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ABSTRACT
When a person becomes a limb amputee,
amputee they need some devices to withstand in
their normal life. Throughout the world there
t
are about 18 million people who are in
need of prosthetic limbs. The amputee requires a prosthetic device which
hich becomes a
life-long event. Prosthesis is an artificial material that replaces a missing body part
such as an upper or lower body extremity. Prosthetics is the science of fusing
mechanical device with human body.
body This study is based on the analysis of various
v
parameters for selection of prosthesis such as condition of patient, availability, cost,
material properties,
ties, compatibility and comfort for suggesting the better material to
design a foot. So, a foot has been designed with the help of SOLIDWORKS software.
Comparison and analysis of different low-cost
low
and comfortable biomaterials are done
by evaluating the values of their material property and simultaneously verifying these
results with the help of ANSYS software. By performing
performing theoretical study as well as
material analysis of the four biomaterials namely Polystyrene,, Polypropylene, Nitrile,
and Silicone, itt was found that Polypropylene
Polyp
proves to be a better choice for foot
prosthetics in terms of the tested
test parameters. Material
erial properties such as stress,
strain, deformity, density etc were quantified.
Keyword: Prosthesis, Silicone,
Silicone Biomechanics.
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1. INTRODUCTION
A Prosthesis is an artificial material that replaces a missing body part such as an upper or
lower body extremity. An artificial limb is a type of prosthesis that replaces a missing
extremity, such as arms or legs. Artificial limbs may be needed in various cases,
cases including
disease, accidents, and congenital defects. There
here are four main types of artificial
artific limbs. These
include the transtibial, transfemoral, transradial, and transhumeral prostheses. A transradial
prosthesis is an artificial limb that replaces an arm missing below the elbow, at some point
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along the radial bone. This type of surgery leaves ones elbow and most of ones arm intact,
which makes recovery easier. A transhumeral prosthesis is a prosthesis designed for people
with an arm amputated above the elbow. A transtibial prosthesis is a amputation of the lower
leg between the ankle and the knee. It is also called as below-knee amputation. A transfemoral
prosthesis is an artificial limb that replaces a leg missing above the knee. Transfemoral
amputees can have a very difficult time regaining normal movement. This amputee must use
approximately 80% more energy to walk than a person with two whole legs.

2. METHODOLOGY
The first process is to take various measurements of the foot. Then a foot is designed with the
help of SOLIDWORKS software, Finally the stress, strain, deformity and weight of the
various selected materials such as polypropylene, polystyrene, nitrile and silicone are
analysed.

Measurement of foot
Four measurements were taken: Height, arm, span, palm lengthened foot length. These values
were taken as per as age and the ratio of foot length while other three was calculated. Foot
length is measured between the back of one’s heel and the tip of one’s longest toe. Care is
taken to measure the longest dimension of both feet. There is a difference of half a centimetre
between each measurement. At maximum 1 foot (ft.)-12 inches,1 yard(yd.)-3feet is
maintained.
There is an another method for measurement which is to compare the normal foot with the
diseased foot, Which helps to design an artificial foot.

Design of foot
SOLIDWORKS software is used to design a foot. Solidworks is a solid modelling computeraided design(CAD) and computer-aided engineering(CAE) computer program that runs on
Microsoft windows. SOLIDWORKS is published by Dassault Systems.
Solidworks is a solid modeler and utilizes a parametric feature-based approach to create
models and assemblies. Parameters measured determines the shape or geometry of a model or
assembly. Parameters can be either numeric parameters, such as line lengths or circle
diameters or geometric parameters, such as tangent, parallel, concentric, horizontal or vertical
etc.
Building a model in solidworks usually starts with a 2D sketch. The sketch consist of
geometry such as points, lines, arcs, conics and splines. Dimensions are added to the sketch to
define the size and location of the geometry.
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Measurement of foot

Design a lower limb

Analysis of stress and strain of the foot

Compare the stress and strain of various material

Find out the better material

Fig 2.1 Methodology

Analysis of stress and strain of the foot:
ANSYS software is used for analysis. It is computer simulation tool for simulating the
response of materials to short duration for severe loadings from impact and high pressure.
ANSYS mechanical is a finite element analysis tool for structural analysis, including
linear, nonlinear and dynamic studies. This computer simulation product provides finite
element to model behaviour, and supports material models and equation solvers for a wide
range of mechanical design problems. ANSYS mechanical also includes thermal analysis and
coupled physics capabilities involving acoustics, piezoelectric, thermal-structural and thermoelectric analysis.

3. RESULTS AND DISCUSSIONS
The proposed process has been applied on the prosthetic limbs. The upcoming images show
the designing of artificial limbs and the analysis of various materials with the help of ANSYS
software. Finally it was concluded that the polypropylene is the better material for the design
of foot when compared to other materials considered in this work.
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Table 3.1 Results
Parameters
Stress(max)
Stress(min)
Stress(avg)
Strain(max)
Strain(min)
Strain(avg)
Deformation
Weight

Polypropylene
1334.917
60.047
697.482
0.09894
0.010073
0.0499
0.0135
9288.3126

Polystyrene
1477.571
58.753
768.162
0.16871
0.0208
0.094755
0.2808
9386.085

Fig 3.1 Designed foot.

Silicone
985.9086
136.14
561.0243
0.1496
0.051906
0.07739
0.02735
9777.171

Fig 3.2 Polypropylene stress

Fig 3.4 Polypropylene weight

Fig 3.3 Polypropylene strain

Fig 3.5 Polystyrene stress
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Nitrile
1477.571
58.628
768.0995
0.1081
0.0098364
0.0545
0.01330
12710.3158

Fig 3.6 Polystyrene strain
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Fig 3.7 Polystyrene weight

Fig 3.8 Nitrile stress

Fig 3.9 Nitrile strain

Fig 3.10 Nitrile weight

Fig 3.11 Silicone stress

Fig 3.12 Silicone strain

Fig 3.13 Silicone weight

Fig 3.14 Stress analysis
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Fig 3.16 Deformation analysis Fig 3.17 Weight analysis
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5. CONCLUSION
This project proposed a better biomaterial to design a prosthetic limb. The Methodology is
based on the Structural analysis of the foot (artificial limb). Results shows that the presented
methodology is achievable and it offers better accuracy.
Results obtained encourage future works which includes: The real time design of the
prosthetic foot with the above said biomaterial. After the artificial limb is fit with the
amputee, the analysis of comfort, wear ability and lifetime can be done.
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