
| | | | | |Previous Page Contents Zoom in Zoom out Front Cover Search Issue Next PageL B
A

M SaGEF

| | | | | |Previous Page Contents Zoom in Zoom out Front Cover Search Issue Next PageL B
A

M SaGEF

http://www.qmags.com/clickthrough.asp?url=www.industrial-lasers.com&id=14824&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14824&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.industrial-lasers.com&id=14824&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14824&adid=logo


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

Aerotech is committed to

serving the unique

requirements of laser

processing and laser

machining applications

by manufacturing the

highest performance

motion and positioning

systems for laser cutting,

laser marking, laser

welding (including seam

welding and hermetic

seam welding), laser

etching, and other laser

machining and laser

micromachining

applications. Aerotech developments in the areas of mechanics, controls, software, and

laser control have provided end users, systems integrators, and OEMs worldwide with

quality laser processing and micromachining systems since 1970.

For more information, please
order a copy or download the
brochure pdf at

www.aerotech.com
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Get Your FREE Brochure
Laser Processing and 
Micromachining Solutions
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Replacing 
cutting tools

Improved 
blade drilling

Hybrid welding 
advances
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Market growth yields bountiful harvest, 

David A. Belforte discusses in his cover story.
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2010 Annual Economic Review and Forecast
A surprise recovery  DAVID A . BELFORTE

t e c h n o l o g y  r e p o r t
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Hybrid laser arc welding: Has its time arrived?
Obstacles remain, but the “hybrid age” is coming, 

due especially to high brightness lasers  PAUL DENNE Y
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Laser drilling aids cool running for gas turbines
Laser ablation can remove TBC and bond coat 
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Laser assisted machining
LAM benefits a wide range of 
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Welcoming a new decade

COVER STORY

F E AT U R E D A R T I C L E S

Laser markers: Choose 
the best one for your ap 
Laser marking is rapidly replacing 
older product marking technology. 
A key factor in its widespread 
adoption is the exponential 
increase of direct marking of part 
information to aid in tracking. 

GEOFF SHANNON

Lasers in thin film and 
c-Si photovoltaics
The laser has become an 
indispensible tool for thin-film 
photovoltaic module production, 
especially in the layer scribing steps 
required for monolithic integration. 

DAVE MACLELLAN, RICHARD HENDEL

DABb l i ng

A blog by DAVID A. BELFORTE

In his weekly interactive blog 
David shares his insights and 
opinions on current activities 
affecting industrial laser 
materials processing…and 
anything else that moves him. 
www.industrial-lasers.com/
blogs/dabbling/index.html
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DÜSSIN, GERMANY – Under the motto, “Running shoes 

made in Germany,” the brothers Ulf and Lars Lunge 

decided to start up a running shoe factory in Ger-

many. The Lunge Laufschuhmanufaktur develops 

and produces technical running shoes for both 

hobby joggers and professional runners alike. The 

aim of the Lunge brothers is to manufacture comfort-

able, extremely high-quality running shoes from the 

best materials for every kind of runner. In addition, they 

believe in responsible and sustainable production, so 

particular consideration is given to ecological and social 

issues in the manufacturing process. 

The success story of the Lunge (www.lunge.com) started with 

a specialist shop for sports shoes in Hamburg. Now the company 

has six run shops in Hamburg and Berlin. Since 2008, Lunge has 

been producing running shoes in its own factory. 

Great importance is placed on the selection of the materials 

and optimum workmanship. On principle, the materials used are 

all free of pollutants and have often been used successfully on the 

market for decades. The selected materials are 

ideally processed thanks to the state-of-the-art 

production facilities. The material for the shoe uppers are cut on 

a system by eurolaser (Lüneburg, Germany; www.eurolaser.com) 

that has been part of the production operation from the beginning. 

A big advantage of this technology is the thermal process that 

welds the cutting edges, thus preventing any subsequent fraying 

and eliminating any preparatory or fi nishing work.

“Flexible shoe parts that need no die-cutting and that can 

be fl awlessly reproduced from different materials make our 

eurolaser system the very centerpiece of the Lunge produc-

tion,” says Ulf Lunge.

Many years of experience in the market and sophisticated, 

state-of-the-art technical equipment ensures that the Lunge Lauf-

schuhmanufakur is well positioned for achieving its aims for the 

future. The owners feel there is nothing standing in the way of the 

planned expansion of the range. Even the purchase of another 

eurolaser system is in the pipeline.

(Adapted from The Laser Magazine, 10th Edition, by eurolaser) 

Running shoes use the best materials
The shoe uppers are 

cut accurately with 

the laser system.

Linear Stages
•  Models with travels from 

50 mm to 1.5 m

•  Speeds up to 2 m/s

•  Side-seal design with hard-cover

•  Low-cost; high performance

•  Ball-screw or linear-motor-driven

models

Direct-Drive Rotary Stages
•  ER16 collet accepts up to 5.8 mm

O.D. tubing

•  Integral water jacket with scalable

O-ring seal for wet cutting

applications

•  Clear aperture for product feed-

through

Cylindrical Laser
Machining Systems
•  Integrated linear/rotary

motion platform

•  Advanced control

architecture

•  Single- or dual-spindle

configurations

Linear Motor
Gantry Systems
•  Velocity to 3 m/s and

acceleration to 5 g

•  Exceptional accuracy and

performance for improved

throughput and yield

•  “Sealed” versions and

custom options to suit your

application range

PRO Series ASR1200

AGS SeriesVascuLathe® DS

See us at the following tradeshows:

Booth #1701

Moscone Center, 
San Francisco, CA
January 25-27

Booth #2964

Anaheim Con. Center,
Anaheim, CA
February 8-10
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Welding    Cutting    Drilling

www.gsiglasers.com

Precise. A more than 
accurate description

JK Lasers, part of the GSI Group

Rugby, England - UK

Tel: +44 (0) 1788 517800

Fax: +44 (0) 1788 532605

Email:  sales.laserdivision@gsig.com

Web: www.gsiglasers.com

With over 30 years experience in industrial laser technology, JK 
Lasers has developed a range of solid state and fiber laser products 

that are designed to operate to the most exacting standards.

With knowledge of fast-paced industries such as medical, 
automotive, electronic and aerospace, JK Lasers are extensively 

used in the most demanding processes. The range allows 
manufacturers to produce strong seamless and highly reliable 

welds, complex cuts and precisely drilled holes.

For more information call +44 (0) 1788 571 800

JK  
Lasers

TM

part of the GSI Group
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In 2009, the industrial laser 

market was in disarray. It 

was still feeling the impact of 

the 2008/2009 global economic 

recession that had hit this market fast and hard with few, if 

any, products and services suppliers spared. Horror stories 

of sales telephones that never rang and e-mail messages that 

went unopened were common. And as the months passed, 

these stories only worsened as the major markets in North 

America, Europe, and Asia remained dried up, especially in 

the capital goods sectors.

By mid-year 2009, as governmental agencies around the 

world gambled their economic futures on massive stimulus 

actions, it became clear that any fi nancial turnaround was not 

in the cards. Drastic actions by laser and systems suppliers 

to stem off complete shut-downs of the companies became 

a common occurrence. Even the very strongest of the global 

companies were forced into shorter hours and for some, for 

the fi rst time ever, employee reductions.

Some good news in 2010

Then, in 2010, hardly noticed at fi rst, good news began to drift 

out at shows and conferences. Here and there, small, nar-

rowly focused product suppliers began to receive orders from 

the semiconductor, alternate energy, aerospace, automotive, 

and medical devices markets. And stories began to be heard 

about a hyper-active market — China — placing quantities of 

orders as that government’s stimulus package seemed to acti-

vate quickly to produce positive results long before the others. 

Score one point for a non-capitalist government.

At ILS, we too began to hear about buyers placing signifi cant 

orders, and the fi rst half reports of several pubic companies 

turned positive as revenues turned upward. As the third quar-

ter closed, it was common to hear about record sales being 

made, many of them attributed to the activity in Asia, specifi -

cally China, and others from the aforementioned industry sec-

tors that seemed to be defying recessionary pressures.

The laser industry waited for the other shoe to drop as the 

dreaded phrase, double-dip recession, took hold. Month-by-

month, suppliers waited for the news to turn bad, which it did 

not. Business news was positive across the board in all the 

producing nations. Oh, there was still hurt in certain 

markets; in the U.S., the job shop industry continued 

to suffer, and quarter by quarter news of bankrupt-

cies grew. The market for big ticket items such as 

laser sheet metal cutting systems dragged as a 

large inventory of quality and like-new machines 

attracted the buyers.

As the last months of 2010 passed, good 

news appeared in most every compa-

ny’s stockholder 

reports. Except for 

the nagging prob-

lem in fabricated 

sheet metal, busi-

ness was not only 

good; in some 

companies, it was 

great. Quarterly 

increases in the 

strong double dig-

its were common, 

and some compa-

nies even reported 

sales increases up 

to 40% and more.

It was time to 

bury the threat of a double-dip recession and to get back to 

normal by rehiring staff and extending work hours. Low inven-

tories were hampering some markets, but otherwise the com-

panies that ILS tracks were all in the black. At the end of the 

last reporting period before the end of the calendar year, we 

could only fi nd red fi gures for six of the 35 companies we track, 

and all but one of these was in the red because of the quarter 

they reported. In these companies, the guidance for the com-

ing quarter was a return to the black. At one company, Trumpf, 

double-digit growth was expected.

As we commenced our company-by-company analysis 

for this report, it quickly became clear that a stronger than 

expected market for solid state and fi ber lasers was going to 

boost estimated numbers by more than 20%. This was enough 

to offset a lethargic high-power CO
2
market to the point where 

FIGURE 1. Industrial laser revenues, 

1970-2010, with 2011 forecast.

DAVID A. BELFORTE
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projections for 2011 have the industry fully recovered to 2008 levels, 

about a year ahead of our prediction at the start of 2010.

Fish hook recovery

In 2010, fi rst and foremost, let’s look at the curve that, to this writer, was 

almost like Hawthorne’s Scarlet Letter “A”. After 40 years of continuous 

growth, save for one minor dip in the early 1990s, the 2009 number drop 

of more than 30% produced the beginning of a crevice that suggested 

that recovery to the 2008 edge was many years away. For a year that 

infamous curve has appeared globally, precipitating wide discus-

sions with this writer about the magnitude of the drop and queries 

as to the long term health of the industrial laser market — hence 

the Letter A reference. However, led by solid-state and fi ber laser 

sales, the curve in FIGURE 1 now looks more like a fi sh hook, and 

recovery to the norm 

seems only a year 

away. Surprisingly, 

the CAGR at the end 

of 2008 was 19.63%, 

and after the dras-

tic recession, it only 

dropped to 17.99% at 

the end of 2010.

TABLE 1, a four year 

summary, puts into 

perspective the rapid 

recovery the industry 

is making from the 

record-setting reces-

sion. This very posi-

tive table is not meant 

to diminish the pain 

and suffering the recession brought to most of the companies that make 

up the industrial laser community, but it does suggest that industrial laser 

markets are diverse, diverse enough to withstand the second most seri-

ous recession in US history. It is safe to say that if company forecasts hold, 

the rise to pre-recession revenue levels will be a year earlier than expected.

Revenues by laser type

Now digging into the numbers that make up the 2010 Annual Economic 

Review and Forecast, TABLE 2 details the current situation for industrial 

Table 1. Four year summary industrial laser revenues ($ million)

YEAR/GROWTH 2008 % 2009 % 2010 % 2011 %

Laser 

Revenues
1758 2 1231 -30 1495 21 1727 16

System 

Revenues
6075 -1 4865 -20 5838 20 6656 14

Table 2.  Global industrial laser revenues ($ million)

TYPE/YEAR 2009 REV. 2010 EST. % 2011 PROJ. %

CO
2

669 789 18 907 15

Solid State 340 397 17 450 13

Fiber 169 239 41 290 21

Other 53 70 32 80 14

Total 1231 1495 21 1727 16

THE STORY BEHIND 
EXCIMER LASERS

The question occasionally asked is 

why ILS does not account for the 

sales of excimer laser-based systems 

used in photolithography applications. 

This billion dollar market is indeed 

an industrial laser market, and an 

important one. We actually do track 

one of the two major suppliers to this 

market, Cymer, using its quarterly 

reports to measure overall market 

conditions.

Several years ago, we decided that 

laser lithography, unlike laser graphics 

(printing), another large market we do 

not follow, is indeed a laser material 

processing application but, in our 

view, a very special one that does not 

easily fi t into comparisons of the other 

material processing applications.

Lasers for lithography is a billion 

dollar market, dominated by two 

suppliers: Cymer from the US and 

Gigaphotonics from Japan. Together 

they sell about 250 multi-million dollar 

systems annually. Thus, we wouldn’t 

be disturbed to add another billion 

dollars to industrial laser system 

sales except we still see this sector 

as “different” than those markets we 

cover. Consequently, we still follow 

this market as it is a key part of the 

semiconductor industry, but we cannot 

build a convincing argument to count it 

in the markets we cover.  ✺
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Fiber laser

11%

Solid state

21% CO2

68%

s p e c i a l r e p o r t

6 Industrial Laser Solutions  JANUARY/FEBRUARY 2011 www.industrial-lasers.com

laser revenues by laser type. ILS tracks these lasers and correlates 

data in our database with published reports from the 35 public 

companies we follow. As is our practice, we fi rst revisit 2009 data 

because when 

reported in Janu-

ary we are miss-

ing some final 

quarter reports, 

relying on guid-

ance numbers to 

get a yearly value. 

When those last 

quarter reports 

appear early in the new year, we adjust 

the published ILS data accordingly. 

Generally, these adjustments are minor. 

The 2010 revenue numbers are, for the 

preceding reason, an estimate, and the 

2011 values are also all backed by com-

pany guidance statements.

After a disastrous 2009, the industry 

rebounded dramatically, led by solid-

state and fi ber lasers sales into the 

semiconductor, solar power, medical 

device, display, LED, aerospace, and 

automotive industries. Strong dou-

ble-digit growth — with these lasers 

accounting for 41% of the increase — 

served to offset a slow recovery in the 

high-power CO
2

sector. Even though 

CO
2
 lasers show a 18% increase in 

revenues, it comes after a 40% decline 

in 2009 revenues, so this sector has 

more catching up to do to reach pre-

recession levels. The “Other” category 

composed of diode and excimer lasers 

returned to the solid growth numbers 

experienced before the recession.

An overall 21% growth in industrial 

laser revenues coming on the heels of a 

30% loss in 2009 revenues is gratifying 

especially as the 2011 forecast also proj-

ects good double-digit growth. If there 

is one overarching message as a take-

away from TABLE 2, it is the strong role 

that solid-state and fi ber laser played in 

setting the table for an industry recov-

ery to pre-recession levels.

TABLE 3 is an extension of TABLE 2 and 

shows the integration of these lasers 

into material processing systems. As 

has been our practice for years, we use 

a set of formulas to calculate system 

sales based on laser selling price num-

bers because the systems are sold by 

a group of companies that do not break out laser system sales for 

reporting purposes. For that reason, we tend to be conservative 

with our estimates, preferring to uses trend line data rather than 

hard numbers.

After the shambles of the 2009 markets, which 

showed a 20% decrease, it was with great relief 

that the industry rebounded 20% in industrial 

laser revenues in 2010. Fiber laser powered sheet 

metal cutters perked up sales in a market sector 

that had been lethargic most of the year, how-

ever, not enough to make up for the loss of reve-

nues from metal cutting lasers, which previously 

were the major contributor to total system rev-

enues (over 40%). In 2010, the strength of solid-

state and fi ber laser powered systems perked up 

the market by 43%. Projections for 2011 show a 

repeat of the 2010 numbers.

FIGURE 2, laser revenues by application, com-

pares 2010 results to those of 2009. In 2010, 54% 

of all lasers sold were used for metal processing 

and of these 65% were employed in metal cut-

ting, another reason why metal cutting is such 

an important market sector. TABLE 4 shows that 

revenues for metal processing lasers totaled 

over $1 billion in 2010, with CO
2
 laser represent-

ing about 68% of this (FIGURE 3). Fiber lasers con-

tinue to show the highest growth rate in reve-

nues at 35%.

Microprocessing markets

Commencing in early 2009, in response to pent-

up buying demands by the semiconductor indus-

try, sales of lasers into this market sector began 

to rise, leading to the beginnings of what turned 

out to be a rousing market expansion in 2010 

when total revenues grew by 59%. As shown in 

TABLE 5, all laser segments experienced extremely 

strong growth, even though this growth came 

after these same segments 

experienced a 32% decline 

in 2009.

In this market sector, 

China, Korea, and Taiwan, 

and to some degree oth-

ers in the AsIan markets, 

were the drivers in a buy-

ing frenzy for lasers used 

in microprocessing that 

included laser scribing, 

cutting, and drilling. The 

insatiable demands for 

hand-held communica-

tions equipment with their 

increasingly more complex 

displays drove up orders 

Table 4. Lasers for metal processing ($ million)

TYPE/YEAR 2009 REV. 2010 EST. % 2011 PROJ. %

CO
2

10 18 80 20 11

Solid State 36 67 86 86 28

Fiber 10 18 80 22 20

Other 38 46 21 55 20

Total 94 149 59 183 23

Table 3. Global industrial laser systems revenues ($ million)

TYPE/YEAR 2009 REV. 2010 EST. % 2011 PROJ. %

CO
2

3022 3560 18 4050 14

Solid State 1276 1490 17 1680 13

Fiber 430 608 41 720 18

Other 137 180 31 206 14

Total 4865 5838 20 6656 14

FIGURE 2. Laser revenues by application.

FIGURE 3. Lasers for metal processing.

Other

Semiconductor & microprocessing

Marking & engraving

Metal processing

2010

2009

$914 million

$1.068 billion

$145 million

$94 million

$149 million

$78 million

$102 million

$176 million

2010 Total: $1.068 billion

TYPE/YEAR 2009 REV. 2010 EST. % 2011 PROJ. %

CO
2

621 729 17 839 15

Solid State 208 224 8 244 9

Fiber 85 115 35 138 20

Total 914 1068 17 1221 14

Table 5. Lasers for semiconductor and microprocessing ($ million)
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www.scanlab.de

precision on the fly

Precisely guiding a beam toward a moving object – as the archer fish does – is 
certainly not simple, but it brings competitive advantages. Precise positioning 
of laser beams is the key for equally dynamic, accurate and flexible tools – that 

help you develop new markets. 

SCANLAB´s laser scan technology enables efficient and dependable processes 
in industry, medicine and biomedicine. From galvanometer scanners to complex 
scan solutions, SCANLAB products prove their worth across a diverse range of 
applications – from marking, cutting and drilling to welding, from 3D laser 
processing to “processing on the fly”. 

Gain a lead over your competitors! If you´re looking for dynamic, precise and 
reliable scan solutions, then just ask us.

Easy 
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See you at our booth #2515  
at Photonics West!
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Table 6. Lasers for marking/engraving ($ million)

TYPE/YEAR 2009 REV. 2010 EST. % 2011 PROJ. %

CO
2

22 24 9 28 17

Solid State 34 40 18 49 23

Fiber 7 14 100 17 21

Other 15 24 60 29 21

Total 78 102 30 123 21

FIGURE 4. Lasers for semiconductor 

and microprocessing.

FIGURE 5. Lasers for marking and 

engraving.

FIGURE 6. Lasers for “other” 

applications.

for lasers that perform these tasks. Continuing demands from manufacturers of fl at panel 

displays, LED/OLED processing, microvia drilling, and other micro applications kept sys-

tem builders running at full output.

An example of the microprocessing market sector strength is printed circuit board (PCB) 

microvia drilling. In 2010, PCB suppliers in Taiwan, Japan, and other producing regions 

expected to install more than 600 laser drilling systems in response to a more than 40% 

increase in shipments of mobile telephones. And in 2011, with smartphone growth expected 

to more than double, these same producers were expecting to install another 700 laser 

microvia drillers. 

Continuing strength in this 

and other semiconductor and 

microprocessing sectors such 

as solar power and medical 

device manufacturing leads us 

to believe that a 23% increase 

in revenues can occur in 2011, 

led by solid-state and fi ber laser 

sales, which can represent 60% 

of the revenues in the market sector (FIGURE 4).

Marking and engraving

For the fi rst time in a decade, revenues for lasers used in marking 

and engraving declined in 2009 by 12%. As shown in TABLE 6, recov-

ery in 2010 was rapid as sales rebounded by 21% with a return to 

the solid double-digit growth that this market sector has experienced 

for years. The major contributor to this growth at 37%, fi ber lasers, 

showed the continued penetration of this technology into the solid-

state marking market (FIGURE 5).

Other applications

The ubiquitous “Other” category includes all those applications that don’t fi t those above 

such as laser assist manufacturing (rapid manufacturing), heat treating, desktop manu-

facturing, and lasers used for photolithography. This Other market sector experienced a 

20% decline in 2009, and in 2010, as shown in TABLE 7, grew 30% as fi ber lasers expanded 

their application base, growing 100%. This industrial laser market sector is home to many 

of the “developing” applications that are expected to form the basis for sustained tech-

nology growth in the coming years. For 2011, the Other laser revenue category is forecast 

to grow 21% (FIGURE 6).

Installation locations

In FIGURE 7, we show where all the indus-

trial laser systems are installed. For the 

past few years, Asia has been growing 

in importance, thanks mainly to activity 

in China. In 2010, the market in China, 

abetted by activity in Taiwan and Korea, 

was the prime force in growing the total 

market for industrial lasers. As a 

result, the Asian market repre-

sented 47% of the total, and East 

Asia (China, Taiwan, and Korea) at 

32% equaled the European mar-

ket share, a reversal of past num-

bers, made ironic as the ship-

ments to China are credited with 

turning around a lethargic reces-

sion recovery in Germany. This situation 

did not appeal to some German govern-

ment offi cials, one of whom suggested at 

the LASYS meeting in June that German 

manufacturers should perhaps concen-

trate on making the goods that Chinese 

companies were buying lasers to make, 

instead of exporting these lasers. One 

can only assume that he was making an 

attempt at some humor.

TYPE/YEAR 2009 REV. 2010 EST. % 2011 PROJ. %

CO
2

16 18 13 20 11

Solid State 62 66 6 71 15

Fiber 67 92 37 114 24

Total 145 176 21 205 16

Table 7. Lasers for other applications ($ million)
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FIGURE 7. Global installations of 

industrial laser systems, 2010.

FIGURE 9. North American 

installations of laser cutters.

FIGURE 8. Impact of laser sheet metal cutting.

Meanwhile, there are concerns that the 

Chinese government might rein in some 

of the funds that are stimulating the over-

heated economic growth. Recalling how 

quickly this government’s 

stimulus money fl owed in 

late 2009 and early 2010, 

we think exporters of the 

lasers needed could expe-

rience a downturn in 2011.

The two markets that 

together make up about 

a third of the total mar-

ket, the US and Japan, 

are currently mired in 

extremely slow economic 

growth. The US is begin-

ning to mirror the stagnant 

economy in Japan, so 

prospects for a more impor-

tant contribution to growth in 2011 seem 

ephemeral. In Europe, where Central 

and Eastern European markets were in 

the past three years a counter to slower 

growth in Western Europe, continuation 

of this is not assured. 

As a consequence, ILS has modifi ed its 

growth projections for 2011, and we are 

looking to modest low double-digit growth, 

below the 40-year CAGR level of 18%.

Laser sheet metal cutting

Laser sheet metal cutting is the single 

largest system revenue producer and as 

such vagaries in the market always pro-

duce rapid repercussions. Not to lay the 

blame for the recession on this market sec-

tor, but the sudden and precipitous decline 

in 2009 unit sales produced 73% of the revenue lost from 2008 sales, so it is easy to see 

why ILS tracks this market sector. FIGURE 8 — a 20-year history of industrial laser systems 

sales compared to unit sales of laser sheet metal cutters — shows how closely the latter 

tracks the former.

The market for these laser cutters in North America (FIGURE 9) is not a good gauge of 

global sales as this market has been on a downward trend since 2006, and the recession 

seems to have expedited the trend change. Even so, laser cutter sales in North America 

still represent about a third of industrial laser system revenues in this market.

The new year

Looking ahead to 2011, we continue to be impressed by the strength of the solid-state 

and fi ber laser segments, which are expected to be 43% of the total industrial laser rev-

enues and 36% of the systems revenues. In 2011, solid-state lasers at $450 million will 

come close to the $480-million high water mark of 2004, a period when fi ber laser sales 

ate into the solid-state markets, namely for laser marking. In that same period, solid-state 

lasers lost 6% of their market while fi ber lasers grew more than 400% to $290 million.

We conservatively expect CO
2
 revenues to be in the $900 million range and possi-

bly higher. The selling price for high power lasers will stabilize after several years of 

deep discounts when suppliers coped with the recession and the competition of the 

recovery period. A factor that we identifi ed in the September/October 2010 issue, the 

impact of high-power fi ber lasers on this mar-

ket sector, remains to be seen. Proponents of 

fi ber laser metal cutting are comfortable with 

sales doubling in 2011 and perhaps 2012. Most 

of this growth will come from new installations, 

where the product is thin gauge stainless steel. 

At the 4 mm thickness level where CO
2
lasers 

regain the edge with jobshops wanting to serve 

a wide range of cutting requests, these lasers 

hold market share.

By our count there are now at least 25 compa-

nies offering fi ber laser sheet metal cutters. Many 

of these also offer CO
2
 laser cutters as their main 

product, so any loss of business to fi ber lasers 

may be negated by keeping the sale in-house.

As shown in TABLES 2-7, for 2011 we project 

lasers to grow at 16% and systems by 14%. 

Fiber and CO
2

laser will enjoy double-digit 

growth in metal processing, and all lasers 

except CO
2
 will see strong double-digit growth 

in semiconductor and microprocessing appli-

cations. Solid-state and fi ber lasers will gain at 

double-digit levels for marking/engraving, and 

all lasers will experience good double-digit 

growth in the Other category.

By the end of 2011, the industrial laser sector 

will be back to 2008 levels, a year ahead of the 

forecast we made at this time last year. The mar-

ket sectors driving the growth are those that are 

expected to remain strong except for a predicted slowing in the semiconductor sector, 

which should be offset by growth in the fabricated metal products area.  ✺

DAVID A. BELFORTE is the editor-in-chief of Industrial Laser Solutions for Manufacturing. He can be reached at 

belforte@pennwell.com

Year 

| | | | | |Previous Page Contents Zoom in Zoom out Front Cover Search Issue Next PageL B
A

M SaGEF

| | | | | |Previous Page Contents Zoom in Zoom out Front Cover Search Issue Next PageL B
A

M SaGEF

__________________

http://www.qmags.com/clickthrough.asp?url=www.industrial-lasers.com&id=14824&adid=P9E1
http://www.qmags.com/clickthrough.asp?url=www.industrial-lasers.com&id=14824&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14824&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.industrial-lasers.com&id=14824&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14824&adid=logo


| | | | | |Previous Page Contents Zoom in Zoom out Front Cover Search Issue Next PageL B
A

M SaGEF

| | | | | |Previous Page Contents Zoom in Zoom out Front Cover Search Issue Next PageL B
A

M SaGEF

_________________

http://www.qmags.com/clickthrough.asp?url=www.iiviinfrared.com&id=14824&adid=P10A1
http://www.qmags.com/clickthrough.asp?url=www.industrial-lasers.com&id=14824&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14824&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.industrial-lasers.com&id=14824&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14824&adid=logo


www.industrial-lasers.com JANUARY/FEBRUARY 2011 Industrial Laser Solutions        11

t e c h n o l o g y r e p o r t

D uring this year’s FABTECH show, 

two related events occurred 

that address the status of laser 

hybrid welding. First, ESAB 

(www.esabna.com) added a 

new section to its corporate 

web site related to its hybrid 

laser arc welding (HLAW) systems (FIGURE 1). The same week, 

Lincoln Electric (www.lincolnelectric.com) 

announced a strategic partnering with IPG 

Photonics (www.ipgphotonics.com) for the 

development of HLAW welding systems. To 

have two of the world’s largest arc welding 

companies promoting HLAW says some-

thing about how the process is being viewed 

by industries. 

History of HLAW

Having traditional welding companies 

embrace a laser-based technology did not 

occur overnight. The combination of a laser 

with an arc process to address some of the 

shortcomings of the technology is almost as 

old as laser processing itself. In fact, Bill Steen 

published a paper titled “Arc Augmented 

Laser Processing of Materials” in the Jour-

nal of Applied Physics in 1980. In most cases, 

the combination of the laser with an arc pro-

cess was to address the fi t up, chemistry, or 

power limitation of the laser. And while most 

hybrid processing has been centered on gas 

metal arc welding (GMAW) (FIGURE 2), there 

have been others who have investigated combining lasers with 

gas tungsten arc welding (GTAW) (Diebold and Albright, Weld-

ing Journal, 1984) and plasma (Walduck and Biffi n, Welding 

Research Abroad, 1995). 

While HLAW has been investigated for a number of years, 

there were a lot of reasons for its limited uti-

lization. “I felt that a big disadvantage of the 

work that we were doing was that we were 

using a big clunky old laser that didn’t focus 

all that tightly,” says Vivian Merchant, an independent con-

sultant, of his research efforts in the early 1990s at the Cana-

dian Defence Research Establishment. He went on to say that 

their interest in using HLAW was to achieve higher production 

rates for military applications such as welding HY-80 material 

for submarine fabrication as well as for the welding of high 

strength materials for cross country pipelines. Vivian goes on 

to say that they recognized that “without the laser, it will take 

10 passes to weld this one-inch-thick steel. With the laser, we 

can narrow the groove, and weld this one-inch-thick steel with 

only two passes!”

Even with “clunky” lasers, some applications did transition 

from the laboratory to the factory fl oor. Efforts in Germany 

PAUL DENNEY

OBSTACLES REMAIN, BUT THE “HYBRID AGE” IS COMING, 

DUE ESPECIALLY TO HIGH BRIGHTNESS LASERS

HYBRID LASER ARC WELDING:

Has its time arrived?

Figure 1: Typical robotic hybrid laser arc welding (HLAW) process. Courtesy: 

Alabama Laser.
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with HLAW continued to be very active in 

the 1990s. Researchers such as The ISF 

- Welding and Joining Institute of RWTH 

Aachen University worked with compa-

nies such as Meyer Werft Shipbuilding, 

Papenburg, Germany, to develop 

and assist in the implementation 

of the technology. The result was 

the opening of a new panel line at 

Meyer Werft in 2000 for the weld-

ing of deck and bulkhead panels 

with stiffeners using HLAW with 

CO
2
 lasers. Not only did this rep-

resent a major acceptance of the 

technology, but it required the 

development and acceptance of 

new specifi cations for shipbuild-

ing by organizations such as DNV 

and Lloyds. 

A major change

The late 1990s and early 2000s 

saw a major change in laser 

technologies that would greatly 

impact the HLAW process. With 

advances in diode technology, 

greater power, better beam qual-

ity, and lower cost allowed these 

lasers to be used alone or as 

pumping sources for advanced 

laser systems. You no longer had 

to choose CO
2
 lasers (with hard 

optics) for high power or Nd:YAG 

for the fl exibility of fi ber delivery 

(but limited to 4 kW). Diode lasers 

were being used to produce fi ber 

and disk lasers that were not only 

fi ber deliverable and equal to or 

higher power than CO
2
 lasers, but 

which were easier to operate and 

maintain.

“The recent appearance of the 

new high-brightness laser technologies 

has by far had the greatest impact,” said 

Brian Victor of the EWI, Columbus, Ohio. 

“These new lasers are much less intimidat-

ing for potential HLAW users. They’re eas-

ier to operate/maintain, more robust than 

previous laser technologies, fi ber-deliv-

ered for fl exible manufacturing, capable 

of higher powers than possible with pre-

vious industrial fi ber-delivered lasers, and 

all at a relatively low cost per kW.” 

Dr. Simon Olschok, chief engineer at 

ISF - Welding and Joining Institute, RWTH 

Aachen University, states that he is aware 

that hybrid is used in “…ship building (in 

use), automotive (in use), vessel fabrica-

tion, pipe welding orbital up to 6 mm, and 

pipe welding J-Lay up to 15 mm.” He states 

that since efforts at Meyer Werft Shipbuild-

ing, he is aware of a number of companies 

that have or are considering hybrid weld-

ing. These efforts are being fueled because 

of “new laser sources which allow robot 

usages and that there are now many insti-

tutes around the world that do hybrid weld-

ing (that can assist in development and 

implementation).”

While hybrid processing has occurred 

in European shipyards since 2000, efforts 

have also been ongoing in the United 

States. Applied Thermal Sciences (ATS), 

Sanford, Maine, has worked with the US 

Navy to qualify the welding of structural 

HSLA 65 components as well as light-

weight sandwich panels (know as LAS-

COR) out of duplex stainless steel. The 

LASCOR panels are targeted 

for applications on the new 

DDG 1000 ship. To echo Dr. 

Olschok’s earlier comments, 

ATS’s original efforts in hybrid 

welding were with high power 

CO
2
, while recent efforts have 

been accomplished with high 

power fi ber and disk lasers. 

Hybrid welding is not only 

for shipyard applications. In 

Sweden, the first industrial 

application of HLAW was ini-

tiated in spring 2005 at Duroc 

Rail AB in Luleå. This applica-

tion consisted of using a 20 kW 

CO
2
 laser at Duroc combined 

with a GMAW source for weld-

ing together large, thick, high 

strength steel sheets for rail car 

applications. This application 

was developed from the Nor-

dic Network on Hybrid Welding 

(NORHYB) that had the goal of 

disseminating this technology 

to the Nordic industries.

“Non-arc” hybrid 

processes

While HLAW implies an “arc,” 

there are many other “hybrid” 

processes that are being 

developed and implemented 

that combine laser with other 

“electrical” processes. In these 

other cases, the laser is being 

used as a precision heating 

source and/or the electrical process is 

supplying an inexpensive heat source to 

the application. 

An example of one of these “non-arc” 

hybrid processes is hybrid laser braz-

ing. This process uses resistance heating 

between the part and the tip of the wire 

feeding system to increase the tempera-

ture of the wire. The laser then is used to 

take the brazing alloy, usually a bronze alloy, 

to a melting temperature while at the same 

time heating the substrate to a high enough 

temperature to allow for wetting without 

Figure 2. The two primary approaches to HLAW: a) laser leading 

or b) arc leading. Either approach has proven to work with the 

selection depending on the application. Courtesy: EWI. 
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fl ux. This can occur at very high speeds (> 

5 meters/minute) and result in joint quality 

that can be painted over. A number of car 

companies have implemented this process, 

including VW, Mercedes Benz, and Chrys-

ler. Examples of some of the uses include 

truck lids and roof ditch welds.

Another “borderline” HLAW process is 

laser cladding. This can be accomplished 

like laser brazing without an arc and using 

simply resistance heating in conjunction 

with laser. Or the laser can be combined 

with the GMAW process for the deposition 

of a consumable wire. Usually these pro-

cesses are used to repair a worn or dam-

aged surface and match the chemistry of 

the substrate or the material being depos-

ited to tailor the surface of the part for 

improved corrosion and/or wear resistance.

Wayne Penn of Alabama Laser, Mun-

ford, Alabama, reported on their efforts 

with resistance heated wire-laser “hybrid” 

process at last year’s Laser 

Additive Manufacturing (LAM 

2010) workshop. An example 

of HLAW cladding can be seen 

in FIGURE 3. Alabama Laser uses 

the process to clad large sur-

faces with corrosion and wear 

resistant material with less dilu-

tion and better surface condi-

tions than can be achieved 

by conventional GMAW pro-

cesses. Also at LAM 2010, Joel 

DeKock of Preco Inc., Somer-

set, Wisconsin, (www.procoinc.

com) reported on the compa-

ny’s “true” hybrid welding pro-

cess for depositing wear resis-

tant materials at very high rates 

with very low dilution.

For most “hybrid” applica-

tions, the GMAW is assisting 

the laser process by:

•  Adding fi ller material at an ele-

vated temperature with little or 

no additional energy from the 

laser,

•  Permitting welds to be made 

in joints with greater fi t-up 

issues and gaps than can be normally 

welded by autogenous laser welding, and

•  Altering the chemistry of the weld metal.

However, in some cases, the laser 

assists the GMAW process. As reported 

by Brandon Shinn at FABTECH 2005 under 

the AWS Technical Sessions, combining a 

laser with pulsed GMAW welding of tita-

nium resulted in a higher quality weld. Nor-

mally, welding titanium by the GMAW pro-

cess is diffi cult because the arc cathode is 

not “stable” and drifts around on the weld 

bead. The result is an irregular weld bead 

and spatter. However, Shinn found that 

focusing as little as 200 W of laser power 

on the weld puddle “locked” the cathode 

location, resulting in a very regular weld 

bead. This “laser-assisted GMAW” hybrid 

process could achieve very high welding 

speeds and small weld beads for use in 

welding of thin titanium structures such as 

those used in aerospace applications.

These increases in applications are also 

driving examination of what is an accept-

able hybrid weld. As stated earlier, DNV 

and Lloyds have already developed stan-

dards for hybrid welding for shipbuilding 

applications. But with the recent activities 

for HLAW in other industries, there have 

been additional interest/needs for the 

development of other standards/specifi ca-

tions by other organizations. The American 

Society of Mechanical Engineers (ASME) 

and the American Welding Society (AWS), 

both of which have had laser specifi cations 

for years, are active in the development of 

standards and/or recommended practices 

for hybrid processing. Both organizations 

are reacting to requests for specifi cations 

by companies that are using their specifi -

cations to develop their procedure quali-

fi cation records (PQRs) and their welding 

procedure specifi cations (WPS). These 

standards will address what parameters 

need to be documented and how much 

variations or changes will be allowed 

before a process must be partially or fully 

re-qualifi ed.

Obstacles to greater utilization

While there seems to be an increase in 

the implementation of hybrid processes, 

there still remain obstacles to greater 

utilization. When asked what “obsta-

cles” for implementation they see, Stan 

Ream and Brian Victor of EWI responded, 

“The main limitation is equipment cost. 

Most of the key HLAW markets are 

going to be in industries that currently 

Figure 3. Image of HLAW-deposited clad material.  Courtesy: Alabama Laser.
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use conventional arc welding. Buying a 

laser and the associated equipment will 

be a signifi cant cost increase. To make a 

large capital investment of a HLAW sys-

tem, the productivity and other ROI ben-

efi ts of the HLAW process have to be well 

understood upfront.”

While cost is a factor, others believe 

there are physical limitations to the pro-

cess. Dr. Olschok said he thought that as 

the weld thickness increases, a point will 

be reached where the ability to produce 

a “free-formed root bead” will be reached. 

He said that today this limit is between 12 

mm and 15 mm, depending on the laser 

used. Physical limitations were also voiced 

by EWI representatives, who commented 

that while the HLAW process does allow for 

greater fi t-up variation than normally possi-

ble for autogenous laser welding for thinner 

material, as the thickness increases, the 

limitation of the HLAW process will require 

industries to improve their fi t-up tolerances 

over what is presently achieved for the arc 

process. The cost for this improvement will 

have to be factored against the other ben-

efi ts of the HLAW process.

Further R&D

While implementation of the HLAW pro-

cess is occurring, further research and 

development is being accomplished for 

other applications. While it may not be 

practical to achieve 25 mm thick welds 

in a single pass with an HLAW process 

today, it may be possible to achieve this 

with multiple pass welds. Researchers 

are investigating this approach for pipe-

line and other thick section applications 

by using HLAW for the root pass and 

HLAW or conventional arc welding for 

the subsequent pass. There is also work 

being accomplished in the use of multi-

ple wires for greater fi ll or cladding appli-

cations and also efforts to have the laser 

and the GMAW power suppliers work-

ing in “concert” together to achieve even 

greater performance and control.

As has been seen, the “hybrid age” may 

have been slow in coming, but has accel-

erated in the last few years. This acceler-

ation in implementation has been driven 

by improvements in lasers, especially high 

brightness lasers. These new lasers have 

allowed for easier integration into sys-

tems and lower ownership cost, which 

have improved the ROI of the process. In 

addition, as new standards become avail-

able, there is a potential for the technology 

to be accepted and implemented. Further 

implementation will be driven by additional 

advances in the lasers and processes. ✺
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oth aero engine and industrial 

gas turbine manufacturers have 

battled a process chain for many 

decades in the effi cient produc-

tion of cooling holes in various tur-

bine components. Typically, pro-

ducers of these parts must drill 

the cooling holes in these components prior to the appli-

cation of thermal barrier coatings (TBCs), which are highly 

advanced material systems applied to the metallic surfaces 

of gas turbine or aero-engine parts operating at elevated 

temperatures. These coatings serve to insulate compo-

nents from large and prolonged heat loads by utilizing ther-

mally insulating materials which can sustain a predictable 

temperature difference between the base metal alloys and 

the coating surface. By so doing, these coatings allow for 

higher operating temperatures while limiting the thermal 

exposure of structural components, extending part life by 

reducing oxidation and thermal fatigue. In conjunction with 

the advancement of active fi lm cooling hole design, TBCs 

permit working temperatures higher than the melting point 

of the metal airfoil in some turbine applications.

TBC composition

Generally, TBCs consist of four layers: the metal sub-

strate, a metallic bond coat, a thermally grown oxide, 

and a ceramic topcoat. The ceramic topcoat is typ-

ically composed of an yttrium-stabilized zirconium 

(YSZ), which is desirable for having very low conduc-

tivity while remaining stable at nominal operating tem-

peratures typically seen in these applications.

In the past, it is the low conductivity of the ceramic 

top coat in TBCs that have presented challenges to 

manufacturers of certain turbine components, i.e., tur-

bine blades and turbine vane segments. The classical 

process sequence of drilling the various turbine com-

ponents prior to the coating process has often created 

a time consuming and costly manual process of clear-

ing the ceramic top coat from previously drilled holes.

Laser drilling aids cool running for

FIGURE 1. TBC removed by laser ablation.

FIGURE 2. Cross section of laser ablation of TBC and high 

speed EDM meter hole.
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Coating before drilling

Manufacturers can now coat these critical 

life-limited components prior to the drilling 

process thanks largely to the advancement 

of laser technology. By employing laser 

ablation techniques, these turbine compa-

nies are now able to gently create a “patch” 

by clearing the ceramic coating from the 

surface of the part, exposing the parent 

material and allowing for conventional drill-

ing methods by way of high powered laser 

sources or electrical discharge machining 

(EDM) (FIGURES 1 and 2).

The laser ablation process is usually 

carried out via a Q-switched Nd:YAG laser 

or a pulsed diode pumped solid state 

laser. These ablation lasers are usually 

100 W of maximum average power with 

either laser source. However, the meth-

ods of operating the two lasers vary a 

bit as the diode pumped solid state laser 

usually has a fi xed pulse width and one 

must manage parameters via diode cur-

rent. Whereas with a Q-switched Nd:YAG 

laser, the pulse width is widely variable 

in the nanosecond range and allows 

the achievement of a much higher peak 

energy and power. Regardless of the laser 

source, the beam delivery is carried out 

via a 2-axis or 3-axis scanning head also 

known as a galvanometer. The 3-axis 

version is used where ablation depths 

require a focus shift of the laser in order 

to properly maintain control on material 

removal and surface quality.

Shaped hole openings

The ablation cycle can be used as well to 

create very complex shaped diffusion hole 

openings, allowing for more advanced 

forms of fi lm cooling to be used on the air-

foils in commercial and military jet engines 

as well as industrial gas turbines. This 

advanced fi lm cooling design allows for 

higher fi ring temperatures of the engines, 

thereby making them more effi cient while 

simultaneously reducing their emissions 

into the environment. Processing these 

unique shapes presents ever-changing 

challenges to the laser ablation process 

as diffusion-shaped holes have grown 

in complexity in recent years. Process-

ing time and volumetric material removal 

rates are highly variable depending on 

the shape of the diffuser. These variables 

relate to verticality of the diffuser walls to 

overall depth of the shape. Because of the 

complexity of the shapes, it is imperative 

to have 3D solid models of these shapes 

where the models can be imported into a 

CAM or post processor to more quickly 

calculate the most concise tool path. 

Material removal rates slow as the diffu-

sion shape gets deeper and, as material 

evacuation slows, the cavity grows in size, 

particularly depth.

Laser ablation provides the perfect solu-

tion to machining operations on today’s 

high pressure turbine blades and vanes. 

The complex and intricate pattern of cool-

ing holes required on these parts are 

fundamental in satisfying the demands 

for reduced noise emissions and increased 

fuel effi ciency on the latest generation of 

engines, such as those used to power the 

Boeing 787 Dreamliner and the Airbus 

A350. As the turbine blades and vanes on 

these engines run at high temperatures 

that often exceed the melting point of their 

base metal alloys, they not only require 

round and shaped cooling holes, but the 

surface is protected by the TBC. 

TBC challenges

The TBC is non-conductive and not con-

ducive to the widely accepted EDM pro-

cess. It is extremely costly for the man-

ufacturers of all TBC coated turbine 

components to drill prior to the applica-

tion of the TBC. The process in which the 

coating is applied, while controlled better 

than in the past, still has a tendency to 

clog the holes as in industrial gas turbine 

components or to cover over portions of 

the hole openings as on aero-engine parts. 

In either case, the air fl ow for each part is 

greatly compromised due to the coating. 

It is an expensive and laborious process 

to clear the TBC from the holes. Typically 

the clearing has to be done by hand utiliz-

ing high RPM air tools and diamond tipped 

burrs. This operation is time consuming; 

the perishable tooling cost of the diamond 

burrs is high; and the chance of damaging 

an otherwise fi nished part is great. 

The preference would be to drill cool-

ing holes after the TBC coating has been 

applied to the part. In some instances, it 

is possible to use high peak power pulsed 

lasers to generate the cooling hole. This 

option can have an impact on hole qual-

ity in terms of heat affected zone (HAZ), 

recast layer, micro-cracking and de-lam-

ination in the interface between the bond 

coat and TBC. Any one of these scenar-

ios could result in the failure to meet the 

stringent criteria laid down for compo-

nents of this type. 

The laser ablation process allows the 

manufacturer to remove the TBC and bond 

coat, exposing the parent material. For the 

case of diffusion shaped holes, the ablation 

process can also be used simultaneously 

to create the complex diffuser. Afterward, 

the manufacturer can drill the metering 

section of the hole using the conventional 

FIGURE 3. Laser ablated diffuser shape.
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methods via EDM or the high peak power 

pulsed laser (FIGURES 3 and 4). 

Combination systems

Combination machining systems are now 

available in the marketplace from compa-

nies such as Winbro that offer laser abla-

tion and EDM drilling or laser ablation and 

high peak power pulsed laser drilling in the 

same platform. Now manufacturers are 

able to take a coated part to a machine and 

completely drill the component (including 

diffusion shapes) in a single operation and 

single workholding while meeting and/or 

exceeding the stringent quality standards 

that have been established for these hot 

section engine components. 

For those engine components that have 

been in production and already have a doc-

umented and certifi ed manufacturing pro-

cess, whereby all drilling must be done 

prior to the TBC process, laser ablation is 

still a viable option in replacing the costly, 

laborious process of clearing the TBC from 

the previous drilled holes. Salvaging com-

ponents in this manner has proven to be 

effective for both IGT and aero engine com-

ponents and can be performed with high 

reliability and repeatability. 

Each laser source for ablation has 

unique benefi ts and drawbacks. Different 

types of laser sources are appearing as 

candidates to carry out the ablation pro-

cess in turbine components as well. It is 

suggested that if considering this process, 

one should test both laser sources to deter-

mine which is the best fi t for the overall 

application requirements.  ✺

ROBB HUDSON (rhudson@winbrogroup.com) is VP, 

Winbro Group Technologies, LLC, Rock Hill, S.C. 

(www.winbrogroup.com) and Richard Baxter is account 

& marketing manager, Winbro Group Technologies Ltd., 

Coalville, Leicestershire, U.K.

FIGURE 4. Cross section of laser ablation diffuser and high speed EDM meter hole.  

| | | | | |Previous Page Contents Zoom in Zoom out Front Cover Search Issue Next PageL B
A

M SaGEF

| | | | | |Previous Page Contents Zoom in Zoom out Front Cover Search Issue Next PageL B
A

M SaGEF

____________________________

__________________

http://www.qmags.com/clickthrough.asp?url=www.industrial-lasers.com&id=14824&adid=P17E2
http://www.qmags.com/clickthrough.asp?url=www.winbrogroup.com&id=14824&adid=P17E1
http://www.qmags.com/clickthrough.asp?url=www.lasermech.com&id=14824&adid=P17A1
http://www.qmags.com/clickthrough.asp?url=www.industrial-lasers.com&id=14824&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14824&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.industrial-lasers.com&id=14824&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14824&adid=logo


Chip

V
chip

Tool

Workpiece

z

ω

rV
f

Convection

and

radiation

Laser spot
Convection

and

radiation

Focusing

optics

a) Infrared image

b) Predicted temperature field

a p p l i c a t i o n r e p o r t

18  Industrial Laser Solutions  JANUARY/FEBRUARY 2011 www.industrial-lasers.com

R ecent years have seen a substantial growth in the 

use of advanced materials to obtain improved 

properties such as high hardness, thermal sta-

bility, and wear resistance, which are required 

to meet the strin-

gent specifi ca-

tions of modern 

products. Such materials include ceramics, 

high temperature alloys, and composites. 

Currently, these advanced materials are 

fabricated into products by a broad range 

of manufacturing processes. While forming 

processes can produce various shapes with 

a high production rate, the attendant dimen-

sional accuracy and surface fi nish are often 

lacking and a fi nishing operation is usually 

performed to achieve a high dimensional 

tolerance and/or a very fi ne surface fi nish. 

Due to the expanding use of such materials 

in automotive, aerospace, biomedical. and 

other engineering applications, there is an 

increasing need for cost-effective fi nishing 

processes. Machining processes have been most commonly used as fi n-

ishing processes when high accuracy or fl exibility is required. However, 

many advanced materials are known to be very diffi cult-to-machine and 

in some cases are considered unmachinable by conventional techniques. 

With the rapid advancement of laser technologies in recent years, laser 

assisted machining (LAM) has begun to emerge as a viable industrial option 

for machining of diffi cult-to-machine materials. Over 

the last decade, the author’s group systematically 

demonstrated the capabilities and advantages of 

LAM for a wide range of advanced materials through 

a scientifi c study. 

Concept and setup

The capabilities of LAM have been developed and 

applied to various materials including ceramics, high 

temperature alloys, composites and other diffi cult-to-

machine materials. In LAM a laser provides intense 

localized heating to the workpiece in front of the cut-
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Laser assisted machining

FIGURE 1. 

Schematic 

diagram of 

LAM.

FIGURE 2. 

Comparison 

of the infrared 

image with the 

prediction after 56 

seconds of LAM: 

a) infrared image 

and b) predicted 

temperature fi eld.

ting region (FIGURE 1). Fine control of the local 

temperature is possible by adjusting various 

parameters such as rotational (lathe) or trans-

lational (mill) speed, spot size, and laser power. 

The higher tempera-

tures created by the 

laser lead to a reduc-

tion in strength in the 

heated regions and 

an increased machin-

ability, thus lead-

ing to higher material 

removal rate, an ability 
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to machine complex shapes, and a high quality surface fi nish with 

little or no thermal related damage. 

A key to the success of LAM is its ability to control the tempera-

ture fi eld of the workpiece during operation. This can be achieved 

by two methods. First, use of an accurate thermal model assists 

in selection of optimal operating parameters. The thermal mod-

els developed at Purdue provide the capabilities of simulating the 

three-dimensional temperature profi les with material removal for 

both turning and milling in terms of operating parameters.1,2 FIGURE 2

illustrates the capabilities of the thermal model in accurately pre-

dicting the temperature distribution within a workpiece during LAM. 

Second, it will require in-process temperature measurement using 

a pyrometer as illustrated in FIGURE 3, which ensures maintaining 

the desired temperature during LAM.

Laser assisted machining of ceramics

Three types of structural ceramics have been used for LAM: sili-

con nitride (Si
3
N

4
), partially stabilized zirconia (ZrO

2
), and mullite 

(65% alumina and 35% SiO
2
). Representative machining condi-

tions are 0.1~0.2 mm/rev in feed, 0.5~1 mm in depth of cut, and 1~2 

m/s in cutting speed. Usually 300 to 600 W in laser power is suf-

fi cient in achieving successful conditions of LAM. Under accept-

able machining conditions, segmented chips were generated as 

opposed to power type chips generated by grinding processes. 

Inspection under a scanning electron microscope (SEM) revealed 

that the chips are relatively congruent and long, thus indicating 

plastic deformation.3,5 In general, the chips became more continu-

ous with increasing temperature and became larger with increas-

ing feed.4,5 Specifi c cutting energy decreased with temperature and 

was about 3–6 J/mm3 compared with 40~100 J/mm3 typical in grind-

ing. Therefore, much lower mechanical energy is used to remove 

the material, thus it is less likely to induce the sub-surface damage.

The analysis of surface damage provides answers to the follow-

ing questions. Does thermal enhancement cause increased plas-

tic deformation and reduced cracking compared 

to conventional machining and grinding? What is 

the effect of thermal enhancement on the mag-

nitude and distribution of the residual stresses 

resulting from machining? Can strength degra-

dation be reduced by LAM? Answers to all of 

these questions were positive, contrary to some 

earlier fi ndings and skeptics. Inadequate heating 

sources and methods used in earlier investiga-

tions appeared to be the reasons for earlier neg-

ative results. Inspection under a SEM after LAM 

with suitable conditions reveals little or virtually 

no cracks in the sub-surface of the parts pro-

duced by LAM, and the residual stresses mea-

sured by x-ray diffraction were all compressive 

with the magnitude equivalent to those produced 

by successful diamond grinding processes. In 

addition, XRD measurement confi rms that the 

machined parts exhibit no phase or composi-

tional changes.6 This clearly indicates that no 
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adverse results are generated by laser-

assisted machining despite the elevated 

temperature of the material prior to cut-

ting. Precise control of laser heating and 

temperature gradient is the primary reason 

why these successful results are obtained.

The last remaining question is whether 

the elevated temperature due to heating will 

shorten the tool life. Several earlier investi-

gators concluded that LAM would not be 

economically justifi able due to shortened 

tool life at an elevated temperature. How-

ever, the cubic boron nitride inserts used 

in LAM revealed slow development of fl ank 

wear. In fact, it was possible to achieve up 

to 40 minutes of tool life for LAM of sili-

con nitride under nominal operating condi-

tions.4 This can be regarded as acceptable 

even for machining of metals and hence is 

excellent for ceramics. Under the nominal 

condition, the tool wear was mostly fl ank 

wear without any sign of crater wear. In 

the case of partially stabilized zirconia, a 

tool life approaching nearly 2 hours was 

achieved. In the case of mullite, the tool life 

of about 20 minutes was achieved with an 

uncoated carbide tool. It would be much 

longer if CBN tools were used. All these 

results clearly indicate that LAM can yield 

very long tool life for machining of ceram-

ics. The economic study conducted also 

reveals that LAM can reduce the cost of 

ceramic machining signifi cantly. Despite 

the added cost of a laser for LAM, the 

machining cost in LAM is reduced by over 

70% over diamond grinding.4

Laser machining of metals 

and composites

Extensive studies have been carried out 

on LAM of various metals, including Inco-

nel 718, Ti
6
Al

4
V, Waspaloy, hardened steel, 

compacted graphite iron, high chromium 

steels and metal matrix composites. Unlike 

ceramics, these materials are machinable 

by conventional single point cutting tools. 

However, their poor machinability usually 

brings a diffi culty in machining and results 

in high machining cost. LAM brings many 

benefi cial aspects such as reduced cutting 

force, prolonged tool life, and improved 

surface fi nish.

Metals and metal matrix compos-

ites exhibit a rapid reduction of hard-

ness above 400~600°C. Therefore, the 

workpiece temperature doesn’t need to 

be elevated to such a high temperature 

as in LAM of ceramics. In general, cutting 

forces decreased with increasing tempera-

ture as expected. In the case of Inconel 718, 

with increasing material removal tempera-

ture from room temperature to 620°C, the 

benefi t of LAM is demonstrated by a 25% 

decrease in specifi c cutting energy, a 2 to 3 

fold improvement in surface roughness and 

a 200-300% increase in ceramic tool life 

over conventional machining.7 Moreover, an 

economic analysis shows signifi cant ben-

efi ts of LAM over conventional machining 

with carbide and ceramic inserts.

The cost associated with titanium 

(Ti
6
Al

4
V) machining is high due to lower cut-

ting speeds (<60 m/min) and shorter tool 

life. LAM was utilized to improve the tool life 

and the material removal rate.8 LAM with 

the use of simultaneous cryogenic cool-

ing of the cutting tool, i.e., hybrid machin-

ing, improved the machinability from low 

to high (150–200 m/min) cutting speeds. 

Two- to three-fold tool life improvement 

over conventional machining was achieved 

by hybrid machining up to cutting speeds 

of 200 m/min with a TiAlN coated carbide 

cutting tool. Post machining microstruc-

ture and micro-hardness profi les showed 

no change from pre-machining conditions. 

An economic analysis shows that LAM and 

the hybrid machining process with a TiAlN 

coated tool can yield an overall cost sav-

ings of ~30% and ~40%, respectively. 

Very similar benefi ts have been also 

demonstrated for hardened steel, stainless 

steel, CGI, Waspaloy and high chromium 

steels. While the properties of these diffi -

cult-to-machine materials are all different, 

very similar benefi ts in terms of improving 

tool life, reducing cutting force, and improv-

ing surface fi nish could be achieved with-

out any adverse effects on the microstruc-

ture and hardness of the fi nished parts. All 

these fi ndings are summarized in TABLE 1.

Metal matrix composites also present a 

diffi culty in machining. Excessive tool wear 

and high tooling costs of diamond tools 

make the cost associated with machining 

of these composites very high. LAM also 

has been applied to metal matrix compos-

ites: Aluminum-matrix MMC reinforced with 

Al
2
O

3
 particulates and Al-2%Cu aluminum 

matrix composite reinforced with 62% by 

volume fraction alumina fi bers (Al-2%Cu/ 

Al
2
O

3
). LAM was able to improve the tool life 

and the material removal rate while minimiz-

ing the sub-surface damage. LAM signifi -

cantly reduced the specifi c cutting energy, 

surface roughness, tool wear and fi ber pull-

out as compared to conventional machin-

ing (see TABLE 1). In conclusion, LAM shows 

considerable improvement in enhancing 

the machinability of the high volume frac-

tion, long-fi ber MMC through increased 

MRR, better surface fi nish, increased tool 

life, and reduced damage.9

Laser-assisted micro-milling 

and macro-milling

Laser-assisted machining has also been 

successfully applied to milling. Unlike 

in turning, the rotating tool makes the       

FIGURE 3. Laser-assisted machining set-up with in-process temperature monitoring.
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application of laser-assisted machining 

more problematic. Despite that, a care-

fully designed beam path and focus pat-

tern could produce very promising results. 

In laser-assisted micro-milling, the typi-

cal setup includes at a minimum: one or 

more precise (and rigid) CNC stages, a 

high speed spindle, a laser and minia-

ture endmills. Generally stages with a 

positional accuracy of a few micron 

or less, spindles with speeds greater 

than 100 kRPM, and tools with diam-

eters less than 500 μm are required for 

successful laser-assisted micro-end-

milling. Unlike in macromachining, a 

low power laser, typically in the range 

of 20–50 W, is suffi cient to provide the 

requisite heating due to the small spot 

size used. Laser assisted micro-milling 

has been successfully implemented 

in a slotting confi guration10,11 and side 

cutting confi guration.12 Improvements 

have been shown in terms of cutting 

forces, tool life, and machined surface 

quality for a range of materials, includ-

ing aluminum, steel, stainless steel, 

Inconel 718, and Ti
6
Al

4
V. In micro-

milling processes, cutting speeds are 

limited by maximum possible spindle 

speed and small tool diameters, lead-

ing to lower than optimum shear plane 

temperatures. Laser assisted micro-

milling offers the ability to somewhat 

overcome the size-effect and often 

eliminates the burr formations, which 

are known to be a signifi cant problem 

in mechanical micro-milling.

Macro scale laser-assisted milling 

has also been successful in machining 

of ceramics and some high temperature 

alloys.13,14 Laser-assisted milling of silicon 

nitride was successfully conducted using 

Table 1. Key results achieved from LAM of various materials

CUTTING FORCE 

REDUCTION 

SURFACE 

ROUGHNESS 

IMPROVEMENT

TOOL LIFE 

INCREASE

COST 

REDUCTION
MICROSTRUCTURE

Inconel 718 (%) 25 200-300 200-300 50-66

 Compressive 

residual stresses in 

axial direction

Titanium (%) 20 30.00 170-200 40-42
No change in 

hardness and phase

Waspaloy (%) 20 600 40-60 N/A

No change in 

hardness or 

microstructure

Hardened steel (%) 20 5-60 N/A N/A

No noticeable 

change in 

hardness and peak 

compressive residual 

stress

High Cr. steel (%) 30-36 240-300 30-100 30-90
No change in 

hardness and phase

P550 (%) 25 30-40 200 20-50
No change in 

hardness and phase

CGI (%) 15 5 160 20.00
No phase change 

(graphite intact)

MMC (Al-2%

Cu/Al
2
O

3
, fi ber, 65% 

volume fraction) (%)

65 280 160-280 N/A
Damage depth 

reduction by 17-20%

MMC (A359/SiC/20p 

particulate) (%)
12 58 170-235 N/A

Damage depth 

reduction by 45%
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TiAlN coated carbide tools by elevating 

the material removal zone temperature 

to 1200~1300°C. Laser assisted milling of 

silicon nitride yielded good surface fi nish, 

repeatable performance and acceptable 

tool wear.14 Laser-assisted milling of Inco-

nel 718 also yielded a substantial improve-

ment of machinability. LAM with the mate-

rial temperature elevated to 520ºC resulted 

in 40–50% reduction in cutting force, over 

50% reduction in tool chipping and two 

fold improvement in surface roughness.

Potential and future

In this article, successful application 

results of LAM for various diffi cult-to-

machine materials have been shown. 

Many benefi ts could be established by 

LAM. At this point in time, evidence is 

mounting that LAM processes have the 

potential to provide commercially viable 

means of improving manufacturing capa-

bilities for diffi cult-to-machine materials 

such as super alloys, ceramics, and com-

posites. The higher material removal rates 

that LAM offers present an opportunity 

to signifi cantly reduce the manufactur-

ing cost of fabricating products made of 

these materials. Development of a scien-

tifi c basis of laser assisted machining and 

an ability to fabricate complex parts with 

monitoring and control has taken LAM 

from laboratory-based experiments to 

manufacturing processes that can be 

implemented and precisely controlled in 

industry, with several successful indus-

trial implementations reported.  ✺

DOCTOR YUNG C. SHIN is Director, Center of Laser-

based Manufacturing, at Purdue University, West 

Lafayette, Indiana
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my view

David A. Belforte
belforte@pennwell.com

T
urning the page of my new calen-

dar, I realized that it’s a new de-

cade. At least I think so, as I’m 

never quite sure when a decade 

starts and ends. For this com-

mentary, I am assuming that 2011 is the start of 

a new decade. If it isn’t, and 2010 was, I guess I 

should have written something about a new de-

cade in January 2010.

In any case, I’m glad it’s no longer January 2010, 

as we were then just beginning a recovery from 

the most severe recession in laser history. As 

last year progressed, things began to look much 

brighter, and as I sit in front of the keyboard 

preparing this editorial, 2011 looks like it 

can be a real winner for industrial lasers. 

(I’m told that many readers turn to “My 

View” fi rst when they get the latest issue, 

so for them my editorial is a little like fi rst 

reading the last page of a mystery novel 

where the culprit is identifi ed. I’m sorry if 

I ruined the surprise of my Annual Eco-

nomic Review in this issue starting on p. 4.)

As I’ve said and showed in my Eco-

nomic Review, the strength and timing of the 

recovery in the industrial laser market took 

most companies by surprise; at least, that’s 

what they said as the year ended. However, some 

of them knew that the recovery was underway, but 

chose not to publicly recognize their improved 

numbers throughout the year. Fortunately, I now 

track three dozen laser oriented public companies 

who are obligated to report their fi nancials quar-

terly, giving me an early look at their current and 

future numbers. As a consequence, I picked up 

signs of optimism early in the year, and since I am 

not obligated to comply with SEC reporting rules, 

I began to advise that good things were happen-

ing at the mid-year point, when I reported the posi-

tive news at two conferences: AKL in Aachen and 

SLT in Stuttgart.

However, it wasn’t until I fi nished compiling 

the backup data for my report that I realized the 

industry, led by the solid-state and fi ber laser sup-

pliers, was having a remarkable year growing their 

business sector by 25%. And in so doing, many 

of the companies that make up these two indus-

try sectors set records for revenue, bookings, and 

profi tability. 

Last year, I visited an international solid-state 

laser systems supplier that, along with its peers, 

had experienced an almost devastating 2009. As 

the company president and I were walking the 

fl oor of an assembly hall, which was jammed with 

new systems being readied for international ship-

ment, the president told me that the company was 

on a record run, so strong that he was moving up 

the date of a proposed IPO. This is one example 

of how strongly the solid-state and fi ber laser sup-

pliers grew in 2010, and this scenario is expected 

to repeat this year.

Admittedly, the semiconductor markets, a hot 

laser market since mid-2009, are predicted to 

cool off this year, and I planned accordingly by 

moderating my projections for this laser sector. 

The potentially very active market for high-power 

CO
2
 and fi ber laser fabricated metal products is 

projected, at the very least, to return to normalcy, 

and, if true, this will offset any softening in the total 

laser revenue numbers caused by the semicon-

ductor markets.

But back to this decade thing — accord-

ing to my data, the industrial laser market has 

experienced only two severe downturns in 40 

years, the fi rst one 20 years ago. So the odds are 

the industry should experience at least a good 

decade of growth. 

Even with the specter of potential international 

fi nancial diffi culties that could precipitate another 

downturn, an occurrence that is diffi cult to factor 

into my projections, I see several years of good 

business for the industrial laser community.

So a very happy new year to you all and here’s 

to the start of a great decade.

Welcoming a new decade

SEVERAL YEARS 

OF GOOD BUSINESS 

AHEAD
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25 Hartwell Ave. • Lexington, MA 02421       

P: (781) 541.1600 • F: (781) 541.1601 • www.cambridgetechnology.com

Moving light...since 1970...and years
ahead...as the original inventor, committed
innovator, and market leader for optical
scanning Galvo technology, CTI can provide
you with the broadest range of optical
scanning solutions. 

When you need a scanning solution for
your laser system, think Cambridge 
Technology.  We think about your scanning
requirements and priorities—outstanding
performance in speed, accuracy, support,
and reliability in a scanning solution sized 
to precisely fit your application and cost
goals—and we deliver.

Focus on the company that focuses on you. 

■ Galvanometers 
■ Scanning Sets 
■ Controllers 
■ Scan Heads 
■ Custom Scanning Solutions

Learn more at 
www.cambridgetechnology.com.

Moving Light, 
Years Ahead.

TM

Visit us at 
Photonics 
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booth
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