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Cutting intricate MICrost

KLAUS VOLLRATH

NEW GENERATION LASER BOOSTS PRODUCTIVITY

AND QUALITY IN STENT MANUFACTURING

tent manufacturing processes currently involve few automated operations and
lack closed-loop process control procedures. New stent generations call for
more uniform characteristics and thus for a significantly higher degree
of process control. A key element for achieving these aims is a new diode-
pumped fiber laser cutting system excelling by speed, accuracy, and
an outstanding level of process control L.ipdbllltv
“The emergence of new generations of stents creates the need for
an in-depth redesign of the manufacturing process chain as a whole,”
reveals Dr.-Eng, Michael Giese, CEO of eucatech AG (Rheinfelden,
Germany), an innovative manufacturer of medical technology for
interventional cardiology and radiology with a specific focus on
stent systems and related application equipment. Stents are
expandable metal grid structures used to stabilize weak-
ened blood vessels, for example after removal of clog-
ging coagulations. Standard procedure for their dp])]l-
-ation is the introduction using a specialized catheter
and a subsequent expansion by a ballooning tip sec-
tion. Alternative technologies using memory effect
alloys have become av: ailable as well. Stents are
pr(xlucvd from thin-walled tubes made of high-
quality metal alloys such as stainless steel, cobalt
chromium alloys, or memory effect alloys such as
Nitinol. The hll;_,rvc intricate grid structures that
are the prerequisite for achieving their impressive
diameter expansion ratios, are produced using pre-
cision laser cutting techmology. With the challenges
resulting from new developments, manufacturers have
to focus on the stability and uniformity of cut-
ting process results.

Stents are filigree metal
grid structures used to
stabilize weakened blood
vessels, for example
after the removal of
clogging coagulations

Kilaus Vollrath

Objective: total quality management
“As any foreign material inserted into the body,
a stent will interact with its environment, cre-
ating an irritation that might interfere with the
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healing process,” discloses Giese. New devel-
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opments thus include stents with drug-eluting coatings con-
sisting of a biodegradable matrix releasing suited drugs such

as Paclitaxel over a period of 8 to 10 \\(‘('L\ after insertion.

But this improvement also generates higher requirements

to be met by manufacturing processes as tlm automatically

implies additional validations and approvals by bodies suc h

as the US Food and Drug Administration (F DA). In order
to ensure appropriate drug dosing, the latter prescribes a

very restricted scatter bandwidth for the total surface area of
the stent, thus significantly narrowing manufacturing allow-
ances from formerly some 15 percent to a mere 6 to 8 per-
cent, 'lhg{‘t] 1er with the trend to further reduce strut dimen-
sions from about 110 pm down to merely 60-85 pm, these

requirements exceeded the accuracy limits of the laser cut-
h]llfs\ stems the ¢ :ompany had previot isly used. Furthermore,

it became obvious that together with the shift to an enhanced

laser technology offering higher precision, the whole pro-
cess chain layout would have to be reassessed. In the long
term, the current semi-industrial approach involving multi-
ple manual operations and open loop, batch-oriented quality
assurance procedures will have to be replaced by a mono-
lithic, IT-based total quality management system involving
fully automated and controlled process chains “from tube
to stent” without any manual interference.

“The laser cutting process marks the very start of the
whole process chain—and is at the same time crucial for its
ultimate result,” adds Eduard Fassbind, CEO of swisstec
AG (Schaan and Ziirich, Switzerland), a company that has
specialized in the manufacture of high-precision laser micro-
machining systems as customized turnkey solutions. The
plant selected was the micro -T15F, a spcuahxvd tube cut-
ting system equipped with a diode-pumped red Power fiber
laser source from SPI (Southampton, UK) with a power rat-
ing of 50 or 100 watts. The unit has been carefully tailored to
hl]ﬁ[l d[l e ]lllr{'l]ll']lt'\ 1(][‘ t] ¢ lll(rl] pl{'( 1\1“]] l][(}(l!]( h.()]l Ui
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This expanded stent
displays the impres-
sive expansion ratio
the structure is able
to achieve

stents on an industrial scale. All components, starting from
the sturdy granite base structure, the linear drive x-axis and
the proven laser forming/focusing system right through to
the state-of-the art I'T control system are (le-\lgned for virtu-
ally maintenance-free 24/7 pl'()(lll(.tlt)ll service. The control
system includes a CCD camera monitoring system for the
laser beam focus on the workpiece. The plant excels due toits
very narrow laser focus of just 10-12 jpm and an outstanding
cutting speed of currently 500-600 mm/min as unnlmrﬂf
to the 150-250 mm/min achieved by its predecessor. Tests
conducted jointly with a customer have already revealed that

working

area with the

tube feeder (right) and
the laser unit (above)

with additional internal water cooling of the tube, cutting
speeds of up to 2000 mm/min are attainable.

“Among the features we welcome most with the new plant
is the transition from lamp pumping to diode pumping tech-
nology,” says Giese. The main problem with the lamps was
the fact t]mt apart from their rather limited service life of
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technology

Pictures from
acamera
“ monitoring the
laser cutting
process can
be displayed
on the monitor

some 2000 hours, their drift influenced
the characteristics of the laser beam
resulting in unstable processing param-
eters. All too often the result was batches
with substandard or even out-of-tolerance
products after only a few hundred hours
of service. Production then had to be
halted and could only be resumed after
the laser system had been thoroughly
readjusted, a task that could easily take
more than a full shift’s time span and
required the involvement of highly qual-
ified—and thus so paid—specialists.

In stark contrast to this situation, the
characteristics of the new diode-pumped
lasers can quite easily be adjusted by nor-
mal workforce and remain stable over
very long time periods, resulting in repro-
ducible processing results. Downtimes
have been halved, machine usability has
jumped to well above 90 percent, and
the share of out-of-tolerance products
has dropped significantly. On top of this
comes the superior processing speed of
the new systemn producing stents at twice
the rate achieved by the older worksta-
tions. The overall result is a very substan-
tial rise in the output of marketable prod-
ucts per unit and day.

“The new laser cutting system is just
the first building block having to inter-
face to further inspection and treat-
ment plants that will ultimately form a
complete automated production chain,”
explains Giese. Another key component
is a fully automated nptl(dl inspection
station that is capable of performing an
unmanned 100 percent optical qual-
ity assessment of the inside and outside
geometry of stents with a resolution of
just 1 pm. This unit is used twice, first
for an assessment of the stent lf{‘t)lllt‘tl'\
immediately after laser cutting and in a
second and more thorough 10uml after
the stent has passed further production
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steps such as electro-polishing and heat
treatment,

This inspection provides for a fast-
reacting quality control feedback to the
laser cutting unit enabling it to contin-
ually optimize production parameters
while, on the other hand, it becomes
possible to adapt certain parameters of
the electro-polishing process to geomet-

report

rical peculiarities of the current produc-
tion. During its second pass through the
optical inspection unit, a full assessment
of the surface quality of the stent is per-
formed in addition to a check for correct
form and geometry. The control system
will then compare the results toa knowl-
edge base of all defect types previously
lutfg;e(l by the company.
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