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Process Monitoring at Laser Welding 
of Thermoplastics
3D-scanner with integrated pyrometer enables online temperature monitor-
ing at quasi-simultaneous laser transmission welding

Anton Schmailzl, Sebastian Steger and Stefan Hierl

A pyrometer, integrated into a 3D-scan-
ner, offers the possibility to measure the 
weld seam temperature at quasi-simul-
taneous laser transmission welding. 
Experimental studies have shown that 
gaps located in the joining zone can be 
identified by a temperature rise even at 
a high scanning velocity. This enables 
the implementation of algorithms for 
observation and control strategies.

Laser transmission welding is a well-
known joining technique for thermo-
plastics and often used in the automotive 
or medical industry and for consumer 
applications. A transparent polymer is 
positioned above an absorbent filled 
polymer and fixed by a clamping-device. 
At quasi-simultaneous welding, the la-
ser beam, typically in the infrared spec-
trum, is guided several times along the 
weld trajectory, passes the transparent 
and heats the absorbent polymer close 
to the interface (see Fig.  1). The trans-
parent polymer is mainly heated via heat 
conduction. After reaching the melting 
temperature in both polymers, a weld 

seam is formed. The high feed rate (v > 
1 m/s) in addition to the low heat con-
duction of the polymers causes a nearly 
simultaneous heating and melting of 
the entire weld trajectory. By this, the 
applied clamping force leads to a rela-
tive movement of the joining partner, 
which is referred to as set-path s, and 
melt is squeezed out of the joining zone 
(see Fig. 1) [1]. Usually, the so-called set-
path monitoring is used, in which the 
laser emission is turned off as soon as a 
desired weld set-path is reached. Hence, 
a part-specific heating time is evident. 
The weld is specified as “good” if the 
heating time is within a defined confi-
dence interval [2].

However, local gaps in the joining 
zone, which are mainly caused by warp-
age after injection molding, cannot be 
detected. A localized process monitor-

ing system based on pyrometric tem-
perature measurement is commercially 
available by using a 2D-scanner [3]. 
The integration of a pyrometer at a cer-
tain spectral range beside the used laser 
wavelength makes it necessary to use a 
color-corrected flat-field optic. The cor-
rection is needed in order to guarantee 
that laser- and detection-spot are coax-
ial at a desired working field [4, 5]. By 
using a 3D-scanner in addition with a 
pyrometer, laser- and detection-spot are 
basically coaxial; therefore a color-cor-
rected flat-field optic is not needed. 
A scanner system without this special 
optic ensures that the heat radiation, 
which is fundamentally low, is not ad-
ditionally reduced. Especially the use 
of a 3D-scanner offers the possibility 
to weld parts with a three-dimensional 
weld-trajectory.
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Fig. 1   Process principle of quasi-simultaneous laser transmission welding (left hand, top), 
a typical weld seam of PA 6 (right hand, top) and a sketch of the measured set-path s 
during welding (bottom).
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3D-scanner with integrated 
pyrometer

A 3D-scanner with integrated broad-
band-pyrometer is used to measure 
the temperature that is emitted from 
the joining zone. The heat radiation is 
separated by a dichroic mirror and af-
terwards analyzed by a fiber-coupled 
pyrometer (see Fig. 2).

In order to measure the temperature 
in the weld seam, the spectral range 
of the pyrometer has to be in a region 
where a sufficient transparency of the 
above placed polymer is given. Typi-
cally, a spectral range beneath 2 µm is 
used [6]. 

The focal length of the entire system 
of a 3D-scanner can be dynamically 
adjusted by a movable lens, a so-called 
focus-shifter. An adjustment of the la-
ser beam is needed for processing in a 
2D-field or even in 3D-space. Due to 
the high beam quality of the used fiber 
laser, the laser beam has to be defocused 
for welding plastics. Since the heat radi-
ation is also guided by the focus-shifter, 
an adjustment implies that the diame-
ter of the detection-spot varies, too. A 
variation of the detection-spot diameter 
affects the resolution of the tempera-
ture signal along the weld trajectory 
and causes a change in the magnitude 
of the signal itself. This effect is negli-
gibly small, if the deflection of the laser 
beam and thus the adjustment of the 
focus-shifter are small-sized. In order 

to interpret the temperature signal in 
correlation to a position onto the sam-
ple, the tilt-angle of the mirrors is mea-
sured and converted into a position at 
the working field. 

Temperature measurement at 
quasi-simultaneous laser trans-
mission welding

Welding experiments are carried out 
for plates (PE-HD) in a t-joint (see 
Fig. 3, right hand, top). The surface of 
the absorbent polymer adjacent to the 
transparent is milled in order to pro-
vide good heat conduction between 
the joining partners. The scanner de-
flects laser- and detection-spot from 
Pos.  I to Pos.  II. The temperature is 
thereby measured while laser emission 
is on. Afterwards, the laser is turned 
off and the detection spot is deflected 
back to Pos.  I by using the same feed 
rate (v = 4 m/s). Thus, the temperature 
signal within a single scan includes an 
irradiation- and a cooling-phase. The 
scanning procedure is repeated until 
the desired weld set-path sc is reached. 
The reversal points are located at a dis-
tance of 0.5 mm outside of the samples. 
In order to prevent that direct reflected 
laser radiation is measured, the welding 
samples are placed in distance of 25 mm 
lateral to the center of the working field 
(see  Fig.  3,  right  hand,  top). The mea-
sured temperature signal within the ir-
radiation- and the cooling-phase can be 
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Fig. 2  Optical setup of a 3D-scanner with integrated broadband-pyrometer for online 
temperature measurement during quasi-simultaneous laser transmission welding of ther-
moplastics.
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interpreted for each scan repetition in a 
three-dimensional diagram (see Fig. 3, 
left hand).

By reaching the temperature thresh-
old of the pyrometer (T > 80 °C) the mag-
nitude of the temperature signal remains 
constant within the irradiation-phase for 
each scan. Afterwards, a reduction in the 
temperature signal in dependency to the 
elapsed time within the cooling-phase 
can be seen. The temperature increases 
with each scan until a plateau is reached. 
The time at which the plateau is reached 
is identical with the beginning of the 
stationary phase (see Fig. 1, bottom). In 
this process-phase, melted material is 

squeezed out of the joining zone. By this, 
a thermal equilibrium state is evident. 
The inserted thermal energy is divided 
into a plastification- and a blow-out-
portion. As a result, the temperature 
signal remains constant and a stationary 
phase is given.

Fig. 4 shows a temperature measure-
ment of a t-joint (PE-HD) with a milled 
gap of t = 0.2 mm. At the beginning of 
the welding process, the temperature 
signal at the milled gap shows a steep 
rise in the irradiation-phase as well as 
in the cooling-phase, because the join-
ing partners do not stay in contact at the 
milled gap. Heat conduction is there-
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Fig. 3  Temperature signal at quasi-simultaneous laser transmission welding of plates in a 
t-joint (PE-HD, right hand, top), plotted for all scan repetitions (left hand) and for specific 
scans (right hand, bottom).

Fig. 4  Temperature signal at quasi-simultaneous laser transmission welding of plates in a 
t-joint (PE-HD) with a milled gap of t = 0.2 mm (right hand, top), plotted for all scan repeti-
tions (left hand) and for specific scans (right hand, bottom).

fore disabled, so that only the absorbent 
polymer is heated. The temperature 
rises for each scan repetition until the 
gap is closed. At the time when the gap 
is closed, the heat balance at the gap-
zone is abruptly changed. Due to the 
emerged contact between the joining 
partners, the thermal energy is trans-
ferred via heat conduction to adjacent 
zones or leaves the joining zone due 
to the beginning melt-flow. This con-
stitution causes an immediate drop of 
the temperature signal at the gap-zone 
(see Fig.  4,  left hand). For further scan 
repetitions, the temperature signal at 
the gap reaches the same level as in ad-
jacent zones (∆T < 2 °C). The amount of 
scans with a low temperature-difference 
along the weld trajectory has to be suffi-
cient in order to achieve an appropriate 
melt layer-thickness within the trans-
parent polymer. Thus a good weld qual-
ity can be anticipated.

Potentials of the online tempera-
ture measurement

By analyzing the heating of the poly-
mers, the temperature measurement 
offers a closer look into the process. 
Primarily, this helps to find suitable pa-
rameters for running the process. Ther-
mal damage of the polymers, which 
can occur predominantly at complex 
formed weld trajectories like sharp cor-
ners, can be detected by the temperature 
measurement and hence prevented by 
adjusting the process. More innovative 
is the fact that an online measurement 
system can be used for dynamic optimi-
zation of the process. Local gaps, which 
are a result of varying warpage at in-
jection molding, can be detected while 
running the process. This enables a dy-
namic adjustment of the process: One 
possibility is, for example, to enlarge the 
process-time by increasing the weld set-
path in order to close all local gaps and 
hence to provide a hermetically sealed 
weld seam. Finally, parts with remain-
ing gaps can be extracted from the pro-
cess-chain. Subsequent weld seam tests 
like tightness-analysis can be reduced 
or omitted without replacement.

Conclusion

For process monitoring of quasi-simul-
taneous laser transmission welding, the 
measurement of the set-path is a com-
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mon technique. However, the detection 
of local gaps is not possible. A localized 
process monitoring is possible by inte-
grating a pyrometer into a 3D-scanner 
in order to measure the weld seam tem-
perature while welding. Experimental 
studies on polyethylene (PE-HD) have 
shown that the temperature signal can 
be used to identify local gaps even at a 
high feed rate. Subsequent weld seam 
tests can be reduced or omitted without 
replacement. Different thermoplastic 
materials even with glass-fibers are part 
of further studies to evaluate the mea-
surement system. In order to measure 
the temperature for parts with a large 
format or even with a three-dimen-
sional trajectory, the optical setup will 
be improved. Furthermore, algorithms 

for an automatic detection of gaps while 
welding should be investigated.
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