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Overall Evaluation Plan
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FEA Validation — UTM

Loading ( 2600 N) Physical strain (pe)
Strain gauge 1 Strain gauge 2 ‘ Strain gauge 3
SPECIMEN 1
FEA 746 1200 746
EXPERIMENTAL -672.04 1368.72 -779.15
ERROR % -11.01 12.33 4.25
SPECIMEN 2
FEA 746 1200 746
EXPERIMENTAL -785.78 1265.40 -801.90
ERROR % 5.06 5.17 6.97
SPECIMEN 3
FEA 746 1200 746
EXPERIMENTAL -762.09 126818 -769.67
ERROR % ( 211 5.45 3.08

Standardization of FEA Parameters

Single Components Paired
EEEEEE l 1 1 components

Standardization of parameters

Hexahedron Element size range 0.5 — 1.5 mm
element Warpage < 4
Skew < 60
i Jacobian <1
Boundary Bending Load 2600 N, 360 N, Highest values
conditions during walking
Material Law Elastic Law Density 8290
Young’s modulus 225 Gpa
Poisson’s ratio 0.31
Analysis Type Linear Static analysis
Contact Slide Type (Relative motion between nodes) Friction 0.9

3 Point Bending — Photostress

No load 5N 10N

Strains at 3 points

15N 20N

FEA Validation — Photostress

Major Principal strain direction «—>

Minor Principal strain direction <—>
Relative FEA % Photoelasticity % | Error in Relative
Difference =(Pt1-Pt3)(100)/(Pt3) | =(Pt1-Pt3)(100)/(Pt3) Difference %
(No Load) 0 0 0
(5N) -0.40 -0.36 11.37
(10N) -0.45 039 [ 1386
(15N) -0.40 -0.39 \ 1
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News Prosthesis

FOS =5.01
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Comparison of Static Testing Results

Imported Indigenous New
FOS of HIGHEST 5.4 6.9 5.0
STRESS (Femoral (Axle) (Femoral
Component Stem) Stem)
1.8 1.3 24
Lowest FOS (Bumper) (Bumper) (Poly)
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Material Information Stress Comparison Ball &
Pin
Material Parts Component | Material | Yield Factorof | Permissible Experienced
Strength | Safety Stress(MPa) | Stress (MPa)
UHMWPE Al bushing parts (MPa)
‘P:el‘;”"g Creip i) 8all Pin Ti-6AI4V 900 3 300 139.8
T-6A-4V Remaining metallic parts | >e2ring Bush | UHMWPE & 3 » 103
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Tibial Poly Contact Stress — Video

Reliability Testing — Dynamic Loading

Knee Simulator Testing Machine

= KST-2 (NFTDC)
= Hydraulic pack, gear box
= Fixed tibia, hinge design
= Centering easier than KST-1
= Flexion angle & axial load
=[SO 14243

Wear Results — Initial

Wear Results — 10K cycles

Load Pattern observed @ 10000 cycles run
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Wear Results — 20K cycles

Load Pattern observed @20000 cycles run
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KP Test Results 2 Million SUMMARY

As Machined 1 million cycles 2 million cycles
SEM image SEM image SEM image
= FEA -Tool for Structural Strength Analysis

= Standardization of FEA — Rapid & Reliable Results
= Comparison — Evaluation of Various Concepts

= Safety — Failure analysis

= Reliability - Life, Longevity
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