar and Side Opposition 

Virtual Fingers  

Thumb Position 

The GRASP Taxonomy 
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SHAP 
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The closing trajectory of the phalangeal components 



Maximum Total Extension 

Maximum Total Flexion 



Palmar Surface Curvature 
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Closing Trajectory of the Fingers 

Increase in Range of Motion  





Palmar Surface  



Internal Components of the Tenim Hand 

Tension Tuning Mechanism 



 



 



 

 



Lead Screw and Nut Selection 

Motor Selection 



Gearbox design 

m = 1

𝐹

μ

2𝛼

𝑙

𝑑𝑚

𝑇𝑚

𝑇𝑅

𝑇𝑅 =
𝐹𝑑𝑚

2
(

𝑙 + 𝜋μ𝑑𝑚𝑠𝑒𝑐𝛼

𝜋𝑑𝑚 − μ𝑙𝑠𝑒𝑐𝛼
)

𝑇𝑅 ≈ 2,860 𝑁. 𝑚𝑚 

𝑇𝑚 𝑇𝑅 𝐺𝑅𝐷𝑒𝑠𝑖𝑟𝑒𝑑



𝐺𝑅𝐷𝑒𝑠𝑖𝑟𝑒𝑑 =
𝑇𝑅

𝑇𝑚
 

𝐺𝑅𝐷𝑒𝑠𝑖𝑟𝑒𝑑 ≈ 4

𝐺𝑅𝑎𝑐𝑡𝑢𝑎𝑡𝑜𝑟 =
𝑁𝑑𝑟𝑖𝑣𝑒𝑛

𝑁𝑑𝑟𝑖𝑣𝑒
 

𝐺𝑅𝑎𝑐𝑡𝑢𝑎𝑡𝑜𝑟 =
41

10
= 4.1 ≈ 4 

∴ 𝐺𝑅𝑎𝑐𝑡𝑢𝑎𝑡𝑜𝑟 = 𝐺𝑅𝐷𝑒𝑠𝑖𝑟𝑒𝑑 

𝑁𝑑𝑟𝑖𝑣𝑒

𝑁𝑑𝑟𝑖𝑣𝑒𝑛

𝐺𝑅𝑎𝑐𝑡𝑢𝑎𝑡𝑜𝑟

𝑚

Other actuator components 

 



 

Trigger Mechanism 



Microcontroller  



Motor Driver Selection 



Power Supply 



Control Approach 



Circuit Diagram 
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Grasping Maintaining GAS

GAS and the normalised mean scores for the grasping 
and maintaining tasks

Self Actuated Tenim Hand KIT Prosthetic Hand P2 (Llop-Harillo et al., 2019)
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Hook (H)

Spherical grip (SG)

Tripod pinch (TP)

Extension grip (EG)

Cylindrical grip (CG)

Diagonal volar grip
(DVG)

Lateral pinch (LP)

Pulp pinch (PP)

Index point (IP)

Platform (P)

GAS

Partial GAS comparison between Self Actuated Tenim 
Hand and KIT Prosthetic Hand P2

KIT Prosthetic Hand P2 (Llop-Harillo et al., 2019) Self Actuated Tenim Hand
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μ
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𝑙

𝑑𝑚

𝑇𝑚

𝑇𝑚

𝐼𝑚𝑎𝑥

𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 × 𝑙𝑒𝑛𝑔𝑡ℎ

𝑉𝑚

𝐺𝑅𝑚





 

GT 
Task 
No. Object 

S1 S2 S3 Task 
Total 

GT 
Total 

GT Total 
Norm Grasp  Maintain grasp maintain grasp maintain grasp maintain 

Hook (H) 

1 Skillet Lid 1 0.5 1 1 1 1 
5.5 

16 88.89 

100 83.33 

10 
Pitcher 

base 
1 1 1 1 1 1 

6 100 100 

19 
Wood 
blocks 

with rope 
1 0.5 1 0.5 1 0.5 

4.5 100 50 

Spherical 
grip (SG) 

2 
Plastic 
apple 

1 1 1 0.5 1 1 
5.5 

17.5 97.2 

100 83.33 

11 Softball 1 1 1 1 1 1 
6 100 100 

20 
Mini 

soccer 
ball 

1 1 1 1 1 1 
6 100 100 



Tripod 
pinch (TP) 

3 
Large 

marker 
1 1 0.5 1 1 1 

5.5 

13.5 75 

83.33 100 

12 Tuna can 1 0 1 0 1 0 
3 100 0 

21 Golf ball 1 0 1 1 1 1 
5 100 66.67 

Extension 
grip (EG) 

4 Plate 1 0 1 0 1 0 
3 

11.5 63,88889 

100 0 

13 
Cracker 

box 
0.5 0 0.5 0.5 0.5 0.5 

2.5 50 33.33 

22 
Chocolate 
pudding 

1 1 1 1 1 1 
6 100 100 

Cylindrical 
grip (CG) 

5 Chips can 1 1 1 1 1 1 
6 

13.5 75 

100 100 

14 
Coffee 

can 
0.5 0 0.5 0 0.5 0 

1.5 50 0 

23 
Power 

drill 
1 1 1 1 1 1 

6 100 100 



Diagonal 
volar grip 
(DVG) 

6 
Screw 
driver 

0.5 1 0.5 1 0.5 1 
4.5 

9 50 

50 100 

15 Spatula 0.5 1 0.5 1 0.5 1 
4.5 50 100 

24 Skillet 0 0 0 0 0 0 
0 0 0 

Lateral 
pinch (LP) 

7 Bowl 1 0.5 1 0.5 1 0.5 
4.5 

15 83.33 

100 50 

16 
Small 
clamp 

0.5 1 0.5 1 0.5 1 
4.5 50 100 

25 Key 1 1 1 1 1 1 
6 100 100 

Pulp 
pinch (PP) 

8 
Small 

marker 
0 0 0.5 1 0.5 1 

3 

9 50 

33.33 66.67 

17 
Plastic 
pear 

1 1 1 1 1 1 
6 100 100 

2 
10mm 
washer 

0 0 0 0 0 0 
0 0 0 



Index 
point (IP) 

26 Timer 1 1 1 1 1 1 
6 6 100 100 100 

Platform 
(P) 

18 Plate 1 
  1   1     3 100 100 0 

          114 74.51 79.49 69.33 




