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INTRODUCTION 
This project focuses on the analysis and design of 3D 
printed lower limb prosthetic structures.  Throughout 
the teams research the discovery that options for 
materials to build the structure of the prosthetic foot 
were very limited. The major choices are 3D printed 
plastics, carbon fiber, titanium, steel and aluminum. 
The team has also done a large amount of research 
into 3D printing and has decided to prototype the final 
design using a 3D printer. The major reason for this is 
that it allows for a product to be manufactured fast 
and very easily. The features that have been 
designed and built are the ball of the foot, structural 
bars, heel and central ball. This prosthetic foot is load 
bearing but has not been tested with human subjects. 
The team has also conducted material strength test of 
3D printed Materials. With the use of 3D printers, the 
team has printed six different configurations of 
materials. 
METHOD 
Apparatus: Makerbot 2X, Instron 5882, Tinius Olsen 
compression/tension tester, SolidWorks Educational 
Edition 
Procedures: Standard samples were produced from 
ABS, PLA, and PLA-Carbon Fiber composite by 
Fused Deposition Modeling (FDM), then were drawn 
by an Instron 5882, and the resulting data was plotted 
for clarity. A material was chosen to proceed, and a 
design was created to utilize the properties of that 
material. A safety factor of 3 was chosen. 
Data Analysis: Toughness, Elasticity, and Plasticity 
were assessed by 0.2%-strain method. 
RESULTS 
The final structure using the data collected from the 
materials study was tested to 534 pounds on the 
hydraulic compression tester. This number comes 
from the constraint that the average person weighs 
178 pounds and with a safety factor of 3. 

 

 
Figure 2: 3D printed model in compression tester 

DISCUSSION 
Through conducting the materials study the team 
learned about the material characteristics of FDM 
thermoplastics. These included carbon fiber 
impregnated PLA, ABS, and PLA as a standalone 
material.   
CONCLUSION 
After testing the three types of materials for overall 
strength, the standard ABS proved to the most 
effective for our project. The final structure was able 
to withstand the safe 534 lbs. of compression with 
only minor plastic deformation. 
CLINICAL APPLICATIONS 
This is an ongoing project that will produce a novel 
prosthetic foot structure which is intended to replace 
the functions of a natural human foot. 
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Figure 1: Stress versus strain chart of the six 3D 
printed configurations that were tested. 


