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ABSTRACT

Traceability and individual part marking of castings is becoming increasingly important. Different marking technologies are
available and have been presented and discussed in the previous paper (NADCA 2016). For die casting in most cases laser
marking is clearly the most suitable technology - and sometimes actually the only viable and/or long term most economical
one. This is due to the fast cycle time; harsh environment (lubricants and dust on parts, and their high temperature when
marked); heat treatment and/or subsequent surface treatments (like shot blasting, e-coating, painting, etc.) of the parts which
the marking needs to survive and remain readable not only for the human eye but also for automatic 2D bar code readers
(otherwise a perfectly good casting has to be scrapped); and the often complex 3D shapes to be marked. Part marking should
never be the bottleneck in the process or a contributor to scrap rate due to unreadable markings. And it is not just any laser
marker that is capable of doing this complex job. It requires a dedicated system tuned for the specific application and process.
In this paper we present and discuss laser safety (often a concern), and how a system might be designed and developed that is
easy to install while guaranteeing Class 1 laser safety in any typical die casting environment. We also show the results of
extensive research work that has been done since last year’s paper and the successful development of a completely suitable
laser marking system for die casting, including pre-engineered solutions for easy retrofitting into existing die casting cells.

INTRODUCTION

Direct part marking is a way to trace parts throughout the whole process of production and after in the use phase of the
product. This practice is becoming a necessity in the die casting industry — as it is in many others. There are some challenges
associated with the environment and the processes undergone by die castings. This includes short cycle time, surfaces that are
not (perfectly) flat, high temperature, abrasive post-treatment. In a previous study, we presented several technologies used to
identify parts [1]. The laser marking technology proved to meet these numerous criteria. To mark an identifier on metal, we
use the high energy of a pulse fiber laser in the infrared, which is absorbed by the surface. This way we can reach the
minimum degradation energy threshold of the material and modify its surface and the way it is reflecting the ambient light to
create high contrast marking. The laser is computer controlled and it is possible to mark anything effortlessly, for example a
serial number, 2D barcode, 1D barcode, logo and more. Moreover, the marking time depends among other things on the
average power of the laser, so it is possible to adapt the laser power to respect the cycle time while minimizing the cost of the
solution.



In this paper, we present some of the important aspects about the integration of a laser marking system for traceability, with
focus on laser safety. The integration of a Class 4 laser as a Class 1 laser system is presented. Two different approaches are
explained: The open air enclosure and the sealed enclosure. Both of these approaches can ensure Class 1 operation and thus
100% safety for the operators. Other process related aspects are also presented along with their impact on the marking
quality. In the second part of the paper, we discuss the influence of some laser parameters on the readability of laser marked
Data Matrix on two very different but both very challenging post treatments: E-coating and shot blast.

INTEGRATION OF LASER MARKING SYSTEM IN DIE CASTING ENVIRONMENT

Integration of a laser marking machine in a die casting environment requires considering important aspects such as the
repeatability of the exact position of the part surface to be marked, the cycle time of the process and the size and composition
of the identifier to be marked. In some applications where 100% “bulletproof traceability” is needed, it is recommended to
also use a camera to read and confirm the exact marked code. On top of that, it is essential to correctly consider the health
and safety aspects of a Class IV laser integration.

POSITIONING REPEATABILITY
An important aspect of the laser marking process is the focusing of the light on the surface through the focusing lens. In order

to make a high contrast mark on aluminum, the focus position should be within = 3 mm from the material surface if using a
2D head. Figure 1 shows the results of marking for different surface positions across the focus region (dimensions in mm).

Figure 1- Marking for different positions of the surface from the focus (distances in mm)

Looking at Figure 1, we see that as long as the surface position is within a certain position range from the focus position,
almost no visible changes are seen in the marking quality and contrast. However, right outside the limit of that range, the
marking quality and contrast drastically decreases to zero. This is explained by the fact that the marking process requires a
minimum intensity threshold to be visible.

If the part surface cannot be repeatably placed within that range because of part shape distortion, non-repeatable part gripping
or any other reason, a so-called 3D head is required. In this case, distance measurement sensors are used to measure the part
surface position and transfer the information to the 3D head controller. The communication between the distance
measurement sensor and the laser system will then ensure a dynamic compensation of the surface positioning variation, with
a delay of less than 50 ms added.

The 3D head also has the capability to mark on a 3D shape, i.e. shape where the distance from the surface to the laser varies
within the identifier area. Figure 2 below shows a laser marked identifier on a 3D surface done with a 3D head.



Figure 2- Laser marked identifier on a 3D surface made with a 3D head

CYCLE TIME VS SIZE AND COMPOSITION OF THE IDENTIFIER TO MARK

The size and composition of the identifier is directly linked to the time required to perform the marking. Table 1 below shows
an experimentally developed timing rule of thumb for marking high contrast square 2D codes (of given side lengths) on
aluminum, considering no post treatments are needed. An example of the corresponding contrast is shown in figure 3.

Table 1- Time to mark 2D code and white background (quiet zone of 1 mm around the code).

Data Matrix size 30 W 50 W 100 W
10 mm 41s 2.2s 1.2s
15 mm 89s 48s 25s
20 mm 149s 84s 43s
25 mm 23.0s 129s 6.5s
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Figure 3- Laser marked Data Matrix on aluminum with the LXQ-100 (a 100 W laser marker). The size of the code is
20mm x 20 mm and the individual cell size is 2 mm. Time to mark is 4.3 seconds.

As it is adding black area, marking alphanumeric characters under the code will also add some time to the process. The height
and the width of these characters will then have an important effect on the overall time for marking so it is important to adjust
them based on the real needs. Table 2 shows typical marking time per character (in Arial or similar) depending on the height
of the character and the laser power.

Table 2- Average time to mark one character without white background

Character height 30 W 50 W 100 W
5 mm 0,40 s 0,25s 0,14 s
10 mm 1,52s 0,89 s 0,45s
15 mm 3,38 s 1,95s 0,96 s
20 mm 59s 3,41 s 1,64 s




CAMERA READING AND CONFIRMATION

To ensure fully “bulletproof traceability”, a camera reading of the code and a comparison with the data to be marked may be
very useful. If the part is successfully read and compared positively to the requested mark the traceability on that part can be
100% certified. Also, as code marking often includes strict rules on quality, the camera reading step will ensure that the
marked codes respect the quality criteria specified by the manufacturer or the customer.

Laser mark identifiers on aluminum have excellent grading values when they are not altered by any post process. However,
most post processes, and particularly shot blast, will have the effect of decreasing the grading of the mark (decrease in quality
after the process). Nevertheless, for the shot blast parameters that we tried with Mercury Marine, with the appropriately
chosen set of laser parameters, it is possible to read the code after shot blast, as we explain in detail in the following sections.

LASER SAFETY

The 1.06 um fiber laser wavelength is within the 0.4 um — 1.4 pm wavelength range considered the “danger zone” for the
human retina. To ensure the affected personnel is appropriately protected, it is strongly recommended to integrate the laser
marking system inside a Class 1 laser machine. The ANSI 1040.10 is the standard that applies in the United States while the
IEC 60825-1 is the one for Canada and Europe. In addition, in the US, the integrator must register the final laser machine
with the FDA through the CDRH (Center for Devices and Radiological Health).

Although there are multiple ways to integrate a laser in an industrial environment, the two methods described in this section
are well suited for die casting: The open air enclosure with limited access, and the sealed enclosure with turntable.
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Figure 5- Open air enclosure.

The ‘open-air’ safety enclosure is shown in Figure 5 above. The enclosure is actually made of three separate enclosures: An
outer one [Fig.5 (1)], an inner one [Fig.5 (2)] and a human access barrier [Fig.5 (7)]. These three barriers/enclosures used
together are necessary to assure laser safety and respect the ANSI 1040.1 standard. The inner enclosure’s purpose is to
decrease the angle range through which the beam could potentially be reflected after an unanticipated reflection. Considering
the part geometry and the gap between the part and the inner enclosure (which is ensured by the use of two proximity
sensors), the possible paths of dangerous rays are shown in red in Figure 6.
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Figure 6- Possible specular reflections (in red).

The purpose of the outer enclosure is to block these rays from coming out as specular rays, which are dangerous over several
tens of meters/yards. This enclosure must be made of absorptive and diffusive material such as black anodized aluminum or
black painted steel. The reflection of the incoming laser light inside this enclosure will be scattered in all directions, greatly
reducing the danger zone emerging from the inner enclosure. This danger zone is shown in orange in Figure 7. It can have a
maximum radius of 80 cm for the LXQ-100 (100W) and 36 cm for the LXQ-20 (20W).
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Figure 7- Possible diffuse reflections (in orange)

The third part of the enclosure, the human access barrier, ensures that no human can get access to the remaining danger zone
when the machine is in operation. Although procedural safety means are already installed to limit access to the cell while it is
in operation, these procedures are not acceptable under the ANSI 1040.10 standard that requires engineering means to
prevent human access to radiation above the intensity limit of the standard, which is 5 mW/cm? for the 1064 nm wavelength
and the 100 ns pulse duration of the LXQ laser series. These engineering means can be a physical barrier as proposed, but
could also be a zone scanning tool or a sensing mat. If a physical barrier is possible, it is preferred. Otherwise another
engineering means should be employed.
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Figure 8- Sealed enclosure with rotary loading table

The sealed enclosure designed and presented in this section includes a rotary loading table that allows the robot or operator to
load and unload the part in the machine while the laser is marking the part. Figure 8 shows the principle of operation of this
enclosure design. The part is first loaded on a piece holder designed specifically for the part geometry. Then the table turns,
locating the part within the enclosure. While this part is being laser marked, the robot can continue to work on the rest of the
sequence; moving through quenching, trimming, placing the part on exit conveyor, grabbing the next part, and verification of
the mark’s integrity. Safety sensors are used to ensure the door remains closed during the laser marking process. To be a
valid Class 1 laser machine, this type of enclosure must have no holes or gaps that would allow a direct or specularly
reflected beam to emerge.

This type of enclosure is especially interesting for manufacturers because the table can be loaded and unloaded while
marking occurs. That makes the time for the table to revolve the only time to consider as a non hidden-time process, provided
the marking time is less than the rest of the cycle time to mark two parts. This type of enclosure thus makes it possible to use
much longer marking times, such as those required for deep shot blast resistant marks, presented in the next section about
post treatments.

Comparison between the two enclosure types

Although the two enclosure types presented above can be well suited for a die casting environment, they have their own
advantages and disadvantages. Table 3 below summarizes the pros and cons of these two types of industrial enclosures.

Table 3- Pros and cons of the two enclosure types proposed: The open air enclosure and the rotary table enclosure

OPEN AIR ROTARY TABLE
Pros Cons Pros cons

e Marking time is not ¢ Higher cost

e Lower cost e Intrinsically Class 1

hidden time
¢ Required engineering
« Smaller footprint means to prevent . Marking time is hidden | o Bigger footprint
human access to get time
to Class 1

¢ Allow use of lower
power laser since
marking time is hidden

o No moving parts ¢ Moving part

e Time for the table to

* Allow to do deeper revolve is not hidden
marks time




POST TREATMENT RESISTANCE STUDY

A Laserax LXQ-100 (100W) fiber laser was used to mark 2D Data Matrix code on a Mercury Marine aluminum part made of
a 362 alloy (a low iron, high silicon alloy). This laser operates at a wavelength of 1.06pum and emits pulses of 100 ns duration
at a frequency of 100 kHz, for an average power of 100W. The readability is then studied after having undergone several
post-treatments: E coating only, shot blasting only, and shot blasting and E-coating.

The study focuses on the influence of laser parameters on the robustness of these markings to determine the optimal
parameters for each process. For shot blasting, the technique of deep marking is used [1]. It consists in protecting the mark
from the shot blast process by lowering the surface on which the black is marked. To do so, multiple passes are done with the
laser to remove material before doing the blackening. If the cells are small enough, shot will not be able to reach the black
marking and it will remain intact. Surface markings will also be tested and compared to deep ones. Those ones would be
advantageous compared to the previous method since it is much faster to mark without the deep etching step. Although a
multitude of parameters can affect the results, this study focuses on the following:

CELL SIZE

For the deep-marked 2D barcode, two different code sizes were used, approximately 13 mm and 16 mm and three cell sizes
were tested: 0.4 mm, 0.6 mm and 0.8 mm. The number of cells was adjusted so that the total size was approximately 13 mm
or 16 mm. Smaller cells allowed encoding more information and thus increased the redundancy in the encoding of the 2D
code information. On the other hand, larger cells are easier to read. It was therefore necessary to find the right balance
between the size of the cells and the amount of redundancy. The table below summarizes the dimensions of the marking
samples.

Table 4-Summary of the dimensions (side lengths of each square) of the deep markings.

Cell size 2D code dimension 2D code size
0.4 mm 32 x32 12.8 mm
40 x 40 16.0 mm
0.6 mm 22 X 22 13.2 mm
26 X 26 15.6 mm
0.8 mm 16 x 16 12.8 mm
20 x 20 16.0 mm

To mark deep into the material, it was necessary to make several passes with the laser before marking the code itself.
Material was etched so that the marking that was in the bottom was then protected by the surface around it. The depth and the
time of marking was increased with the number of passes. For surface markings, the number of passes is one.

For surface marked 2D code (no deep etching step), a larger dimension of 20mm x 20mm was used since these “standard”
marks are much faster to make. Cell sizes from 0.5mm to 1.25mm were tested. The corresponding Data Matrix dimensions is

presented in the following table.

Table 5-Summary of the dimensions of the surface markings.

Cell size 2D code dimension 2D code size
0.5 mm 40 x 40 20 mm
0.75 mm 26 X 26 19.5 mm
1.0 mm 20 x 20 20 mm
1.25 mm 16 x 16 20 mm

For standard applications, a white background provides better contrast and better readability. Since the post-processes we
studied modified the surface, it was not obvious if this was needed. For the resistance to shot blast, white background will not
be tested because it has been shown in a previous study that it was erased by the process. For e-coating, all samples were
done twice, both with and without white backgrounds, to study the effect of backgrounds on readability.

RESULTS

The results are divided in three sections: Painting only, shot blasting only, shot blasting and painting. The data was collected
with a Cognex Dataman 8050 reader. Each sample was read six times, with different orientations. It then collected the value
of the contrast and the unused error. The contrast was a value between 0 and 1 defining the brightness difference between the



dark and pale part of the bar code. A contrast closest to 1 is desired. The unused error is a value between 0 and 100. It
represents the amount of error correction that was needed to read the code. An unused error of 100 means that no error
correction was needed and therefore the code was not damaged at all. An unused error of more than 75 is considered
satisfactory.

PAINTING ONLY

After the painting process, it became clear that the cell size was very important for the readability of the Data Matrix. Of the
four dimensions that were tested, only two resulted in 2D codes that were readable. Those with cell sizes of 0.5 mm and 0.75
mm were not readable regardless of the parameters used. This means that cell sizes of 0.75 mm and below is not suitable for
this application. The influence of the marking parameters on the resistance to painting of the codes was also investigated.
Two different marking speeds and three different line-spacings were studied. Each combination gave enough contrast to
result in good readability. We did not see a significant difference between results, so the fastest parameters should be
selected. In figure 10a and 10b, we can see a picture of the code after painting, with and without a white background,
respectively.

Figure 10- Pictures of data matrices after E-coating with a white background (a) and without a white background (b),
with cell size of 1. mm

The parameters presented in table 5 were determined to be the best for resistance to E-coating. This was done without a white
background. In addition to being the fastest set of parameters, it also showed a good visual aspect (figure 10b), a good
contrast and was readable from six different angles. The unused error value of these marks is 100, so no error correction was
necessary to read the code. As these parameters are standard parameters for marking on aluminum, it was also possible to
read the code before the process of e-coat painting. Laser marking is then an effective solution for identification of parts in
the die cast industry that have e-coating process in their production line.

Table 5- Best parameters for resistance to paint. The average contrast and unused error come from six tests with the
barcode reader at different angles. They were all readable and the unused error valued varied between 83 and 100.

Marking time 2s
Cell size 1.25 mm
Code size 20 mm
Marking speed 600 mm/s
Linespacing 0.175 mm
Best contrast/unused error 0.753/100
Average contrast/unused error 0.733/69

Figure 11 shows pictures of the same barcode taken from different angles. In both cases the contrast is high, but for the
second situation the barcode is white while the background is black. This does not influence the readability of the code, since
unlike the 1D code, only a difference in gray level is required without giving importance to which element is which color.
This shows that the angle at which the camera is located with respect to the illumination has a great impact on the observed
result.



Figure 11- Data Matrix seen from two different angles with cell size of 1 mm.
SHOT BLAST ONLY

Shot blast is an abrasive treatment that changes the roughness of the surface. To resist these kinds of treatment, much deeper
codes must be marked. A “deep marking” technique, described below, is therefore used.

The individual cell size is an important factor influencing the readability of the 2D code after shot blasting. The marks done
with 0.4 mm cells were not readable after the shot blast treatment while the 0.6 mm and 0.8 mm show very good results.
Figure 12 presents the evolution of the contrast with respect to the number of etching passes for the 0.6 mm and 0.8 mm cell
sizes. We saw a higher drop of contrast for the 0.8 mm than for the 0.6 mm cell size code. We think this is due to the fact that
the bottom of the etched cases, where the black marking is located, is more exposed to the shot in the process. The optimal
cell size seems to be 0.6 mm since at 0.4 mm they are not readable and at 0.8 mm contrast is lost. Note that the average
contrast before the shot blast process was 0.61, so the contrast drop due to the shot blast process is only in the order of 10%
or less.

The cycle time is dependent on the depth of marking. As we can see in figure 12, it is not necessary to mark deeply. In fact,
there is a depth beyond which the marking is protected. It was observed that the fastest mark, with three laser passes, was not
deep enough. It was completely erased and therefore not readable. After 6 passes, these marks became readable, but a
substantial amount of error correction was needed. With 9 passes good results were achieved, both in contrast and unused
correction error. With 12 passes, the contrast reaches a maximum which is very close to the average contrast of 0.61
measured before the shot blast process. For the 6 different reading angles, the contrast varies between 0.525 and 0.616 while
the unused error is between 10 and 90. With these parameters, it takes 37 seconds to mark a 12.3mm Data Matrix with the
100W laser. Such a code has a data capacity of 60 numeric characters or 43 alphanumeric characters.
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Figure 12- Best contrast of 6 readings after shot blast as a function of the number of passes for cell size of 0.6 mm
and 0.8 mm.

The technique of deep marking can produce 2D codes resistant to shot blasting but requires a relatively high cycle time.
Some applications may not allow such a long cycle time and part marking should never be the bottleneck in the process.



In order to reduce marking time, we also tested the resistance of surface marking to shot blasting. Codes with 0.75 mm, 1.0
mm and 1.25 mm cell size were tested. Since shot blasting is an abrasive process, the surface marks will be affected and
therefore their contrast and readability will be different. As with deep marking, the cell size influenced the results: Similar to
the mark submitted to E-coating, cells of 0.75 mm were not readable. For the | mm and 1.25 mm cell sizes, the best and
average results over six measurements are presented in table 6. The average contrast value before the post process was 0.72.
The quality of the mark was sufficient for the reader to read it from the 6 different angles tested. But, as we expected, the
contrast was low because the code was not protected unlike the one with the “deep” mark. If less contrast is acceptable, this
method may be a good alternative to deep marking if a shorter cycle time is necessary. Note that the images showing the
results after shot blast were accidentally not saved correctly and we could not re-photograph them because the painting was
already done, so we unfortunately cannot show them in this paper.

Table 6- Results for the surface marking.

Cell size 1.0 mm 1.25 mm
Best contrast 0.392 0,388
Best unused error 88 100
Average contrast 0.363 0.362
Average unused error 77 53

SHOT BLAST AND PAINTING

After being shot blasted, the shot blasted samples undergo the E-coating process. The paint changed the appearance of the
mark, so the readability was different. Figure 13 shows the evolution of the contrast through the sequence of post processes,
for the optimal 0.6 mm cell size. Note the drop in contrast after shot blasting. However, the application of E-coat paint on the
sample increased the contrast to even higher levels than before either post process. E-coating then, is a way to considerably
increase the contrast of marking after shot blast.
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Figure 13- Best contrast of 6 readings after shot blast and e-coat painting with cell size of 0.6 mm in function of the
number of passes.

Figure 14 presents pictures of the 2D codes and shows the number of passes and required marking time for each.
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Figure 14- Influence of the depth on the contrast after shot blast and paint.

Table 7 presents a summary of the best results for deep marking and surface marking, for the process of shot blast only and
shot blast + painted.

Table 7- Best results for resistance to shot blasting only (1) and shot blasting and painting (2).

Deep marking Surface marking
Marking time 37s 2s
Cell size 0.6 mm 1.0 mm
Code size 13.2 mm 20 mm
Number of passes 12 1
Best contrast/unused error?! 0.616/90 0.392/88
Average contrast/unused error?! 0.563/67 0.363/77
Best contrast/unused error? 0.694/60 0.671/100
Average contrast/unused error? 0.669/35 0.642/70

CONCLUSION

Laser marking is the most viable, and sometimes the only possible technology for permanently marking die castings to ensure
traceability of the component from casting to final assembly and even in the use phase. While there are many off the shelf
laser markers on the market, it requires a significant amount of know-how to select the right technology, adjust all the
parameters, determine the exact marking procedure and marking type as well as the integration of a laser marker into a die
casting cell in a way that Class 1 laser safety can be guaranteed. The laser type and marking parameters need to be adjusted to
provide the required marking in the given cycle time and setup/environment, and often the marking needs to be adjusted to
guarantee proper readability after surface treatment processes — and often the right compromise needs to be found between
cycle time, required contrast and size of the marking. Even for shot blasting and e-coating, certainly the two most demanding
surface treatments for die casting, solutions can be found so that the markings will remain readable and a second marking
step or possible loss of traceability can be avoided. If the part positioning is not perfectly repeatable, a 3D head can identify
the position and adjust the laser accordingly. A subsequent immediate verification of the marking with a camera can in some
cases be a useful addition. Compared to other marking technologies, laser marking is often considered as rather dangerous,
but it was shown that there are several possible ways of building and integrating a laser marker into any kind of die casting
cell (or any other manufacturing environment) in a very safe way that guarantees Class 1 laser safety and will ensure that no
operator will be put at any kind of unreasonable safety risk. With this paper we hope to have addressed some of the major
concerns of die casters when it comes to laser marking. We have been working on providing solutions for this industry for
several years and feel that we are now in a position to help die casters manage the challenges of their processes and
environment and enable perfect traceability that will help them with quality assurance, improve their processes, and satisfy
customer requirements.
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