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update
Cutting seats for

LAND ROVER
TIPTON, WEST MIDLANDS, UK — CAB Automotive is a privately
owned Tier 1 supplier of interior trim parts to the automotive industry, with capabilities including product engineering, development, manufacturing, and assembly of automotive headliners, interior
trim, parcel trays, seating and trunk trim, and rail
seating solutions for mass
transit carriage, railcar, and
coach. CabAuto manufactures components such as
the parcel shelf for the Jaguar XF; molded carpets and
headliners for Aston Martin;
and seating, headliners, and
bespoke storage solutions
for the Land Rover Defender.
The company previously subcontracted out its entire laser cutting operations, but
decided that commercial factors made it favorable to move this
work in-house. It chose a Bystronic laser from World Machinery
and Lantek Expert CADCAM to nest the parts and create the
CNC programs. With the Bystronic laser cutting system, CabAuto can now do all its laser cutting in-house.
The principal project for which the laser system is used
is making seating components for the Land Rover Defender,
making 10,000–15,000 parts each week, with material ranging
from 1–8 mm thickness, in steel, aluminum, and Hypress steel,
explained manufacturing engineer Lee Macdonald. “Once the

components have been cut, the parts are formed, welded and
assembled, to make the seat frames. Due to the fast-moving
and cost-sensitive nature of our business, we need to achieve
rapid and reliable CNC programming and high levels of material utilization,” he said.
The Lantek software allows both automatic and manual
nesting, and its parallel processing technology gives speed
improvements of at least 30%. During nesting, the system
considers material type and thickness and can manage kits
of parts — nesting parts within one another
if possible — and manage the reuse of offcuts through a database to optimize material utilization. Features in the software can
save both material and time by reducing
wasted moves on the laser, increasing the
number of parts in a sheet, and speeding
up the handling of components once they
have been cut.
From its 110,000 ft. 2 facility, CAB
Automotive turns over in the region of £24
million and is a major employer in the area.
It is accredited to ISO/TS16949 and ISO
14001, and operates fully in accordance
with established automotive procedures. The company maintains a well-equipped on-site laboratory alongside extensive
CMM facilities and a modern BSR testing rig. Capabilities
include product engineering, development, manufacturing,
and assembly of automotive headliners, interior trim, parcel
trays, seating and trunk trim. The firm also does rail seating
solutions for mass transit carriage, railcar, and coach.
CabAuto’s performance as a world-class interior component manufacturer is built upon a recognizable culture of quality
driven by a passion for innovation, durability, and refined comfort.

Standing the heat: Laser processing alumina
RUGBY, UK — Alumina ceramic (Al2O3) is used to manufacture many items,
including medical prostheses, ballistic armor, laser tubes, and circuit boards.
Its popularity is due to its strength, durability, corrosion resistance, thermal
stability, and excellent dielectric properties. These characteristics also make
Al2O3 difficult to process — while strong in compression, the material is prone
to cracking from thermal stress, and traditional techniques such as diamond
grinding can be costly and time-consuming.
Rapid technological advances mean it is now possible to use Nd:YAG
and fiber lasers to achieve a high standard of finish, providing the necessary
levels of control using variable parameters such as spot size, peak power,
pulse duration, and frequency.
Optimized laser and processing parameters help minimize heat input, significantly reducing the risk of thermal stress, which can lead to cracking. Large
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FIGURE 1. (top) 1
mm alumina ceramic
(96%), 300 mm/
min, air assist gas;
(bottom) Trepanned
hole (0.5 mm dia.), 0.6
mm alumina ceramic
(99.7%), 200 mm/min,
air assist gas.
www
.industrial-lasers.com
__________________

| Zoom in | Zoom out | Front Cover | Search Issue | Next Page

M
q
M
q

M
q

M
q
MQmags
q

THE WORLD’S NEWSSTAND®

L

Previous Page | Contents

| Zoom in | Zoom out | Front Cover | Search Issue | Next Page

M
q
M
q

M
q

M
q
MQmags
q

THE WORLD’S NEWSSTAND®

_________________

____________

L

Previous Page | Contents

| Zoom in | Zoom out | Front Cover | Search Issue | Next Page

M
q
M
q

M
q

M
q
MQmags
q

THE WORLD’S NEWSSTAND®

L

Previous Page | Contents

| Zoom in | Zoom out | Front Cover | Search Issue | Next Page

M
q
M
q

M
q

M
q
MQmags
q

THE WORLD’S NEWSSTAND®

update

continued from page 5

scattering of the laser beam, which can be seen at some common
wavelengths, can be overcome through a combination of high
peak power, short pulses, and short wavelengths (1 μm).
For example, JK Lasers’ single-mode 200 W fiber
laser (JK200FL) with built-in modulation can achieve
good quality cuts
in Al2O3 up to 1 mm
thick (FIGURE 1). It is
possible to achieve
pulse widths as
short as 5 μs by
gating at a high
frequency (50 kHz);
depending on the
purity of the alumina, this can
provide dramatic
improvements to
process quality.

FIGURE 2 shows examples of edges that have been cut with a
lamp-pumped pulsed Nd:YAG laser (JK100P). The combination of
high peak power (10 kW), short pulses
(15-200 μs) and high repetition rate
(2000Hz) make this laser well-suited
to cutting Al2O3 up to 2 mm thick. It
is possible to cut up to 3 mm with
multi-passing.
The results demonstrate that both
fiber lasers and lamp-pumped pulsed
Nd:YAG lasers can machine Al2O3
between 96%–99.7% purity. With
FIGURE 2. (top) 1.2
no evidence of micro-cracking or
mm alumina ceramic
dross along the cut edge, these
(96%), 250 mm/min, air
lasers offer manufacturers a viaassist gas; (botto
om) 0.5
ble alternative to traditional promm
m alumi
mina
na cer
eraamiic
cessing techniques.
(9
99.7%
7%)),
), 650 mm/
m/min,,
For more information, visit
airr as
ai
assi
sist
si
st.
st
www.jklasers.com.

Fast prototyping brings lighting
products to market quickly
ROCHESTER HILLS, MI — A lighting manufacturer set itself
the task of leading what it calls “the LED lighting revolution,” aimed at making traditional energy-intensive lighting technologies obsolete with a line of LED architectural
lighting products that allow optimal distribution of light with
3-Dimensional Services
minimal power consumption, incorporating breakthroughs in
created three different
optical, electronic, and mechanical design as well as thermal
management. A growing number of companies are seek- tools along with three
ing to establish themselves as players in this young market, additional tools for
softer metal could be machined faster, very
bending operations, plus
so this company knew it had to quickly get its new lighting
accurately, and to a high-quality finish —
other processes, to produce for the parts’ intended environments, they
product to market.
the LED light fixtures.
Essential to that aim was getting the required prototype
needed to have a Class A finish, with no
parts, and that help came from 3-Dimensional Services. The
wrinkles, nicks, or flaws.
firm specializes in design, engineering and analysis, in-house tool
Next came forming on three of 3-D’s numerous presses, from 20
construction, and complete build of prototype first-off parts and
to 75 for each of the three sizes, which were taken back to a 5-axis
low- to medium-volume production runs, which enables them to
laser for final trimming. The parts were then transferred back to the
provide actual prototype parts up to 70% faster than conventionhydraulic presses for secondary bending operations, in which some
ally equipped prototype shops.
of the trimmed edges were flanged or hemmed — this required three
While the company created the lighting modules for the new prodbending tools (one for each part size), created using the same techuct line, 3-Dimensional Services was tasked with creating the metal
nology and with the same speed as the three original forming tools.
fixtures that would house them. Low-carbon steel blanks were laser
The parts underwent final checks, then were powder coated and
cut to near-finish dimensions on one of their 5-axis lasers.
shipped. All of this was accomplished within the 3-4 week timeframe
Three different sizes of fixtures were needed, the largest of
the customer had specified.
which measured 2 x 4 feet, which required three different form3-Dimensional Services Group consists of 3-Dimensional Sering tools. Three 3-piece forming tools consisting of punch, die,
vices, Urgent Plastic Services, and Urgent Design & Manufacturing.
and draw ring were designed. Machining programs were generTogether they design, engineer and build functional prototype parts
ated from these designs and offloaded to the company’s CNC
and low- to medium-volume production parts faster than convenmachines, and developed from the resulting designs. The parts
tional prototype shops. For more information, contact the company
were cut from aluminum rather than from tool steel, because the
at www.3dimensional.com.
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Welding Cutting Drilling
sales@jklasers.com

Powerful. The new
1kW Fiber Laser
The new JK1000FL from JK Lasers offers exceptional levels of power and control for a wide range
of industrial welding and cutting applications.
JK Lasers has over 30 years of experience in industrial laser solutions.
The JK1000FL is the latest model in their successful range of Fiber Lasers to benefit from
this.

Excellent beam quality
Patented back reflected protection
Integrated FiberView™ software
Fast modulation
Customisable pulse shaping
Multiple delivery fibre options
Range of processing tools for welding and cutting
Minimal service requirements
For more information visit their website at
www.jklasers.com or call +44 (0) 1788 517 800

ww
JK Lasers, part of the GSI Group
Rugby, England - UK
Tel: +44 (0) 1788 517800
Fax: +44 (0) 1788 532605
Email: sales@jklasers.com
Web: www.jklasers.com
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Remote laser welding
THE CAPABILITIES OF REMOTE OPTICS
MUST BE WEIGHED AGAINST
PRODUCT DESIGN RESTRICTIONS

GEERT VERHAEGHE

he key drivers for automotive seat production are lightweight and low-cost structures on a global vehicle platform. The requirement for reduced CO2 emissions
through weight reductions is driving the need for joining thinner and higher-strength
steels and/or multi-material structures. However, the most competitive low-cost
structure can only be achieved by adopting a modular manufacturing approach
that can be tailored to a customer’s individual needs. To achieve these competing requirements, conventional processes such as spot and arc welding are being
pushed to the limits, and in some cases have already reached
their full potential. Even for a relatively young process such as
laser welding, the pressure is on to reproducibly deliver quality at ever higher productivity. This is the reason Faurecia continuously investigates how laser technology can be used in a
smarter way — and why a major shift took place recently to
produce work pieces with remote laser welding (instead
of using the conventional fixed optics), which offers flexibility and productivity in an environment where thinner
and increasingly higher strength steels are part of the
seat structure design.
Faurecia Automotive Structures (FAS) is part of
global Tier 1 supplier Faurecia, which manufactures
seat structures, vehicle interiors, exhaust systems,
and front-end structures for the world’s key OEMs.
In terms of seat structures, a distinction is made
between the front seat structures (FSS), as shown
in FIGURE 1, and rear seat structures (RSS), which
can either be individual seats or, for most mediumclass vehicles, a seat bench structure, as shown in
FIGURE 2. The RSS can be a single part or divided in
segments (60-40 or 40-20-40). Regardless of their
make-up, RSS have a very different design compared to FSS, which is determined by the vehicle’s dynamic performance requirements. In general, RSS comprise thin-sheet panels welded onto
a strong substructure, whereas FSS comprise a
backrest frame attached to a cushion structure by
the recliner, and mounted on tracks attached to the
car body for forward-backward movement.
Historically, FAS has been involved with laser materials processing since 1999 with the very first welding of recliner parts using CO2 lasers. In the following
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for automotive seat
production
years, the number of applications grew steadil, until FAS first
used CO and lamp-pumped Nd:YAG lasers for FSS backrest structures and tracks. Between 2003 and 2006, a revolution took place in the laser world with the advent of both
fiber and disc lasers. In 2008, FAS reviewed its position
and adopted a completely different mindset in its joining
technology. Where in the past, metal arc gas
(MAG) and resistance spot welding (RSW)
were conventionally used for seat structures, remote laser welding was being
pushed to the foreground as the preferred solution to weld different modules of a seat structure, offering flexibility in producing the required product
performance, using a variety of material grades and thickness at a high pro- FIGURE 1.
Front-seat
ductivity rate, and thus minimum cost.
structures.
With this mindset change also came a
big step in terms of laser materials processing, with remote laser processing
replacing fixed optic welding due to the process’ flexibility and
productivity advantages. Now, a standard remote laser processing system at FAS is comprised of a 6kW Trumpf TruDisk
laser, a 200 μm processing fiber, and a 450 mm focal length
PFOscanning optic. (PFO stands for Programmable Focusing Optic, which is the Trumpf trade name for its remote
processing scanning optics.) The PFO is mounted on a sixaxis articulated robot arm from ABB used in two processing
areas arranged in an L-shape configuration, as shown
in FIGURE 3. The changeover to remote laser processing and the chosen cell configuration insures maximum
equipment usage and improved quality at a lower cost,
while offering a flexible production line capable of meeting the customers’ needs.
For a RSS, the use of remote laser welding is obvious: a large number of short (stitch) welds all positioned
in the same plane is shown in FIGURE 4. The welds are
made in an overlap configuration, joining a thin-sheet
back panel, typically between 0.6–0.8 mm in thickness,
to a subassembly that comprises mostly thin (typically
between 0.8–1.5 mm in thickness) pressed sheet parts.
www
.industrial-lasers.com
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The substructure is designed
to give the RSS its required
mechanical performance, e.g.,
stiffness and luggage impact.
As all the welds are in the same
plane, a 2D remote processing
optic can be used. The main challenge for this application is in the
design of the clamping arrangement, which must provide a minimum joint gap between the overlapping sheets to guarantee a consistent
weld quality, and sufficient access for
the laser beam so that the entire RSS
can be welded with a minimum number of
positions of the scanning optic.
Typically for a FSS (FIGURE 1), 30 welds are
needed to weld the backrest subassembly to the
recliner mechanism. Currently, laser welding is not
used at FAS to manufacture any of the cushion assemblies.
The welds that constitute the backrest structure (including
recliner) are positioned in many different planes, which allows
the use of a 3D scanning optic. For a given backrest structure (including recliner), the challenge remains the programming of all welds with a minimum repositioning of the scanning optic. The use of
FIGURE 2. Rearan external positioning axis can thereby
seat structures.
assist. The RSS assembly is mostly

MAY/JUNE 2012 Industrial Laser Solutions
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Today, steel is still the preferred
material of choice for seat structures — this means from a processing point of view, no shielding
gas is needed locally to prevent the
weld region from oxidation. However, the use of a high beam quality
solid-state laser results in amounts
of plume and/or plasma just above
the processing point, which creates a thermally affected region
extending far above the processing point. As this impedes the efficient transfer of energy into the
material, FAS is carrying out extensive studies to create the optimum
processing conditions using air
suppression mechanisms tailored
to its specific seat structures and

FIGURE 3. Remote laser welding of FSS.
comprised of short stitch welds on two overlapped sheets.
However, for joining the recliners (FIGURE 5) to the backrest
structure, non-linear welds are the preferred choice, often
a full circle, with the precise length and non-linear geometry
determined by the service performance. It is noteworthy that
this frame-recliner area in particular takes most of the load
on impact. For these joints, both overlap and butt joint configurations can be used, with the choice determined by the
specific seat design. In the case of a butt joint geometry, the
geometrical tolerances of the part design
and the laser system positional accuracy
FIGURE 4.
need to be perfectly matched to insure the
Rear seat
correct beam-to-joint alignment and there- structure with
fore the weld quality.
weld close up.

FIGURE 5. Laser-welded recliner and bracket.
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their clamping arrangement, and
thereby to guarantee productivity
and a consistent weld quality.
When using remote scanning
optics for automotive seat structures, it is important to fully understand the capabilities of the scanning optic, from its positional
repeatability to the beam characteristics over the full three-dimensional working range. The latter is
especially important to assure a
given weld aspect ratio and weld
quality over a complete seat structure. In high-volume automotive
seat production, with 1000 frames
produced per day, the impact of
www
.industrial-lasers.com
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intellicube® 14

More information at:

Wondering how to create a high-end laser processing system despite intense cost pressure?
Use SCANLAB’s intellicube® – the smallest smart scan head with high-performance dynamics.
The intellicube® combines the advantages of SCANLAB’s successful SCANcube® and intelliSCAN®
scan head platforms:
      
       
       
   
Want to know if intellicube® is the right scan system for your application?
Contact us at info@scanlab.de.
See you at our booth #4C37 at LASYS
in Stuttgart, Germany, June 12 -14.

www.scanlab.de
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fume build-up inside the laser processing cell needs
attention. This is not something laser system suppliers or
system integrators have a great deal of experience with,
so in-house investigations are essential to assure, for a
given product and clamping arrangement, an adequate
cell extraction in combination with the aforementioned

r e p o r t

air suppression mechanisms.
Faurecia takes prides in delivering quality products to
its clients. From a laser welding point of view, this means
mastering the process to assure a consistently high laser
weld quality. This has led to in-house standardization, not
only of the cell configuration and operation, but on many

About Faurecia
Faurecia (www.faurecia.com), an automotive supplier with locations in 33 countries,
works in partnership with the world’s largest automakers. In 2011, the Group posted
sales of €16.2 billion and is listed on the NYSE Euronext Paris stock exchange.
Faurecia holds a leading position in each of its core businesses: automotive
seating, emissions control technologies, interior systems (instrument
panels, door panels and modules, acoustic solutions, etc.), and
automotive exteriors.
With 84,000 employees, 40 research & development centers
and 270 production plants, Faurecia supports automakers
around the world, helping develop a safer, more comfortable, and
more environmentally friendly car of tomorrow.

Superior Positioning Solutions
for Laser Micromachining
Linear Stages

Direct-Drive Rotary Stages

• Models with travels from
50 mm to 1.5 m

• ER16 collet accepts up to 5.8 mm
O.D. tubing

• Speeds up to 2 m/s

• Integral water jacket with scalable
O-ring seal for wet cutting
applications

• Side-seal design with hard-cover
• Low-cost; high performance

PRO Series

• Clear aperture for product feedthrough

• Ball-screw or linear-motor-driven
models

Cylindrical Laser
Machining Systems

Linear Motor
Gantry Systems

• Integrated linear/rotary
motion platform

• Velocity to 3 m/s and
acceleration to 5 g

• Advanced control
architecture

• Exceptional accuracy and
performance for improved
throughput and yield

• Single- or dual-spindle
configurations
VascuLathe® DS

• “Sealed” versions and
custom options to suit your
application range

Dedicated to the Science of Motion
Aerotech, Inc., 101 Zeta Drive, Pittsburgh, PA 15238
Ph: 412-963-7470 • Fax: 412-963-7459 • Email: sales@aerotech.com

www.aerotech.com
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other levels, including:
Process knowledge: In addition to the training offered by
suppliers, Faurecia has developed its own training course to
transfer knowledge on laser materials processing from the
central advanced manufacturing engineering teams to the
application teams and the plants where laser systems are
or will be used.
Laser system acceptance: As each scanning optic is unique,
Faurecia has developed its own procedure to characterize it
and compare it against a Faurecia norm, to assure that the right
quality is achieved for every weld in a complete seat structure.
Welding procedure: For each material grade and thickness
combination used in its seat structures, Faurecia has developed
weldability trials on coupon, substructure, and structure levels
to guarantee the product’s required performance.
Welding acceptance criteria: Faurecia has developed welding acceptance criteria for frames, tracks, and recliners, defining the level of weld imperfections that can be tolerated for the
individual products.
Process assessment procedure: This in-house procedure
guides new program applications and plants through the necessary steps that are needed to implement laser welding technology onto the shop floor.
Since 2008, Faurecia’s vision in terms of remote laser welding of seat structures has become a reality. The possibilities

r e p o r t

offered by this process are truly impressive. Nevertheless,
further development work is ongoing within Faurecia’s seating division to advance this technology to the limits. For
example, with the remote processing optics, any weld shape
can easily be produced, facilitating fitness-for-purpose welding by tailoring the shape of the weld to the required local
mechanical performance. And, for the larger rear seat structures, the use of welding-on-the-fly with remote processing
optics can further drive down the cycle time. However, this
process, as with any other technology, is not one-size-fits-all,
and the advantages and capabilities of remote optics need
to be weighed against the restrictions of product design,
which calls for a close collaboration between design engineers and process engineers.
And there remains work to be done by the suppliers, too.
For instance, there is still variability in the beam characteristics over the optic’s full operating envelope. Although considered minimal from an optical point of view, these can affect the
weld geometry and quality within the working range. And, to
assist in the quality assurance for high-volume seat production,
there is a strong need for more and robust solutions in terms
of process monitoring. ✺
DR. ING. GEERT VERHAEGHE (geert.verhaeghe@faurecia.com) is master welding expert at Faurecia, based in Faurecia Autositze GmbH, Stadthagen, Germany.
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A healthy production line
has a strong pulse.

Introducing
g Synrad’s
y
first pulsed
p
CO2 laser
Synrad Inc., the world’s leading manufacturer of industrial CO 2 lasers is proud to announce the
introduction of the 100 Watt Pulstar p100, the ﬁrst in a new series of pulsed CO2 lasers. Speciﬁcally designed to
meet the specialized demands of applications where faster speeds, deeper cutting and minimal charring is crucial,
the Pulstar p100’s exceptional performance and versatile, efﬁcient design sets the new standard for
pulse power performance. For more information, visit www.synrad.com/p100.html today.

Peak pulse power > 390 Watts  Peak pulse energy > 190mJ
Average power > 100W  M2 value < 1.2  Fast rise time of < 40μs
Pulsed operation up to 100kHz  Duty cycle range of 0% - 37.5%
Max pulse width of 600μs  Protective optical window

Synrad, Inc - 4600 Campus Place, Mukilteo, WA - 98275 - USA - tel: 1.425.349.3500 - email: synrad@synrad.com - web: www.synrad.com
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M DE W IT
MA
ITH A LOW-POWER BEAM
AM PROCE
ES S

of long focal length. This large distance
between the focusing lens and the focused
spot is needed because the rapid manipulation of the laser beam required for the SurfiSculpt process is achieved by orthogonally
mounted and galhis article relates to a new
vanometer driven
power beam process that
beam scanning
enables controlled surface
mirrors. Recent
features to be produced on
developments in
a range of substrates such
this latter field have
as metals, polymers, and
produced a new
ceramics. In application, a
generation of laser
rapidly scanned power beam melts material. The
beam scanning
molten material subsequently moves, in part, due
systems capable of
to the surface tension generated by a temperature
operating with kilogradient created across its surface. Note that no
watts of laser beam
material, for example wire or powder, is added; the
power. In the work
process is entirely autogenous in nature. How the
described here,
FIGURE 1. A
material moves, and ultimately the shape of the feaboth disc and fiber lasers have been used at relarange of conical
tures produced, can be determined by precisely contively modest laser powers of between 200–1000
features produced
trolling the beam path and its speed over the surface.
W, in conjunction with two different laser beam
on titanium. The
The process can manufacture features that may be
scanning systems. FIGURE 1 provides an initial indiheight of the
cation of the type of features that can be produced
identical or different. In particular, the scale of surtallest cone is
using this technique.
face features available offers performance benefits
about 3 mm.
FIGURE 2 shows a simple representation of how a
for a number of applications, including orthopedic
linear feature is developed using this process and
implants, composite to metal joining, heat exchangshows successive movement of a laser beam focused on the
ers and aiding in the application of ultra-thick coatings.
surface of the material.
A key characteristic of the process is that the beam makes
Directional movement
Note the direction of the
multiple returns to the same point and multiple swipes to
Protrusion
of the beam
beam’s motion. Material
sequentially build individual surface features. These characmelted by the beam on
teristics differentiate it from conventional surface texturing
its first pass flows back
processes. Both electron beam and laser beams can be used
Hole
along the beam path
to produce features by this method, which has been tradebefore it solidifies, promark-registered as Surfi-Sculpt. This article will discuss the
ducing a slight protrulaser variant, in which optical power is used to melt and dission at the initial point
place material, thereby creating the surface feature.
FIGURE 2.
of contact of the beam and a slight depression
To perform this work, two recent developments in laser mateCreation of a
at the end of the beam “swipe”. Provided the
rials processing are utilized. High-brightness lasers have the
linear surface
heat input to the process is correctly managed,
advantage that their beams can be focused to small spots
feature.
then successive swipes of the beam magnify this
of high power density, while still using a beam focusing lens
PAUL HILTON AND JONAT
ATHAN
N BL
BLACK
ACKBUR
BURN
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thermal conductivity, and reactivity to atmospheric oxygen will all play a part.
FIGURE 4 shows a series of protrusions produced
on a 7000 series aluminum plate made in air. In
this case, the laser power was 1 kW from a disc
laser and the sweep speed of the beam was 26
mm/sec. The height of each feature is about 2.5
mm. For comparison, FIGURE 5 shows features produced using a similar scan pattern on titanium
plate (using an argon shield). This time, a laser
power of 750 W was used, and 16 legs form the
200 μm
basis of the feature. The domes produced were
again about 2.5 mm in height.
FIGURE 3. Left: SEM image of a series of linear surface features in titanium. Right:
FIGURE 6 shows the construction of a “wall” feaPhoto of the same feature. Note the level of reproducibility in the features.
ture in Inconel alloy using the 200 W single-mode
fiber laser. In this case, the
effect to the point where protrusions several
scan patterns all termimm in height can be formed.
nated at the same point.
FIGURE 3 shows an SEM image and photo
The feature height is about
of such a linear sculpted feature. Each feature
2 mm. This type of scan
was built up from 400 repetitions, one on top
pattern and others have
of the other, over a 4 mm swipe length. The
been combined to produce
laser beam scanning speed was 600 mm/sec.
the array of features shown
The SEM images, in particular, show clear eviin FIGURE 7.
The experimental work
dence of cyclic movement and solidification of
has shown that the promaterial. The features shown were made using
cess works best if the
a 200 W single mode fiber laser and a conintervals between parventional laser marking scanner and software.
ticular swipes in the feaFIGURE 4. Features in 7000 series aluminum.
More complex shapes
ture are arranged so that
Introducing more complexity to the scan
the temperature distribupattern enables more complex shapes to be
tion in the work piece is
formed. In the initial series of experiments,
carefully managed. Withpatterns were limited by the sophistication of
out attention to this point,
the scanning software packages, which were
treatments may not pronot written with this process in mind. Howduce high-aspect-ratio
ever, several interesting possibilities were still
builds of any kind, or may
possible, such as the cones shown in FIGURE 1.
give features that self-limit
These were made by successively scanning
in height or even simply
the beam away from a central position, while
melt. Software packages
rotating the swipe angle during the beam-off
available with current laser
time. The fine features shown in FIGURES 1 and
scanning systems cannot
3 were produced with a laser spot size estiaccommodate this capamated to be about 40 μm in diameter using
bility easily, for the simFIGURE 5. Features in titanium.
the single-mode fiber laser. It was also posple reason that they were
sible to produce similar effects using highernever designed to do so. It
power multi-mode fiber and disc lasers. All the features shown
is thus felt that to fully optimize the capability of this new proin FIGURES 1 and 3 were made on titanium plate using argon
cess, some alterations to the existing software controlling the
shielding gas. The process works in a similar way on Inconel,
scanning laser beams will have to be made, if the process is to
C-Mn steel, 304 stainless steel and even 7000 series aluminum.
be implemented simply in an industrial context.
However, for the same processing conditions and programmed
The work described here indicates that a wide variety of surface
scan path, each feature is slightly different. These differences
features can be reliably produced in a range of metallic materials
are believed to be due to the physical properties of the differusing a relatively low-power laser beam. Furthermore, the cost of
ent materials and how these relate to the physics of the prosuch a system, including a small fiber laser and a conventional
cess. Clearly, viscosity of the molten material, its surface tension,
laser marking scanner, is reasonably cheap.

14

Industrial Laser Solutions MAY/JUNE 2012

L

Previous Page | Contents

www
.industrial-lasers.com
__________________

| Zoom in | Zoom out | Front Cover | Search Issue | Next Page

M
q
M
q

M
q

M
q
MQmags
q

THE WORLD’S NEWSSTAND®

L

Previous Page | Contents

| Zoom in | Zoom out | Front Cover | Search Issue | Next Page

M
q
M
q

M
q

M
q
MQmags
q

THE WORLD’S NEWSSTAND®

a p p l i c a t i o n

r e p o r t

Emerging applications

There are a number of emerging
applications for fine-feature surface manufacture — for example,
biomedical devices and implants,
where the integration of implants
into the body is highly dependent
on the surface. Specific smallscale features are required to
promote bone growth, for example, and these features are presently difficult and expensive to
produce by other methods.
The process described here
FIGURE 6. Wall feature made in titanium.
offers the benefits of being relatively fast, allowing close control
FIGURE 7. Array of features made in titanium.
of feature shape and ensuring surface features are firmly bonded
so that they do not detach from the implant. In addition, from electronic devices to aircraft engines, currently available heat transincrease the surface area for heat transfer, and introduce vortices
fer surfaces and structures limit product performance. New and
into the airflow over the surface, both of which enhance microbespoke surface features are needed to provide additional freethermal management. More effective heat transfer would allow
dom of design that will address the need to reduce size and weight
components to be reduced in size for a given thermal performance
and improve efficiency.
requirement, reducing material consumption.
Thus, there is a demand for sophisticated, cost-effective, volIn the area of lubricating surfaces and surface tribology, comume surface manipulation of heat-exchanging surfaces (e.g., fins) to
ponent design dictates the wear rate and time between servicing
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of many products (e.g., bearings, mechanical seals, and
vehicle engine parts). Designers require intelligently tailored bearing surfaces, leading to reduced friction and
wear, oil and fuel consumption, and emissions. This
is particularly relevant to
the automotive and aircraft
industries’ drive to meet proposed European mandates,
e.g. for NOx, CO2 and particulate emissions. Bearing performance is also relevant for
many other sectors, including process plant, aerospace,
and domestic products.
Designed surface textures of
micro-features are needed to
serve as micro-hydrodynamic
bearings in cases of full or
mixed lubrication, micro-reservoirs for retention of lubricants, or micro-traps for wear

r e p o r t

debris in lubricated or dry sliding.
Finally, the application and performance of thermal barrier coatings for
high-temperature devices, deposited
by current process technology (e.g.,
plasma spray or physical vapor deposition) is limited by the relatively low
strength of the coating to substrate
bond — the impact of thermal expansion mismatch at elevated temperature
often causes premature component failure. Enhanced
surface structures can be used to both grade coatings
and provide enhanced mechanical locking to the surface,
which would be beneficial in emerging power generation
technologies such as biomass combustion waste incineration, where combustion products are particularly aggressive to structural materials.
The final image (FIGURE 8) shows a series of laser
induced features on the side of a stainless steel cylinder
having a diameter of approximately 30 mm. The cylinder
can be rotated across a surface requiring perforation. ✺

FIGURE 8.
Approximately
250 features
provide a
perforating
surface on this
stainless steel
cylinder.

PAUL HILTON and JONATHAN BLACKBURN are with TWI Ltd Great
Abington, Cambridge, UK. For further information, contact paul.hilton@twi.
co.uk or jon.blackburn@twi.co.uk.
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LASER BENDING RESEARCH NEEDS
TO BE ECONOMICAL AND PRECISE

JORGE RAMOS GREZ

T
Beam
expansor
device

Scanners

F-theta
lens
60 W CO2 laser
Holding assembly

FIGURE 1.
Experimental
set-up.

he forging of metals has been an ongoing joining technology throughout the history of manufacturing. By 4000
BC, men were able to form and shape spears, knifes, and
swords out of brass; later, thin sheets were turned into
cooking utensils and similar articles. The application of
heat together with pressure over the cast metal allowed
it be morphed into the needed geometry — the basis of
today’s thermo-mechanical based processes.
Later on, iron and its alloys replaced copper-based alloys, becoming a strategic
material even up to present times. However, regardless of the metal alloy type, the
forging process still is widely used today in the different manufacturing methods that
can be applied. Nowadays, most metals alloys can be found in either cast or wrought
shape; the latter can be further produced under a cold or hot forge process. However,
the wrought alloy, in the form of a sheet or plate, must then be further processed, e.g.,
severed, joined, or bent. In that regard, laser cutting and
welding are well-established processes that add value to the
wrought product. On the contrary, laser-based bending or
y
x
forming processes (sometimes this latter term refers to net
Testing plate
shaping as in laser cladding or 3D/additive manufacturing)
Camera
are still a matter of numerous laboratory research, with little
success on introducing them into the shop floor.
Sheet bending is commonly done at cold or ambient temperature; it simply consists of a punch (a hardened metal tool)
that is pressed against the wrought sheet, the latter typically
resting on a die. However, depending on the thickness of the
metal sheet, as for example naval industry parts, where hulls are made out of 3–5 in.
thick steel plates, the required curvature is given by pressing on the surface of the latter,
but assisted with localized heat to soften the metal and allow it to flow with ease (yield
point reduction as well as stiffness decrease). Heat is normally applied in the form of an
oxygen-acetylene torch, or in some cases, a plasma torch. The temperature of the flame
will dictate how the temperature distributes on the sheet, causing — apart from softening of the material — the generation of permanent thermal stresses which, as expected,
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introduce strains to comply with the overall sought-out geometry.
In the naval industry application context, perhaps the first effort
to seriously research laser bending took place during the late
1970s and early 1980s at Professor Masubuchi’s1 laboratory at the
Massachusetts Institute of Technology’s (MIT) Department of Ocean EngiSS
y
neering (today called the Department
of Mechanical Engineering). The basic
x
principle was to replace the flame or
plasma torch by a controllable heat
source such as that of an industrial
CO2 laser. The relative motion of the
FIGURE 2. Step
beam with respect to the sheet, as in
scanning parameters.
cutting and welding, should create an
intense thermal field on the surface,
which under the right control should avoid causing melting of the
latter. The thermal field would thus introduce thermal expansion
that would in turn be constrained by the cold material away from
the laser beam. This would cause the localized thermal expansion to be turned into a compression, and, if of the right magnitude, pass from the elastic into the plastic regime, thus causing a
permanent shortening of the layers near the surface of the sheet.
The need to comply with a given geometry would cause the sheet
to commonly bend toward the laser beam, thus introducing a
thermo-mechanical deflection toward an equilibrium angle. This
angle was typically a fraction of a degree; therefore, to achieve
large bending angles, the processes would need to be repeated
several times, on the order of 20 to 40 times. Moreover, in between
bend increments, the sheet should be allowed to cool down to
room temperature so that the initial thermal conditions (e.g. room
temperature) were kept. If this were not
the case, then the possibility of reaching melting would be inevitable.
Research at MIT

The MIT research was focused on thick
sheets using multi-kilowatt laser units.
Concern was then put on the aspects
of the CO2 laser surface interaction, as
this conditioned the amount of heat that
could enter into the sheet. What was then
noticed was the difficulty to achieve the
exact same bending angle every time a
sheet of the same material was treated
using the same process parameters.
By then it was known that the bending
angle was directly proportional to the laser power and inversely
proportional to the laser beam speed. The master thesis of Hsiao2
considered intensive FEM simulation work on thick sheets. He was
able to show that the effect of both power and velocity combined
in a given parameter, such as Plaser /vlaser , would render different
angle results for equal parameter values generated from different
power and velocity numbers. Simultaneously, interest from Boeing
Aircraft Company on superalloys formed this way was also
embraced by this research group during the late 1990s.
Industrial Laser Solutions MAY/JUNE 2012
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Research at Erlangen

By the end of the 1980s, research emerged at Erlangen in Germany, where the work of Gieger and Vollersten3 consolidated the
basic theory of the two principal mechanisms, which seemed
then to control the process, namely the temperature gradient mechanism (TGM) and the buckling
mechanism (BM). Vollersten developed a simple,
rather illuminating model of the TGM, which conSW
sidered the material as a bimetallic sheet on which
the laser was heating the upper layer. This upper
layer underwent plastic compression according
to the temperature increment on the sheet, which
in turn was established by the laser’s power, its
relative speed, and the material’s thermal properties. The equation is rather simple, thus convenient for engineering purposes,
and it does not depend on the length of the sheet but rather on
the inversely proportional thickness (t) of the sheet:

Δθ=

ηPlaser α
ρCpvlasertsheet

where Δθ is the bending angle increase after one laser scan (in
radians), η is the laser material coupling efficiency, P is the laser
power (W), α is the coefficient of thermal expansion (1/°Kelvin), ρ is
the density of the material (kg/m3); Cp is the heat capacity (joules/
kg/°Kelvin), and v is the laser’s relative speed (m/s). This expression only represents the bending angle increase after one complete
laser scan, starting on one edge of the flat sheet and ending on the
opposite one, always starting at room temperature.
The buckling mechanism, on the other hand, is more cumbersome. It is based on the fact
that the plastic compression can be of such magnitude and cover the whole
depth of the sample so that
an elasto-plastic instability
may occur (unstable permanent bending of the sheet)
in either direction, away or
toward the laser beam.
Research at Liverpool

During the mid-1990s,
research also moved to the
UK at Bill Steen’s laboratory in Liverpool. Research
FIGURE 3. Bending angle and
was sponsored by British
curvature of the process.
Aerospace in an attempt
to introduce the technology into the manufacture of certain aircraft components which
needed bending in very difficult to reach areas. This research
conducted by Dr. Magee4 was focused on aerospace material
such as Al 2024 T6 Alclad and Ti 64Al4V. The integrity of the
sheets was an issue at that time, as the heat treatment commonly
done on this aerospace alloy could in certain cases be destroyed,

.

.
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affecting the mechanical properties afterwards. Attempts in this laboratory were also
focused on multiple scan passes of the laser beam to produce concave-convex objects.
The future of laser bending

The future of laser bending lies in the capability of modulating the laser energy in space, either
with fast-moving galvo mirrors or some form of photomasking technique, to rapidly deploy
the required input energy at several locations over the sheet and thus be able to achieve complex curved shapes.
FIGURE 1 shows the
Measured angle (degree)
setup
used by the
100
author’s research
80
team: a low-power, 60
5 mm
W tightly focused CO2
60
laser has been used
to
bend thin SAE 302
40
SS
sheets using a ras10 mm
20
ter
scanned
(actuated
15 mm
by Cambridge Tech0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
nologies’ galvos) pattern.5, 6 This laser patIteration number (n)
tern is characterized
FIGURE 4. Measured angle, SS = 0.5 mm., STS = 7.5 mm/s for
by two parameters:
three different scan widths.
the scanning step
(SS) and the scanning width (SW), as seen in FIGURE 2. This process allowed not only the bending angle, but
a curvature as well, as observed in FIGURE 3. In FIGURE 4 it can be seen how the bending
angle increased for every scan iteration, as a function of the scan width given by the laser
pattern. Currently, control of this process is still a challenge for this research group as is
modeling,7 as it requires intensive numerical simulation based on inverse thermal problems that can estimate what distribution of heat must be applied to obtain specific deformation in space and time. This would certainly have the advantage of replacing in part the
hard tooling required today to manufacture complex metal parts. The latter is known to
be economical only for large series (in the thousands of parts), but for short series (only
hundreds) laser bending could definitely be an alternative.

BEIJING JCZ TECHNOLOGY CO., LTD
With excellent technic and sincere
service, BJJCZ is your best choice of
partner for laser marking/ cutting/
welding application. JCZ commits to
the development of motion control
system used in laser machining
device.Presently, we supply the
whole solution for laser marking
/cutting/ welding application.These
hardware and software products all
adopt many advanced technology
and take a leading role in performance.

Laser marking software

USB board

Scan head
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Go-3axis scan head

Conclusion

The challenge offered by laser bending in the years to come is indeed motivating, and will
certainly keep several research groups throughout the world busy trying to find economical venues to control the process and achieve sophisticated and precise forging results
without physically touching the material. ✺
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F

or decades, lasers have been a wellestablished tool in the development
and production of medical devices.
Here, in parallel with other industrial
application areas, fiber lasers are now
gaining a significantly increased market share. For minimally invasive surgery and miniaturized implants, most of the next-generation
products are getting smaller, requiring extremely materialsensitive processing — and laser technology is the ideal solution to meet upcoming requirements.
Most of the welding, cutting, engraving, Laser pulse length
or marking processes shown in FIGURE 1
cw
are potential areas for the use of fiber laser
concepts. There are three different types of
fiber laser concepts applied in the develop- ms
ment and production of medical devices:
continuous wave (CW) modulated, pulsed/
q-switched, and MOPA (master-oscillatorμs
power-amplifier) configurations.

r e p o r t

medium throughput (especially for manual welding systems),
spot sizes exceeding 0.1 mm (to bridge larger joint gaps), or
when high-reflective materials have to be processed (requiring high peak power).
CW (modulated) fiber lasers must be focused down to very
small spot sizes to achieve sufficient power density for generating a deep keyhole-shaped weld. This requires a very tight
part fit (almost zero gap tolerance), with beam positioning more
precise than is usually necessary in welding operations. To
overcome this issue, the weld pool size must be enlarged while
Polymer welding
Metal welding

Processes with
deliberately high heat input

Cutting
Drilling

Fine laser welding
ns
Lasers create high-strength and heliumtight welds in metals, glass, and polyMarking
mers, where the laser welded joints can be
used for high-temperature sterilization that
ps
exhibit pore-free surfaces without secondfs
ary finishing operations processes — cru0.1
cial requirements for biocompatible components. Excellent laser beam quality, high
pulse-to-pulse stability, and flexible pulse
shaping are the preconditions for the finest seam and spot
welding of biocompatible alloys.
For years, these requirements have been successfully
accomplished with flash lamp-pumped Nd:YAG lasers. Now,
fiber lasers are beginning to take over specific applications.
Until recently, the lower-pulse peak power of fiber lasers
has been a drawback in certain welding applications; CW
fiber lasers were mainly used when applications required
high throughput, narrow seam width, deep penetration, or
CW operation due to metallurgical reasons. Pulsed Nd:YAG
lasers offered benefits when applications called for low to
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Scribing,
perforating
Thin film
removal

Processes with low
heat affected zones

Surface structuring
1

10
Processing depth

“Cold” cutting
100

1000

maintaining sufficient power density. FIGURE 1. Classification
of laser applications
A flexible way is to oscillate or wobble
the laser beam with galvo- or piezo- in medical device
manufacturing
driven mirrors at a speed of several
according to a typical
milliseconds.
pulse duration used.
With the development of pulsed
fiber lasers that produce several hundreds of watts average power and
offer millisecond pulses, with a peak power of up to 10 times
the average power level, it is now possible to achieve welding
results similar to pulsed Nd:YAG lasers. The fiber laser offers
www
.industrial-lasers.com
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higher wall-plug efficiency, easier integration into workstations, and
highly flexible pulse shaping. These fiber lasers have the potential
to substitute for flash-lamp-pumped solid-state lasers, even if the
initial investment costs are currently still higher.
As shown in FIGURE 2, the most common laser application areas
in manufacturing medical devices and instruments comprise welding operations are:
• Endoscopes
• Surgical instruments (knives and probing devices)
• Pacemaker housings and leads
• Wire stents
• Stent marker
• Vascular clamps
• Dental implants
2 mm

Fine laser cutting

FIGURE 2. Typical processing results on typical medical devices:
Laser fusion cutting, where an inert gas is used to expel molten
pacemaker (top left), welded wire stent (top right), endoscope
metal from the cut area, is applied when flat or tubular shaped base
flange weld (center right), stent marker weld (bottom left), and
materials must be cut into shapes to create medical devices with
sealing of glass tracers (bottom right).
the least amount of post-processing. For decades, lamp-pumped
Nd:YAG lasers with microsecond-pulse durations were used for
these material processing operations. Fiber lasers are now takThe most well-known application is the production of coronary
ing market share from conventional solid-state lasers, offering the
stents (FIGURE 3), made from different materials such as stainless
steel, CoCr, or NiTi-shape memory alloys, where fiber lasers have
benefits of easier system integration, lower operating consumpbeen substituted for other solid-state lasers. Using high-peaktion costs, and better beam quality.
power, CW-modulated fiber lasers such as that shown in FIGURE 4
Most of the cutting applications for medical devices are in the
can cut Nitinol (NiTi50) up to a thickness of 1.0 mm with excellent
thickness range of 0.2–1.0 mm. Because the cut geometries for
quality and cutting speeds of up to 20 mm/s.1
medical devices are typically complex, fiber lasers used in medical device manufacturing are operated often
in a modulated pulse regime. The peak power
level must be significantly above CW level to
reduce residual heat affects through more efficient material removal, especially in thicker
cross-sections.
Fiber laser fusion-cutting operations are
used during the manufacturing process of
many different medical products:
• Surgical instruments (scull drills, knives,
hip milling devices, bone saws)
• Cartridges (insulin dispensers)
1 mm
200 μm
• Needles
• Implants (stents, bone connectors)
FIGURE 3. SEM pictures of laser-cut stents.
www
.industrial-lasers.com
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FIGURE 4.
Laser cutting
of stents
using ROFIN
workstation
StarCutTube.

Still, the as-cut quality of fusion laser-cut
components is not quite suitable for direct
implantation into the human body, so edges
have to be rounded off and any melt deposit
removed. On stainless steel and CoCr tube
materials, the slag and dross removal on the
inner tube walls can easily be removed by
ultrasonic means. However, it is much more
time consuming to remove unwanted melt
deposition in medical implants made from
NiTi-shape memory alloys where a high
degree of manual work is involved, often leading to unacceptably high yield losses. More filigreed parts, for example neuronal stents with
outer tube diameter below 200 μm, cannot be
mechanically post-processed at all.
Laser “cold” cutting

The only chance to avoid the generation of
large melt pools during the laser cutting process is by the use of ultrashort pulses delivered by a new type of fiber laser concept.2 Using pulse widths
below 10 picoseconds (ps), material processing can be achieved
with reduced heat affected zones and melt generation. Because
of the low single-pulse removal rates of ultra-short pulses, eco-

nomic cutting speeds of
1-10 mm/s are only possible when compensated by high pulse
repetition rates in the
range of 100-1000 kHz,
leading to a very high
degree of pulse overlap, typically 99.95%. A distribution of the
pulse energy by fast scanning cannot be
applied with that cutting application. A side
effect of high degrees of pulse overlap is
that heat can accumulate easily, and even
pulses in the picosecond range can lead to
unwanted distortion of the medical device.
To produce medical micro-implants free
of distortion, the pulse duration has to be
further reduced by a factor of 10; this is
accomplished through decreased thermal
penetration depth of shorter pulses, and
higher effectivity of the material removal
process to minimize heat-affected zones.
Results of tube cutting trials with varied laser pulse durations
indicate that cutting speed can be doubled when pulse widths of
below 1 ps are applied.2 This leads to less heat input into the base
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materials, meant to dissolve after implantation within the human
body to avoid the risk of re-clogging (stenosis) of vessels. The hottest candidates for such polymer materials are derivatives of polylactic and polyglycolic acids (PLGA), with melting temperatures in
the range of 170-230 °C. FIGURE 5 shows a PLGA demonstrator tube,
cut by a fiber laser with extremely high surface quality, showing a
negligible heat-affected zone at the cut wall.
Summary

FIGURE 5. PLGA-demonstrator micro part of 250 μm wall
thickness, cut by ROFIN StarFemto laser with minimum heat
affection.
material and it is obvious that it is more beneficial to use 500-800
femtosecond (fs) pulses for cutting applications with high pulse
overlaps instead of typical laser pulses of 6-10 ps.
Even more obvious is the demand for ultrashort-pulsed lasers,
when the next generation of medical implants is eventually
approved for surgical implantation. Development departments at
the large medical device companies are working on bio-absorbable
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manufacture custom
laser machine tools.

PhotoMachining, Inc.
Contact sales@photomachining.com
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Web site: www.photomachining.com

www
.industrial-lasers.com
__________________

L

Previous Page | Contents

Fiber lasers are continuously substituting other laser concepts in
medical device manufacturing. Former expectations, that highpeak-power welding and cutting applications will not be addressable by fiber lasers in the near future, had to be revised quite a while
ago. Even femtosecond laser pulses of MW-peak power can be
realized through fiber laser MOPA designs, and are a great tool for
high-quality “cold” processing. Today, fiber lasers provide an ideal
concept for most of the welding, cutting, and engraving applications within the production chain of medical devices. ✺
ROLAND MAYERHOFER (r.mayerhofer@baasel.de), Dieter Mairhoermann, and
Michael Mueller are with ROFIN-BAASEL Lasertech, Starnberg, Germany.
1. Mayerhofer, R., Mairhoermann, D., Müller, M., Röhner, M., Geiger, S., Holtz, R., Rüttimann, C.:
“From CW to FS: Fiber Lasers for Medical Device Manufacturing“, Proc. ICALEO, 2012.
2. Mielke, M.: “High Energy Ultra Fast Fiber Laser Systems at 1552 nm for Industrial Applications”,
FISC Workshop, Dresden, 2010.
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MID-INFRARED LASER WAVELENGTHS
OPEN UP NEW PROCESSES

TONY HOULT

T

he telecom crash in the late 1990s
constructing continuous beam paths within fibers; these are
can be seen in hindsight as a pivvery familiar techniques for those in the fiber optics industry.
otal event in the history of industrial
This fit-and-forget process is at the heart of the success of
lasers; from it emerged industrial
the fiber laser, as it removes the need for maintenance issues
fiber laser technology. The exisassociated with other types of industrial lasers.
tence at that time of in-depth sciFiber lasers in the mid infrared
entific and engineering expertise
The infrared portion of the electromagnetic spectrum is usuin active fibers and fiber amplifiers, combined with the availally divided into three regions; the near-, mid-, and far-infrared
ability of an extensive toolkit of components, enabled a brisk
(FIGURE 1).1 Our concern here is with the higher-energy near-IR
scaling-up of laser power into the multi-kilowatt regime.
regime, approximately 0.8–2.5 μm wavelength. Laser scienThe industry’s shift to fiber laser technology is now chaltists are familiar with CO2 lasers where electromagnetic bonds
lenging well-established lasers in many sectors of the indusbetween atoms are seen as quantum mechanical springs —
try. CO2 and Nd:YAG laser technologies are now almost 50
years old, but the huge success of this new technology
for example, the asymmetric vibrational state of the CO2 molecule is close to the stretching state of the N2 molecule, so
comes as no surprise to those who have worked with both
energy exchange between the two molecules occurs and lasthe old and the new. The major impacts have been in multiing in the far IR occurs.
kilowatt metal processing and in low-power general-purpose
Mid-IR wavelengths are part of the fiber laser story, and
laser marking, but there is also rapid progress in other areas.
thulium was seen very early on as a candidate rare-earth ion
The following presents the emergence of a new process for
dopant for fiber lasers, because the many Tm 3+ transitions
a new class of mid infrared longer wavelength fiber lasers.
allow a wide range of
While the differences between a
useful wavelengths to
CO2 gas laser and a fiber laser are
Absorption (1/cm)
obvious and these two technolobe generated using
gies cannot be confused, the difsilica-based
fibers
6
10
5
ference between a fiber laser and
in
the
2
μm
spec10
4
a fiber-delivered laser is not always
tral
region.
Strong
10
immediately apparent. The technolabsorbance by water
103
2
ogy change comes from generating
occurring
around
10
the beam within the fiber itself, and
this wavelength led
101
the inclusion of other optical fiber
to an early inter100
components within the same con- 10-1
est in thulium fiber
tinuous hermetically sealed fiber- 10-2
lasers for superficial
10-3
optic beam path. This contrasts
tissue ablation with
10-4
with fiber-delivered lasers, where
minimum coagula10 nm
100 nm
1 μm
10 μm
100 μm
1 mm
10 mm
the beam is generated by an array
tion depth, a form of
Wavelength
of solid-state optical crystals and
“bloodless
surgery.”
Ultraviolet
Far IR
EHF
Vis Near Mid IR
IR
discrete optical components and
Many other nonis delivered to the workpiece via
materials-processfiber for only the final part of its jour- FIGURE 1. IR wavelength ranges and water absorption peak vs.
ing applications have
wavelength.1
ney. The fiber laser is produced by
led to the availability
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of a range of optics for these
appropriate for high-volume manufacturing
wavelengths.
processes. The existing through-transmisIt has been known from
sion laser welding (TTLW) technique gaining
previous work 2 and from
acceptance within industry only allows lap
spectroscopic data that many
joints with one absorbing and one transmitting
polymer matrices absorb
component to be welded. Also, as it employs a
more efficiently at this wavenear-IR laser, it is unable to weld clear-to-clear
length, but the reason why
polymers unless an additive is used, such as
is not immediately clear. In
Clearweld infrared dye, and this can make the
this mid-IR range, the speclaser process unacceptable.
tra from even the simplest
Preliminary trials
polymer materials are comTrials were conducted to confirm the improved
plicated by numerous vibraabsorption levels of a 1940 nm thulium fiber
tional modes and are not simlaser beam on many thermoplastics; results on
ple symmetrical peaks. The
polycarbonate
(PC) are reported below. Using
wavelength equivalent for a
FIGURE 2. Outline of weld volume, 22 layers of 0.1 mm
a
4.2
mm
diameter
collimated beam, power
C-H bond absorption peak is
thick virgin LDPE.
was maintained below 5
typically 3225 nm, well away
W to ensure no significant
from the range of the thuTABLE 1. Absorption of Makrolon polycarbonate at 1940 nm.
heating or melting.
lium laser. The energy transiTHICKNESS (MM)
0.5
0.8
1.4
2.0
2.5
5.7
This data shows that
tions in the stretch vibrational
% LOSS
10
14
18
18
25
44
10%–45% absorption
states of these C-H molecuoccurs volumetrically in
lar bonds in high-density polythis clear sheet material depending on sample thickness. These
ethylene (HDPE), for example, are therefore small compared to the
results can be compared with those from a commercially available
binding energy of electrons in a carbon atom. It appears, however,
transmission tester that uses a 0.8 mW diode laser source at 850
that the prominent absorption closest to 1940 nm is the first overnm, which showed >92% transmission on all samples.
tone of the prominent fundamental C-H stretching absorption at
As heat input to the sample is increased incrementally and by
1724 nm. Having said that, mid-IR developments are underway and
exercising careful control over the temporal and spatial character3225 nm laser wavelengths are now becoming available. This will
istics of the beam, melting occurs in a highly controllable manner in
be an interesting area for future work.
materials up to 6 mm thick. A simple lap joint with very basic clampWith the availability of much higher average power at these
ing was all that was then required to produce optically clear spot
wavelengths and the high water absorption, please ensure relewelds between two faying surfaces of like thermoplastics. Relative
vant safety standards are followed for guidance. Even the phrase
motion between the laser beam and the melt zone produced linear
‘less unsafe’ perhaps should not be used!
welds, controlling relative speed and power (line energy) penetraThulium fiber lasers for polymer welding
tion in a manner analogous to welding of metals.
Although 50 W average power thulium fiber lasers have been comThe cross section of the multi-layer joint in low-density polyethmercially available for several years, recent developments have
ylene (LDPE, FIGURE 2) was prepared as a simple way of delineating the melt zone. In polymers this is more difficult than for metpushed average power to >100 W while still maintaining a highals, where conventional metallography can be employed. As with
brightness single-mode beam, with a power level and $/W cost
www
.industrial-lasers.com
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4 mm

FIGURE 3. Material failure surface at
interface of 3 mm diameter PC spot weld.

Discussion
FIGURE 2 clearly shows the volumetric

absorption of the laser beam in multiple
thicknesses of LDPE, which serves two
purposes: it shows layers of polyethylene
joined together by a high-quality weld, and
clearly outlines the melt zone confirming
volumetric absorption, as expected from
a consideration of Beer’s Law. The classic
derivation of this law divides the absorbing sample into thin slices perpendicular
to the beam, and tells us that light from
each subsequent slice is slightly less
intense. For a parallel beam of a specific
wavelength of monochromatic radiation
passing through a homogeneous solid
material, the loss of radiant intensity (ΔI)
is proportional to the product of the path
length through the material Δx and the initial radiant intensity:3
ΔI = ITΔx
where T is the absorption coefficient and
represents the relative loss of radiant intensity per unit path length in the material.
An important contrast exists with 4 mm:
the longer-wavelength far-infrared regime
is where almost 100% absorption occurs,
and the polymer welding process is limited
to thin films due to the relatively slow conduction processes involved.
With fine-tuning of the welding process,

FIGURE 4. 4 mm diameter optically clear
spot weld through 2 mm thick unmodified
polypropylene.

80 μm

2 mm

FIGURE 5. < 0.1 mm weld lines in Zeonor
cyclic olefin polymer, 2 mm long simulated
microfluidic device.
spot or seam welds with no visible charring or degradation were readily achieved.
This simple welding technique has since
been applied successfully to a wide range
of thicknesses of many polymer materials (FIGURES 4 and 5). For materials ranging
from 0.1–3.0 mm thickness, this absorption appears well-suited at this wavelength
for welding many optically clear thermoplastics. The use of high-brightness fiber
lasers allows long focal length low f-number lenses or even collimated beams to be
employed, as large spots and low power
density (typically < 500 W/cm2) only are
required for polymer welding. As many
thermoplastic polymers are well-known
for their tendency to distort when welding, this enlarges the operating envelope
of the process considerably, and removes
the need to focus on a particular plane at
the joint interface as has been necessary
when lower-brightness lasers are used, so
access for tooling is also much improved.
Although the Gaussian nature of a singlemode beam may at first glance be considered detrimental, optical techniques for
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4 mm

all welds, strength depends largely on the
weld area at the interface, and mechanical testing has shown that joint strengths
greater than the strength of the parent
material can be readily produced. FIGURE 3
shows a spot weld fracture surface in polycarbonate where cohesive material failure
has occurred.
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producing top-hat beam shapes are now
available for this wavelength4 and may in
some circumstances be required. Optically transmissive clamping devices can
be used to produce smooth weld surfaces
on rigid polymers.
There are many benefits to this process:
• Butt and lap joints are possible
• Light clamping pressure only is required
• Transmissive clamping plate is not always
required
• No extra absorbers are required
• Optically clear defect-free welds are readily obtained
• Low-heat-input, sub-0.1 mm wide weld
features are achieved
• Long focal length lenses or collimated
beams rule out access issues.
What may turn out to be most important of
all is that this new laser wavelength allows
a far greater temporal and spatial control
of heat input into polymers than has previously been possible — this may well have
some very interesting consequences!
Summary

Fiber laser technology has broadened out
into many sectors of the laser materials
processing industry. Multi-kilowatt fiber
lasers compete with other laser technologies, fiber laser powered marking systems
now dominate general purpose marking,
new quasi-continuous wave (QCW) fiber
lasers replace flash lamp-pumped solid
state lasers, low-nanosecond pulsed
lasers are now established and sub-nanosecond lasers are under development, and
fiber laser components already are widely
employed in the pico and femto-second
regime. With mid-infrared laser wavelengths opening up new processes such
as that reported here, this trend looks set
to continue apace. ✺
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Laser brazing dissimilar
metal medical devices
SEAMLESS JOINING ELIMINATES ADHESIVES

GEN SATOH AND Y. LAWRENCE YAO

T

he joining of dissimilar materials
is a critical issue in the continued
development of advanced medical
devices due to the unique properties possessed by materials such
as nickel titanium (NiTi), platinum (Pt), and stainless steel (SS).
Requirements for joining dissimilar biocompatible materials
can stem from introducing unique functionalities through the
use of shape memory alloys such as NiTi in conjunction with
SS, or for decreasing costs while maintaining exceptional
corrosion resistance in Pt-to-SS joints. To address these
requirements, a new laser joining process is under development to form autogenous (no filler material) joints between
dissimilar, biocompatible metal pairs. The autogenous laser
joining process would enable seamless joining of these components and eliminate the need for proprietary adhesives and
filler materials used in many current designs.
Laser-based joining processes, due to their low thermal input
and small spot size, have become the primary joining mechanism of metallic parts in medical devices such as pacemakers. The advantages of lasers in joining processes over conventional heat sources, such as minimal heat-affected zones
and controlled energy delivery, are vital to medical device manufacturing processes due to the thermal sensitivity of components as well as their continued miniaturization. Dissimilar
metal joints, however, are often complicated by the formation
of new phases such as brittle intermetallics within the joint that
leads to low strength and premature failure.

Autogenous laser brazing

While the majority of laser-based joining processes use the laser
input to directly melt the base or filler materials at the joint, the
autogenous laser joining process is designed to form joints that
are significantly smaller than the laser beam spot size by taking
advantage of heat accumulation at the joint interface. This joining process involves laser irradiation of one of the base materials which is scanned toward the dissimilar metal interface.
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filler material

FIGURE 1. Schematic
diagram of proposed
autogenous laser
brazing process for
wire-to-wire (~400
μm in diameter).
Wire-to-wire process
utilizes a Gaussian
laser intensity
distribution.

Laser parameters such as power and speed are chosen
such that the equilibrium temperature of the irradiated piece
does not exceed its melting temperature. Heat accumulation
due to the thermal resistance of the interface causes the temperature to rise above the melting temperature of one of the
base materials as the laser beam approaches, forming a molten layer. The laser beam is turned off as it reaches the interface and the melt layer is quenched when it comes in contact
with the adjacent cold work piece, forming an autogenous
braze-like joint. A schematic diagram of the joining process
is shown in FIGURE 1.
The autogenous laser brazing process aims to minimize mixing of the two materials due to the small melt volume, high
quench rate, and localized melting of one side of the weld
joint to reduce brittle intermetallic formation. Another benefit
of the localization of heat is that it allows for joining of material pairs with similar melt temperatures with minimal mixing.
FIGURE 2 shows temperature profiles from a thermal model
of a laser beam scanning toward a wire-to-wire interface. An
increase in temperature as the laser beam reaches the interface is observed due to heat accumulation.
Experimental setup

NiTi and stainless steel 316L wires, roughly 380 μm and 368 μm
in diameter, respectively, were chosen for joining experiments.
NiTi and SS have received particular attention for use in
medical devices; stainless steel for its low cost and proven
www
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biocompatibility, and NiTi for its
FIGURE 3. Optical
a)
super elastic and shape mem- micrograph of dissimilar
ory properties. Prior to join- metal joint between
ing, one end of each wire was
NiTi and stainless steel
ground flat, perpendicular to the
observed from the a) top
axis of the wire, and assembled
and sides b), c) of the
b)
in a welding fixture. The ground
joint. Sample irradiated
faces of the samples were held
on NiTi side of joint.
together using an axial force
during irradiation by a continuc)
ous-wave Nd:YAG laser operating at a wavelength of 1064
nm. The Gaussian laser spot was controlled to be the same
size as the diameter of the wires. Laser power was adjusted
up to a maximum of 4.75 W while scan speed and scan distance were adjusted between 0.2–1 mm/s and 1–2.5 mm,
respectively. Laser joining was performed in an inert environment of ultrahigh-purity argon gas which was flowed into the
welding fixture.
Weld geometry
FIGURE 3 shows a typical joint created using the autogenous laser

brazing process. Overall, the joint shows a clean outward appearance with no obvious signs of porosity or cracking. No large-scale
deformation of the wire is observed, indicating that significant melting of the base materials did not occur during processing. FIGURE 4
is an optical micrograph of the same sample after cross-sectioning along the Y-Z plane. A clean interface is observed with little to
no porosity, no cracking, and no signs of incomplete joining at the
interface. The joint itself is narrowest toward the center of the wires
and wider along the top and bottom surfaces.
Compositional analysis

Quantitative energy-dispersive x-ray spectroscopy (EDS) profiles
performed across the NiTi-SS interface at different depths from
the irradiated surface are shown in FIGURES 5A–5C. Between the

Laser scan path
Interface

NT11

+1.600e+03
+1.492e+03
+1.383e+03
+1.275e+03
+1.167e+03
+1.058e+03
+9.500e+02
+8.417e+02
+7.333e+02
+6.250e+02
+5.167e+02
+4.083e+02
+3.000e+02

a)

b)

c)

FIGURE 2. Thermal model of autogenous laser brazing process
showing thermal accumulation at joint interface as laser
beam approaches. The upside-down triangle symbol indicates
the position of the laser beam: a) equilibrium temperature
distribution far from interface; b) beginning of thermal
accumulation at interface; and c) melting of interface.
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two base metal compositions is the joined region
showing a mixture between
Fe, Cr, Ni, and Ti. The extent
of this mixed region indicates
the width of the joint. This
SS
NiTi
specific sample shows joint
widths ranging from between
roughly 5–25 μm. The different shapes of the composiNiTi
SS
tion profiles suggest that different joining mechanisms
are dominant along different
regions of the joint. Toward
the laser-irradiated surface
the melted layer thickness
is greater, which indicates a longer melt duration, allowing greater
dilution of the stainless steel into the molten NiTi. Toward the center
of the wires, where minimal mixing of the two materials is observed,
the melt layer thickness was likely significantly smaller. The composition profile in this region resembles a diffusion-controlled process
while the upper layers resemble a fusion-based joining mechanism.
FIGURE 5 also shows that the joint width is significantly smaller than
the beam spot size of 400 μm — this confirms that the mechanism of joint formation is not direct melting by the laser beam, but
thermal accumulation
as desired.
25 μm
(i)
FIGURES 6a and 6b
show compositional
maps over the fracture
(ii)
surfaces of a joint created using the autogenous laser brazing
process, where red,
green, and blue represent Fe, Ni, and Ti,
respectively. Both fracture surfaces are dominated by green and
blue, which indicates
that fracture occurred
in the Ni- and Ti-rich
regions of the joint.
(iii)
Quantitative measurement of the composition puts the fracture
surface within the joint
rather than within one
FIGURE 4. Optical micrograph of
of the base materials.
joint cross-section. Upper mixed
Regions with primarily
region outlined with dotted lines.
red coloring indicate
Note existence of non-zero joint
incomplete joining or
width particularly on top and bottom
fracture in the base
surfaces of joint.
SS wire. The existence

SS

NiTi
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FIGURE 5. EDX line scan composition profiles for scans a) i, b) ii, and c) iii from FIGURE 4. Note change in width of mixed zone (joint width)
at different locations along wire thickness.
of incomplete joina)
b)
ing at the interface was observed
to be a function of
scan speed at constant power. As the
laser scan speed is
increased, the overall energy input into
the wire is reduced.
This can have the
FIGURE 6. Representative EDS maps of fracture surfaces on a)
effect of decreasing
the melt layer thick- the NiTi and b) SS sides of joint. Red, green, and blue represent
ness or eliminat- Fe, Ni, and Ti.
ing the melt layer all
together, causing insufficient melting to
cover the entire faying surfaces.
Joint strength

An ideal joint between dissimilar materials
will have a strength that exceeds the weaker
of the base materials. The stainless steel
wire yields at an applied load of roughly
280 MPa and fractures at a load of nearly
560 MPa after significant plastic deformation. The super elastic NiTi sample initially
deforms elastically until the phase transformation from austenite to martensite occurs
at a stress level of 470 MPa. After the load
plateau, another linear elastic region is
observed, and fracture is observed at
nearly 1.5 GPa of applied stress.
FIGURE 7 shows a typical fracture surface as seen through electron microscopy
for a sample joined using the autogenous
laser joining process. The surface has a
morphology indicative of quasi-cleavage
fracture, and as discussed above, fracture

30

10 μm

FIGURE 7. SEM of fracture surface for
sample irradiated on SS, suggesting
quasi-cleavage fracture.
is believe to be occurring within the joint,
not in the base material. For experiments
at low scan speeds (up to 1 mm/s), the
maximum joint strength reaches roughly
275 MPa. While this strength is roughly
equal to the yield stress of stainless steel,
appreciable plastic deformation within
the stainless wire before fracture is not
observed. Recent experiments at higher
velocities and powers (up to 2 mm/s
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at 8 W) have shown fracture stresses
exceeding 470 MPa. It is believed that the
increased scan speed allows for greater
heat localization and accumulation to
form a smaller melt pool over a shorter
time duration, leading to reduced mixing
between base materials and reduced
intermetallic formation.
Conclusion

A new joining process, laser autogenous
brazing, has been investigated for creating seamless joints between two biocompatible materials, NiTi and stainless
steel 316L, for medical device applications. The joints show strengths that
approach the yield stress of the stainless
steel base material during tensile testing
and have fracture surfaces indicative of
quasi-cleavage fracture.
Recent experimental results show further increases in fracture strength to levels
above the yield stress of the stainless steel.
EDS mapping of the cross-sections indicated that joint widths were significantly
smaller than the incident laser beam diameter, suggesting melt pool formation due
to heat accumulation. The joint strengths
achieved suggest that laser autogenous
brazing is a viable and promising method
for creating robust joints between the NiTi
and stainless steel biocompatible dissimilar material pair without filler materials, and
is expected to be applicable to a wide variety of other dissimilar metal pairs. ✺
GEN SATOH and Y. LAWRENCE YAO are with the
Manufacturing Research Lab, Columbia University, New
York, NY, gs2358@columbia.edu.
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my view
Will the auto industry drive the
next laser growth spurt?
STILL MANEUVERING

INTO A KEY MARKET

32

M

aking it in the automotive
industry has always been
seen by industrial laser suppliers as an endorsement of
their products’ use in difficult manufacturing operations. From the 1979-80
Nissan, Toyota, and Honda installations of threeaxis laser trim line die cutters and the 1979 GMC
truck and bus welding of bus roof panels, every
victory was hard-won, and notable setbacks like
the now infamous 1973 Ford purchase of an underbody welding system were devastating to a
nascent industry.
Then successes, spectacular at the time —
such as the 1986 Volkswagen installation of a
laser/robot system for online cutting of air conditioning ports,
and the 1980s replacement
of electron beam systems
with high-power lasers
at Ford Transmission —
buoyed the industry as the
increasing usage of thencalled “unconventional” process gained acceptance by a toughto-please industry.
I presented a first-time view of lasers in
the automotive industry at a 1988 meeting in
Stuttgart, and since then I have tracked their
penetration into the auto industry, reporting on
this periodically in ILS and at many international
conferences. Over the years, the number of new
annual installations increased to a peak in 2006
when about 75 significant installations of highpower lasers for welding were made in OEM
plants. Since then, annual installation locations
are around 30-40 per year.
Counting only installations at OEM automakers and their Tier One suppliers, I estimate at least
3000 industrial lasers are being used for welding
and cutting operations in global auto plants. Considering that in 2011 more than 60 million cars
were made by 37 companies, with 24 of these

Industrial Laser Solutions MAY/JUNE 2012

L

Previous Page | Contents

making more than 500,000 and the top eight making more than three million each, the number of
laser installations is not that large — leaving room
for lots of expansion.
China took the top spot in 2011 with more than
14 million cars built last year, in a low-growth year
for auto sales in that country. We don’t have a
good handle on the use of high-power lasers in
the Chinese auto plants, but we speculate that it
may be at a lower level than in Western countries.
With the cost of labor increasing in China, one
could expect a move to more automated — and
laser-oriented — manufacturing. Europe, on the
other hand, seems to be in a bit of a muddle right
now as reports of slipping sales are appearing
due to the dismal economic situation. North America had a good year as the economy brightened
and the US automakers returned to profitability.
Volkswagen, a well-documented laser processing innovator, has moved up to number two as
a carmaker, just 900,000 cars behind GM which
regained the number one slot. VW has a policy
of standardizing auto production in all its global
plants, so a laser installation in Germany would
be replicated in South Africa, etc., which is great
for laser sales.
The top eight automakers operate about 500
plants worldwide, so recent laser applications
spreading throughout the industry, such as the
spurt of roof-to-side wall joining operations, can
ratchet laser sales up quickly.
The pot of gold that attracts laser suppliers
is the potential for laser spot welding to replace
the current resistance spot welding process.
Replacing thousands of resistance spot welders
with lasers could be a marketer’s dream. Handor robot-held, lightweight, fiber-delivered laser
energy sources have been introduced and may be
the forerunner of laser replacement of the resistance welding process.
David A. Belforte
belforte@pennwell.com
www
.industrial-lasers.com
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