
n May, at the Conference on Lasers and

Electro-Optics (CLEO), Arthur Schawlow

and Charles Townes were literally dancing

with delight at a 50s-style sockhop. They

and others were being honored by Lucent

Technologies for the work they had done at

Bell Labs, which led to the publication in

Physical Review in 1958 of their semi-

nal paper on the basic principles of

the laser. Townes is proudest of the

medical applications of the laser but

also seems awed by the magnitude

and myriad uses of this technology,

which has spawned a multi-billion

dollar industry in just forty years.

For many reasons, manufacturing

industries were slow to embrace laser

fabricating tools. Today, however,

CO2 and YAG lasers are used in weld-

ing and cutting operations, in surface

treatments such as cladding and

hardening, and as high-speed mark-

ing tools for permanent part identifi-

cation. This new acceptance stems

in part from developments in laser

technology, advances in computers

and controls, and the growing needs

of industries to automate their manu-

facturing processes. 

Path to acceptance
Initially, laser systems virtually

came from the laboratory to the pro-

duction floor, which is an entirely different

and usually harsh environment. The reality

of two or three shifts a day took its toll on

the early lasers and did not encourage their

expanded usage. Another early drawback

was the complexity of the control systems.

Typically, a laser processing center required

one control for the laser and a second for the

mechanical elements and motions of the

machine, which put a heavy financial and

time burden on companies. 

Other issues at the time were size (the

laser and its auxiliary cooling, gas-circulat-

ing, and control units required more floor

space); integrating lasers into existing

automation systems; operating costs of ener-

gy associated with input-output efficiency;

and the initial investment. All these issues

made lasers unjustifiable for most uses.

Then in the mid-1970s, many laser pro-

ducers began developing lasers for industrial

processing. The challenges of industrial

applications required improved productivity,

simplicity, higher output, compact size, and

cost efficiency.

Multikilowatt CO2 lasers offered one

answer. They delivered higher power to

increase cutting speeds and allow faster,

deeper penetration welds. New excitation

methods boosted power output relative to

size even further. Solid-state circuitry helped

reduce maintenance, and optics improved.

Rugged, machine-tool-type construction

increased durability and accuracy.

On the control side, laser companies

quickly implemented all the advances that

the computer industry was generating. Con-

trols were soon compact single units for both

laser settings and mechanics, with program-

ming that greatly simplified setup and opera-

tion. Control units became interactive with

the operator.

As CO2 lasers gained a foothold in facto-

ries for cutting and welding, another chal-

lenge soon arose—more flexibility of beam

delivery was needed. One solution came in

the mid-1980s with the advent of flying

optics. This major step forward allowed

machining in five axes, which reduced the

number of operations and setups required to

make parts having complex contours

and irregular shapes.

Development of higher-powered,

multikilowatt Nd:YAG lasers and their

potential for industrial applications

also started in earnest. The ability to

deliver beams via fiber optics made

manipulation systems simpler and

more economic and provided easier

laser integration into workstations

and existing equipment.

Matching needs
Current technologies and applica-

tions have increased industrial laser

uses. Throughout automotive plants

and those of their suppliers, lasers

weld and cut in more than 50 differ-

ent operations. Trimming composite-

material body panels and welding

stainless steel exhaust systems are two

examples. Another includes fabricat-

ing air bags. One original-equipment

manufacturer, for example, uses the

following five different laser technolo-

gies to manufacture air-bag parts. For

each, the specific laser processing character-

istics meet the unique requirements of the

application.

1. The main assembly is welded using 5-

kW CO2 lasers. The assembly houses the

folded air bag, the initiator, and the gas

charge. The 5-kW power output provides

deep penetration at fast processing speeds,

assuring a high-aspect weld. This weld her-

metically seals the housing to prevent conta-

mination of the components.

2. The impact-detection sensors are weld-

ed using 600-W CO2 lasers. The lower out-

put power, combined with a high-quality

beam, accurate pointing, and stability, pro-

duces a minimal heat-affected zone to protect

against distortion and damage to electrical

contacts, while providing thorough penetra-
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Figure 1. Nd:YAG

laser welding an

automobile lamp

housing.



tion for a secure weld.

These parts are also

hermetically sealed to

protect sensitive con-

tacts from corrosion

and contamination.

3. In cutting the air-

bag mater ial, CO2

lasers rated at 1.2-kW

output power, and fea-

turing switch-mode

control, permit contin-

uous-wave or pulse-

mode operation. The

lasers’ sophisticated control allows cutting

the material accurately and with a clean edge.

4. Initiators, the explosive charge that

allows gas to inflate the air bag, are welded

using 500-W Nd:YAG lasers. The pulsed

operation of these lasers provides high-out-

put power timed in milliseconds to help keep

the part temperatures stable during process-

ing while establishing a strong weld. The

technology’s fiber-optic beam-delivery sys-

tem provides pinpoint accuracy and minimal

heat generation to prevent part distortion.

5. Marking various components—in

places and sizes not possible with conven-

tional technology—is done with low-power

Nd:YAG lasers (up to 120 W). With pin-

point accuracy and flexibility, the lasers per-

manently inscribe even the smallest parts.

And because laser marking is a noncontact

process, fragile parts are not damaged.

Emerging applications
Newly developed applications make use

of  the laser’s ability to weld dissimilar mate-

rials together prior to forming operations,

which provides high-strength stock at sub-

stantial cost and weight savings. For exam-

ple, one automotive supplier of electronic

transmission components produces an

electrohydraulic spool consisting of two

parts of dissimilar materials. The spool must

be assembled in varying positions to meet

operational parameters. Not only can the

position of the weld joint vary by as much as

±0.2 in., but the assembly has been tested

in transmission oil. Both conditions make

welding difficult.

To accomplish the job, the firm uses a

500-W Nd:YAG laser with fiber-optic beam

delivery. This configuration provides simple

access to the small parts, and the laser’s

broad focal range easily compensates for dif-

ferences in joint location, dissimilar materi-

als, and oil film. 

Some industrial applications of lasers are

out of the ordinary, such as cutting the

Kevlar masks for hockey goalies. Medical

suppliers use lasers to weld dissimilar mate-

rials together for surgical instruments.

Lasers are used as drills. In one instance,

processing a jet-engine afterburner required

a part with 5,000 holes, 0.018 in. in diame-

ter, drilled to varying depths up to 0.3 in.

This diameter-to-depth ratio made the task

impossible using conventional drills.

A wealth of improvements has made the

laser the ideal tool for achieving both quality

and productivity. Cutting tolerances of less

than ±0.001 in. are common, while weld

operations are performed with narrow, con-

trolled-beam characteristics that provide lit-

tle or no distortion to heat-affected zones. 

These levels of precision welding are just

what is required at two affiliated firms in

California. Both companies produce tubing

for very specialized applications: The first

makes fine-gauge stainless-steel tubing for

syringe needles, and the second fabricates

stainless-steel-sheathed fiber-optic cables. 

The syringe tube process and mill system

can weld materials as thin as 0.003 in.

because the laser beam’s focal point is set at

just above the weld joint, with the heat ener-

gy raising the temperature of the material to

joining levels to pro-

duce an autogenous

(no fil ler  material )

weld. A secondary

process  draws the

tube to the  uniform

diameter needed.

Today’s fast-axial-flow

C O2 lasers with out-

put to 1,500 W allow

faster welding speeds

without compromis-

ing quality.

The jacketing pro-

cess of the fiber-optic strands is difficult.

First, the protective material (predominantly

stainless steels; also Inconel and titanium

alloys) is typically 0.003 to 0.008 in. thick.

Second, the tubing, whose finished sizes

range from 0.031 to 0.250 in. in diameter, is

formed around and welded with the optic

fibers in place. Third, once a run is started

there can be no interruptions. 

The seam must be flawless because much

of the cable will be installed on seaway and

ocean floors or down oil well shafts—places

where any needed repairs would be costly

and high-risk. The CO2 laser generates tem-

peratures on the order of 2,500° F for stain-

less steels and more than 3,000° F for titani-

um, yet the conductive process welds the

seams without damaging the optic strands

placed only thousandths of an inch away.

New advances 
The diffusion-cooled CO2 laser, some-

times referred to as a waveguide laser, elimi-

nates the need for complex gas-circulation

and cooling systems. The laser head can be

about half the size of conventional lasers of

similar power levels, providing a space-sav-

ing when incorporated into the tube-mill

system. Lower gas usage can provide up to

2,000 hours  of continuous operation.

Cladding—the fusing of one material to the

surface of a second to obtain differing char-

acteristics such as hardness or wearability—

is accomplished with precise control of

thickness, which reduces waste of materials.

Part-marking with lasers, particularly in the

electronics and semiconductor industries,
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Figure 2. Carbon dioxide laser welding a transmission carrier.
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has been well received by practitioners. 

Still, the majority of industrial-laser appli-

cations for material processing use higher-

powered CO 2 lasers. The higher-power out-

put means faster welding speeds and deeper

weld penetrations, and many control units

use PC Windows-based platforms for simple

programming, operation, and monitoring.

In addition, enhanced laser optics, stabilized

structural components, and sophisticated

control packages assure laser beam quality,

consistency, and pointing stability.

Some CO2 lasers have replaced conven-

tional anode/cathode-type electrodes with

dielectric-coated electrodes, whose surfaces

do not become contaminated during usage. 

High power for Nd:YAG lasers is also at

hand, with new systems of high beam quali-

ty in the 2.5-kW and higher range. Many of

today’s 2.5-kW systems fit within the same

size enclosure as earlier models having less

power output. Superpulsing modes can pro-

vide peak process power to 5,000 W.

A glimpse of the future
Research programs now under way are

developing the next generation of lasers for

manufacturing. These include high-power

diode-pumped lasers to replace lamps for

longer life. Also being investigated are hybrid

m a c h i n e s — C O2 lasers combined with con-

ventional induction-heating systems. Prelim-

inary studies have shown that preheating

materials with an induction coil before laser

processing can create high-quality welds in

high-carbon, hardenable steels. Research is

progressing on laser systems to weld alu-

minum and improve cladding operations.

After all these years, new laser technolo-

gies are still challenged to address age-old

manufacturing needs, including faster pro-

cessing, greater reliability, ease of use, and

cost effectiveness. They have met these

needs and will continue to do so.


