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CORONARY ARTERY DISEASE

« Atherosclerosis : fat or lipid substances are deposited on the arterial wall

« Severe atherosclerosis cause coronary artery disease

« effective treatment method is Percutaneous Coronary Intervent®@l|

« PClis to unblock and restore blood by placingascular stent on the stenosis

Artery narrowed

Normal artery by atherosclerosis

.....

Blood flow blood flow
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W HAT IS THE STENT ?

* A small meshHike device made of metal
« Acts as a support or scaffold in keeping the vessel open
* helps to improve blood flow to the heart muscle

|deal Functions And Mechanical Properties of Stents

High Radial Stiffness Maintain the vessel open and withstand the periodic load of arterie

Minimum Foreshortening  Accurately placed in the position

Maximum Radial Strength Pushed away the blockage and better anchorage
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PROBLEM STATEMENT AND ASSUMPTIONS

1. Investigata stent based odedwaland Clerc study from technical literature
2. Using the MOPSO algorithm tenhance mechanical properties
3. Using AM toreduce mass/cost while maintaining mechanical performance
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ASSUMPTION ON THE STENT BEHAVIOUR

a) It acts as a collection dhdependent open -coiled helical springs .
b) The ends ardixed against rotating around the longitudinal axis.

c) It undergoes onlelastic deformation
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STENT GEOMETRY

INITIAL PITCH
po = mDytanfy
N UMBER OF COILS
L
C = O/PO
STENT DIAMETER

_ Dgcos(B)
~ cos(Bo)
STENT LENGTH

_ Lgsin(B)
- sin(Bo)

MATERIAL

Linear elastic steel
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'MECHANICAL PROPERTIES AND ANALYTICAL MODEL

The axial force F exerted on the stent F
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N : the number of wires I’""‘v |

Mt
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I and Ip: the moment of inertia and polar moment of inertia
G and E: the shear modulus and Young's modulus
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MECHANICAL PROPERTIES
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P and F perform the equal amount of work

g RADIAL PRESSURE RADIAL FORCE RADIAL PRESSURE STIFFN ESS
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MECHANICAL

Shear and bending stre§s, 1)

/ Twisting moment
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ULTI U BJECTIVE ~ARTICLE SWARM U PTIMIZATION

Russelt.Eberharin 1995

P, (t) X (1) Vo (tF)=wlj (O+rien (P (-0 ; () +r262(@ (0-X15 (1)
— O X =K @+ +1)
N —-—--__Y"’_ffttQA — w =Inertia W eight
—~ g c; = Personal Learning Coeflicient
Vi (1) c, = global Learning Coefficient

MOPSO Developed by Carlos et.al 2004

» Like PSO particles are sharing info. & moving towards global best particles and their
personal best memories.

« Unlike PSO there is more than one criterion to determine and define the best global. _

Non-dominated particles |:> Repository
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ADDITIVE 4 BIOMEDICAL

( Minimize the maximum stent length

\ Maximize the radial stif fness

BJECTIVE “ARTICLE SWARM U PTIMIZATION
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N = Number of wires
Bo = Initial pitch angle
d = Diameter of the wire
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VOptimized = V]edwab

Ooq < yield strength

dN
Pmin > arctan p_—

Maximize the radial Force exerted on the veins

T
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USEOF AM TO GET STRUCTURE

— . T
t = Thickness I, = = (d* —df,
d Z(d £)
in — «\5 — T
2 I'= 3_2 (d4 B d?n

Method Common material Resolution

SIM Stainless steels, aluminium (Al), copper (Cu), 20 um
iron (Fe), cobalt (Co)-chrome (CR), Ti, Ni1-based
alloy, and a mixture of different types of particles
(Fe, N1, Cu, and Fe3P)

DED Steel alloys, stamnless steel, tool steel, Al, bronze, | 20 um
Co-Cr, (Fe, N1)-TiC composites and Ti,
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RESULTS: RADIAL FORCE

6
Parameter value 0 gf:m::s
Initial average stent diameter D, (mm) | 16-71 50 [
Wire diameter d (mm) 0.22 2 w
Number of wires N 24 w”
Volume of the stent (mm?) 673 E 30
Initial pitch angle Sq (°) 28.3 =
Initial stent length Lo (mm) o7s | €7
Young’s modulus E (MNm™?) 206000 10l
Yield stress S, (MNm™*) 2500

u Il 'l L L 1 L L
13.5 14 14.5 15 15.5 16 16.5 17 17.5

Stent external diameter, De (mm)

Design N d B 0 Volume

Opt.1 18 0.266 31.54 670 Dy (fully deployed) — 0.8D,
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RESULTS: RADIAL PRESSURE STIFFNESS

Parameter value
__ 55 reference
Initial average stent diameter D, (mm) | 16-71 §= i Optimized
£ 5l
Wire diameter d (imm) 0.22 s .
: X
Number of wires N 24 i 4l
@
Volume ofthe stent (mm?3) 673 £ 35
w
.| Initial pitch angle B, (°) 28.3 £ st
< ) &
O Initial stent length L, (1mm) 87.5 2 25
< | Young’s modulus E (MNm™2) 206000 | 5 2
®) 4
@ | Yield stress S, (MNm™2) 2500 9
#
1 L L L L L L L
L 135 14 14.5 15 155 16 16.5 17 17.5
E Stent external diameter, De (mm)
g Design N d Bo Volume
< Opt1 18 0.266 31.54 670

Dy (fully deployed) — 0.8D,
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RESULTS: STENT LENGTH

1.6 ] I I I I I I
Parameter value Reference
Optimized
Initial average stent diamet®&; (mm) | 16.71 15
Wire diameter d (imm) 0.22
2 14
Number of wires N 24 o
=
Volume ofthe stent (mm?3) 673 213
| Initial pitch angle B, (°) 28.3 5
< . n12F
o Initial stent length L,(mm) 87.5
':E; Young’s modulus E (MNm™?) 206000 il
@ | Yield stress S, (MNm™2) 2500
< l l | | | 1 !
L "‘I|3.5 14 14.5 15 15.5 16 16.5 17 17.5
E Stent external diameter, De (mm)
g Design N d Bo Volume
< Opt1 18 0.266 31.54 670 Dy (fully deployed) — 0.8D,
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AM TECHNOLOGY : 3D PRINTED HOLLOW WIRES

initial volume-final volume Th'Cknifs

Volume Reduction Ratio (VRR)= — X 100
initial volume
Thickness: 60 um Final volume= 468 mm® —— VRR = 30.17
-3
0.12 ' ' ' ' ’ ' ' 11 210
Reference
Optimized 10 } Reference
01 F Hollow | o Optimized
’ £ Hollow
s 9r
©
@ -
E 0.08 - -ﬁ 8t
G g
o
2 -,E 71
S 0.06 « @
s @
= 5 6
o n
2 004 - | g .|
S 0.04 S5
I
S 4f
0.02 1 24
3 -
0 1 L L 1 1 L 1 2 Il Il Il Il 1 1 Il
13.5 14 14.5 15 15.5 16 16.5 17 17.5 13.5 14 14.5 15 15.5 16 16.5 17 17.5
stent external diameter (mm) stent external diameter D_
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CONCLUSION & FUTURE DEVELPMENT

1.

2.

Optimize the performance of an opeended braided stent

Analytical approach + MOPSO optimization

Specific radial forcd;r, specificdadial pressure stiffneskp, are optimize
Fr andKp increased especially for lower diameters

The stent's maximum length is reduced frdn®1% to 1.41%.

A 3D-printed hollow structure is envisioned

According to the optimization stent's weight is lowered 8§%.

Future steps: extend the optimization to supelastic NiTi i
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