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IDAC IDAC Ireland LtdIreland Ltd• CAE consultants based in Dublin

• Established in 1997

• ANSYS Channel Partner in Ireland
• Members of Technology Network Alliance (www.CAEWorld.com)

• Specific expertise in Implantable Medical Devices

• Partners in European Projects (currently @neurIST www.aneurIST.org)

NovateNovate
• Medical device start-up based in Galway, Ireland
• Developing an innovative stent device

• Use IDAC’s FEA consultancy service to support device design effort
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www.nhlbi.nih.gov

The The stent stent and and its function its function in in Coronary AngioplastyCoronary Angioplasty

A stent is a small, implantable, medical 
device which is used to support a diseased 
vessel wall and thus allow unrestricted 
blood flow. 

The most common type of stent is laser cut
from a small metal tube
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The The challengechallenge

Stent in Deployed Condition

Stent in Crimped Condition

Geometry that:

• minimises max. strain in crimped 
condition

• maintains radial stiffness in deployed 
condition

• needed bending stiffness (to help 
insertion)

High Strain Region
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DetailsDetails on the “on the “stentstent” design ” design processprocess

• Radial stiffness of a stent is a key measure.

• The strut length, number of struts, strut 
width, wall profile, radial thickness, number
of axial connectors all contribute to the radial 
stiffness

• These parameters also determine
stress/strain levels and fatigue life

• FEA is often used to identify the best 
combination of parameters
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ANSYS modelANSYS model
• ANSYS DesignModeler used for parametric model

• 1/6th 3D model created from DesignModeler
geometry

• ANSYS Shape Memory Alloy (SMA) material model 
used

• Expansion and crimping done with rigid contact 
surfaces

• Self Contact between struts is modelled

• Circumferential cut ends are coupled in radial and 
tangential directions



7

DescriptionDescription of the of the optimization processoptimization process

modeFRONTIER

1. Specifiy parameters A, B, C, D, E and 
generate model in ANSYS DesignModeler

2. Build 3D FEA Model in ANSYS

3. Expand stent

4. Remove stresses 

5. Crimp stent

6. Extract results: radial stiffness (>min limit), 
maximum strain (minimized), strain volume 
(minimized)
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Input Input variablevariable, , objectives objectives and and constraintsconstraints

INPUT VARIABLES:

5 geometrical

OBJECTIVES:

Minimize volume where strain > limit

Minimize strain peak

CONSTRAINTS:

Radial force in deployed condition > limit

Max acceptable value for High-Strain volume

Max acceptable value for Peak Strain
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modeFRONTIER modeFRONTIER optimization processoptimization process

Data flow

Logical flow
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MultiMulti--Objective OptimizationObjective Optimization

• Improve simultaneously more than one objective

• NO a-priori weight factors 

• Genetic Algorithm
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Optimization HistoryOptimization History
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Pareto Frontier and 
selection of 3 trade-
off solutions

Optimization results Optimization results 
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Improvements Improvements 

-52% -6%Optimal 114

-32%-11%Optimal 53

-19%-18%Optimal 78

ReferenceReferenceInitial

Strain, volume of the 
zone with high strain

Strain, peak value
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Decision Decision 
ProcessProcess
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Parameter sensitivitiesParameter sensitivities: t: t--student analysisstudent analysis

“C” is the most significant variable for both objectives

“E” fairly important in reducing “High-strain volume”, insensitive to the 
“peak strain” value
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Parameter sensitivitiesParameter sensitivities: : correlationcorrelation (1st (1st orderorder))
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Response Surface ModellingResponse Surface Modelling
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Robust Robust Design Design Analysis for Analysis for the the optimal optimal designdesign

Geometrical parameters are affected by manufacturing tolerances…

…are performances of the proposed solution ROBUST re spect to this variability?
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RobustnessRobustness of the of the proposed solutionproposed solution
freq

freq

Baseline

Strain Peak

High-strain Vol
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Conclusions Conclusions 

Overhead man-time spent for the current 
optimization (respect to traditional design):

% reduction of  strain:

% reduction of high-strain volume

…with a ROBUST DESIGN

2 days

-11%

-32%
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CreditsCredits

ANSYS is a product of ANSYS Inc. , www.ansys.com

modeFRONTIER is a product of Esteco srl , www.esteco.com


