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Cuvinte cheie

Stend coronarian, tiiere cu fascicul laser, sudare cu fascicul laser

Introducere

Principala metoda utilizatd pentru ecsantioanele mici de lucru
este taierea laser [ 1, 2]. Cel mai popular laser pentru tiierea obiectelor
subtiri este astazi Nd: laserul YAG cu o lungime de unda de 1064m.
Exista mai multe configuratii: fie cu stimularea prin blitul
conventional, (de exemplu Lasag KLS 246), fie cu stimularea prin
diode laser cu eficienta sporita, fie cu Q-switch, capabil sd emita
impuls de mare energie. Thawari arealizat o analiza detaliatd a Nd:
tdierea laser YAG a aliajelor pe bazi de Nuchel. [3, 4].

Pe langa un sistem laser, este necesar, pentru fabricarea unor
piese mici, un sistem de pozitionare. Acest program de
pozitionare fixeaza esantionul si il deplaseaza relativ la sportul
laser, formand structura unui esantion. [5]. Sistemul de
pozitionare pentru fabricarea tuburilor, asigura o translatie, o
rotatie i o ajustare a pozitiei mutuale a piesei si a spotului laser.
Minvasive Ltd., bazat pe parti de la Aerotech a dezvoltat sistemul
de pozitionare pentru experimente.

Experimente ale taierii cu laser

Obiective: examinarea efectului diferitelor viteze de taiere in
combinarea optimizata anterior de impuls, frecventa-impuls,
energie pentru a utiliza cele mai potrivite setari ale vitezei de
taiere in fabricarea stenturilor. Sistemul laser aplicat este LASAG
KLS 246 cu impulsuri Nd:YAG cu o putere medie de 15 W.
Sistemul de pozitionare a piesei de prelucrat: produs de Aerotec
Ltd., permitiand doui translatii perpendiculare in plan orizontal
si o rotatie in jurul axei orizontale sub controlul programului
Cutcontrol dezvoltat de Minvasive Ltd. [6].

Figura 1. Viteza de taiere = 9 mm/s, muchie de aschiere
Figure 1. Cutting speed = 9 mm/s, cutting edge

Materialul aplicat a fost AISI 304L, un tub de otel inoxidabil
austenitic cu diametrul de 1,800 mm si cu grosimea de 0,120 mm.
Compozitia chimica a materialului este prezentati in tabelul 1.

Tuburile de otel inoxdidabil au fost taiate axial de 4mm, apoi
in regiunea de 2007 straturile au fost tiiate perpendicular la axa,
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Introduction

The main production method for small work pieces is laser cutting
[1, 2]. Nowadays the most commonly used laser for thin
workpiece cutting is Nd:YAG laser with 1064 nm wave-length.
It has got different configurations: either with conventional
flash lamp excitation, (for example Lasag KLS 246) or with lased
diode excitation having better efficiency, or with Q-switch:
capable of emitting high-energy pulses. Thawari made a full
analysis of the higher power pulsed Nd:YAG laser cutting of
Ni-base superalloys [3, 4].

Beside a laser system, a positioning system is necessary for
small work piece fabrication. This positioning system clamps
the workpiece and moves it relatively to the laser spot forming
the structure of the workpiece [5]. The positioning system for
tube fabrication ensures a translation, a rotation and an
adjustment of the mutual position of the workpiece and of the
laser spot. Minvasive Ltd., based on Aerotech parts developed
the positioning system used for the experiments.

Laser cutting experiments

Objective: to examine the effect of different cutting speed
with earlier optimized pulse frequency-pulse energy combination
in order to use the appropriate cutting speed settings in stent
fabrication. Applied laser system: LASAG KLS 246 pulsed

Nd:YAG with 15 W average power. Workpiece positioning @

Tabel 1. Compozitia chimicd a otelului inoxidabil
austenitic AISI 304L / Table 1. Chemical
composition of AISI 304L austenitic stainless steel

C 0,07
Cr 18,31
Ni 10,06
Mn 1,76
Si 0,99

system: produced by Aerotec Ltd., allowing two perpendicular
translations in horizontal plane plus rotation around horizontal
axis controlled with Cutcontrol program developed by the
Minvasive Ltd. [6].

The applied material was AISI 304L austenitic stainless steel
tube with 1.800 mm diameter and 0.120 mm thickness. The
chemical composition of the material can be seen in Table 1.
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apol tuburile au fost taiate din nou in directie axiala de 4mm,
inlaturandu-se o parte a stratului la capatul tubului. (figura 1).

Tabelul 2 prezintd parametrii de procesare laser utilizati pentru
acest experiment. Experimentul de taiere laser a fost realizat cu
ajutorul oxigenului. Presiunea oxigenului a fost de 5x105 Pa.
Reactia exotermicia a oxigenului §i materialul au facut tiierea
mai rapida [7-9].

Rezultate ale taierii cu laser

Taierea tubului cu viteze de 9 si 15 mmy/s a fost realizata cu
succes. Figura 1 prezintd aderenta zgurii la muchia de aschiere
si stropitura din peretele interior al tubului. La inceputul taierii

Figura 2. Viteza de taiere =9 mm/s; suprafata exterioara a tubului /
Figure 2. Cutting speed = 9 mm/s; outer surface of the tube

Figura 3. inaltimea zgurii de metal este egal cu
grosimea peretelui, imagine SEM /
Figure 3. Dross height equals the wall thickness,
SEM picture

Figura 4. Viteza de taiere = 21 mm/s, laserul nu a putut
trece prin material /
Figure 4. Cutting speed = 21 mm/s, the laser could not
cut trough the material

nu exista aderenta zgurii, in timp ce la sfarsitul acesteia apare o
aderentd notabild. Figura 2 prezinta partea opusa a taierii
stratului perpendicular pe axa; fasciculul laser a cauzat o
decolorare vizibila, schimband proprietitile materialului de baza.
Acest efect cauzat de impulsurile energetice relativ mare si
necesita o investigare viitoare: ce se va intimpla cind vom tiia
aceste zone tratate la caldura?

Utilizand viteze de taiere de 18 si 21 mm/s, laserul nu a putut
sa treaca prin material la inceputul linii de tidiere (figura 4).
Aceasta problema este cauzata de aderenta zgurii metalice la
iesirea tubului. Indltimea zgurii poate fi aceeasi cu grosimea
peretelui tubului, si astfel taierea impreuna a peretelui si a zgurii
devine dificila (figurile 3 si 6).

The stainless steel tubes were cut at axial direction 4 mm
long, and then in 200° region the mantle were cut perpendicular
to the axis, then tubes were cut again at axial direction 4 mm
long at the direction of the end of the tube removing a part of
the mantle (Fig. 1).

Tabelul 2. Parametri de procesare laser /
Table 2. Laser processing parameters

Setari ale laserului/
Laser settings

Frecventa de trecere a 1500 Hz
pulsatiilor/
Pulse frequency
Puterea medie/ 8,7W
Average power
Latimea pulsatiilor/ 0,02 ms
Pulse width
Energia pulsatiilor/ 5,8 ml

Pulse energy
Viteza de procesare/
Processing speed
Pozitia de focus/
Focus position

9,15, 18, 21 mm/s

Pe suprafata tubului/
At the surface of the tube

Table 2 shows the laser processing parameters used for this
experiment. The laser cutting experiment was made with the aid of
oxygen gas. The pressure of oxygen was 5% 105 Pa. The exothermic
reaction of oxygen and the material made the cutting faster [7-9].

Laser cutting results

The tube cutting with 9 and 15 mm/s speed was successful.
Fig. 1 shows the dross adherence at the cutting edge and the
spattering at the inner wall of the tube. At the beginning of the
cut there is no dross adherence, at the end of the cut there is a
noticeable dross adherence. Figure 2 shows the opposite side
of the mantle cutting perpendicular to the axis; the laser beam
caused an obvious discoloration, changing the properties of
the base material. This effect is caused by the relatively
high-energy pulses and needs further investigation: what will
hap-pen when we cut these heat-treated areas?

Figura 5. Viteza de taiere = 21 mm/s, in aceasta parte a
taieturii laserul a trecut prin material /
Figure 5. Cutting speed = 21 mm/s, in this part of the cut
the laser cut trough the material

Using 18 and 21 mm/s cutting speed, the laser could not cut
thoroughly the material at the beginning of the cutting line
(Fig. 4). This problem is caused by the dross adherence at the
crop of the tube. The height of the dross can be the same as the
wall thickness of the tube, and it is difficult to cut the wall and
the dross together (Fig. 3 and 6).
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Probabil un impuls nu a putut tiia peretele tubului in intregime:
este nevoie de o suprapunere larga a punctului pentru taiere.
Intrucat la inceputul liniei de tdiere laserul nu a putut taia
materialul: gazul ajutitor, oxigenul, nu areusit sa inliture materialul
de topire in directia suprafetei interioare a tubului si astfel acesta
este trimis Tnapoi la suprafata exterioara (figura 4).

Figura 6. Aderenta zgurii la iesirea tubului /
Figure 6. Dross adherence at the cropping of the tube

Dureaza destul de mult ca linia lunga a tiieturii sa treaca prin
intregul material (figura 5). Este interesant c, dupa ce laserul incepe
sd strApungd materialul , nu existd probleme legate de taierea in
zgura de aceeasi aderenta la capatul tubului. Aceastd problema
cauzatd de zgura metalici apare numai la inceputul taieturii.

Intrucat aderenta zgurii joaca un rol important la inceputul
taieturii ar fi interesant si se elaboreze setéri ale laserului care sa
cauzeze o aderentd redusi a zgurii [10, 11]. Aceste setari vor
permite o tdiere mai rapida a materialului.

Exista alti doi factori acre afecteazid aceste probleme ale
netdierii: insuficienta formei tubului si nealinierea tubului in
timpul taierii. Intrucat setdrile marelui nostru fascicul laser,
cauzeazad mici nealinieri de lungime Rayleigh redusa si esecuri
ale formei, laserul poate deveni neclar. Astfel, analiza acestei
probleme merita si fie realizata in viitor.

Dezvoltarea de stenturi ultra-flexibile

Dezvoltarea de stenturi ultra-flexibile din tuburi si fire,
optimizarea atributelor functionale ale acestora si specificarea
atributelor clinice ale stenturilor ultra-flexibile fira strat magnetic
ocupd o mare parte a proiectului. Taierea laser ne oferd o
tchnologie adecvata pentru producerea de implanturi ultra-
flexibile intr-un timp scurt; intervalul de tdiere este dependent
de lungimea stentului si de complexitatea designului. Forma
varfului depinde de materialul implantului. Un program softare
CAD (ProEngineer) este utilizat pentru proiectarea (figura 7).
examinarea si optimizarea atributelor functionale ale stenturilor
ultra-flexibile fara strat magnetic (de exemplu: Solid Edge. CAD.
software FEM).

Metoda elementelor finite (FEM) poate ajuta la identificarea
unor caracteristici mecanice valoroase ale stenturilor, ale arterelor
si ale interactiunilor dintre ele, rezultate care nu pot fi obtinute
simplu din metode de rutina. Realizarea unui tratament al
suprafetei ulterior este de asemenea decisiva, intrucat aceasta
schimba ldtimea varfului si grosimea peretelui stenturilor.
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Probably one pulse could not cut the wall of the tube
thoroughly: we need large spot overlap for cutting. As at the
beginning of the cut line the laser could not cut the material,
the oxygen assist gas was unable to blow out the molten material
to the direction of the inner surface of the tube so that is was
spattered back to the outer surface (Fig. 4).

It has taken a relatively long time that the long kerf line to cut
thoroughly the material (Fig. 5). It is interesting that, when the
laser begins to cut thoroughly the material there is no problem
with the cutting of the dross adherence at the end of the tube. This
dross-caused problem occurs only at the beginning of the cut.

Since dross adherence plays a key role at the beginning of
the cut it would be necessary to elaborate laser settings causing
lower dross adherence [10, 11]. These settings will allow cut-
ting the material faster.

There are two other factors affecting these no-cut problems:
the form-failure of the tube and misalignments of the tube
during cutting. Since our large beam expander settings cause
shorter Rayleigh-lengths, small misalignments and form-failures
can make the laser out-of focus. It is worth analysing this problem
in the future.

Development of ultra-flexible stents

Developing ultra-flexible stents from tube and wire, optimising
their functional attributes and specifying the clinical attributes
of ultra-flexible uncoated stents bulk large in the project. Laser
cutting gives us an adequate technology to pro-duce ultra-
flexible implants in a short time; the cutting period is depends

Figura 7. Stentul ultra-flexibil TentaFlex
Figure 7. Ultra-flexible TentaFlex Stent

on the length of the stent and the complexity of the design. The
shape of the kerf depends on the material of the implant. An
CAD-software (ProEngineer) is used for designing (Fig. 7),
examining and optimising the functional attributes of ultra-
flexible uncoated stents (for example: Solid Edge. CAD. FEM
software).

The finite element method (FEM) can help identify some
valuable mechanical characteristics of stents, arteries, and of
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Testarea proprietdtilor stenturilor cu sau fara invelis pentru
utilizarea lor in circumstante reale, cat si testele pre-clinice si
clinice, inevitabile cidnd este necesard aprobarea din partea
autoritatilor vor fi implementate in principal in laboratoare
hemodinamice. Cerintele includ experimente de sterilizare si
montare in baloane, cit si de determinare a opacitatii radio si de
masurare a proprietatilor de expansiune ale balonului.

Dezvoltarea tehnologiei de montare intr-un balon cateter,
optimizat pentru dimensiunea profilului si pentru flexibilitate
reprezintd un subpunct al aceste realiziri. La aceastd faza a
proiectului participa toti partenerii, care apoi vor selecta,
dezvolta cel mai potrivit balon de cateter, si determind valorile
optime ale presiunii in expansiunea balonului. Expertii evalueaza
punctele tari si punctele slabe ale acestei noi aplicatii clinice
domestice ale stenturilor prin compararea cu o serie de teste.

In cadrul dezvoltarii de noi tehnici de productie bazate pe
tehnologia laser este cercetata realizarea bazatd pe sudura cu
fascicul laser a stenturilor produse din fire, pentru cazul otelului
AISI 316L (vezi figurile 8+12 si tabelul 3.).

Figura 8. Prototipul stentului ultra-flexibil sudat cu laser
(suprafata netratata) /
Figure 8. Prototype of laser welded ultra-flexible stent
(untreated surface)

Figura 10. Sectiune a imbindrii sudate pe o singura parte /
Figure 10. Cross section of a one-sided welded joint

Concluzii

Au fost analizate efectele parametrilor de viteza ai taierii laser
a tubului de otel inoxidabil. Pot fi trase urmitoarele concluzii:

Pot fi realizate taieturi de incredere cu setari de 9 i 15 mm/s.
Taierea cu viteza de 18 i 21 mm/s nu a reusit datoritd aderentei
zgurii cauzate de descoperirea laser a tubului. Intrucat aderenta
zgurii joacd un rol cheie la inceputul taierii ar fi necesar sa se
elaboreze setiri ale laserului care sa cauzeze o aderentd redusa

their interactions, which cannot be easily obtained by routine
methods. Elaborating posterior surface treatment technologies
is decisive as well, because it changes the kerf width and the
wall thickness of the stents.

The testing of the properties of coated and uncoated stents,
carried out under realistic circumstances, and the expensive
pre-clinical and clinical tests, which are inevitable when
requesting approval from the authorities will be implemented
mostly in haemodynamic laboratories. The tasks comprise
experiments of sterilizing and mounting onto balloons as well
as determination of radio-opacity and measurement of balloon
expansion properties.

Developing the technology of mounting onto a balloon
catheter, optimised to profile size and flexibility is an important
subtask of this procedure. All partners participate in this phase
of the project and will select and develop the most suitable
balloon catheter and they will determine the optimal pressure
values at balloon expanding. The experts assess the strengths
and weaknesses of the new domestic stents clinical applications
by comparison with (benchmarking) tests.

Figura 9. iImbinarea sudata pe o singura parte /
Figure 9. One-sided welded joint

Within the frameworks of the development of new production
techniques based on laser technology, laser beam welding-based
manufacturing of stents made of wire (see Fig. 8+12, and
Table 3) is studied for AISI 316L steel.

Conclusion

The effects of the laser cutting speed parameters of precision
stainless steel tube were analysed. The following consequences
can be drawn:

Reliable cuts can be made with 9 and 15 mm/s settings. The
cut with 18 and 21 mm/s speed was not successful because of
the dross adherence caused by the laser cropping of the tube.
Since dross adherence plays key role at the beginning of the
cut it would be necessary to elaborate laser seftings causing
lower dross adherence [3]. These settings will allow cutting the
material faster. The form failures of the tube and misalignments
have to be analysed.
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a zgurii [3]. Aceste setdri vor permite taierea rapidi a materialului.
Trebuie analizate insuficienta formei si nealinierile.

Figura 1 1. Producerea si pasii expansiunii balonului /
Figure 11. Producing and balloon expansion steps

Figura 12. imbinarea sudata a stentului TentaFlex inainte si dupa
lustruirea electrolitica /
Figure 12. Welded joint of the TentaFlex stent before and after
electropolishing

Recunostinta

Autorii doresc sa multumeasca: Istvanne Hrotko, Mihaly
Portko, Tibor Berecz, Zsolt Puskas, Viktor [zapy pentru ajutorul
acordat in experimente §i analiza. Fondul DE Cercetare Stiintifica
Maghiar a sprijinit cercetarea: numarul proiectului este NKTH
OTKAK69122. '/;l

2y
2/2008

Scientific Research Fund supported this research: project
number is NKTH-OTKA K69122.

Table 3. Parametri sudarii laser pe o parte /
Table 3. One-sided laser spot welding parameters

Marimea punctului/Spot size (mm) 0.4
Putere maxima/Peak power (kW) 0,34
Durata impulsului/Pulse time (ms) 2.4
| Trageri /Shots (db/cycle) 2
Frecventa /Frequency (kHz) 2,5
Energia /Energy (J) 0,8
Puterea medie/ Average power (W) 2
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