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Laser transmission welding of
Covestro thermoplastics

Increasing use is being made of laser transmission welding 
to join plastics parts, especially in the field of electronic 
housings, sensor housings and small containers for liquids. 
These are precisely the types of applications in which laser 
transmission welding offers the greatest advantages over 
other forms of plastics welding. 

These advantages include a highly localized heat-affected 
zone with low heat input plus total freedom from fuzz. The 
parts being joined are not subject to any mechanical loading 
and, compared with ultrasonic welding, laser welding offers 
greater design as well as tight welds, including on large-
sized parts with long welds.

Process description 

The laser beam passes through the part being joined that is 
transparent to the beam and arrives at the absorbing part. 
There, the laser beam is converted into heat through ab
sorption, leading to plasticization. Through the local volume 
increase that results, contact with the transparent part is  
established over the full joining surface, and the transparent 
part is then also plasticized via thermal conduction. This 
completes the welding of the two parts, which are held in 
place by a fixing unit (Fig. 1). 

The process requires the parts to not only have the standard 
mechanical, rheological and chemical properties for welding; 
they also must meet special optical requirements. 

The part facing the incident laser beam should have the highest 
possible transparency in the wavelength range used by the 
laser source. In addition to this, its reflection and absorption 
should be as low as possible. The second part must have a high 
absorption as well as a low level of transmission and reflection. 
Absorption must not be too high, however, since this will other-
wise lead to no more than surface heating. Surface heating will 
not create any notable volume of melt and can easily cause 
the plastic to burn. A certain volume absorption is thus required 
so as to form a cushion of melt, which in turn requires the laser 
beam to penetrate to a certain depth. The level of absorption 
should therefore not be too close to 100 % (Fig. 2).

Fig. 1: �Principle behind the process, taking the example of contour 
welding

Fig. 2: ��Absorption behavior of plastics for laser welding
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Beim Fügen von Kunststoffbauteilen findet das Laserdurch-
strahlschweißen besonders im Bereich von Elektronikgehäusen,
Sensorgehäusen und kleinen Flüssigkeitsbehältern immer
häufiger Anwendung. Gerade bei diesen Anwendungen kann das
Laserstrahlschweißen seine Vorteile gegenüber den anderen
Kunststoffschweißverfahren voll ausspielen. 
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Bild 1: Verfahrensprinzip am Beispiel Konturschweißen  Fig.1: Principle behind the process, taking the
example of contour welding

laserstrahltransparent / Transparent to laser beam

laserstrahlabsorbierend / Absorbs laser beam

Laser transmission welding
of Bayer Thermoplastics

Increasing use is being made of laser transmission welding to
join plastics parts, especially in the field of electronic housings,
sensor housings and small containers for liquids. These are pre-
cisely the type of application in which the advantages offered by
laser transmission welding over other forms of plastics welding
can be exploited to the full. 
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Diese sind die sehr lokale Wärmeeinflusszone mit geringer
Wärmemenge sowie die absolute Fusselfreiheit. Es findet keine
mechanische Beanspruchung der Fügeteile statt und im
Vergleich zum Ultraschallschweißverfahren bietet das Laser-
strahlschweißen mehr konstruktive Freiheitsgrade sowie dichte
Schweißnähte auch bei größeren Teilen bzw. Fügenahtlängen.

Verfahrensbeschreibung

Der Laserstrahl durchdringt den laserstrahltransparenten
Fügepartner und trifft auf den absorbierenden Fügepartner. Dort
wird der Laserstrahl durch Absorption in Wärme umgewandelt
und führt zur Plastifizierung. Durch die dabei entstehende
örtliche Volumenzunahme entsteht ein flächiger Kontakt zum
transparenten Fügepartner und durch die auftretende Wärme-
leitung wird auch der transparente Fügepartner plastifiziert.
Damit ist der Schweißprozess der beiden durch eine Fixierungs-
vorrichtung gehaltenen Fügepartner abgeschlossen (Bild 1).

Das Verfahren stellt an die zu schweißenden Fügepartner
zusätzlich zu den gängigen mechanischen, rheologischen und
chemischen Eigenschaften für das Schweißen auch spezielle
optische Anforderungen.

Der dem ankommenden Laserstrahl zugewandte Fügepartner
sollte eine möglichst hohe Transparenz im dem von der
Laserquelle benutzten Wellenlängenbereich besitzen. Des
weiteren sollte die Reflexion und die Absorption so gering wie
möglich sein. Beim zweiten Fügepartner ist eine hohe
Absorption sowie eine geringe Transmission und Reflexion
gefordert. Die Absorption darf allerdings nicht zu hoch sein, da
sonst nur eine Oberflächenerwärmung stattfindet, die kein
Schmelzevolumen bildet und leicht zum Verbrennen neigt. Daher
ist eine gewisse Volumenabsorption zur Bildung eines
Schmelzepolsters anzustreben. Hierfür wird eine gewisse
Eindringtiefe des Laserstrahles gefordert. Dies bedeutet, dass
die Absorption nicht zu dicht an 100 % liegen sollte (Bild 2).
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Bild 2: Absorptionsverhalten von Kunststoffen beim
Laserschweißen

Fig. 2: Absorption behavior of plastics for laser
welding

These advantages include a highly localized heat-affected zone
with a low quantity of heat plus total freedom from fuzz. The
parts being joined are not subject to any mechanical loading and,
compared with ultrasonic welding, laser welding offers a greater
number of degrees of freedom in design as well as tight welds,
including on large-sized parts with long welds.

Process description

The laser beam passes through the part being joined that is trans-
parent to the beam and arrives at the absorbing part. There, the
laser beam is converted into heat through absorption, leading to
plasticisation. Through the local volume increase that results,
contact is established with the transparent part over the full join-
ing surface, and the transparent part is then also plasticised
through the thermal conduction that prevails. The welding of the
two parts, held in place by a fixing unit, is then complete (Fig. 1).

The process not only imposes the standard mechanical, rheo-
logical and chemical properties on parts that are to be welded,
but also has special optical requirements.

The part on the side of the incident laser beam should have the
highest possible transparency in the wavelength range used by
the laser source. In addition to this, its reflection and absorption
should be as low as possible. The second part must have a high
absorption as well as a low level of transmission and reflec-
tion. The absorption must not be too high, however, since this
will otherwise lead to no more than surface heating. Surface
heating will not create any notable volume of melt and can eas-
ily cause the plastic to burn. A certain volume absorption is thus
required so as to form a cushion of melt and this, in turn, requires
the laser beam to penetrate to a certain depth. The level of
absorption should therefore not be too close to 100% (Fig. 2). 
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Diode lasers and Nd:YAG lasers are used for the laser trans-
mission welding of plastics. The most important distinguish-
ing feature of these laser types is the wavelength, which is 
808 nm, 940 nm or 980 nm in the case of the diode laser  
and 1064 nm in the case of the Nd:YAG laser. This leads to  
a number of specific differences in their application, as de
scribed below.

The following process variants can be assigned to the basic
process principle in Fig. 1:
– contour welding 
– simultaneous welding 
– quasi-simultaneous welding
– mask welding

In all these variants, the two or more parts being joined are 
held together by means of an appropriate fixing unit prior to 
the welding operation.

Contour welding

In contour welding (Fig. 1), the laser beam is run along the 
joining seam so that local plasticization results. The laser 
can be moved with a range of different systems:
a) �The laser beam is coupled into an optical waveguide 

which is fixed onto a robot arm.
b) �The parts to be joined are fixed to a biaxial table and 

moved under a stationary laser beam.
c) �The laser source is moved by means of a biaxial posi

tioning unit over the parts to be joined.

Since plasticization takes place on a highly localized basis, 
the precision of the parts to be joined is particularly import
ant. With this process variant, only very small gaps can be 
bridged with the heat-induced volume increase that results 
in the absorbing part. The standard travel speeds are between 
5 and 100 mm/s as a function of laser power (10 to 100 W 
currently in use), the material and the wall thickness. The 
system can be employed very flexibly and is particularly suit
able for small or frequently-changing contours.

Simultaneous welding

In simultaneous welding (Fig. 3), laser diodes are positioned 
above the entire course of the weld seam. This means that 
the entire seam can be irradiated and plasticized simultane-
ously.

If the welding unit is equipped with a displacement measuring 
facility, a defined joining displacement makes it possible to 
offset tolerances (gaps) between the parts being joined.  
The welding time is independent of the weld seam length 
and is between 1 and 5 s depending on the power of the laser. 
Setting up a system of this type is time-consuming and, 
depending on the number of diodes required, can be quite 
cost-intensive. There are limits to the radii and three-dimen-
sional contours that can be formed. In addition to this, a new 
diode holder is needed for each new component.

Fig. 3: �Principle behind  
simultaneous welding
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Bild 3: Verfahrensprinzip Simultanschweißen

Das Quasi-Simultanschweißen

Beim Quasi-Simultanschweißen wird ebenfalls die gesamte
Fügefläche „quasi“ gleichzeitig plastifiziert, wobei der Laser-
strahl ähnlich wie beim Laserbeschriften mit Hilfe von Umlenk-
spiegeln mit einer Frequenz von bis zu 50 Hz über die Füge-
fläche gelenkt wird. Dabei findet eine quasi gleichmäßige
Erwärmung des absorbierenden Materials statt.

Fig. 3: Principle behind Simultaneous welding

Quasi-simultaneous welding

With quasi-simultaneous welding, the entire joining surface is
similarly plasticised at "quasi” the same time, with the laser
beam being guided over the surface to be joined at a frequency
of up to 50 Hz with deflection mirrors, in the same way as for
laser marking. Virtually uniform heating of the absorbing mate-
rial then results. 

Bild 4: Verfahrensprinzip Quasi-Simultanschweißen

Mit entsprechender Vorrichtung ist es wie beim Simultan-
schweißen möglich, einen Toleranzausgleich mittels eines
Fügeweges durchzuführen. Mit dem quasi Simultanschweißen
sind auch dreidimensionale Fügenahtverläufe und Radien
nahezu uneingeschränkt möglich, da verstellbare Optiken ein
Höhenausgleich ermöglichen. Bedingt durch die hohen
benötigten Laserleistungen von deutlich größer 100 Watt und die

Fig. 4: Principle behind quasi-simultaneous welding

Employing the appropriate type of set-up, it is possible (in the
same way as for simultaneous welding) to offset tolerances with
the aid of a joining displacement. Quasi-simultaneous weld-
ing will also permit three-dimensional weld profiles and radii to
the achieved with virtually no restrictions, since adjustable
optics permit height compensation. Because of the high laser
capacities of considerably more than 100 W that are required and
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Quasi-simultaneous welding

With quasi-simultaneous welding, the entire joining surface 
is also plasticised at “quasi” the same time. In this case, de-
flection mirrors are used to guide the laser beam over the 
surface to be joined at a frequency of up to 50 Hz, a method 
similar to that used in laser marking. This results in virtually 
uniform heating of the absorbing material.

With the appropriate set-up, it is possible (in the same way 
as for simultaneous welding) to offset tolerances with the 
aid of a joining displacement. Quasi-simultaneous welding 
will also permit three-dimensional weld profiles and radii to 
be achieved with virtually no restrictions, since adjustable 
optics permit height compensation. Because of the high 
laser capacities of considerably more than 100 W that are 
required and the stipulation of highly accurate focusing, 
preference is given to Nd:YAG laser sources here.

Mask welding

In the mask welding process, a laser beam is extended 
rectangularly far enough to produce a line that can irradiate 
the entire component width. To ensure that only the weld 
seam is plasticized, a so-called mask is placed between the 
radiation source and the component. The mask lets the 
beam through only in the region of the seam. The laser-beam 
line is then guided over the part, causing plasticization at 
the joining surface. 

This means that very small contours and narrow weld seams 
are possible. The type of tolerance compensation possible 
with contour welding is not feasible in this case.

Scanner mirror deflects laser beam

Weld seam irradiated in its entirety

Short process time

Welding displacement possible to 
offset tolerances

Flexible set-up

Laser beam in line form

Entire component width covered

Very small weld width possible

Very small parts with tolerance  
requirements possible

Problems in gap bridging

Stringent requirements for  
mask accuracy
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Anforderungen nach einer guten Fokusierbarkeit kommen hier
z.Z. bevorzugt Nd;YAG Laserquellen zum Einsatz.

Das Maskenschweißen

Beim Maskenverfahren wird ein Laserstrahl soweit rechteckig
aufgeweitet, dass eine Linie entsteht, die die gesamte Bauteil-
breite bestrahlten kann. Damit nur die Fügenaht plastifiziert
wird, setzt man zwischen die Strahlquelle und das Bauteil eine
sogenannte Maske, die den Strahl nur im Bereich der Fügenaht
durchlässt. Die Strahllinie wird dann über das Bauteil geführt
und bewirkt so an der Fügefläche die Plastifizierung. 

the stipulation of highly accurate focusing, preference is given
to Nd:YAG laser sources here.

Mask welding

In the mask welding process, a laser beam is extended rectan-
gularly to the point where a line is achieved that can irradiate the
entire component width. To ensure that only the weld seam is
plasticised, a so-called mask is placed between the radiation
source and the component, which only lets the beam through
in the region of the seam. The laser-beam line is then conducted
over the part, causing plasticisation at the joining surface. 

Bild 5: Verfahrensprinzip Maskenschweißen

Damit sind sehr kleine Konturen bzw. schmale Fügenähte
möglich. Ein Toleranzausgleich ist wie beim Konturschweißen
nicht möglich.

Materialeinfluss

Beim Fügen von Bauteilen stellt sich die Frage nach dem
einheitlichen optischen Erscheinungsbild des geschweißten
Gesamtbauteiles. Dieses ist bei den bisherigen Schweißverfahren
im Bezug auf die Farbe problemlos möglich, wirft aber beim
Laserdurchstrahlschweißen Probleme auf. Einerseits ist die
Forderung nach einer hohen Transmission im nahen Infrarot-
bereich und andererseits nach der gleichen Farbgestaltung im
optisch sichtbaren Lichtwellenbereich. In Bild 6 sind die für das
Laserschweißen relevanten Wellenlängebereiche aufgezeigt. 

Fig. 5: Principle behind mask welding

This means that very small contours and narrow weld seams are
possible. The type of tolerance compensation that is possible
with contour welding is not feasible in this case.

Influence of the material

When parts are being joined, the question arises as to the uni-
form optical appearance of the component that has been welded
together. As far as color is concerned, this poses no problems
with the welding methods used to date, but it is problematical
with laser transmission welding. On the one hand, high trans-
mission is required in the near infrared range yet, on the other
hand, the parts must display identical coloring in the optically
visible lightwave range. Figure 6 shows the wavelength ranges
of relevance for laser welding. 

Laser beam in line form

Entire component width covered

Very small weld width possible

Very small parts with tolerance
requirements possible

Problems in gap bridging

High requirements on mask accuracy

Mask welding

Widened laser beam

Mask

Widened laser beam

Mask

LensLens

Fig. 5: Principle behind mask welding

Fig. 4: Principle behind quasi-simultaneous welding
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Influence of the material

When joining parts, there is the question of the uniform 
visual appearance of the welded component as a whole. 
While this is not a problem with respect to color for the 
welding methods used to date, laser transmission welding  
is problematic in this regard. On the one hand, high trans-
mission is required in the near infrared range, yet on the 
other hand, identical coloration must be displayed in the 
visible light range. Figure 6 shows the wavelength ranges  
of relevance for laser welding. 

It is extremely difficult to make a statement on the suitability 
of specific materials or colors for laser transmission weld-
ing, since it is necessary to take into account the distinction  
between a transparent and an absorbent material, as well as 
the fundamental influence of the material employed and the 
wall thickness of the transparent part. Completely different 
requirements apply in each case. The following experience 
has been gained so far:

• �Colored grades with titanium dioxide tend to display 
pronounced reflection and are thus not easy to melt.

• �Red shades frequently have high transparency due to  
the proximity of the wavelength to the IR radiation.

• �Black materials filled with carbon black have high absorp-
tion. The percentage content of carbon black must not  
be too high, however, since this otherwise poses a risk of 
purely surface heating.

• �Fillers such as glass fibers frequently have a scattering 
effect that reduces transmission and increases absorption.

• �Case-by-case investigations are still essential at present 
for special colors and filler contents.

Typical value
These values are typical values only. Unless explicitly agreed in written form, they do not constitute a binding material specification or warranted values. Values may 
be affected by the design of the mold/die, the processing conditions and coloring/pigmentation of the product. Unless specified to the contrary, the property values 
given have been established on standardized test specimens at room temperature.

The manner in which you use and the purpose to which you put and utilize our products, technical assistance and information (whether verbal, written or by way of 
production evaluations), including any suggested formulations and recommendations, are beyond our control. Therefore, it is imperative that you test our products, 
technical assistance, information and recommendations to determine to your own satisfaction whether our products, technical assistance and information are suita-
ble for your intended uses and applications. This application-specific analysis must at least include testing to determine suitability from a technical as well as health, 
safety, and environmental standpoint. Such testing has not necessarily been done by Covestro. 
Unless we otherwise agree in writing, all products are sold strictly pursuant to the terms of our standard conditions of sale which are available upon request. All infor-
mation and technical assistance is given without warranty or guarantee and is subject to change without notice. It is expressly understood and agreed that you assume 
and hereby expressly release us from all liability, in tort, contract or otherwise, incurred in connection with the use of our products, technical assistance, and informa-
tion. Any statement or recommendation not contained herein is unauthorized and shall not bind us. Nothing herein shall be construed as a recommendation to use any 
product in conflict with any claim of any patent relative to any material or its use. No license is implied or in fact granted under the claims of any patent.

With respect to health, safety and environment precautions, the relevant Material Safety Data Sheets (MSDS) and product labels must be observed prior to working 
with our products.
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Fig. 6: The wavelengths of laser beam sources
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