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Direct Part Marking of Inconel 718
E. Bassoli

marking methods, such as no wear of tools, high degree of
automation, free programming and choice of characters. Laser
marking is the preferred method of performing DPM to attain
permanent and highly contrasted superficial inscriptions on a
wide variety of materials, ranging from glass, ceramics and
wood to plastics and metals [3].

Abstract
Marking of products is necessary in many industries. In order
to attain a successful mark, two elements are necessary: a
quick, cheap, easy process to produce the mark and an
automatic identification of the mark itself by a scanner. The
laser marking of metals is one of the most frequently adopted
of all laser-material processing techniques. The aim of this
paper has been to establish the relationship between the
process parameters used in laser marking of Inconel 718 and
the characteristics of the mark, both the geometrical- (burr
height, mark depth and width) and the optical ones.

The basic idea of laser marking is to draw images and patterns
on material surfaces using a laser beam. There are several
ways of interaction between the laser and the material:


Michelson contrast and Weber contrast have been used in this
paper to qualify the readability of the marks. This choice is
due to the fact that this solution is closer to the real use of a
mark, which is usually read in daylight and by means of a
smart phone in various industrial sectors. An extended
experimental plan has been performed and the relationship
between the laser mark geometry and the grey tone pixel
distribution of the mark image has been evaluated. The
experimental results show that the Weber contrast, in spite of
some limits, is closely related to the mark shape. The mark
readability, as expressed by the Weber contrast, proves to be
directly related to the power of the impulse.
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In order to obtain a clear mark, suitable processing parameters
must be selected. It has been reported in literature that the
main processing parameters are [4-6]:

INTRODUCTION
Nowadays, modern technologies and the related industries are
in continuous development, and the marking of products is
becoming essential for many reasons [1]:






Foaming - this is a common marking method for
polymer materials, which alters the
optical
properties of the surface by inducing a phase
transition from solid to liquid;
Microcracking - the material melted after resolidification contains many tiny cracks that scatter
light and exhibit contrast to the substrate;
Engraving – a surface material transformation from
solid to gas takes place via vaporization, or even
sublimation, due to severe localized heating;
Discoloration - this is obtained by breaking chemical
bonds and stripping off atoms from molecules;
Ablation – Laser ablation causes marking through the
selective removal of material;
Bleaching colour change – a change of colour takes
place due to a photochemical reaction.





to improve security;
to improve efficiency;
to track production;
to fight against infringement;
to acquire information in real time for market
analysis.

pulse frequency;
average power;
marking velocity.

The Inconel 718 (AMS 5962 o ASTM B637) laser marking
process, with a Q-switched Nd:YAG laser, has been studied in
this work. The aim of the research has been:


Bar code printing and Direct Part Marking (DPM) or
machine-readable identification can be performed through a
variety of manufacturing processes, including laser marking,
dot peening and chemical etching. The laser marking of
metals is one of the most frequently adopted of all the lasermaterial processing techniques used in the industrial sectors
[2]. It offers many advantages, compared with conventional



2235

to establish the relationship between the laser process
parameters and the mark geometrical characteristics
(burr height, mark depth and width), in order to attain
a better understanding and more knowledge of how
to produce a qualified direct mark;
to evaluate the relationship between the shape of the
laser mark (Figure 1) and the grey tone pixel
distribution of the mark image.
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Two processes are necessary before a barcode or mark can be
read successfully: one is the mark production through lasermaterial interaction and the other is the auto-identification
process by means of the direct interaction between the scanner
and the written characters [2].

Table 1. Process parameters used.
P
[W]
30
22.5
15

Readability is used to describe how well a reader can decode a
symbol. Several different factors need to be addressed to
create a good quality code or mark: contrast, quiet zone, error
correction, element size and mark consistency. A good
contrast creates a strong bar code signal, which makes it easier
for the imager to differentiate between the light and dark
elements of the symbol, and to reduce the chance of noise
interference. A good contrast also increases the possibility of
reading at longer distances [7]. Contrast is usually evaluated
considering the Symbol Contrast (SC) value. This is the
difference between the arithmetic means of the darkest 10%
and lightest 10% of the image pixels [8, 9]. The ISO Symbol
Contrast grade scale ranges from 0.0 to 4.0.

50
38
25

Scanning speed
Frequency
[mm/s]
[kHz]
100 150 250 500 750 1000 30, 35,40,
45, 50,
75 113 188 375 563 750
55, 60,
50
75 125 250 375 500
65, 70,
75, 80

The scanning speed was chosen in order to obtain P/v [J/mm]
ratios of: 0.03; 0.06; 0.2; 0.6.
The grooves shape was investigated by using:
a)

A Taylor Hobson, Talysurf 2000 CLI instrument.
The measurements were performed along the
direction perpendicular to the straight marks, by
using: 0.5 mm/s scanning speed; sampling frequency
of 1 kHz; vertical resolution of 40 nm and lateral
resolution of 2 m.

b) Image analysis. This involved the contrast
measurement of the groove image, which is suitable
for the evaluation of the “readability” of a mark. The
marked lines were photographed, by means of a
digital camera, and it was then necessary to turn the
pictures into 8 bit images. This allowed contrast
measurements to be made using an m×n matrix with
the [0; 2k-1] value range, where k is the bit number
that codes the single pixel. In other words, a number
in the 0 (dark) - 255 (light) range was associated to
each element of the (m, n) matrix. The observation
area was segmented to measure the groove and the
unmachined zone separately
The observed contrast is the most
the image to qualify a mark. The
code of aerospace parts is mainly
Contrast and print growth (the
markings)[10].

Figure 1. Geometrical features of a laser mark profile: width
of the mark, height of the peeks, depth of the groove, distance
between the peeks.

important characteristic of
reading quality of a DPM
evaluated through Symbol
extent of dark or light

Several standards regulate the mark and code characteristics.
As far as a QR code is concerned, ISO 15415 assumes that the
image is in high contrast. This is a basically valid assumption,
but unlike the Data Matrix Code, which is scanned in 660nm
red light, the QR Code is usually scanned in a white light
environment by means of a smart phone, and not by means of
an ISO compliant industrial type of scanner. ISO 16022 is
only applicable to Data Matrix symbols printed in black on a
white background, and this limits the applicability of this
standard. In fact, in some ways this makes it more difficult to
be sure the colour combinations are acceptable. In order to
ensure readability effectiveness of the code, the key issue is
contrast: there must be enough difference in contrast between
the background and the symbol [8].

Experimental set-up
During laser-material interaction, materials can undergo
heating, melting and evaporation. The best marking results
can be obtained only when there is a proper combination of
pulse energy, average power P, pulse frequency f and
scanning speed v. For a laser with a high pulse frequency, the
peak power is usually expressed in terms of average power,
that is, the pulse energy multiplied by the pulse frequency [2].
This investigation has used a Q-switched fibre laser:
fundamental wavelength = 1.064 m; average power up to
30 W; maximum frequency 80 kHz; M2 > 1.

Therefore, Michelson and Weber contrasts have been used in
this work to qualify the marks; this choice is due to the fact
that these solutions are close to the real application of a mark
or QR code, which are usually read in daylight and by means
of a smartphone:

Straight parallel marks were obtained using a factorial test
plan: the process parameters are shown in Table 1.
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Michelson definition:

𝐿𝑚𝑎𝑥 − 𝐿𝑚𝑖𝑛
𝑐=
𝐿𝑚𝑎𝑥 + 𝐿𝑚𝑖𝑛
where Lmax and Lmin are the maximum and minimum
luminance of the foreground and background of an
image, respectively [11]
For an achromatic image, where the background
luminance Lbg is higher than the code (foreground)
luminance Lfg, the contrast may be calculated by
considering the Weber contrast [12]:
𝐶=

2.

valley (Z<0), as shown in Figure 1;
Marks where all the profile points are positive (Z>0).

The profile features considered to qualify the marks of class 1
were: the width of the groove, the height of the peeks (burr)
and the depth of the valley. Marks where all the profile points
were positive (class 2) were considered unacceptable marks
[9].
Figure 2 shows the effects of frequency and of scanning speed
on marks obtained with an average power of 22.5 W and 30
W. For P= 30 W and scanning speed values in the range 100250 mm/s, the sum of the burr height and groove depth
showed a maximum at f  35 kHz (Figure 2D) and then
decreased. Generally, the sum of the burr height and groove
depth decreased as the frequency increased, and this was more
evident for lower power values (Figures 2C and 2D). The
mark width remained almost constant, or decreased slightly
for different pulse frequencies, in agreement with literature
data [5].

𝐿𝑏𝑔 − 𝐿𝑓𝑔
𝐿𝑏𝑔

In order to ensure repeatable controlled imaging, the
specimens were illuminated by a 150 W GLI-156p fibre optic
light source with a chromatic render index around 100. The
images were acquired by means of an M3Z Wild Heerbrugg
stereo microscope and a Pixelink PL-A64 Vitana corp.
camera. The adopted magnification (25x) was chosen after a
preliminary test. A 45° incident light angle was chosen and
each test was repeated twice. After the image was acquired,
200x200 pixel areas were cropped from the groove and from
the unmachined zone.

Some authors have affirmed that increasing the scan speed
leads to decreases in the engraving depth [13]. Figures 2C)
and 2D) show the same evidence, except for v=50 mm/s and
P=30 W. The sum of the burr height and groove depth at a
low frequency shows wide variation with different v, while it
leans towards a narrow range when the frequency was
increased (except for v=50 mm/s).

RESULTS AND DISCUSSION
The profile shapes were grouped into two different classes:
1.

Marks with a positive peek (Z>0) and a negative

Figure 2. Effects of frequency and scanning speed on the width (A, B) and on the sum of the burr height and groove depth (C, D)
for different average power P values.
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It can be seen in Figure 3 that the sum of the burr height and
groove depth shows a maximum for a scanning speed of about
100 mm/s and then decreases (Figure 3A), as does the groove
width (Figure 3B). The Weber contrast and the Michelson
contrast (Figures 3C and 3D) show a similar variation as of
the sum of the burr height and groove depth, up to a scanning
speed of about 500 mm/s and for the 30 and 60 kHz
frequencies. At higher speed values, instead, the Weber
contrast shows a different variation with speed than of the
geometrical parameters in Figures 3A and 3B.

constant lighting conditions (light source and incidence
angle), the shadow zone in the mark area is due to the height
of the burr and to the groove depth, and the readability of the
mark it is therefore dependent on these geometric
characteristics. The Michelson contrast shows in this case
lower relation to the dimensions of the mark groove.
The Weber contrast varies similarly to the geometric
parameters in a definite range of process parameters,
specifically up to limit values for scanning speed and pulse
frequency. Out of this range, the optical and geometrical
features are prove unrelated, probably due to the onset of
phenomena such as high reflectivity of re-melted zones, of
sharp edges and of spikes, next to dark microcavities.

Figure 4 shows the same graphs of Figure 3 for P=22.5 W.
For frequencies of 30 and 45 kHz, only the Weber contrast
shows the same trend as of the shape parameters. Under

Figure 3. P= 30 W, Effect of scanning speed on: A) sum of the burr height and groove
depth; B) mark width; C) Michelson contrast; D) Weber contrast.

2238

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 5 (2018) pp. 2235-2241
© Research India Publications. http://www.ripublication.com

Figure 4. P = 22.5 W, Effect of scanning speed on: A) sum of the burr height and groove depth; B) mark width;
C) Michelson contrast; D) Weber contrast.

For the same average power and scanning speed, the
frequency affects the shape of the mark as shown in Figure 5,
where Talysurf cross-profiles of the marks obtained with
P=30 kW and v=150 mm/s are graphed.

Some authors have shown that the average power of the laser
is the most important factor that affects the module contrast
and print growth of the miniature code, and that there is a
positive correlation between the average power of the laser
and both of these mark quality factors [14]. The experimental
data confirm the importance of P, as its effects overlap with
those due to the scanning speed and frequency. However, the
readability of the mark, when expressed by using the Weber
contrast, is related directly to the power of the impulse (Figure
6). This conclusion is in agreement with that of some authors
[15], who pointed out the positive effect of high peak power,
which allows better edge resolution and therefore better
readability of the marked part to be obtained.

The profile with the maximum value of the sum of the burr
height and groove depth also shows the maximum Weber
contrast value. These data confirm that Weber contrast shows
a close correlation to the shape of the mark.
Seven tests were performed for each couple of P and f values,
by varying the scanning speed. Figure 6 shows the maximum
Weber contrast value obtained for each couple (P, f), as a
function of the pulse power. It can be observed that there is a
strong linear relation between the maximum Weber contrast
value and the pulse power.
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Figure 5. P=30 kW, v=150 mm/s; Effect of frequency on the profile shape measured by means of Talysurf.

Figure 6. The Weber contrast versus Pulse Power


CONCLUSION
A factorial test plan has been set up to evaluate the effect of
scanning speed, frequency, average power and pulse power on
the readability of laser marks on Inconel 718. The Michelson
contrast and the Weber contrast have been used to evaluate
readability, due to the fact that they mirror the real condition
of QR used in daylight and read by means of a device such as
a smart phone.









If the scan speed is increased, the sum of the burr height
and groove depth decreases.
At the maximum average power of the laser (30W) and
for scanning speed values between 100 and 250 mm/s,
the sum of the burr height and groove depth shows a
maximum at f  35 kHz, and then decreases.
The effect of scanning speed on the sum of the burr
height and groove depth is quite high at low frequencies,
then becomes negligible when the frequency is
increased.
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The mark width remains almost constant, or shows slight
decreases when the pulse frequency is increased (with P
and v kept constant).
At P=30 W, the sum of the burr height and groove depth
shows a maximum for a scanning speed of about 100
mm/s and then decreases when the scanning speed is
increased.
At P=30W, both the Weber and the Michelson contrasts
are able to describe the behaviour of the sum of the burr
height and groove depth up to a scanning speed of about
500 mm/s, and for frequencies of 30 and 60 kHz;
The Weber contrast, in spite of some limits, varies
consistently with the geometric features of the mark.
A direct linear relation exists between the maximum
value of the Weber contrast, for each couple (P, f), and
the pulse power. The readability of the mark, if
expressed as the Weber contrast, is related directly to the
power of the impulse.
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