Chapter 13

Laser Welding
PROCESS
Laser welding is a new process currently
being developed, in which a high intensity laser
beam is used to increase the temperature at the
joint interface of thermoplastic materials to or
above the melt temperature. The molten plastics
cool and solidify, forming a weld. Lasers are
commonly used to weld metals and to cut plastic
sheet materials precisely and rapidly. [567]
Carbon dioxide (CO2) and Nd-YAG
(neodymium ions in a medium of yttrium
aluminum garnet) lasers are predominantly used in
industrial applications. CO2 lasers emit radiation
at wavelengths of 9.2 to 10.8 µm, with the
strongest emission at 10.6 µm, and range in power
from 30 W to 40 kW. The laser beam is
transmitted through air, reflected from mirrors, and
focused using ZnSe lenses. In the Nd-YAG laser,
flashlamps excite Nd 3+ ions in a solid crystal rod,
resulting in radiation with the strongest emission at
a wavelength of 1.06 µm. The short-wavelength
beam is transmitted through a fiber optic beam
delivery system, and power ranges from 30 W to 2
kW. Lasers can generate radiation continuously
(continuous wave), or light may be emitted in short
bursts of microsecond or millisecond duration
(pulsed); pulsed lasers are useful when
overheating of the material is a problem. CO2
lasers generally operate in a pulsed mode, while
either pulsed or continuous wave modes can be
used with Nd-YAG lasers. [567, 604]
In laser welding, parts being joined are
clamped onto a moving table. Pressure can be
applied throughout the process or may only be
applied after heating is terminated. In the presence
of a shielding gas, the high intensity laser beam
travels at high speed across the weld interface of
the parts being joined, cutting the weld interface
and homogeneously heating the weld area. The
diameter of the dot-like laser beam corresponds
approximately to the wall thickness of the parts
being joined. The beam causes heating that is
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localized near the joint interface that can rapidly
result in melting, degradation, and vaporization of
the polymer in the weld interface. Degraded
material in the joint interface, which has a negative
effect on joint strength, is pushed out of the weld
due to external pressure, forming flash on the top
and bottom surfaces, and is vaporized due to the
high intensity beam.
To avoid material
degradation, accurate temperature measurement of
the weld surfaces and temperature control by
varying laser strength is essential. Molten polymer
adjacent to the degraded weld interface reaches
temperatures up to the degradation temperature of
the material. Molten material flows together at the
joint interface and forms a weld after cooling is
complete. [568, 603].
Radiation reaching the joint surface can be
reflected, transmitted, or absorbed. Reflected
radiation hits the part surface and bounces off,
while transmitted radiation travels through the part
unaffected. Reflection from all plastics is low (5 10%). Laser radiation can be absorbed at the
surface of the material or can penetrate to various
depths depending on the wavelength of the
incident beam and the amount and type of
pigment, filler, or reinforcing additives in the
plastic material.
Absorption results in heat
generation within the plastic.
The spatial
distribution of the heat is described by the BougerLambert law of absorption:
I(z) = I(z=0) e Kz
in which I(z) is the radiation intensity at point z,
located at a particular depth in the plastic, and
I(z=0) is the radiation intensity at the surface. The
absorption constant K is defined as the reciprocal
of the penetration depth at which the radiation
intensity has fallen to 1/e of its original value.
Radiation intensity decreases exponentially with
increasing depth, resulting in a small heat affected
zone. [603, 568]
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phase). In phase III, the joining phase, parts are
joined under pressure until cooled. (Figure 13.2)

PROCESSING PARAMETERS

Figure 13.1 The structure of a laser butt weld. Melting occurs at
greater depth in the middle of the weld than at the lateral surfaces.

Heat is dissipated to the ambient air
through the joint interface and the lateral part
surfaces by convection and radiation. As a result,
melting occurs at much greater depths in the
middle of the part than near the lateral surfaces.
This is different than melting behavior in infrared
and hot tool welding, in which lateral part surfaces
are heated due to radiation and convection. Figure
13.1 shows the structure of a laser butt weld.
[603]
Laser welding can be described by three
phases, similar to those of hot tool welding. In
phase I, irradiation, laser energy is directed at the
joint interface of the parts being welded using
scanning and deflection mirrors placed between
the clamped parts. The temperature increases due
to heat generation. When the melting temperature
or the glass transition temperature is reached,
polymer at the joint interface melts and flows.
When a desired melt layer thickness is reached, the
mirrors are removed (phase II, the changeover
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Processing parameters that have been
studied in laser welding are the power level of the
laser, shielding gas flow rate, offset of the laser
beam from a focal point on the top surface of the
weld interface, travel speed of the beam along the
interface, and welding pressure. Power level and
travel time did not significantly affect joint
strength of high density polyethylene (HDPE) and
of polypropylene (PP) butt welds (material
thickness of 6.35 mm; 0.25 in.), obtained with a
CO2 laser, as long as the values were high enough
to cut the weld interface in one pass of the laser
beam. In polyethylene (PE), tensile strength was
equal to that of the bulk material at power levels of
100 - 300 W in a CO2 laser. Shielding gas flow
rate had no effect on weld strength. [568, 567]
Increasing the beam offset significantly
increased joint strength in both high density
polyethylene (HDPE) and polypropylene (PP);
beam offsets of 4 mm (0.16 in.) in HDPE and 10
mm (0.39 in.) in PP produced welds approaching
the strength of the bulk materials. A more
defocused beam affects a larger area, resulting in a

Figure 13.2 The laser welding process. Parts are irradiated with
laser energy in phase I, causing heating and melting in the joint
interface. The laser beam is switched off in phase II, the shifting or
changeover phase, and parts are brought together. In phase III,
pressure is applied as the melt layer cools and solidifies.
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greater melt thickness. A greater amount of
molten polymer is produced, and more degraded
polymer is squeezed out of the joint, producing a
higher strength weld. In both PP and HDPE,
joint strength was highest, approaching bulk
strength, at median welding pressures; optimal
pressures were about 7 MPa for HDPE and about
10.8 MPa for PP. [568]
High strength welds of 0.2 mm (0.008 in.)
PP sheets were produced using a CO2 laser at 100
W power with a travel speed of 51 m/min (167
ft./min); tensile strength was 98% of the bulk
material, and tensile failure occurred in the bulk
material instead of at the weld. PP (0.2 mm; 0.008
in. material thickness) welds with a strength of
70% of the bulk material were obtained using an
80 W Nd-YAG laser at a travel speed of 0.2 m/min
(7.9 in./min). Tensile failure occurred at the weld.
[567]

MATERIALS
Lasers have been used in welding
semicrystalline
thermoplastics
such
as
polyethylene (PE) and polypropylene (PP). The
effects of pigments and additives on joint strength
have not been investigated extensively; however,
weld strengths equal to that of the bulk material
were obtained in welding HDPE containing 0.05%
carbon black (60 W, continuous wave Nd/YAG
laser, 3 mm (0.12 in.) material thickness). In clear
plastics, more energy is transmitted using a NiYAG laser than with a CO2 laser. [567, 603, 568]
Thickness of the material was important in
welding PP and PE thin plastic sheets. Higher
welding travel speeds, using a CO2 laser, were
achieved with 0.2 mm (0.008 in.) PE (50 m/min;
164 ft./min.) than with 0.1 mm (0.004 in.) PE (16
m / min.; 52.5 ft./min.) weld strength of the thicker
sheet (98% of bulk) was slightly lower than that of
the thinner sheet (100% of bulk strength). For
thicknesses greater than 0.2 mm (0.008 in.),
vaporization during welding caused a loss of
material, reducing the thickness of lap joint welds.
Figure 13.3 is a cross-section of the lap joint weld
of a 0.5 mm (0.02 in.) PE sheet showing loss of
material in the top sheet.
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Figure 13.3 A lap joint weld of thin PE sheets (0.5 mm; 0.02 in.
thickness). High temperatures resulted in polymer vaporization and
loss of material from the top sheet.
With a Nd-YAG laser, polymer
vaporization did not occur due to the lower
absorption capabilities of the shorter wavelengths
emitted; however, weld strengths of 2.0 mm (0.8
in.), butt joint-welded PP sheets were lower
(tensile failure at 30 % of bulk) than 0.2 mm
(0.008 in.), lap joint-welded sheets (70% of bulk
PP). [567]

WELD MICROSTRUCTURE
Laser heating is localized to the weld area,
and the size of the heat affected zone, the area of
the polymer that is affected by heat, is lower than
in other welding methods. Figure 13.4 is a
polarized light micrograph of laser welded
polypropylene. Smaller spherulites can be seen
near the weld and in the weld bead than in the bulk
material, probably due to rapid cooling of the weld
and bead. The weld interface appears to have an
amorphous structure.

JOINT DESIGN
Joints used in laser welding include lap
joints and butt joints (Figure 13.5). Tensile
strength of 0.2 mm (0.008 in.) polypropylene
sheets welded using an 80 W Nd-YAG laser was
higher in a lap joint configuration (70% of bulk
strength) than in a butt joint configuration (30% of
bulk). [567]
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ADVANTAGES AND DISADVANTAGES

Figure 13.4
Transmitted polarized light micrograph of a
polypropylene weld. Small spherulites can be observed near the
weld interface; larger spherulites are present in bulk material.
Magnification is 200X.

Laser welding is a high-speed process that
is applicable to a variety of materials. High
temperatures can be attained in short times, and
since the laser-generated heat melts off any surface
contaminants, no material pretreatments are
necessary. It is a non-contact welding technique,
changeover times are shorter than in hot tool
welding, and the size of the heat affected zone is
smaller than in other welding methods.
Disadvantages include the high investment
costs and the need for a ventilation system to
remove hazardous gaseous and particulate
materials resulting from vaporization of polymer
degradation products. [568, 567, 507]

EQUIPMENT

APPLICATIONS

Equipment for laser welding includes a CO2
laser with reflecting mirrors and ZnSe lenses, or a NdYAG laser with a fiber optic cable for beam
transmission. Fixtures are used to hold parts in place

Although lasers have been used for
welding metals and ceramics and for marking,
cutting and drilling polymer materials, their use in
welding plastics is not well established. Due to
the high speed of the process, it should be
applicable to the sealing of thin plastic sheets for
use in the packaging, automotive, medical, and
chemical industries. [567, 603]

and apply pressure during welding, and parts are
affixed to a computer-controlled moving table,
which allows the laser beam to travel along the
weld interface. A shielding gas, usually argon or
air, is used during welding, and a ventilation
system is necessary to ensure removal of
hazardous fumes generated by vaporization of
polymer degradation products. [567, 568]

(a)

(b)

Figure 13.5 Joints used in laser welding experiments. a) butt
joint b) lap joint
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