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RESUMEN EJECTUTIVO 

 

TÍTULO DE TESIS: Desarrollo de un optimo diseño de arnes para una protesis robotica 

RESUMEN: La problemática de la concentración de calor entre el muñón y el socket es tratada en 
varios estudios ya que esto genera el daño de la piel del usuario. Adicionalmente, la adquisición de una 
prótesis mioeléctrica es muy costosa, por esta razón en este proyecto se atacara estas dos problemáticas, 
el calor y el costo. Este estudio se centrara en una prótesis mioeléctrica para una amputación transradial 
de un brazo derecho. Se trabajara en un nuevo diseño de socket con arnés que permitirá reducir la 
concentración de calor y el uso de material, por ende se utilizo un diseño HoneyComb. Se realizaron 
dos pruebas en el software Inventor Professional 2016, la primera era para determinar la confiabilidad 
de la estructura y la segunda para determinar la presión de contacto de la piel. Como resultado se obtuvo 
una prótesis resistente a una fuerza máxima de 123.75 N, se logro reducir el peso, material, tiempo de 
impresión y costos. 

PALABRAS CLAVE: Socket, Prótesis, Arnés, Calor, HoneyComb 

 
 

THESIS TITLE: Development of Optimal Design technology for Robotic Prosthesis Harness 

ABSTRACT: The problem of heat concentration between the stump and the socket is treated constantly 
in a lot of papers since this problem causes skin damage to the user. In addition, the acquisition of a 
myoelectric prosthesis is very expensive, which is why in this project this two problems would be 
studied, heat and cost. This study would be focused in a myoelectric prosthesis for a transradial 
amputation of the right arm. In this document a new prosthesis design, based on a low material use 
honeycomb structure, is presented. In addition, a harness socket design that will reduce the heat 
concentration is shown. Two simulation tests were made, using Inventor Professional 2016 software, 
in order to determinate the structure reliability and to prove the heat concentration reduction in the 
socket-skin contact zone. As a result of the simulations a reliable prosthesis design was obtained: 
supporting a maximum force of 123.8 N, with a remarkable weight, material, costs, and production 
time reduction. 

KEY WORDS: Socket, Prosthesis, Harness, Heat, HoneyComb 
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1. INTRODUCTION 
 
1.1 PROBLEM STATEMENT 

 
People with amputation have the option to outweigh the lacking limb by using the prosthesis for 
either esthetic purpose or to replace the lost limb [1]. Over time the attempts of so many studies to 
built this prosthesis haven’t been completely suitable because the stump doesn’t fit very well with 
the prosthesis and so, it generates friction due to the heat concentration between both parts[2]. 
When there is heat concentration, the skin begins to perspire, generating sweat and bringing about 
blisters, ulcers and other sort of wounds [3]. Due to that problematic, the users have had to quit on 
these prostheses and get going without them, considering that they prefer to overcome the fact of 
not having their limb and get used to it than endure the discomfort that generates the prosthesis 
that are currently for sale in the market [4]. On the other hand, the acquisition of some of these 
prosthesis such as the electric ones are not affordable for most people because of their high cost 
which range from 10,000 USD to 60,000 USD [5]. 
 
In this work, the are of focus will be on the right arm with a transradial cut which will allow to 
model and built a harness socket for a myoelectric prosthesis. I aim to develop an innovative 
harness that holds up the socket and at the same time helps to reduce the heat concentration in the 
stump and therefore, getting to lower the outbreaks of blisters, ulcers and other sort of wounds. 
Besides that, the project aims to make a product that can be affordable to every person affected at 
a very affordable cost. 
 

1.2 STATE OF THE ART 
 
The heat concentration in prosthesis has been discussed by many research groups. Western 
England University added windows on the socket to introduce air circulation in the stump. 
However the location of the windows has to be well studied considering that it could induce any 
damage to the structure [6]. On the other hand, University of Malaya created a socket along with 
an airbag which was placed between the prosthesis and the stump. This airbag inflates and deflates 
in sync with the arm contraction and extension natural movement, generating more comfort to the 
user. However, there was a downside in all this, the device that inflated and deflated was very 
robust and therefore, put a lot of weight on the arm, that is the main reason why people on this 
research ended up removing it, since the weight of the prosthesis didn’t allow the user to interact 
properly with the environment around [7]. 

Additionally, another research addressed by the University of Akron back in 2015, 
developed a socket with the incorporation of a cooler system that allowed the circulation of cold 
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water and that was placed at the sides of the socket, getting the heat concentration to be reduced 
in different areas [8]. The Article First-in-man demonstration of a fully implanted myoelectric 
sensors system to control an advanced elecstromechanical prosthetic hand’ leaded by Paul F. 
Pasquina, is about the creation of a myoelectric prosthesis in which an electromagnetic coil was 
incorporated in all of the sides of the socket, this was intended for the coil to receive a signal from 
the electrodes which were incorporated in the user's arm and so, getting to fix a signal for the 
movement of the hand [9]. 
 

1.3 JUSTIFICATION 
 
The heat concentration between the stump and the socket hasn’t been solved completely. A number 
of researchers have created devices with which they could diminish the heat concentration but at 
the same time, and unfortunately, added a lot of weight to the user, making him/her to turn it down. 
That is exactly what this project is about, It is important to make a device that is comfortable and 
functional for the user and that is why it is necessary to tackle the concentration heat problem in 
the stump without forgetting the comfort and the esthetic component of the device. 
 

1.4  OBJETIVES 
 
1.4.1 GENERAL OBJECTIVE 

 
To improve the design of a socket and harness for a myoelectric upper limb prosthesis in order to 
alleviate the heat concentration to increase user’ comfort. The product must be affordable to the 
population that needs it. 
 

1.4.2 SPECIFIC OBJECTIVES 
 

1. To understand how prosthetic sockets work. 
2. To study sockets in the market. 
3. To design a comfortable and affordable socket.  
4. To design a harness that reduces stress concentration and brings comfort to the user. 
5. To perform a finite element analysis to compare different designs. 

 

2.  METODOLOGY 
 

2.1  SUBJECTS  
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A healthy 22-years old woman without amputation participated in this study. No actual patient was 
recruited since this study aimed to test the feasibility of the design. The diameter of the forearm 
and the length of the right arm were measured. The head of the stump was assumed so not to have 
an irregular shape. 
 

2.2 MATERIALS 
 
Inventor Professional 2016 (Autodesk, Inc., San Rafael, CA, USA) was used to model the bone, 
muscle, fat, skin of the stump (the diameters of each part were approximated to the measurements 
of the subject's arm), the socket and the prosthesis. A 3D printer was used to build the socket 
prototype using polylactic acid (PLA) plastic; PLA	is widely used to build prostheses in industry 
[10]. Additionally, Airmesh and Coolpro fabric was used in the harness that connected to the 
prosthesis. These fabrics were chosen because they provide optimal ventilation allowing the 
control of heat buildup. A plastic box was used with dimensions of 9cm x 7cm x 4cm to incorporate 
the circuit and battery to process myoelectric signals. Additionally, a thermo shrinkable wire was 
used to protect the cables of electromyogram. 
 

2.3 PROCEDURES 
 

First of all, they were taken the arm measures required for this research, in this specific case, it 
was modeled a woman´s right arm with a transradial cut (from the stump to the elbow), right after 
that, it was exported to the software Inventor Professional 2016 taking into account the bone, 
muscles, fat and skin as is shown in the Fig.1.a). Subsequently it was built a socket with a 
conventional prosthesis Fig.1.b), this was intended to be able to study the effect that has a regular 
prosthesis on the stump. Later, they were made two FEM tests to the complete stump (bones, 
muscles, fat, skin) along with the socket: the first test was about modeling the forearm from a 
horizontal angle simulating that it was lifting an object, after that, it was exposed to a 55N force 
on the part bound to the hand. Right afterwards it was made another test with the stump placed in 
a vertical angle in order to see the effects that had the socket over the stump under gravitational 
conditions. It was observed all of the forces analysis to determine how well is enduring the arm 
and how much pressure is generated on the stump. 
 
To find a design that allows to diminish the pressure applied on the forearm, it was aimed to come 
up with a design that offered more stability, more support and a better forces distribution, that is 
why it was used a harness placed on the right shoulder which was tied to the prosthesis throughout 
straps and so, getting to cut down the friction between the stump and the socket, in other words, 
achieving to reduce the heat concentration. On the other hand, it was needed to generate air 
circulation for the heat concentration to be solved, for this reason it was made another test in the 
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software Inventor Professional 2016, getting identify which part is the most adequate to place the 
windows. 
 
To tackle the cost problem, it was used a prosthesis that requires little material but without putting 
aside the structure, for this reason, it was put into the making process a honeycomb design which 
is a structure so light, strong and resistant to the external forces that will be applied on it [11]. 
These features will give more comfort to the patient whenever he moves the prosthesis, considering 
that this is a problem that a lot of researchers usually forget, the research was focus on working 
the total weight out. Besides, a design with this structure would certainly make the air circulation 
easier and at the same time, cover the socket in its whole and therefore avoiding heat concentration 
in the material. Additionally, given that it was used a myoelectric prosthesis, the electrodes wires 
that come from the electric hand were guided by a channel. 
 
Considering that it is intended to distribute the socket´s forces in the harness, it was created another 
design to be placed in the sides of the prosthesis, this structure required more material, getting to 
have a support between the socket and the harness and so, keeping the structure from being broken. 
On the other hand, it was needed make the link between the arm prosthesis and the hand, that is 
why, it was added a screwing device to the prosthesis that allowed a stable and strong tie with the 
hand and therefore, getting an easy assembly process for the user. After having the new socket 
design in Inventor, they were put underway the very same tests made in the last socket to get a 
clear comparison between these two elements. 
 
After developing what was stated above, it was done a socket 3D impression with its prosthesis in 
a small scale to determine if the design was suitable. Subsequently, it was impressed the design in 
real scale and sleeked the socket and the prosthesis in order to eliminate the imperfections which 
involve the impression. Finally, when these two elements were ready, they were bound by pressure 
getting the assembly. 

 
 

	
Figure	1.	(a)	Stump	Inventor	modeling	(b)	Regular	socket	modeling	 
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3.    RESULTS 
 
The final mechanical design is shown in the Fig 2 and 3, and in the appendix 1 and 2. Two FEA 
simulations were conducted before printing. The first simulation tested the structural resistance, 
for this test the model was made when the forearm is perpendicular to the body grabbing a 5.5 Kg 
object. The second simulation tested the contact pressure between the socket and stump when the 
forearm is in the vertical configuration (i.e., pointing downward) in which only gravity is applied 
to it. 
 

	
Figure	2.	Socket	(blue)	and	prosthesis	(white)	

	
Figure	3.	Socket	(blue)	and	prosthesis	(white)	attached	
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3.1  STRESS ANALYSIS AT HORIZONTAL CONFIGURATION 
	

A force of 55 N was applied to the thread of the prosthesis since this is where the hand part is 
connected. The result of stress analysis appears in Fig. 4 and the result of the safety factor appears 
in Fig. 5. 
 

Figure	4.	Stress	analysis	in	(a)	conventional	socket	and	(b)	proposed	socket	

	

Figure	5.	Safely	factors	in	(a)	conventional	socket	and	(b)	proposed	socket	
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3.2  STRESS ANALYSIS AT VERTICAL CONFIGURATION 
 
In this simulation, the gravity is the only force applied in this structure, thereby the masses of the 
prosthesis and the hand were considered (hand mass was approximated as 300 g). Forces due to 
gravity was applied to conventional and the proposed designs respectively, and an graphical 
comparison was made in Fig. 6(a) and 6(b). In the proposed design there was a reduction of the 
force due to the harness that supports approximately a 15% of its weight. Therefore, in the case of 
the conventional design a resultant force of 10.8 N is applied to the stump, and in the proposed 
design a force of 3.74 N. 
 
 

	

 
 

3.3  SUMMRY OF FEA SIMULATION 
 
The summary of the two simulations appears as following (Table 1). 
 

Table	1.	Comparison	of	FEA	simulations	with	conventional	and	proposed	sockets 

 Socket conventional Socket with the new 
design 

Material PLA PLA 
Weight 800 gr 150 gr 
Contact pressure Max 0,02193 MPa Max 0,00688 MPa 
Security factor 15 2,25 

Figure	6.	Contact	pressures	in	(a)	conventional	socket	and	(b)	proposed	socket		
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Stress concentration Max 0,7639 MPa Max 12,27 MPa 
Skin transpiration No Yes 

	

3.4  PROTOTYPE IMPLEMENTATION 
 
The prosthesis and the socket were printed using a 3D printer with PLA plastic (Fig. 7). On the 
other hand, the harness (Fig. 8) presented a design that allowed comfort, good support and a solid 
junction with the prosthesis. 
 

 

 
 

 
4.  DISCUSSION 
 

4.1 SUMMARY OF RESULTS 
 
The proposed design could support the applied force without failure. The honeycomb structure 
maintained perfectly the prosthetic assembly without damages, and with acceptable values of stress 
concentration. On the other hand, the design achieves the weight reduction in a 5.3 factor also 
reducing the contact pressure between socket and skin in a 3.18 factor. The lower contact pressure 
shows that there is a reduction in the friction forces on the skin, and for that reason heat generation 

Figure	7.	Prosthesis	and	socket Figure	8.	Harness	design	
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is reduced as well. In addition, the new design has a 2.25 safety factor, meaning that you can apply 
almost 2 times the force simulated without having any structural damages. Finally, is important to 
notice that the conventional socket is stronger, has a higher safety factor, but it is considerably 
heavier and generates a higher contact pressure and heat concentration on the skin.  

 

4.2 INTERPRETATION AND/OR VALUE OF THE STUDY 
 

The proposed design not only reduces the amount of material and manufacturing time, but also 
increases the comfort of the user. The improved skin air-cooling and the harness design allows a 
better control of the heat generation between stump and socket. Therefore, the proposed design 
potentially reduces the possibility of dermic damage. In addition, the proposed design is lighter 
than a conventional prosthesis reducing the tiredness due to the use of the myoelectric prosthesis. 
Furthermore, the esthetic is also improved thanks to the arm-shape design. In summary, the 
variables designed, redesigned and proved were the determinant factors to solve the problems of 
heat concentration, comfortness, and high costs. 

 

4.3 COMPARISON WITH STATE-OF-ART STUDIES 
 
Other investigations looked for a heat concentration solution by incorporating windows in the 
socket, using an airbag socket, integrating refrigeration systems, material alloys management, etc. 
However, these developments forgot the weight and esthetic parts. In this project the heat 
generation problematic was faced the simple way, without setting aside the weight and esthetic 
factors. Comparing with other developments, the weak point of this one was that the lack of a 
precise heat concentration analysis, by doing this we can know exactly or very approximated the 
reduced temperature percentage that the new design is achieving in comparison to others. Another 
weak point was the lack of test subjects that could have been used to evaluate how comfortable 
was the new design. On the other hand, the strong point of this investigation was the significant 
weight reduction and esthetic improve of the prosthesis. The weight reduction was crucial in 
comfort due to some prosthesis designs are able to control heat generation but then the user stop 
using it because of its heavy weight. 
 

4.4 IMPACT OF THE STUDY 
 
Assuming that this design is to be produced and sold, it could be used by most population as its 
price is more affordable than others, therefore it might become a competitor with other 
conventional products. In the academia, students and investigation groups might take the work 
done and improve it by material optimization, reduced costs and time production, tests subjects, 
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etc. Finally, this design could be applicable to other body part prosthesis such as legs, hands, and 
others. 

 

4.5 LIMIATATION OF THE STUDY 
 

A healthy subject was used instead of actual patient with amputation. Thus the feedback of the 
usage of the proposed design was limited. It is hard to confirm that the proposed design is really 
more comfortable than others. In addition, it was hard to estimate the real cost of the proposed 
design in industrial manufacturing.  

We assumed the high concentration of stress implies more heat generation. However, the heat 
transfer analysis would provide more accurate result and would help to determine the amount of 
skin temperature reduction accomplished by the proposed design. Finally, this design might not be 
able to support loads greater than 123.8 kg, and this could be another limiting factor depending on 
situation. 

 

5. CONCLUSIONS 
 

The proposed design is lighter so it reduces the stump-socket contact pressure by the factor of 2.25 
in comparison with a conventional socket. It reduces the heat generation, and therefore reduces the 
possibility of blisters, ulcers and other affections. Also the honeycomb structure could support 
sufficient forces, while it could reduce the material cost and manufacturing time. Therefore, the 
proposed socket harness design is more affordable and efficient over other conventional designs. 
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Appendix	2.	Prosthesis	design 


