Key criteria for choosing
a laser manufacturer
can be established by a
single attribute.

Cutting-edge.
Unwilling to settle for anything less than the
optimal fiber laser source, AMADA became the first
manufacturer to develop its own fiber laser specifically
engineered for cutting. From its state-of-the-art Laser
Manufacturing Facility in Brea, CA, AMADA also pro• Fiber Laser Cutting Systems
• CO2 Laser Cutting Systems

duces world-class lasers and automated systems to
meet the distinct needs of North American fabricators.
As the global leader in the engineering and
manufacturing of advanced metalworking equipment
and automated systems, no other company is better
equipped to provide you with the ideal laser cutting
solution for your specific needs. If compromise is not
an option for you, contact AMADA today to resolve the
challenges you face.

• Full Range from 2kW - 9kW
• Punch/Fiber Laser Combinations
• Punch/CO2 Laser Combinations
• Rotary Index Systems with both Flat and
Tube Cutting Capabilities
• Modular Automation Systems that easily
transition from a single cycle loader to a
multi-shelf tower system that supports
multiple lasers
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Laser cladding
refurbishes a 20-ton
gyratory cone crusher
and shaft. (Courtesy:
LaserBond)
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Fiber laser system cuts parts for bicycles
—
Hope Technology manufactures aftermarket
components for bicycles, exporting half of its
rapidly expanding production to more than 40
countries. The business, which was founded in
1989, now employs around 130 people and was
based on a quest to make mountain biking safer
by developing an alternative to cantilever brakes.
Founders Ian Weatherill and the late Simon
Sharp, ex-Rolls Royce aero engineers and toolmakers, developed a brake disc inspired by
those used on motorcycles. Now, the brakes are
manufactured in the tens of thousands
annually, along with sprockets,
chain rings, and other components that go onto a mountain
bike (FIGURE 1).
By mid-2015, one of
the company’s 70 CNC
machine tools on the shop
floor, a Bystronic BySprint
CO2 laser cutting machine,
was struggling to keep up
with the factory’s 24/7 operation. So Lindley Pate, works
and production manager at
Hope Technology, knew that fiber
laser cutting was a maturing technology—so the company installed a 4kW Bystronic BySprint
Fiber 3015 machine.
“We use relatively thin materials, such as 2mm stainless
steel for brake discs and up to 6mm aluminum for some
sprockets,” Pate says. “For thinner gauges, compared with
an equivalent CO2 source, the fiber laser produces components three times faster. It has made a fantastic difference
in helping us to meet the sheer volume of orders.”
The machine is equally capable of handling much thicker
material. The company often processes 12mm-thick aluminum tooling plate to produce fixtures for other machines
on the shop floor.
A further advantage of fiber laser cutting, Pate says, is
the high cut quality using nitrogen exclusively as the cutting
gas. “The as-machined edges on stainless steel appear polished, so brake discs, for example, need no edge finishing.
They go straight to onsite heat treatment,” he explains. “This
is in contrast to production on the previous CO2 machine,
which left a residue even when nitrogen was used. Oxygen as the cutting gas is not used at all here to avoid the
problems associated with oxidation of the cut metal edges.”
BARNOLDSWICK, LANCASHIRE, ENGLAND
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FIGURE 1. Hope Technology’s chain
rings and brake discs (inset) are used on
mountain bikes.

Pate adds that other factors in favor of
fiber laser cutting over CO2 are more consistent accuracy, less machine maintenance, and
more economical running costs, both in terms of the
amount of electricity used and the lower requirement for
cutting gases. There is now no need to use helium gas
at all (which runs all the time on a CO2 laser machine),
resulting in further savings.
Bicycle components cut on the company’s fiber laser
system are mainly brake disc blanks from 410 stainless steel
sheet in soft condition (FIGURE 2). The discs are either onepiece varieties or two-piece assemblies requiring an outer
band of the same material and a floating center of 2014 aluminum, which is also cut on the machine. The company also
produces sprocket blanks from 7075 aluminum, as well as
bike maintenance tools, merchandise such as bottle openers and key rings, and parts for display stands and trophies.
Maximum sheet dimensions that can be accommodated on the fiber laser cutting machine’s table are
3.0 × 1.5m, which is generally the size used when producing aluminum parts. However, in the case of the specialty
stainless steel that the company buys, the mill supplies
the sheet in a variety of strip sizes—typically 330–550mm
wide by 1000–1500mm long—which is placed transversely
across the machine’s shuttle table for processing.

www.industrial-lasers.com
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Building Blocks
for Your Next
Multi-Kilowatt
Fiber Laser

TrueMode™-kW
Fiber Laser Cavities
True Single-Mode output
Universal pump acceptance
Low non-linear effects

Up to 6kW TrueM2™
Beam Combiners
>95% transmission
Small form factor
Low beam parameter
product output

Visit www.ofsoptics.com
for more information!
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output from a sheet,
according to Pate
(FIGURE 3).
Laser cutter programmer Mark Jolly
likes the useful scrap
cut-down feature in
BySoft that cuts big
areas of waste material inside a component into several smaller pieces.
It avoids the risk of a
large piece of scrap
distorting upwards,
FIGURE 2. Brake discs ready for milling.
which could damage
the laser nozzle traveling 1mm above the
sheet. He also appreciates the engraving
function that can be
called up at the control by backing off the
power output from
4kW to 600W.
“We have always
believed in making
everything in-house
from top-quality materials, either solid billet or aluminum forgings,” Pate says. “We
FIGURE 3. A continuously updated graphic of the job shows the
not only machine
nest of brake discs on the control screen, the components that
everything ourselves
have been laser-cut (in gray), and the current position of the
on CNC equipment
nozzle; this cycle takes 18 minutes, including laser cutting and
to control precision
engraving a crank spanner at one end of each alternate row.
and quality, but also
heat-treat, anodize,
The variation in stock was one reason
polish, and assemble onsite. We are even
that the company decided not to equip the
branching out into in-house carbon fiber
laser cutter with an automated system for
production, which will result in handlebars,
delivering fresh material to the machine
seat posts, and even a complete bike being
and subsequently retrieve the laser-profiled
available.”
sheets. Another reason, as Pate points out,
“The fiber laser has become an essenis that the facility is a low- to medium-voltial tool at the start of the production routes
ume manufacturer of specialized compofor brake discs and sprockets,” Pate connents that need not only CNC machining,
tinues. “There has been minimal downtime
but also a degree of hand crafting—so
since the machine was installed, which is
large-volume manufacturing principles are
essential—we only operate one laser, so it
not appropriate.
has to be reliable, as otherwise production
Based on design data from the compawould stop.”
ny’s SolidWorks CAD network, programming is carried out offline using BystronThis article was supplied by Bystronic UK,
ic’s BySoft 7 software, which has nesting
Coventry, Warwickshire, England; www.
capabilities for maximizing component
bystronic.com.
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Reinventing the gear?
Laser technology can help
– In terms of innovation, automotive technology never stands still. For those looking to reinvent the gear (or
at least manufacture it more efficiently), there are new, production-tested options ready to improve the process. A monitoring
and control technology produced by Laser Depth Dynamics is
giving industrial laser users unprecedented flexibility and confidence in how they record and control their welding processes—
and automotive powertrain applications are a highly active area
of adoption.
LDD’s measurement technology, Inline Coherent Imaging (ICI), is
the first industrial solution for direct penetration depth measurements
in laser welding. ICI works by adding a second low-power laser beam
to the welding head, routed through the same focusing optics as the
process beam. This secondary beam is used to take high-accuracy
distance measurements hundreds of thousands of times per second.
The end result is the ability to resolve the very bottom of the keyhole,
as well as the surface of the welding workpiece, while the process
laser is on and welding. The system bears a number of advantages
for rotary welding applications commonly seen in production of powertrain components.
For setup and alignment on a round part, an ICI system can play
the role of an inline camera. However, the 3D resolution and immunity to ambient lighting conditions empower system users to pinpoint
the desired welding path, focus height, and part apex with precision
on the order of 10µm. All three aspects of this initial alignment are
critical to a repeatable process when welding around the outside of
a circular part (FIGURE).
ICI reports direct measurements of the keyhole depth over the
entire length of the weld. This technology also offers multi-factor
monitoring, made possible by actively pointing the measurement
beam to different sites on the part during the weld. This allows a
single system to measure seam position, distance from the head to
the workpiece, and the profile of the finished weld bead, all during
a single welding pass. This monitoring scheme looks for welding
defects and their root causes immediately before, during, and after
the passage of the process beam within the region visible through
the welding optics.
For rotary welding, the combination of seam position and head/
workpiece offset measurements detects workpiece wobble during
welding, whether it is because of fixturing error, a failed press fit, outof-round parts, or in some cases deformation caused by the weld
itself. Seam position monitoring can be used to ensure butt welds are
on target, or to check lap weld position by tracking a nearby edge. ICI
is an effective solution for fiber, disk, direct-diode, and CO2 laser welding processes, and is compatible with many wire-feed applications.
The keyhole depth measurement results are comparable to those
obtained from cut and etch, but they cover the entire circumference
of the part, corresponding to cut geometries that would be either
extremely difficult or effectively impossible to produce in the metallurgy lab.
KINGSTON, ON, CANADA

www.industrial-lasers.com
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Part radius
correction
Seam position
workpiece height
Finished weld
profile
Keyhole depth

Inline Coherent Imaging (ICI) technology allows a user to pinpoint the desired welding
path, focus height, and part apex with precision on the order of 10µm; the technology
enables high repeatability when welding around the outside of a circular part.

Additionally, ICI stores a record of every
part produced, rather than a small subset
sampled for destructive testing every batch
or shift. Heavy and precisely machined
components like helical gears make for
expensive scrap, and the demanding loads
these parts must bear in service mean that
certainty in the integrity of the joints is crucial. Having the ability to assess parts individually rather than through segregating
batches can result in massive time and
money savings.
The key advantages seen by users in the
automotive powertrain segment are reduction in the overall cost and efforts expended
on quality assurance procedures, scrap
reduction, and drastically increased confidence in the products they ship to their
customers. ✺
This article was supplied by Chris Galbraith
(cgalbraith@laserdepth.com) and Paul
Webster of Laser Depth Dynamics, Kingston, ON, Canada; www.laserdepth.com.

The Next Gen
Laser For Coding,
Marking & Engraving
The new vi40 engineered for high-speed, high-volume
precision applications easily fits modern processing
equipment.

• New Gen2 tube design delivers a stable, accurate beam
for precise control and high resolution imagery without
external correction optics

• Industry best operating ambient temperature range
with new Gen2 tube design for demanding industrial
environments and easier cooling

• Faster production throughput with 100k
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• Real-time condition
monitoring with new
Temperature Broadcastt
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• Small footprint for easy integration
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The cutting edge of laser
DEPOSITION PROCESS REDESIGNS
HIGH-WEAR COMPONENTS

ALLAN MORTON

S

ince its establishment in 1993 (initially as HVOF Australia
Pty Ltd), LaserBond has concentrated on research,
development, and implementation of advanced surface-engineering techniques to dramatically reduce
the wear rates, maintenance, and operating costs
of production-vital components. It manufactures,
repairs, reclaims, and enhances the performance of
high-wear-critical metal components in a range of capital-intensive industries—
particularly mining, where equipment constantly operates in a variety of highly
abrasive and uncommon wear conditions.
With a staff of 60, the company serves a variety of industries in addition to
mining, including metal refining and smelting; power generation; road and rail
transport; aerospace and gas turbines; shipping; valves and fluid handling; and
oilfield drilling and exploration.

Laser cladding
refurbishes
a 20-ton
gyratory cone
crusher and
shaft.
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Laser deposition development

A precursor to LaserBond’s recent growth
was its development of a patented laser
deposition process. This research work,
led by founder and executive director Greg
Hooper, was directed towards enabling high
deposition rates of typically hard-phase
metallurgy, with minimal debilitating impact
on the substrate and overlay.
“Our method enables the laser deposition of metallic or metal matrix composite
(MMC) layers with a full metallurgical bond
by utilizing an accurately focused, infinitely
controllable, high-power laser beam supported in a multi-axis robot and integrated
with a separate multi-axis workpiece platform that enables precise control of heat
transfer into base material and the deposited layer,” Hooper explains. “Our integration
enables the repair of temperature-sensitive
components and materials, such as hardened shafts and gears, with minimal risk of
distortion or other undesirable heat effects
that undermine the integrity of the component or in-service performance. This method
enables the deposition of MMC overlays with
significantly smaller hard-phase particles,
with minimal heat effects. The concentration
of hard phases can be significantly increased
and dramatically improved distribution
achieved with the new method. Therefore,
the mean free path between the WC (tungsten carbide) particles is smaller and wear
resistance is considerably improved.”
Synchrotron images (FIGURES 1 and 2)
illustrate the results of this deposition technology that has created opportunities for
redesigning high-wear components. The key
advantages offered over other methods are:
• High deposition rates;
• Extremely low dilution with base material, enabling very thin layers;
• Almost nonexistent heat-affected zones,
eliminating the effect on structural performance of substrates; and
• Negligible distortion, enabling cladding
of dimensionally sensitive components.
A unique feature of LaserBond is its scientific approach and understanding of the
bonding mechanics and resultant metallurgy
www.industrial-lasers.com
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cladding technology
of the cladding. In 1995, the company invested in an in-house
laboratory featuring a scanning electron microscope for investigating coatings and metallurgy down to the nanoscale. The lab
is routinely used for optimizing coatings and overlays, quality
control of incoming materials, reports to clients on new applications, and materials and failure analysis as required.

The company’s Down-the-Hole (DTH) drilling hammer product is a direct outcome from
the new deposition method. Comprehensive
independent tests proved this extended hammer wear life by 305% (over 3X), coupled with
a significant 7.5% reduction in total mine-site
drilling costs.
Keys to success

Company chairman Allan Morton emphasized
three areas of unmatched expertise within the
resource industry. “We know a lot about tribology…in particular, the mechanisms of wear
in extreme mining, drilling, and mineral processing environments and their cost implications. The second key thing is advanced metallurgy. We’re very good at developing a cladding
for a specific duty. Knowing our customer’s
application and the wear characteristic occurring—say, in a slurry pump or percussion drill
or inside a continuous underground miner—we
tailor an alloy specifically for that. The third is
our extensive understanding of the cladding
application process—the ability to specify the
right method and laser parameters.”
For 25 years, LaserBond has self-funded
its R&D efforts in surface engineering and the
application of lasers. The company’s recent
collaboration with the University of South
Australia’s Future Industries Institute (UniSA) to
www.industrial-lasers.com
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develop wear-life technologies for mining is set to elevate new
knowledge in wear mechanics and application of laser cladding
technology. The Australian Ten Year Sector Competitiveness
Plan for the mining equipment, technology, and services
(METS) industry provides a roadmap to increase global competitiveness; it specifically focuses on facilitating collaboration
between METS companies and researchers. The
company is being supported with grants that multiply its R&D activities.
“When you add industry collaboration or strategic partnering together, you’re shifting the relationship—you’re not a vendor and you’re no longer perhaps a key supplier—you’re pioneering
things together, you’re partnering, you’re in a mutually beneficial alliance,” Morton says. “It opens
a huge opportunity. And that’s why I believe the
Australian Government’s Department of Innovation
and Science, and our South Australian Department
of State Development, have done a great job facilitating and supporting our laser technology R&D,
FIGURE 1. Normal laser
and assisting with our next-generation laser cladcladding of composite
ding system development.”

layers produces
undesirable dilution
and decarburization of
the carbide phase, thus
reducing performance.
FIGURE 2. LaserBond
deposition technology
provides a metallurgical
bond without the
debilitating dilution
effects, and enables
deposition of layers with
a high concentration of
retained hard phases.

Technology licensing

LaserBond now licenses its laser cladding technologies as customized turnkey systems in custom
hardware, software, and support packages. The
packages involve design, building, installation, and
commissioning of a laser cladding cell tailored to a
customer’s specific applications, and incorporate
fiber-coupled diode lasers in configurations from
4 to 10kW. For future work, the company is installing a 16kW unit in its advanced manufacturing and
research facility in Adelaide. Cladding head positioning is provided by a six-axis robot selected
for high stability and control at extended reach.
The company also designs and manufactures its

MAY/JUNE 2017 Industrial Laser Solutions
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own multi-axis workpiece positioning system, with capacities for
up to 20-ton components (FRONTIS, PAGE 8) with a swing up to
2 and 9m in length.
Executive director Wayne Hooper describes the proprietary powder injection nozzle system: “Cladding large mining industry components requires extended running times at high power levels, with
some projects running 16 hours at maximum power. This requirement led us into developing our own water-cooled, off-axis powder injection nozzle. This incorporates a rapidly replaceable powder injection tube and gas depressurized gravity-fed powder mixer.
The geometry of the part being processed determines parameter
settings for the nozzle. This led us to invest in our own control system development.”
Achievements

LaserBond has been awarded a $2.6 million government grant for
wear-life extension via surface-engineered laser cladding for mining
projects. The LaserBond-led project, which involves UniSA and global
drilling equipment manufacturer Boart Longyear as project partners,
received funding to support the three-year collaboration associated
with the material science and use of its technologies to improve a
spectrum of wear points, many associated with drilling for mining.
Coincidentally, LaserBond and Boart Longyear recently signed
a non-binding strategic partnership to pursue mutually beneficial commercial products and services. UniSA and LaserBond

r e p o r t

already have a collaborative R&D agreement for development of
technology, systems, processes, and applications associated with
wear-resistant, surface-engineered cladding for resource, agricultural, and other heavy industries.
LaserBond has signed a technology licensing contract with a large
minerals-processing equipment manufacturing and repair company
in Asia, which initially involves design, building, installation, and commissioning of a laser cladding cell tailored to the company’s specific
applications. “We have chosen a company that has demonstrated
ability to partner with international technology companies, and which
has a large presence in its mining equipment market,” Wayne Hooper
says. “The contract demonstrates the significant value in the technology and intellectual property that LaserBond has developed. We
are aiming to make this agreement the first of many.”
As mentioned above, LaserBond’s new DTH Hammer lasted
more than three times longer than the industry standards that it
was competing with at a comparative trial in Southern Australia.
Under sole control of Brisbane-based mining consultancy Xtega
Pty Ltd., this independent comparative trial was held at a hardrock metalliferous mine, selected for its highly abrasive rock with
an indicated megapascal (MPa) between 90 and 200. “There is an
irrefutable decrease in the rate of abrasive wear, which results in a
305% increase in the life of the LaserBond hammer,” Xtega concludes. Other benefits included improved mechanical availability
and efficiency; higher impact and penetration rates; improved site
and operator safety; and less downtime for changeouts, along with
significant 7.5% cost savings.
An underground coal shearer reports 10X longer wear-life with
LaserBond’s laser cladding technology added to an off the shelf
component. “Without our attention, these units only last 40–60
hours of operation before the hard rock inclusions wear through
into the water cooling system and render the unit useless. Now,
our customer is looking to save millions,” Greg Hooper explains,
after inspecting onsite performance.
What the future holds

In 2016, LaserBond experienced commercial success, including
240% growth in export sales from its development of new products and customers, both domestic and international. Morton
says the company was on track for a forecasted 30% growth in
2017 and, in coming years with investment in its next-generation
advanced laser cladding technology cell, will open more doors to
OEM customers with greater cladding performance demands on
larger products.
“There’s no absolute on the future—you just position yourself
as best you can until you get there,” Morton says. “Our strategic
international relationships are growing on the supplier side and
customer side. We are delivering for companies who are seeking high-performance wear resistance in particularly tough situations. LaserBond excels when working in strategic partnerships.
As an example, we designed a machine tailored for an international company that makes a 10-ton crusher roller, which allows
them to refurbish it.” ✺
ALLAN MORTON (allanm@laserbond.com.au) is the chairman of LaserBond, Smeaton
Grange, NSW, Australia; www.laserbond.com.au.

10

1705ils_10 10

Industrial Laser Solutions MAY/JUNE 2017

www.industrial-lasers.com

4/26/17 10:32 AM

thalesgroup.com

Thales Lasers.
Innovation for industry.
Wherever safety and security matter, we deliver
UNRIVALLED SCALABILITY
Beneﬁt from our worldwide organisation,
support and delivery capabilities

30 YEARS OF EXPERIENCE
Rely on dedicated teams, tools
and cutting-edge technologies

AN UNPRECEDENTED PORTFOLIO
Meet your needs with a wide
range of laser products

GREAT EFFICIENCY TO MATCH
INDUSTRY REQUIREMENTS
Increase productivity through
our purpose-built lasers

HIGH-PERFORMANCE LASERS
Satisfy increasing customer demand
for robust, reliable systems 24/7

Thales is a world leader in the design and manufacturing of nanosecond
lasers as well as high intensity laser systems. Thales is committed to
satisfying the most demanding industrial applications by providing
reliable and easy-to-use lasers with exceptional technical performance.
Thales meets the industrial sector high production rates and 24/7
capability, beneﬁting from consistent delivery and experience across a
number of projects, including development of the world’s most powerful
laser for the ELI-NP Research Centre. So every moment of every day,
wherever technical capacity is critical, Thales delivers.
Image courtesy of Advanced Laser Technology Research Center (ALTREC)
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Laser peening enhances f
NEW DIODE-PUMPED SYSTEM BRINGS

Opaque overlay
(tape)

Component
LASER PEENING TO THE FACTORY FLOOR

JEFF DULANEY

Laser
pulse

Plasma

M

aterial enhancement has
long been at the leading edge of technological innovation. Powerful
machines require robust
components, but material
limitations present a critical
obstacle to performance optimization. Laser shock peening
(LSP) resides at the forefront of material enhancement, employing high-energy lasers to generate deep compressive residual
surface stresses for proven metal fatigue resistance.
Laser peening has been implemented by original equipment manufacturers (OEMs) in the aviation and power generation industries to enhance their products’ resistance to
cracking caused by fretting, corrosion, foreign object damage, and fatigue. Now, after nearly 50 years of technological
advancement, the first line of turnkey industrial laser peening
systems is integrating the technology into manufacturing facilities around the world.
Origins

Laser peening as a metal improvement process was born in
the 1970s out of research at the Battelle Memorial Institute
(Battelle; Columbus, OH). Researchers at Battelle, led by Dr.
Jeff Dulaney, were exploring whether high-energy, short-pulse
lasers could be used to improve material properties. They initially demonstrated significant tensile strength improvements
in 7075 aluminum alloy specimens after processing them with a
1.2–2.2GW/cm2, 32ns Gaussian pulse. The Battelle laser delivered energy outputs up to 500J, but the system’s size (over 15m
long) and slow pulse rate (one pulse every 6–8 min.) made it
impractical for industrial material processing.
In the 1980s, Battelle engineers and scientists designed
and built an advanced prototype system for laser peening.
The high-powered system incorporated long-pulse flashlamps
with a high-repetition-rate oscillator, transforming the previously hulking, single-pulse laser into a 200kW burst laser operating at 1Hz.

12

1705ils_12 12

Industrial Laser Solutions MAY/JUNE 2017

Shock wave
Transparent overlay
(water)

FIGURE 1. A schematic that shows the laser peening process.
In the early 1990s, the US Air Force encountered foreign
object damage (FOD) issues with General Electric (GE) F101
engines in the B-1 Lancer. GE needed an innovative material enhancement solution to mitigate FOD, and they partnered with Battelle to explore the benefits of laser peening
F101 fan blades.
After processing samples and subjecting them to fatigue
testing, Battelle scientists demonstrated that laser-peened
blades with simulated FOD damage retained fatigue lifetimes
superior to those of new, undamaged blades. This was a landmark result, as the Air Force had previously dedicated extensive resources to laborious manual inspections of all F101 first
stage fan blades before each flight.
With potential cost savings in the tens of millions over the
life of the B-1, the Air Force authorized the production development of laser peening for fatigue enhancement, and GE Aircraft
Engines began laser peening all F101 first-stage fan blades
using a newer-generation, two-beam, 50J laser system modeled after the single-beam, 1Hz Battelle design.
Commercialization

Inspired by the results of the F101 study and subsequent Air
Force demand, Dr. Dulaney left Battelle and founded LSP
Technologies (LSPT; Dublin, OH), with the sole purpose of
commercializing laser shock peening. The company acquired
an exclusive worldwide license to Battelle’s laser peening patents, and began marketing laser peening equipment and services as a fatigue enhancement solution. LSPT constructed
GE Aviation’s initial laser peening systems, as well as their
own in-house production system for commercial laser peening: a 20W, neodymium (Nd) glass, flashlamp-pumped system paired with a production work cell and 400-lb.-capable
part-handling robot.
www.industrial-lasers.com
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es fatigue life
LSPT engineers now faced the challenge of maturing LSP
and protect the part surface from thermal effects. A transtechnology to its maximum effectiveness and throughput.
parent overlay (typically water) is applied over the opaque
Higher repetition rates required more robust optical glass to
overlay, and acts as a tamping medium to confine the rapidly
withstand cyclic heating from the flashlamps, so LSPT partexpanding plasma and amplify the pressure pulse at the surnered with specialty glass manufacturer Schott AG to identify
face of the part.
stronger laser glass rods with tailored Nd doping concentraWhen the laser pulse is directed to the target, the pulse
tions for laser peening. Deeper residual stress profiles required
passes through the transparent overlay and strikes the opaque
more sophisticated modeling tools and process controls, while
overlay, generating a high-pressure, rapidly expanding plasma.
complex surface geometries necessitated integrated robotics
The high pressure of the confined plasma burst drives a
for precise part manipulation. Throughout the technological
high-amplitude compressive stress wave deep into the target
maturation of laser peening, LSPT developed and patented
surface, inducing plastic deformation and compressive residnumerous advancements, including innovative methods for
ual stresses within the part (FIGURE 1).
beam delivery, laser pulse slicing, overlay application, and
The key to enhancing metals like titanium or steel is to proquality control.
duce a stress wave with an amplitude greater than the mateThese technological improvements made laser peening more
rial’s dynamic yield strength. If the stress wave amplitude
efficient and less expensive, leading to new commercial appliexceeds this value for a given metal, the material will undergo
cations and greater market demand. LSPT began performing
plastic strain as dislocations in the microstructure produce
production laser peening services for customers in the aviation,
compressive residual stresses in the part.
transportation, power generation, and tooling industries—all of
whom are benefiting from significant increases in the fatigue
Operational parameters
strength of their laser-peened components. Laser peening was
Laser peening tailors compressive residual stress fields by conproven to consistently extend the service life of metal compotrolling the intensity and coverage of the laser pulses. Different
nents by improving their resistance to fatigue, cracking, and
metals require different laser peening power densities (GW/cm2),
damage effects, while reducing maintedepending on the material’s dynamic
nance and inspection requirements for
yield strength. For example, laser peen2
Residual stress (MPa)
GW/cm
–
critical parts.
ing high-strength steel requires power
3.2
0
densities in the range of 9–10GW/cm2.
4.5
How laser peening works
Power densities are a function of laser
-200
9.9
Just as the name implies, laser peening
pulse energy, laser pulse width, and
-400
uses high-energy laser pulses to peen
spot size, and will dictate the peak presmetal surfaces for improved material
sure of the shockwave on the surface of
-600
characteristics. Peening is a cold-workthe part (FIGURE 2).
-800
ing, mechanical process that imparts
Laser peening is the only industrial
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Depth (mm)
beneficial stresses into material through
material processing technology that uticompressive surface hardening. While
lizes high-energy laser pulses with subtraditional peening methods rely on the FIGURE 2. Higher power densities
50ns pulse widths. Short pulse widths
brute kinetic force of hammer blows or generate deeper compressive residual
generate greater peak power, and proprojectile shots, laser peening employs stresses in Ti-6Al-4V (a titanium alloy).
duce higher compressive stresses at
high-energy laser pulses to produce
the part surface. Laser peening sysconfined plasma bursts that direct comtems incorporate a Pockels cell pulse
pressive stress waves into target material. As a mechanislicer to shorten the pulse rise time for short bursts of intense
cal cold-work process, laser peening is distinct from other
irradiance. This produces optimal power densities for driving
laser-material processes that rely on thermal energy to induce
compressive stresses deep into a workpiece.
heating or melting.
Effective laser peening coverage is achieved by overlapping
Laser peening is performed using a high-energy, shortlayers across the process area. Spots are typically applied in
pulsed laser system and an assortment of process overlays.
rows with at least a 33% overlap, producing a uniform field of
An opaque overlay (typically vinyl tape or paint) is applied to the
compressive residual stresses that inhibit the propagation of
target surface prior to processing to absorb the laser energy
surface or near-surface cracks.
www.industrial-lasers.com
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FIGURE 3. LSP Technologies’ Procudo 200 Laser Peening System.

FIGURE 4. The Procudo 200 Laser Peening System’s diodepumped amplification setup.

The next generation

features a flat-top beam (FIGURE 5) with selectable energy and
pulse widths, while the diode-pumped oscillator provides a stable, repeatable output for high-repetition processing with narrow
variability (FIGURE 6).
The system incorporates a modular design, engineered for integration directly into manufacturing lines. Selectable parameters
provide operators the flexibility to laser-peen parts of any size or

Now, this surface enhancement technology is available as a
fully integrated turnkey system: LSP Technologies’ Procudo 200
Laser Peening System is engineered specifically for manufacturing environments (FIGURE 3). Equipped with an embedded 200W
diode-pumped Nd:YLF laser (FIGURE 4), the system can deliver
10J of energy per pulse at a repetition rate of 20Hz. The system

Up to 100% Speed Increase Dramatically Raises
Throughput for Laser Processing
LaserTurn® 1 - From
600 to 1000 rpm
(66% increase)

ASR1100 - From
600 to 800 rpm
(33% increase)

LaserTurn® 2 - From
600 to 800 rpm
(33% increase)

LaserTurn® 5 - From
600 to 800 rpm
(33% increase)

ASR1200 - From
600 to 800 rpm
(33% increase)

VascuLathe® ASR –
From 600 to 800 rpm
(33% increase)
VascuLathe® ACS –
From 300 to 600 rpm
(100% increase)

Stent and other cylindrical laser processing applications
depend on rotary speed and precision for maximum
throughput and quality of the finished product. Aerotech
has just increased the rotary speed of our cylindrical
laser processing platforms from 33% to 100%, all while
maintaining our legendary precision. Our platforms are
available for everything from the manufacture of cardiac

CCS130DR - From
600 to 1000 rpm
(66% increase)

and neural stents to 30 mm diameter tube processing,
and feature an integrated linear/rotary design with both
wet and dry cutting, automated material handling, and an
advanced and easy-to-use control architecture.
Contact an Aerotech Application Engineer today to discuss
how our new and improved cylindrical laser-processing
platforms can make a difference to your bottom line.

Ph: 412-963-7470 • Email: sales@aerotech.com • www.aerotech.com
WORLD HEADQUARTERS: USA
THE AMERICAS • EUROPE & MIDDLE EAST • ASIA-PACIFIC
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FIGURE 5. A flat-top beam spatial profile provides smooth energy
distribution for consistent processing results.
shape, while the custom control and diagnostics package affords
real-time data analysis and process control.
The Procudo Laser Peening System has already attracted attention from materials scientists and engineers around the world, resulting in research-oriented laser peening installations on multiple continents. A system
Average power (W)
has been installed
204
at
Guangdong
University
of
202
Technology (GDUT;
Guangzhou, China),
200
and another is
scheduled for instal198
lation at the Center of
196
Applied Aeronautical
0 1 2 3 4 5 6 7 8
Research (Z AL;
Time (hours)
Hamburg, Germany)
FIGURE 6. Eight-hour test results show
before the end of
the power stability of the Procudo 200
2017. These instalLaser Peening System.
lations represent the
first opportunity for
many researchers to study the benefits of laser peening on production-capable laser peening equipment.
The net consumer benefits for widespread laser peening adoption
will be safer products, more reliable equipment, and enhanced engineering capabilities across a broad range of industries. The process
enables longer service lifetimes, increased component capability,
more robust engineering designs, and countless other cost-saving
advantages. As engineers and manufacturers continue to push the
limits of material capabilities, laser peening will remain an invaluable
tool to ensure that components meet the demands of innovation. ✺

Wir lassen uns Ihre
e Bilder durch den Kopf gehen

Five Axes Do It Better – precSYS
For industrial laser micro processing:
Flexible, clean-cut and sharp-edged drilling
Cutting in the µm range
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Deep-UV technology
benefits laser
microfabrication
DUV laser focusing system
METHOD ACHIEVES
10µ M-DIAMETER DRILLED HOLES

YUJI IMAMIYA, SATORU AKAMA,
YOSHIHITO FUJITA, and HARUHIKO NIITANI

I

In laser microfabrication, a laser beam is focused and irradiated on the surface of the target workpiece, and the irradiated
part of the workpiece is removed by the photon energy. When
the focused laser spot diameter is smaller, the area removed by
laser irradiation also gets smaller, increasing the microfabrication
quality. There are multiple means to achieve a smaller focused
laser spot diameter, such as utilizing a short-wavelength laser,
enlarging the beam diameter before focusing, and shortening
the focal length.
However, when the wavelength of the laser light reaches the UV
range, the laser’s absorbance through glass materials increases.
Therefore, it is necessary to ease the strain on optical element
materials such as the lens. In other methods, the convergence angle
is large, which is likely to cause a gap in size of the hole between its
entrance and exit and to reduce the focal depth, limiting the shape
of the hole created by drilling.
A newly developed optical laser focusing system was adopted
for the DUV laser. The durability of the lens was ensured by testing
the durability against the DUV laser beam of the glass used for the
optical element beforehand, while selecting the optimal glass material and setting appropriate laser irradiation intensity. Furthermore,
by optimizing the focal length and lens form, the convergence angle
is minimized and a long focal depth is achieved, while the focused
laser spot diameter remains very small.

n recent years, a microfabrication method utilizing a
short-pulse, short-wavelength laser has attracted attention in connection with the growing demand for further
miniaturization and increased quality of ultraprecision
machining. Using a picosecond-pulse laser enables
ablation with no thermal effects, achieving high-precision fabrication with superior quality. Additionally, using
a short-wavelength laser can make the spot diameter of a laser
beam smaller, enabling finer fabrication.
Currently, popular short-pulse lasers for microfabrication include
green lasers (532nm), followed by ultraviolet (UV) lasers (355nm).
On the other hand, deep-ultraviolet (DUV) lasers at 266nm have
not been widely used because of difficulties in handling.
At Mitsubishi Heavy Industries
Single-crystal
Machine Tool, we have develsilicon carbide wafer
Borosilicate glass
Stainless steel
oped a helical drilling system that
1
1
1
employs a DUV laser. With it, we
conducted hole-drilling tests in
Fabrication
which we achieved 10µm-diamdepth
eter hole drilling with an aspect
ratio of 10. Moreover, because
of the high photon energy of the
DUV laser, high-quality hole drill0
1
0
1
0
1
ing was accomplished on a workEnergy intensity
Energy intensity
Energy intensity
piece material on which precision
DUV laser
Green laser
machining and fabrication based
on chemical actions are extremely
difficult. This occurs because of its FIGURE 1. Fabrication depth of individual materials corresponding to the energy intensity of DUV
high degree of hardness and chem- and green laser are shown, where normalized values are utilized for the vertical and horizontal
axes; all charts utilize a unified scale.
ical stability.
www.industrial-lasers.com
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5µm

500µm

50µm

10µm

FIGURE 2. A single-crystal SiC wafer (a), borosilicate glasses (b and c), and
stainless steel (d) were individually irradiated with a focused DUV or green laser
beam by one pulse only.

Experimental ablation rates

Ablation rates of a DUV laser beam and a green laser beam (515nm)
with various different materials were made to compare and evaluate their characteristics (FIGURE 1). A single-crystal silicon carbide
(SiC) wafer, borosilicate glass, and stainless steel were prepared
as workpieces. These materials were individually irradiated with
a focused DUV or green laser beam by one pulse only (FIGURE 2).
Subsequently, the maximum depth of the hole made by irradiation was measured. Ablation rates for each material were obtained
by conducting irradiation and measurement with different levels of
pulse energy. The vertical axis of the chart in FIGURE 1 indicates the
fabrication depth, while the horizontal axis represents the energy
intensity at the central part of the irradiated laser beam.
When ablation rates were compared between the DUV and green
laser beams, those of the DUV laser beam were higher in every
material. The DUV laser beam also achieved a higher ablation rate
a)

b)

for the SiC material, which has a large bandgap.
Generally, when inducing ablation by a short-pulse
laser, the photon energy of the laser beam must be
higher than the bandgap of the workpiece material.
Since photon energy is in inverse proportion to
laser wavelength, the photon energy of the DUV
laser beam is about two times higher when compared to the green laser, and exceeds the bandgap
of the SiC material. Therefore, the ablation phenomena on the SiC material can be fully induced by the
DUV laser beam. With the DUV laser, a high ablation rate for the borosilicate glass was obtained.
Accordingly, it is assumed that the photon energy
of the DUV laser beam contributed largely to this
high ablation rate.
The above results verified the superiority of the
DUV laser to the green laser beam, and also made
it possible to estimate the optimum pulse number
needed to obtain the fabrication depth required for
individual materials. Thus, higher drilling quality and
optimized drilling rates are obtained.
Helical drilling features

Percussion drilling, widely used for micro-drilling, is
a method to drill holes by irradiating a pulsed laser
beam in a fixed place without allowing the beam to move or rotate.
Therefore, since the laser spot profile is directly transcribed on
workpieces, it is difficult to drill holes with high accuracy.
Alternately, a helical drilling method has been used in the
hole-drilling test described previously. Helical drilling is carried
out while precisely rotating the path of the laser beam at a high
speed, which enables drilling with high roundness and quality. In
addition, an optical head we developed allows the control of the
incidence angle as well as the rotation diameter of the laser beam,
which can achieve any hole diameter and cross-sectional shape.
Microfabrication examples

Using the drilling characteristics obtained from the one pulse irradiation test described above, laser irradiation conditions were determined, based on which hole-drilling was performed on a stainless
steel (SUS304, thickness: 0.2mm) and single-crystal SiC wafer
c)

d)

FIGURE 3. Examples of hole-drilling and micro-grooving include a straight hole (a), tapered hole (b), reverse tapered hole (c), and
perpendicular incidence hole (d).
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(thickness: 0.1mm). In addition, micro-groovdrilling characteristics of various differing was performed on a borosilicate glass
ent materials were identified. In addition, a
(thickness: 0.7mm).
microfabrication test with a DUV laser and a
FIGURE 3 shows samples of the hole-drilling
helical drilling method was conducted that
and micro-grooving. The roundness of both
achieved ultrafine hole-drilling of a minimum
holes was excellent, which indicates that
of 10µm in diameter and an aspect ratio of a
drilling with high form accuracy was achieved
maximum of 10.
by the helical drilling method. Further, the
This laser optical system is installed in the
inner surfaces of the holes and the groove
ABLASER-DUV laser microfabrication syswere smooth and free from re-melted matter,
tem (FIGURE 4). We plan to continue technical
proving that ablation with reduced thermal
development so that we will be able to offer
effects was achieved not only on the stainoptimal solutions to satisfy the need for finer
less steel, but also on the SiC wafer and
microfabrication with higher quality in variborosilicate glass.
ous industrial fields. ✺
By using the DUV laser beam and optiFIGURE 4. The ABLASER-DUV laser
mized optical system and precisely conREFERENCES
microfabrication system features a short1. K. Nakagawa et al., “Microdrilling technology using short
trolling the beam trajectory, we achieved
pulse DUV laser.
pulsed-laser,” Mitsubishi Heavy Industries Technical Review, 52, 3
high-quality, 10µm-diameter drilled holes
(2015).
with an aspect ratio of 10 and 10µm-wide
2. Y. Imamiya et al., “Development of microfabrication technology
using DUV laser,” Mitsubishi Heavy Industries Technical Review, 53, 4 (2016).
and deep micro-grooving, which conventionally had been very
3. See https://goo.gl/fchdjw.
hard to accomplish.
4. See https://goo.gl/HGRXit.
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YUJI IMAMIYA, SATORU AKAMA, YOSHIHITO FUJITA, and HARUHIKO NIITANI
are with the Advanced Manufacturing System Development Center at Mitsubishi Heavy
Industries Machine Tool, Shiga, Japan; www.mhi-machinetool.com.

To satisfy the need for finer laser microfabrication, we developed
an optical system that uses a short-pulse DUV laser, with which

The 1st of its kind

If your laser
isn’t doing
what you expect
you need to see what
the beam looks like
Here is the same beam over time

The history of film began in the 1890s, with the
invention of the first motion-picture cameras and the
establishment of the first film production companies
and cinemas.

•

It’s well known that:
Beams change over time
Focus spot shifts over power changes
Intensity distribution changes with aging optics

•

•

See for yourself, on your laser, at your site. Call for a demo.

Question:

How were the first films screened?
They were seen mostly via temporary storefront
spaces and traveling exhibitors.
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Nano to pico
to femto: Pulse widths
for optimal laser
micromachining outcomes
CHOICE OF PULSE WIDTH HAS HIGH IMPACT
ON QUALITY, THROUGHPUT, AND COST

RAJESH PATEL, JIM BOVATSEK, AND HERMAN CHUI

T

he goal of any machining process
is to achieve the desired high-quality results in the shortest time possible and in the most economical
way. Laser machining, compared to
conventional mechanical machining
techniques such as cutting, milling,
and drilling, can achieve localized, high-quality, and precise
machining. With the right choice of laser, one can also achieve
a high-yield, high-throughput, and economical process.
One industry where lasers are heavily used is in manufacturing mobile devices. The demand to make smaller, faster,
lighter, and lower-cost mobile devices has required laser
micromachining processes that can meet this challenge.
Other industries, such as medical device manufacturing,
clean energy, automotive, and aerospace, have also adopted
laser machining to varying degrees.
While several laser parameters
affect the machining results, the
choice of pulse width is one of the
important factors that affect the
precision, throughput, quality, and

economics of the process. Pulsed lasers with pulse widths in
the nanosecond-to-femtosecond range are commonly used
for precision micromachining of various materials. This article
describes the tradeoff among throughput, quality, and cost for
commonly used nanosecond, picosecond, and femtosecond
lasers for micromachining.
Nanosecond pulse widths

It is well established that, for the same average power, nanosecond lasers result in a higher rate of material removal and,
therefore, higher throughput vs. picosecond and femtosecond
lasers because of the fact that the majority of material removal
takes place by melting. The material is heated by the laser pulse
from room temperature to its melting temperature, and is eventually removed by evaporation and molten material expulsion.
The precision and quality of machining, however, suffers
since the molten material removed usually clings to the edges of

FIGURE 1. An 80µm-diameter
through-via hole drilled in copperpolyamide-copper FPCB film with
an average burr height of 2µm
around its edge.
www.industrial-lasers.com
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the machined feature and re-solidifies. The
residual heat that remains in the material
creates what is known as a heat-affected
zone (HAZ) around the machined features.
Also, some of the ejected molten material
splashes around the machined feature and
creates poor quality of machining.
These ill effects may be reduced with
some added cost by using a green or ultraviolet (UV) wavelength and shorter-pulsewidth nanosecond lasers. UV nanosecond
lasers in particular can result in significantly reduced HAZ because of the shallow absorption depth in most materials.
UV nanosecond lasers also provide the
advantages of a tighter focal spot size and
larger depth of focus needed in machining
small features.
Recent developments in the capabilities
and cost of UV nanosecond lasers have
accelerated their adoption in precision
micromachining. For example, SpectraPhysics’ Talon and Explorer UV lasers lead
a dramatic cost-performance improvement in the industry for UV lasers, with an

1705ils_22 22
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over-3X cost-per-watt improvement in a
span of as many years. As a result, these
lasers are now widely used in applications such as UV marking, thin-film patterning, PC board cutting, and via drilling
to achieve fine features at high throughputs. FIGURE 1 shows an 80µm-diameter through-via hole generated in a copper-polyimide-copper flexible printed
circuit board (FPCB) film using a Talon
UV laser, with a very minimal average burr
height of ~2µm around its edge.
a)
17.45µm

50µm

In another direction, Spectra-Physics’
Quasar UV hybrid fiber laser offers >60W
UV short nanosecond pulses at high repetition rates with flexible, programmable pulses. This combination of capabilities dramatically opened up the available
parameter space for UV nanosecond
lasers, and enabled high-quality and
high-throughput machining of semiconductors, ceramics, sapphire, glass, battery
foils, and other materials used in mobile
devices. In the future, UV nanosecond
b)

8.99µm

50µm

FIGURE 2. Gorilla Glass scribes using a UV nanosecond laser (a) and a green picosecond
laser (b).

4/26/17 10:32 AM

lasers will drive down the cost-per-watt
curve while enhancing capability to continue the expansion of its usage in volume
manufacturing applications.
Nanosecond vs.
picosecond machining

Comparing nanosecond lasers to picosecond lasers, early work [1] shows that
reduced melting of stainless steel occurs
when processed using picosecond laser
pulses instead of nanosecond pulses.
Many other studies have shown that
machining quality—defined as width of
HAZ, debris formation, and molten material
buildup and splatter around the laser-machined edges—improves when a picosecond laser is used for micromachining. Also,
the material removal threshold, defined as
minimum fluence measured as energy per
area (mJ/cm2), required for material removal
is much lower for a picosecond laser pulse
than a nanosecond pulse.
The higher peak power achieved
because of the shorter picosecond
pulse width clearly helps initiate material
removal at a much-lower energy per pulse.
However, from a practical viewpoint, a
majority of cutting or drilling processes are
executed at a much higher fluence than the
material removal threshold, and a nanosecond laser with the same average power
provides higher throughput than a picosecond laser. If higher quality is an important requirement for the process, then using
a picosecond laser instead of a nanosecond laser is necessary.
Once that choice is made, a picosecond
laser with the appropriate power level will
need to be selected to meet the throughput
requirement. FIGURE 2 shows 0.7mm-thick
Gorilla Glass scribes created using UV
nanosecond and green picosecond lasers
a)

200µm

under similar process conditions, with the
lasers operating at the same 30W average
power and 1MHz pulse repetition frequency.
The ~70µm scribe depth was achieved using
a UV nanosecond laser, whereas ~40µm
scribe depth was achieved using a green
picosecond laser. However, edge chipping
for the UV nanosecond laser processed
glass was ~18µm compared to ~9µm
achieved using a green picosecond laser.
In addition to the quality benefit and
throughput disadvantage of picosecond vs.
nanosecond lasers, the economics must
also be considered since picosecond lasers
are usually significantly more expensive for
both upfront cost and cost of ownership.
Spectra-Physics’ IceFyre industrial picosecond lasers, which offer widely adjustable repetition rates, a programmable burst
mode capability, and high reliability, will
enable advances and new applications in
micromachining that were previously impossible because of process flexibility, reliability, cost-performance, or size constraints.

1705ils_23 23

New
intelligent
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scanning

Picosecond vs.
femtosecond machining

Moving to even shorter pulse widths, the
choice between picosecond and femtosecond laser pulse widths for micromachining
depends on the material to be machined,
quality requirements, and economic considerations. A femtosecond laser may provide quality improvement over a picosecond
laser, but the higher laser cost is a serious
consideration. Both picosecond and femtosecond lasers provide high peak power and,
therefore, lower material removal threshold fluence. The removal threshold fluence for femtosecond laser pulses is lower
than picosecond pulses for many materials. However, at fluence levels higher than
the threshold where most of the practical
b)

Collaborate. Innovate.
Engineer. Deliver.

200µm

FIGURE 3. A PLLA cut edge using a picosecond laser (a) and a femtosecond laser (b).
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machining processes are executed, the
material removal rate is material dependent.
A study [2] shows that material removal
rate for stainless steel increases as pulse
width decreases from 10ps to 900fs,
whereas the removal rate for aluminum
nitride decreases as pulse width decreases.
In machining heat-sensitive polymers, such
as poly-L-lactic acid (PLLA) used to manufacture biodegradable stents or thin films in
organic LED (OLED) displays, femtosecond
laser pulses are required to avoid melting
and heat damage.
FIGURE 3a shows melting at the edge of
PLLA using a 10ps laser, while FIGURE 3b
shows a clean edge achieved using a 400fs
Spectra-Physics Spirit laser. So, femtosecond lasers are necessary for machining certain type of materials because of
their properties and in situations where the
required process quality requirements cannot be met using picosecond lasers. As
with nanosecond and picosecond lasers,
femtosecond lasers are also improving in
cost-performance over time.

r e p o r t

Summary

While no one single laser pulse width can
achieve the desired machining for all materials, the choice of pulse width does have
high impact on quality, throughput, and
cost of the processes. A laser should be
chosen based on the material to be processed and the desired quality, throughput, and cost requirements. In general,
nanosecond lasers provide an economical,
higher-throughput solution at a reasonable
quality over picosecond and femtosecond
lasers, and UV nanosecond lasers (in particular) offer a “sweet spot” of high quality
and high throughput for many applications.
However, for thin metals, transparent
materials, and heat-sensitive materials, picosecond and femtosecond lasers can provide machining quality advantages and, if the
best machining quality is necessary, a picosecond or femtosecond laser are favored for
micromachining. A new class of high-power
industrial picosecond and femtosecond
lasers are providing higher throughput, along
with higher quality at lower cost per watt.

Looking into the future, we see continued advances in the cost-performance of
nanosecond, picosecond, and femtosecond lasers. These advances will drive further rapid adoption of lasers in precision
manufacturing using all three categories
of pulse widths, each for its particular set
of materials and applications with its own
advantages in machining quality, throughput, and economics. ✺
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Laser Beam / Nonconventional
Machining Auditor Opportunity
Overview: As an independent contractor, you will conduct
nonconventional machining audits. If you are someone who
likes to travel, has experience and/or qualifications in manufacturing/engineering, and is looking for a new challenge.
Qualifications: The ideal candidate will possess:
• BS degree in Metallurgy, Materials Science, Chemistry or
Related Field
• Minimum two (2) years of “hands on” experience (preferably
in the Aerospace Industry) with one or more of the f
ollowing non-conventional machining processes: Laser
Beam Machining (LBM), Electrochemical Machining
(ECM), Electrochemical Grinding (ECG), Electrochemical
Drilling, Electrical Discharge Machining (EDM) or Abrasive
Water Jet Machining (AWJM)
• Field auditing experience (Aerospace Industry Preferred)
• Understanding of SAE, AMS and Prime Contractor
non-conventional machining specifications as well as General Quality Systems requirements (AS9100)
Independent Contractor Auditors enjoy: A flexible schedule,
the ability to work from any location in the world, an opportunity to participate in influential industry program.
Apply for this opportunity online at: www.eauditstaff.com
For more information on Performance Review Institute and the Nadcap Program please visit
our website at www.pri-network.org/Nadcap
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Femtosecond lasers
enable quality
microfabrication
LASER TECHNOLOGY APPLIES TO
SEVERAL MATERIAL TYPES

MARTYNAS BARKAUSKAS,
VYTAUTAS BUTKUS, and SIMAS BUTKUS

L

asers are indispensable tools in many
areas of industry, science, and medicine. Now, ultrafast laser-based micromachining is a widespread example
of laser source utilization, leading to
unprecedented microfabrication quality.
Advantages of femtosecond laser
processing over regular mechanical and laser techniques in
automotive, medical instrumentation, and electronics industries
include (but are not limited to) high speed, precision, quality,
and reproducibility, allowing for simplified or, in many cases,
no post-processing operations. This field of laser technology
is currently under intensive development and many exciting
micromachining techniques are yet to emerge.
In laser-assisted manufacturing, every processed material
is a special case and some research is always required. Laser
parameters, such as pulse length, wavelength, repetition rate,
and energy, might determine the processing rate and quality. Therefore, finding that optimal set of laser parameters and
choosing the right cost-effective technology is very important. At this point, a highly versatile industrial laser with tunable
pulse length, energy, and repetition rate becomes a vital part
of the whole system.
Femtosecond ablation

In one way or another, the desired mechanical modifications
in bulk material or a surface are the results of related physical
phenomena, occurring right after deposition of light energy
to a material. In the simplest terms, these processes can be
divided into “hot” and “cold” micromachining.
In hot micromachining, solid phase material at the optical
www.industrial-lasers.com

1705ils_25 25

a) Cutting rate (mm/s)
12
10
8
6
4
2
30

b) Cutting rate (mm/s)

P = 5W
12
10
E = 75µJ
P = 3W
8
E = 50µJ
6
E = 25µJ
4
P = 0.5W
2
1.0 1.5 2.0 2.5 3.0
0 100 200 300 400 500
Laser pulse length (ps)
Repetition rate (kHz)

FIGURE 1. 50µm-thick Invar foil cutting rate dependence on
laser pulse duration (a) and repetition rate (b) from use of a
1030mm femtosecond PHAROS laser.
pulse-material interaction zone is transformed into the gas
phase from local heating, leading to vaporization and ejection
of material. Local heating is achieved because of the electron-phonon interaction of the excited free electrons and the
material crystal lattice.
In hot ablation (i.e., material removal), laser pulse length and
material removal rate is comparable to the timescales of material thermal diffusion. As a result, heat is transferred outside
the ablation zone and might cause collateral thermal damage
commonly referred to as heat-affected zone (HAZ). Moreover,
the hot-ablation threshold is very dependent on the number
of material defects and impurities in the ablation zone, leading
to less-precise and less-reproducible micromachining results.
Together, HAZ and ablation variability impede success of some
applications.
Detrimental effects because of HAZ and material impurities
are, in theory, completely absent in the working conditions of
cold ablation, offered by femtosecond laser pulses through a
nonlinear absorption process. Since the peak energy of femtosecond pulses is much higher than picosecond or nanosecond pulses, electrons in the valence band are excited to a great
extent, resulting in local material ionization. Enormous electrostatic forces between the ions are established, and the material goes through irreversible changes as it is locally exploded
or cracks are formed. As the process is faster than thermalization time, locally induced heat, if any, is effectively stripped
away along with the removed material.
Femtosecond lasers may also offer faster micromachining.
For example, measured cutting rate dependence on laser pulse
MAY/JUNE 2017 Industrial Laser Solutions

25

4/26/17 10:32 AM

a p p l i c a t i o n
a)

r e p o r t

b)

100µm
µ

FIGURE 2. Invar foil cutting with 10ps (a) and 260fs (b) laser pulses.
length and energy is shown for a nickel-iron
alloy (Invar; FIGURE 1). There, cutting rate
increases when shorter pulses are used,
and the gain in the rate is at least 50%
when femtosecond instead of picosecond
pulses are used. Apart from faster cutting,
the edge quality at the cut is much better
for the femtosecond cuts (FIGURE 2).
Processing with femtosecond highpeak-power pulses might rarely lead to
nonlinear effect-induced plasma formation
at the material surface or even in ambient
air. Such effects might impair material processing quality, but it is always possible to
mitigate these effects with a versatile laser
source, offering fine tunability of its output
radiation properties, such as pulse duration and repetition rate.
Additional laser processing uses

Cutting. For heat-sensitive or brittle material cutting, HAZ must be minimized.
Therefore, femtosecond laser machining
quite often becomes a key enabling technique for high-quality cutting.
Femtosecond laser machining allows a
user to obtain smooth and burr-free cuts
in most materials, such as metals, ceramics, glasses, polymers, and organic tissues,
while at the same time keeping the surface free of debris, thus requiring less or
even no post-processing. These properties are crucial in many applications, such
as in micromachining of medical implants
made of delicate materials.
Kerfs and struts measuring a few microns
wide are cut in the microfabrication of cylindrical stents of heart valve frames. In the
case of Nitinol-based medical micro-implants, the advantages of using femtosecond pulses over picosecond pulses were
proven obvious, resulting in higher precision, overall process robustness, and
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production yield. Moreover, apart from cutting, the same femtosecond laser source
can be used for micromachining of the
material surface, showing great promise
when being applied in manufacturing of
medical microstructures composed of different geometries.
Etching. Femtosecond laser pulses
can be applied in the creation of structural and optical changes within the bulk
of transparent materials, and for subsequent chemical etching processes. This
femtosecond laser irradiation and chemical etching method is used in fused silica
substrates for the creation of microfluidic
applications (lab-on-chip, µTAS, etc.) and
microchip 3D stacking.
Because femtosecond pulses create
precise modifications without collateral
damage at high processing rates, the second part—chemical etching—is comparably a very slow process that might take
hours to complete. However, novel hybrid
chemical etching technologies, employing a combination of different chemical
agents, show great promise in this field.
What’s more, the chemical etching step is
effortlessly parallelized, as multiple samples can be etched at the same time in the
same container.
Drilling. Many industrial applications
require drilling of high-quality and controllable-geometry holes in materials, such as
fuel or ink-jet injection nozzles. To achieve
high processing speed and quality, high
pulse fluencies are necessary for a few
reasons. First, the ejected particles from
deep within a small hole need to have
high kinetic energy to be able to escape
from the drilled hole. Secondly, as the hole
becomes deeper, effective fluence tends to
decrease from laser-drilled holes being of
conical shape.

Industrial Laser Solutions MAY/JUNE 2017

In femtosecond laser hole drilling, shaping of the hole is usually performed in
another stage, separated from the high-fluence perforation. Such laser post-processing allows for additional adjustment,
as some applications might require cylindrical holes, whereas others might require
tapered ones.
New processing techniques like helical drilling have been developed to further increase processing quality. In general, femtosecond laser machining has
excellent prospects for the production of
mentioned fluidic components or other
dosing devices.
Surface structuring. Femtosecond
laser pulses are beneficial in advanced
material surface structuring (FIGURE 3).
Microfabrication of surface nanostructures—such as grooves, spikes, and dimples—using femtosecond pulses is both
precise and robust, and can be applied
to large areas. Such nanostructures can,
for example, change the surface’s wetting
behavior and find applications in plasmonics, nanophotonics, nanoelectronics, solar
cells fabrication, etc.
Applications in UV

Ultraviolet (UV) femtosecond pulses are
used when micrometer-size parts must be
fabricated from materials that are extremely
sensitive to heat effect. Applications
include processing of different types of
piezo ceramics and sophisticated crystal materials for infrared detection, among
others. In these cases, third and fourth harmonics of ytterbium-based femtosecond
lasers (343 and 257nm) have been used.
Although UV femtosecond pulses are
very attractive for a variety of scientific
and industrial applications, proper design
of optics for delivering UV femtosecond
pulses remains challenging. However,
industrial-grade UV femtosecond lasers are
currently available on the market and offer
reliable operation for thousands of hours.
Another proven application of UV femtosecond pulses is laser-ablation inductively coupled plasma mass spectrometry.
Femtosecond ultraviolet pulses are preferred to ensure absorption of most solid-phase materials.
In laser-assisted mass spectrometry, the
process consists of two stages: ablation and
detection. After particles from the sample
www.industrial-lasers.com
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are locally ionized because of the high-energy light interaction with material, they are
passed to the mass spectrometer for identification. By this means, spatially resolved
analysis with micrometer resolution is possible in complex samples, such as melt inclusions, dust aerosols, zonations of minerals,
ultrathin films, and biological samples.
Apart from the above-mentioned advantages, femtosecond laser pulses were also
a)

b)
100µm

r e p o r t

shown to reduce the matrix effect and elemental fractionation, which might negatively influence the quality of analysis.
Femtosecond laser-assisted mass spectrometry systems are already commercially available, and the technique itself
has considerable potential to be routinely
used for in situ analysis of element and
isotopic compositions for a wide variety
of materials.
c)
100µm

Outlook

These are exciting times for femtosecond
laser applications in high-quality material
processing, with many new applications
emerging daily. High efficiency, elimination of HAZ, and applicability to many different materials are the key driving factors
in this field.
On the laser source side, this drives
additional parameter flexibility requirements, permitting the user to fine-tune the
light-matter interaction recipe for the highest efficiency and quality. ✺
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FIGURE 3. Examples of femtosecond microfabrication in alumina (a), sapphire (b), and
silicon (c). (Courtesy: Institute of Materials Science, Kaunas University of Technology,
Kaunas, Lithuania)
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Motion control improves accurac
repeatability in laser m
SOFTWARE AND LASER CONTROL IS CRITICAL

JASON GOERGES

W

hen faced with a new
potential project or
application, laser microprocessing and micromachining system integrators and original
equipment manufacturers (OEMs) can often provide a proof-of-concept demonstration on a “demo machine” with relatively little time and
effort. However, once interest by the client(s) is shown, the difficult process of turning proof-of-concept into a robust machine
solution begins, often dictated by a very aggressive schedule.
Delivering laser pulses to the workpiece with a high degree
of accuracy and repeatability, along with developing and maintaining the human machine interface (HMI) software, are among
the most complex and resource-intensive efforts associated
with this process. As these efforts involve a variety of technologies and disciplines, there are many challenges to solve.
Thanks to new motion/computer numerical control (CNC)
technologies in the marketplace, such as customizable HMI
development platforms, advanced motion performance optimization features, and the laser control module, many of the
aforementioned challenges are solved in an out-of-the-box
manner. This allows the machine developer to minimize complexity and bring a machine to market faster, with improved
process accuracy.
Laser micromachining/microprocessing HMI software is a
critical component or subsystem of the machine, and typically
falls into one of two classifications. One is a CNC-style HMI
that imports and executes machine code programs (typically
G-code) created by a computer-aided manufacturing (CAM)
software post-processor. The other is an “integrated graphical” HMI that allows import and manipulation of CAD files,
and provides integrated CAM/post processing functionality.
Some motion and CNC controller companies now offer customizable HMI development platforms for both types of HMIs.
This allows a system integrator or OEM to take a new, less-resource-intensive approach to developing and maintaining their
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FIGURE 1. An
interface for
loading, executing,
monitoring, and
modifying CNC
programs.

HMI software: building the HMI application with a customizable platform.
CNC-style HMI

Many laser micromachining and microprocessing systems are used in a
machining or manufacturing environment alongside other traditional CNC machines, such as lathes,
mills, and routers. Having commonality between the laser system HMI and the HMIs of the other machines is beneficial to the
manufacturer, as it leverages existing knowledge and experience of the manufacturer’s machinists and technicians.
A customizable CNC HMI development platform can be
expected to provide many standard HMI features out of the
box, including:
• The ability to load, edit, and execute NC files with Standard
RS-274 and user-defined G-codes (FIGURE 1);
• Flexible CNC program flow control options such as stop,
hold, abort, single-block run, block skip, and feed-rate hold;
• Real-time monitoring of program execution, axis positions,
feed rates, G-code modality, alarms, and faults; and
• Multi-tiered user access login screens for operators, technicians, developers, and administrators.
The platform also solves many challenges associated with
integration of the HMI host application and the motion/CNC
controller, as it optimizes NC program download, compilation,
and execution time; manages G-code modality to support
www.industrial-lasers.com

4/26/17 10:32 AM

acy and
microprocessing
mid-program start; and displays, handles, and logs machine
fault and error conditions.
The competitive advantages of a laser microprocessing
and micromachining system are often related to its application-specific functionality. As the name implies, a customizable
CNC HMI development platform provides value to the machine
developer by allowing application-specific HMI customization
with relatively little effort. Simple examples of such customizations are custom tabs, buttons, or screens. More sophisticated customizations may involve process visualization or integration of other devices in the machine, such as cameras and
laser displacement sensors.
Integrated graphical HMI

Laser microprocessing and micromachining systems used in
applications such as flexible PCB drilling and cutting, glass
and polymer display processing, semiconductor processing,
precision optics manufacturing, and high-precision additive
manufacturing are often used in high-tech research and production facilities. In such systems, an integrated graphical
HMI is typically preferred over a CNC-style HMI, as the system operator is not a CNC machinist. The integrated graphical HMI can directly take in a CAD file from which a laser path
is defined, and the corresponding machine code is then automatically generated and executed on the motion controller. In
such cases, a separate CAM or post-processing software is
not required.

A customizable integrated graphical HMI development platform, with built-in functions for specific processes such as laser
marking, drilling, etching, cutting, and additive manufacturing,
provides significant added value to the machine builder/integrator and end user by solving a number of development challenges out of the box:
• A wide range of CAD files are natively supported (DXF, DWG,
Gerber, NC Drill, STL, etc.) and can easily be manipulated to
create motion recipes (such as scaling, rotation, and tiling);
• Parameters for all motion axes can be configured and
monitored from a single
window/location;
Motion trajectory
• Real-time monitoring
FPOS (1)
and data collection of
50
motion feedback and
CAM
40
laser status;
profile
30
• Commonly used devices
Controller
such as cameras and
profile
20
galvanometer scanners
10
are natively supported
0
and configurable within
0 10 20 30 40 50 60
the HMI—new devices
FPOS (0)
can be integrated as
well, without the need to
FIGURE 3. Advanced motion
write new libraries from
performance optimization
scratch; and
includes controller-based
• Full simulation capabiliprofile corner rounding.
ties allow the user to see
the expected laser beam
path and determine expected process duration (FIGURE 2).
Similar to a CNC-style HMI development platform, an integrated graphical HMI development platform can be also customized for application-specific functionality.
Process improvements

FIGURE 2. 3D visualization and recipe planning for processing
of 3D parts.
www.industrial-lasers.com
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For many laser microprocessing and micromachining applications, the motion performance is critical in determining the
achievable accuracy and repeatability of the process. Motion
performance is affected both by the profile generation (commanded motion path) and the servo performance (how well the
actuators/stages follow the commanded motion path).
Today’s sophisticated motion/CNC controllers provide advanced profile generation and servo performance
MAY/JUNE 2017 Industrial Laser Solutions
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be used (FIGURE 5). In
such applications, the
Laser off Laser pulse
gating signal is typAlso suitable for 3D laser beam trajectories
ically turned on and
in Cartesian and non-Cartesian systems
off precisely at the
beginning or end of
a motion segment or
Distance between pulses remains fixed
block, though it can
if path velocity changes
also be done at arbiy
trary locations along a
motion path.
x
Digital modulation
modes for power conFIGURE 4. A fixed-distance pulse triggering mode involves
trol are also possible,
triggering the laser at precise positions with fixed-distance
such as pulse width
intervals independent of velocity.
modulation (PWM)
optimization features, such as minimal
and frequency modenergy profile generation; motion segment
ulation (PFM). Operating modes can be
blending and corner smoothing (FIGURE 3);
combined simultaneously for even more
adaptive servo control algorithms; autotunadvanced applications.
ing and performance characterization tools;
There are many challenges associated
and advanced PWM drive technologies.
with the process of developing a robust
In addition to motion performance, posiand scalable laser micromachining or
tion-based output synchronization also has
microprocessing machine platform, espea significant impact on laser microprocially in optimizing accuracy and repeatcessing and micromachining accuracy
and repeatability.
This task has traditionally been hanExample 2
dled within the
motion/CNC controller or drive that
y
is physically conExample 1
nected to the
x
machine actuators.
Recently, dedicated laser conLaser off
Laser on
Example 3
trol modules have
become available
that provide addi- FIGURE 5. Gating involves turning the laser on and off at precise
tional flexibility and locations in the motion path.
capabilities with
respect to position-based output synchroability of laser control relative to motion,
nization for laser triggering and gating. Once
and HMI software development. Many
added on to a motion control network, the
of these challenges that were once up to
module can be configured (via software)
each machine developer to solve with limto provide synchronized outputs based on
ited tools and support are now addressed
motion of any combination of axes in the
by new technologies and offerings from
network. The laser control module can be
motion/CNC controller providers, enabling
configured to operate in various laser conbetter machine performance and reduced
trol modes, making it simple to implement a
development effort. ✺
wide variety of applications (FIGURE 4).
For applications where the laser pulses
JASON GOERGES (jasong@acsmotioncontrol.
are not triggered individually by an extercom) is the general manager of ACS Motion Control,
Bloomington, MN; www.acsmotioncontrol.com.
nal control system, a gating mode can
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my view
Industrial laser sales continue
to outpace machine tools
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hirty-four years ago, in sister
publication Laser Focus World,
I wrote “If laser systems are to
capture an increasing share of
the markets now held by lower-cost conventional tools, efforts must be made
to narrow the price gap.” At that time, the total
global market for industrial laser systems was
about $219 million, while in 2016, it was estimated
(by Optech Consulting) at $12.6 billion—a 12.66%
CAGR. Contrast this with the 2.2% CAGR of machine tools in the same period.
Since a short boom in 2010-2011, spurred by
sales in China, global machine tool sales have
dropped more than 40%, partly as a result of poor
investment decisions by Chinese companies. In
that same period, equivalent global industrial
laser system sales increased 30%, driven by buying decisions in China and aided in no small part
by reductions in unit selling prices by the laser
industry. Rebounding machine tool sales are projected to grow 12% by 2020, while lasers are forecast at 20% in the same period. Is it fair to say I
was a prophet before my time?
In all fairness, I have yet to reap any praise
for this other bit of wisdom posited in that Laser
Focus World article: “As the industry matures, and
as substantial markets develop for processing
systems, laser manufacturers will recognize the
need for standardization as a means to facilitate
customer purchasing priorities and, perhaps to
increase market penetration and the competitive
position of the laser versus other competing technologies.” Oh well, one can’t be right all the time.
The selection of diverse features in this issue is
truly international in scope, reflecting the global
reach of Industrial Laser Solutions. From the US,
Rajesh Patel and colleagues at Spectra-Physics
compare lasers with nanosecond to femtosecond pulse widths in various micromachining
applications, and discuss economic implications
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for pulse width selection (see page 21). Martynas
Barkauskas and co-authors at Light Conversion
in Lithuania describe how ultrafast lasers are
finding their way into manufacturing applications
requiring high-quality ablation and precision cutting, transforming the manufacturing of medical
devices and small-scale parts (see page 25).
In the UK, Lindley Pate (Hope Technology)
says that a fiber laser cutter, replacing CO2 units,
has become an essential tool for producing bicycle brake discs and sprockets that his company
manufactures (see page 4). Jeff Dulaney (LSP
Technologies) tells the story of laser peening
from its early adoption by the U.S. Air Force to
the modern commercialization of diode-pumped
laser peening systems integrated into manufacturing processes around the world (see page 12).
Metallurgically bonding metals to extend the life
of essential drilling machinery components is
one aspect of Australian company LaserBond—
in our cover story, Allan Morton projects ongoing laser cladding development work could
increase drill performance times up to five times
(see page 8).
From Japan, Yuji Imamiya and associates
at Mitsubishi Heavy Industries Machine Tool
describe a deep-ultraviolet laser drilling system
that makes holes measuring a minimum of 10μm
in diameter with an aspect ratio of 10 (see page
17). Finally, from Israel, to meet today’s demand
for high throughput and accuracy in laser processing, Jason Goerges (ACS Motion Control)
details motion control systems that offer a new
approach to integrate functionality while still providing systems developers the ability to customize functionality for specific applications or
machine topologies (see page 28).
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