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Abstract
The purpose of this engineering design was to fabricate a waterproof coat for a carbon fibre reinforced poly-
mer component. Austenitic stainless steel foil with 50μm thickness was used as the raw material. Deep-drawn 
elements that fit the geometry of the given part were welded together to form the coat. The deep drawing 
tools and the welding machine were self-designed and manufactured. The cutting of the blank and then the 
welding technology of the deep-drawn tablecloths were carried out with a TruMark 5010 marking laser made 
by Trumpf
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1. Introduction
Currently, a trend can be observed in the devel-

opment and application of increasingly compact 
and smaller-sized instruments. For this reason, 
there is a greater need for welding thin steel foils 
(<100μm). Several articles have been written on 
the implementation of low power laser beam 
welding of steel foils. [1, 2, 3]

Based on the welding results of thin films, we 
have developed a solution for the watertight 
coating of a carbon fibre reinforced automotive 
component. Considering the installation require-
ments, a 50μm thick stainless steel foil was used 
to form the watertight cover.

2. Applied materials and methods
Trumpf TruMark 5010 laser marking equipment 

was used to cut and weld the films. The solid-state 
resonator of the laser equipment had a pulse time 
of 250 ns, an average power of 18.5 W, a beam 
wavelength of 1064 nm, a repetition frequency of 
20 kHz for cutting and 100 kHz for welding.

Later, the average power of 18.5 W was used to 
determine the welding powers.

A Keyence VHX 2000 digital optical microscope 
was used to examine the cross section of the 

seams. The metallographic preparation of the 
seams was performed by sanding and polishing, 
followed by etching with royal water to show the 
fabric structure.

3. Technological steps
The carbon fibre reinforced plastic part to be 

covered was cylindrical and had a shoulder. Due 
to the geometry of the part, there were two pos-
sibilities for forming the cover. As a first solution, 
we designed 2 parts. One part was the cover of 
the cylindrical part, the other part was the shell 
and the flange. However, these two-part versions 
were discarded due to the poor deformation 
properties of the 50μm thick corrosion-resistant 
film. Due to the poor deformation property, the 
film is easily torn during shaping. As a second 
solution, three components were designed. In this 
case, we also kept the cover part, but we designed 
two parts to cover the mantle and the shoulder. 
To make the part, we needed tablecloths. These 
tablecloths were deep-drawn with the tools, and 
then the deep-drawn pieces were welded togeth-
er using the welding device.
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3.1. Cutting of blanks
The cutting of the tablecloths was carried out us-

ing the TruTops Mark program of the laser beam 
equipment used.

AThe laser beam cutting power was determined 
at 18.5 W and the welding speed at 200 mm/s in 
order to cut the film safely with the laser beam 
(sublimation cutting). The laser beam treatment 
was repeated ten times in succession on a sample 
at the same setting.

3.2. Deep—drawn tools
Due to the possible wrinkling of the plate during 

deep drawing (due to the design of the deep draw-
ing tools), the size of the drawing gap was opti-
mized for the appropriate clamping force. The 
centering of the discs was achieved with a 100μm 
shoulder prepared for this purpose. The tension 
and guide rings were bolted together.

The following parts were made from the table-
cloths after deep drawing. Figure 3. shows the 
deep-drawn flange and Figure 4. shows the deep-
drawn cover. Figure 5. shows the welded mantle.

Figure 1. Blank cutting with TruMark 5010.

Figure 2. Sketch of a deep drawing tool.

Figure 4. The successfully deep-drawn cover.

Figure 3. The successfully deep-drawn ring.

Figure 5. Successfully welded mantle with mantle 
welder fixture.
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3.3. Welding
Two devices were designed for welding the 

parts. With the help of one device, the seam of the 
mantle was formed, while with the other, the fin-
ished piece was welded together from the three 
parts. During welding, the average power of the 
laser beam was determined to be 16.65 W and 
the welding speed of 55 mm/s to form the sheath 
seam. To form the seam of the cylinder shell, the 
average power of the laser beam was determined 
to be 17.58 W and the welding speed determined 
to be 55 mm/s. Figure 6. shows the welding of the 
finished part.

3.4. Presentation of formed seams
Deep seam laser welding usually requires a so-

called continuous laser beam. In our case, the 
laser beam equipment was pulsed. In order to 
make the laser beam as close as possible to con-
tinuous operation decoupling, we used the largest 
possible pulse mode of 100 kHz. In the series of 
experiments, the welding speed and the average 
power of the laser beam were optimized.

The optimum average power of the pulsed la-
ser beam was found to be between 16.65 W and 
17.58 W. The welding speed was chosen to be 
55 mm/s. Figure 7. shows the geometry of a weld 
welded with a laser power with an average power of 
16.65 W. The lack of material on the crown side is not 
relevant to the function of the seam. The overlapping 
thin films were fused to their full thickness by the 
laser beam. The cross-sectional shape of the seam 
made with a power of 17.58 W can be observed in 
Figure 8. In this case, like the crown side, the lack 
of material appears on the root side. Considering 
the total thickness of the films, the material fused.

5. Conclusions
With the Trumpf TruMark 5010 laser device, 

it was possible to cut out geometries with a de-
fined geometry from a 50μm thick stainless steel 
foil. These placemats were formed with our own 
deep drawing tool. The deep-drawn parts were 
successfully welded together. The finished part is 
shown in Figure 10. 

The water tightness of the finished parts is 
currently being tested. In the future, part of the 
test plan will be to increase seam overlap on the 
Trumpf TruMark 5010. A limitation of the further 
development of the technology is the lack of syn-
chronous control of the laser beam coupling and 
the CNC rotary shaft.

Figure 6. Circular seam welding of the mantle and 
flange.

Figure 8. Sectional metallographic image of a seam 
created with a laser beam with an average 
power of 17.58 W and a welding speed of  
55 mm/s.

Figure 7. Sectional metallographic image of a seam 
created with a laser beam with an average 
power of 16.65 W and a welding speed of  
55 mm/s.
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Figure 9. Weld seams at the overlap of the mantle and 
flange.

Figure 10. Waterproof cover with three seams.
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