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Computer testing of effectiveness of using glass-fibre-reinforced-
polymer in design of running limbs type Cheetah Foot

Eng. Thouraya g mouhssiena” Eng. Inas s hasan”

Dr. Lamis kodsi ** Dr. Zuheir Marmar™™"

Abstract

Traditional prosthetics provide constant or controlled speeds for amputees, but due to the presence of a
large group of young people and amputees, especially in developing countries and countries of war, and in
order to preserve their mental health and physical fitness, our interest was to make the amputees able to
jump and run for great distances and closer to normal through using a prosthesis with an appropriate
design in terms of weight, durability and cost, which is the main objective of this research. Cheetah feet
prosthetic are usually designed from carbon fiber reinforced polymer, which is known for its great ability
to bear the periodic weights applied to it, but due to its complex manufacturing process and high price,
which is reflected in the price of the entire limb, we worked in this study to test the possibility of designing
the limb from other materials that are less expensive and less complex. In the process of manufacturing it,
and at the same time, it has a high strength and low weight in comparison to carbon fibers, which is a
glass fiber reinforced polymer (GFRP). We designed a numerical model of a Cheetah foot prosthetic using
SOLIDWORKS 2016 x64 Edition for an amputee of mass 70 kg, length of 190 cm, and a 24-year-old who
was subjected to a unilateral lower knee amputation. Then, we transformed the model into a mesh of
finite elements then after ensuring the quality of the mesh and the validity of the numerical model. We
tested it with two types of tests, the first one determines how much weight can it withstand before it
collapses using static analysis, the second test is the fatigue test by which we can determine the life span of
the designed prosthesis. We found that by using S2 glass fiber material with epoxy polymer it is possible to
obtain a running prosthesis that is lightweight, has high strength, is affordable and has a good lifespan.

key words: GFRP< CFRP« S2-glass-fiber, epoxy, SOLIDWORKS , FEM, cheetah foot, prosthesis.
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Type (SIOz) (A|203) TiOz B,03 (CaO) (MgO) (NaZO Koo | Fes0
) 3
E-glass 55.0 14.0 0.2 7.0 22.0 1.0 0.5 0.3 -
C-glass 64.6 4.1 - 5.0 13.4 3.3 9.6 0.5 -
S-glass 65.0 25.0 - - - 10.0 - - -
A-glass 67.5 3.5 - 15 6.5 4.5 13.5 3.0 -
D-glass 74.0 - - 22.5 - - 1.5 2.0 -
R-glass 60.0 24.0 - - 9.0 6.0 0.5 0.1 -
[2] ZJ.\.\AA“
ol Gl A hally LI palidll 1(2) o) Jpaal)
Fiber Density Tensile | Young's Elongation Coefficient | Poison's | Refractive
(g/cmd) strength | modulus (%) | of thermal ratio index
(GPa) (GPa) expansion
(107/°C)
E-glass 2.58 3.445 72.3 4.8 54 0.2 1.558
C-glass 2.52 3.310 68.9 4.8 63 - 1.533
S-glass 2.46 4.890 86.9 5.7 16 0.22 1.521
A-glass 2.44 3.310 68.9 4.8 73 - 1.538
D-glass 2.11-2.14 2.415 51.7 4.6 25 1.465
R-glass 2.54 4.135 85.5 4.8 33 1.546
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3.6 GPa 78 GPa 85GPa | .u Jebe
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Sample Experimental Numerical
deformation deformation
(mm) (mm)
RbMGF 49.1+1.0 52.6+1.0
RbWGF 36.3+1.6 39.4+0.9
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Model type: Linear Elastic Isotropic

Default failure criterion: Max von Mises Stress

Yield strength: 1e+009 N/m"2

Tensile strength: 1.9e+009 N/m"2

Elastic modulus: 9.03e+010 N/m"2

Poisson's ratio: 0.23

Mass density: 2488 kg/m"3

Shear modulus: 3.81e+010 N/m"2
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Mesh type Solid Mesh

Mesher Used: Standard mesh

Automatic Transition: Off

Include Mesh Auto Loops: Off

Jacobian points 4 Points

Element Size 0.007 m

Tolerance 0.00035 m

Mesh Quality Plot High

Total Nodes 22895

Total Elements 12770

Maximum Aspect Ratio 39.375

% of elements with Aspect 96.8
Ratio <3

% of elements with Aspect 0.227
Ratio > 10

% of distorted 0
elements(Jacobian)

Time to complete 00:00:02
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Forces (N) | Stress (von-Mises) MPa Stress (Principal) MPa | Strain Displacement (mm)
700 129.5 129.0 0.000937 33.59
750 139.02 138.46 0.000976 34.99
800 148.79 148.18 0.001045 37.41
850 158.6 157.96 0.001114 39.83
900 169.2 168.1 0.001222 43.59
950 179.5 178.0 0.001294 46.11

1000 189.8 188.0 0.00367 48.63
1100 210.8 208.1 0.001514 53.71
1500 297.4 290.7 0.002117 74.28
2800 613.178 208.1 0.004106 140.24
3000 663.957 643.24 0.004426 150.129
3200 715.139 692.53 0.004746 159.852
3400 766.648 742.08 0.0050668 169.416
3500 786.417 760.91 0.0051813 171.124
4000 919.6 888.5 0.006177 199.2
4100 945.6 913.4 0.006342 203.7
4300 997.4 9.630 0.006671 212.5
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Specim | Maximum Cyclic | Fatigue
en Stress, Cycles to
(No.) | oy (10’N.m~2%) | failure
(NO.)
13 25.5 7.246x10°
19 25.5 5.76x10°
9 29.3 6.75x10"
16 29.3 8.36x10"
18 29.3 7.38x10%
7 31.0 1.96x10°
12 31.0 1.42x10°
20 31.0 7.46x10°
6 37.9 8.85x10°
10 37.9 2.22x10%
11 37.9 2.09x10*
24 71.0 3.93x10°
9] :oradl

........

dissail) gl e S-N ke :(10)JSal

L ypeadiy qaatl) Ay il
S Gyl () Gkl il Jodat e )als Lo
oy lall ol sl i€y 550 2120000 (5550
uls o sy wly el (fsY) 638 Jas
O JS 8 dyyeall clalgal) A Akl Jaaal
S-N inial dgpeall apdll caal o z3salll s

82

Nare Type |- Nas
- O "iee "

.....

NP

4300N 35l Sl o5l a8 5 Algay) £(9) IS
[6] 58V il ai) o2l 58y S2 8 A3gyall Jalas

tadl) Julas 2
S Y A JSLell Satiad) Jdaill of alas
iyl e (958 IS Gy Gapal) des o 3)
Ll coplall Al papll ae Jaatll laie il
Gkl )< (Ao Jend iy il sy ey L
(e 2SBU iyl (e 2281 (550 IS0 Gagyall Jen
p SIS Jalall Uypafy alaas e
3 50 Km Lalaie diliue (S gasdll of (i
JS 82650 Km e Julls aalsl) gl
0 e Ll sUlaaall 55 dadll Jgda ysicl 13) . alall
plall 350 2120000 () dalsy 238125 m
ol ale mali¥) Copdall yae (g yds 1aas 2l
ALS) ) S ety dreat aled Cplall denay of s
syac O Jsii N3y 2120000 s22c 70 Kg
JelS ale ol Y|
randl) il e ey Jull
bl bl e sagsa caxt A oLl fag
nais 70 Kg ade ol gyl A1 Al
2120000 S5 ¢gy58 daan Ll dabiall clyiag )l
Talade Cap o ang il Jalas Adps sy 3y
ool Sl 2l Gl ia) sl sald S-N



Cheetah Foot g (gyall Cibhal apaai 8 z bl il (gsial) el sl 3ol aladin) d3lladl pgulal) laal)

saalyall
Morampudi P, Namala K. K, Gajjela Y. K,
Majjiga B, Prudhvi G. (2021). Review on
glass fiber reinforced polymer composites.
ScienceDirect, 43(1), pp. 314-319.
Sathishkumar TP, Satheeshkumar S,
Naveen J. (2014). Glass fiber-reinforced
polymer composites — a review. Journal of
Reinforced Plastics and Composites.
33(13). pp. 1258-1275.
Patel S, Ahmad S, Mahajan P. (2016,
DECEMBER). Probabilistic Finite-
Element Analysis of S2-Glass Epoxy
Composite Beams for Damage Initiation
Due to High-Velocity Impact. Journal of
Risk and Uncertainty in Engineering
Systems. 2(044504). pp. 1-3.
Alhayek A, Syamsir A, Anggraini V,
Muda Z. C, Nor N. M. (2019, November).
Numerical Modelling of Glass Fiber
Reinforced Polymer (GFRP) Cross Arm.
International Journal of Recent
Technology and Engineering (IJRTE).
8(4). pp. 2277-3878.
Igbal, Abu Rakib Md. (2020). Material
Characterization  of  Fiber-Reinforced
Composite Material Characterization of
Fiber-Reinforced Composite Materials
Under Dynamic Loading Condition.
Doctor of Philosophy Dissertation, The
University of Nevada, Las Vegas.
Alsalihi  Mohammed A. J. (2014).
Mechanical Properties of Glass Fiber
Reinforced Polymer Bars After Exposure
to Elevated Temperatures. Master's thesis,
The  University of  Wisconsin  —
Milwaukee.
Kinsella M, Murray D, Crane D,
Mancinelli J, Kranjc M. (2016).
MECHANICAL PROPERTIES OF
POLYMERIC COMPOSITES
REINFORCED WITH HIGH
STRENGTH GLASS FIBERS. Retrieved
February 20", 2022.
Batabyal A, Nayak R. K, Tripathy S.
(2018, November).  Evaluation  of
Mechanical Properties of Glass Fibre and
Carbon  Fibre  Reinforced  Polymer
Composite. Journal of Communication
Engineering & Systems. 8(2). pp. 2321-
5151.

83

lalgal) gsen of gl (o oany ¥ sgd Gl dags
S Aoy Al sl )l

P e

el st gt 1(11)J<a)

TN

oty @l dalal) Lo lilaaV) Calylay) s
451 ¥) GFRP (s el idlag 38 a5 CFRP o
Laldy sataall Lonsiai 55k s dadiyall Ll Can
s Jlaka alasl wiai galy 4alill Glalll dually
e Jueall Llls lginsae JS (g0 ool & Lial
Sy il & Jedly pasf olsa alasinl Jilas
A€y GFRP a5 0)sl) ddiss s Alias 348 Ll
o Ll (1< A giaall salall of Lo Liia
2gll 223 g yally Lalall dpalyyl) Caly ) i
s i e B Glbialse asly A llaal)
ST Sl ehals Miine oy A8y Jaailly
(s ilaal D5 gyl 348 die cantll Jilas s
Qe ulatll elals lansall



Ak dia ald

2022 (2) sl (38) Alaall ~dpusigh aghall 3dia3 daala Alya

84

10.

11.

12.

13.
14.

15.

16.

17.

RALPH L, TOBLER T, DAVID T,
READ. (1975, October).  Fatigue
Resistance of a Uniaxial S-Glass/Epoxy
Composite at Room and Liquid Helium
Temperatures. Journal of Composite
Materials. 10. pp. 32.
https://extrudesign.com/different-types-of-
glass-
fiber/?fbclid=IwAR08pxvoOqqoqfFLDM
X8IlEIHIIWM_Tc46U3af16k4xQdtLIXY
BNEwprMfE [ 2021 ¢ sl 21]
https://www.princelund.com/fiber-
reinforced-
polymers.html?fbclid=IwWAR2WTvcg-
7oFUuxl-
5aXz5kQYKGzq2gqzYtExObutczE333Qp
RRZkoBGGEA [2021 ¢ sk 21]
https://www.agy.com/wp-
content/uploads/2014/03/High_Strength_G
lass_Fibers-Technical.pdf

[2021 ¢ 5 21]
https://wiki.cadcam.com.my/knowledgeba
se/mesh-quality-analysis-aspect-ratio/

[2022¢ J1,2]
Hamzah M, Merza A, Ali L. (2017).
Experimental and Numerical

Investigations of Athletic Prosthetic Feet
Made of Fiber Glass Reinforced Epoxy.
1st IJRTESS — 2017 First International
Conference on Recent Trends of
Engineering Sciences and Sustainability.
Ouarhim W, Ait-Dahi M, Bensalah M.O,
El Achaby Mounir, Rodrigue D, Bouhfid
R, Qaiss A. (2020). Characterization and
numerical simulation of laminated glass
fiber—polyester composites for a prosthetic
running blade. Journal of Reinforced
Plastics and Composites, 0(0), pp.1-16.
Abood S, Faidh-Allah M. (December
2019). Analysis of Prosthetic Running
Blade of Limb Using Different Composite
Materials. Journal of Engineering, 12(25),
pp. 15-25.


https://extrudesign.com/different-types-of-glass-fiber/?fbclid=IwAR08pxvoOqqoqfFLDMX8iIEiHiIWM_Tc46U3af16k4xQdtLlXYBNEwprMfE
https://extrudesign.com/different-types-of-glass-fiber/?fbclid=IwAR08pxvoOqqoqfFLDMX8iIEiHiIWM_Tc46U3af16k4xQdtLlXYBNEwprMfE
https://extrudesign.com/different-types-of-glass-fiber/?fbclid=IwAR08pxvoOqqoqfFLDMX8iIEiHiIWM_Tc46U3af16k4xQdtLlXYBNEwprMfE
https://extrudesign.com/different-types-of-glass-fiber/?fbclid=IwAR08pxvoOqqoqfFLDMX8iIEiHiIWM_Tc46U3af16k4xQdtLlXYBNEwprMfE
https://extrudesign.com/different-types-of-glass-fiber/?fbclid=IwAR08pxvoOqqoqfFLDMX8iIEiHiIWM_Tc46U3af16k4xQdtLlXYBNEwprMfE
https://www.princelund.com/fiber-reinforced-polymers.html?fbclid=IwAR2WTvcg-7oFUuxl-5aXz5kQYKGzq2gqzYtExObutczE333QpRRZkoBGGEA
https://www.princelund.com/fiber-reinforced-polymers.html?fbclid=IwAR2WTvcg-7oFUuxl-5aXz5kQYKGzq2gqzYtExObutczE333QpRRZkoBGGEA
https://www.princelund.com/fiber-reinforced-polymers.html?fbclid=IwAR2WTvcg-7oFUuxl-5aXz5kQYKGzq2gqzYtExObutczE333QpRRZkoBGGEA
https://www.princelund.com/fiber-reinforced-polymers.html?fbclid=IwAR2WTvcg-7oFUuxl-5aXz5kQYKGzq2gqzYtExObutczE333QpRRZkoBGGEA
https://www.princelund.com/fiber-reinforced-polymers.html?fbclid=IwAR2WTvcg-7oFUuxl-5aXz5kQYKGzq2gqzYtExObutczE333QpRRZkoBGGEA
https://www.princelund.com/fiber-reinforced-polymers.html?fbclid=IwAR2WTvcg-7oFUuxl-5aXz5kQYKGzq2gqzYtExObutczE333QpRRZkoBGGEA
https://www.agy.com/wp-content/uploads/2014/03/High_Strength_Glass_Fibers-Technical.pdf
https://www.agy.com/wp-content/uploads/2014/03/High_Strength_Glass_Fibers-Technical.pdf
https://www.agy.com/wp-content/uploads/2014/03/High_Strength_Glass_Fibers-Technical.pdf
https://wiki.cadcam.com.my/knowledgebase/mesh-quality-analysis-aspect-ratio/
https://wiki.cadcam.com.my/knowledgebase/mesh-quality-analysis-aspect-ratio/

