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This toolkit presents practical information on how to a CAD 
model of a biomechatronic hand prosthesis can be built and 
structured. An example of modular prosthesis will be 
considered, with its adjustment to needs and preferences of 
an adult patient and converting static mechanical device into 
a mechatronic prosthesis, equipped with sensors for 
monitoring the activities performed by prosthesis user. 
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Design of mechanical part of the prosthesis
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Prosthesis model design
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Final version of bicycle prosthesis

Figure 26 The effect of work of intelligent model - bicycle 
prosthesis for a childFigure 27 Prosthesis made for a selected adult patient – test 

with the bicycle
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Figure 28 The final form of the CRS 
socket for an adult adapted to cycling

Figure 29 The final form of the forearm for an adult adapted to 
cycling
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Figure 30 The final form of the C handle for an adult adapted to 
cycling

Figure 31 The final model of an adult bicycle prosthesis. 
A: Isometric; B: from above; B: from the side
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Design of electronic part of the biomechatronic prosthesis
The aim of the work was to modify the hand prosthesis in order to create a biomechatronic device, used by human, 
with monitoring of activities performed in the prosthesis (mostly cycling or similar activities). Main aim was placing 
an electronic measuring system in the prosthesis, thanks to which it would be possible to determine its operating 
properties. The detailed purposes of the built electronic system were to:
- measurement of the orientation of the upper limb prosthesis in space,
- measurement of the force exerted in the wrist,
- saving data on the SD card.
The device consisted of the following components:
- microcontroller module (Arduino NANO),
- force sensor measuring amplifier module (HX711 with force sensor up to 200N),
- inertial sensor module (BOSCH BNO055),
- SD card module,
- power source (a USB connected powerbank).
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Figure 32 The schematic diagram of the electronic part of the 
prosthesis
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The following main changes have been introduced to the design:
• the forearm was modified to enable mounting of the 
microcontroller, inertial sensor and SD card module inside 
cavities of the forearm – insets were created with holes, for self-
tapping purposes (Figure 33)
• at the joint of forearm and CRS socket, insets were added for 
mounting of the force sensor (beam) – the place (elbow) was 
selected to easily detect the torques and forces during the 
bicycle ride
• a number of assembly holes and cable feedthroughs were 
added to enable unproblematic assembly of the electronic part 
inside the prosthesis.
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Figure 34 Final CAD model of the biomechatronic bicycle prosthesis



20

Working together for a green, competitive and inclusive Europe

EUROPEAN NETWORK FOR 3D PRINTING OF BIOMIMETIC MECHATRONIC SYSTEMS - EMERALD

This results was realised with the EEA Financial Mechanism 2014-2021 financial support. Its content (text, photos, videos) does not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism Office. 
Responsibility for the information and views expressed therein lies entirely with the author(s)

In this toolkit, it was shown how a modular model of a low-cost 3D printed bicycle prosthesis can 
be designed and then converted into a simple biomechatronic device, equipped with sensors for 
biometrics of the bicycle ride activity. 
The toolkit is a part of the set of instructions, focused on the prosthesis model. 
The resulting model was 3D printed in further steps and then assembled, tested in laboratory 
conditions and then in real conditions, with the patient – this is described in other toolkits of the 
EMERALD project.
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