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Abstract:

This research study focuses on the experimental analysis of surface
hardening with laser rays for a sample of tool steel 1.2379 at
different surface roughness's and laser parameters.The sample was
received in an annealed condition with hardness value of 220 HV.
The purpose of the experiment was to determine the effect of surface
roughness and laser scanning speed on the surface hardness of the
sample and the depth of the molten layer. The results showed that
the surface roughness and laser scanning speed influenced the depth
and hardness of the provided surface. It was observed that at slower
scanning speed and a higher surface roughness, a higher hardness
and a deeper cured layer thickness were achieved. A maximum
surface hardness of 662 HV was achieved using a laser power of 75
W, a laser spot diameter of 0.5 mm, a pulse rate of 80 kHz, a laser
processing speed of 1 mm/s, and at the higher surface roughness.

Keywords: Tool Steel, Laser Surface Hardening, Surface
Roughness, Microhardness, Scanning Speed.
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1. Introduction

Surface hardening of tool steels is being recognized as an important
factor in the face of increasing mechanization and automation of
manufacturing processes. As a result, improvements to the surface
layer of tool steels must take into consideration the predicted tool
service circumstances. When the problem of tool steel wear is taken
care of, the surface hardness of the tool steels becomes a major
factor, where the surface of the tool steels must be robust enough to
resist friction forces given to it across the operation while remaining
hard enough to resist wear. However, many applications require that
tool steels be robust enough to sustain impact without fracturing [1-
4]. The cold work steel 1.2379 is widely used in the field of cutting
and punching tools as well as in solid forming. The tool steel 1.2379
is a 12% ledeburitic chromium steel, which combines toughness,
very high wear resistance, compressive strength, and dimensional
stability; particularly for the cold extrusion of aluminum [5].

Due to several benefits over conventional heating methods, laser
surface hardening is one of the greatest approaches for hardening a
surface without compromising interior toughness. In other words,
laser surface hardening is a successful approach for improving
tribological properties and increasing tool steel service life. In
contrast to traditional surface heat treatment, laser beam surface heat
treatment is based on the features of self-quenching, which cools
fast into the inner of materials without the need of a cooling media
[6-8].

Laser beams provide focused heat input, limited distortion, the
ability to treat certain areas, access to restricted locations, and fast
cycle durations. The laser surface hardening produces wear
resistance and a highly hardened surface layer due to very fine
dendrites with dissolved carbides [9]. Laser surface treatment has
contributed to increasing the life span of tools and products, for
example in the automobile industry, a noticeable increase of up to
10-30%, at a lower cost of up to 3-10% of the cost of new tools [10].
Laser hardening of cutting tools also showed that less material was
lost compared to induction hardening [11].
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The wear resistance of a laser surface treated specimen is 30%
greater than that of a conventionally heat-treated specimen.

The impact of different energy densities on the specimen and
hardening process demonstrates that the depth of the melted and
hardened layers of the laser-treated, quenched H13 steel increased
significantly with increasing laser energy density [12].

For the reason of the partial dissolution of hard carbides, low powers
typically result in melted zones with a higher hardness than higher
powers [13].

Nowadays, laser surface hardening is a hot topic since it appears to
provide the opportunity to conserve essential materials while also
allowing for superior alloys with idealized surfaces and bulk
engineering applications. Both Nd-YAG lasers and CO2 lasers have
recently been used for targeted hardening of tool steel alloys, and so
have prospective applications in machine tool industries. Many
studies have been conducted to determine the influence of the
independent factors of the laser hardening process, such as laser
power scanning speed, laser spot size, pulse repetition rate and
thermal characteristics of the work material [14,15]. This study has
been planned to investigate the Nd-YAG Laser beam Parameters on
Surface Hardness for AISI D2 tool steel at different degrees of
roughness.

2. Experimental Work:

The sample used was Tool Steel 1.2379 according to DIN standard
and equivalent to AISI D2 specification. The cold work tool steel
1.2379 is high chromium tool steel specifically designed to provide
a high abrasive wear resistance and a high hardenability. The main
applications are stamping tools, punches and dies, forming dies,
shear blades and cutters and ceramic molds. It was received in an
annealed condition with hardness value of 220 HV and a chemical
composition shown in Table 1. A sample with dimensions of
L25xW25xH20 mm3 was cut from the as-received base metal. Two
side surfaces of the test specimen were prepared using one side grit
of #120 Grit (1.32x1076 surface roughness) and other side grit of
#180 Grit (0.76x1076 surface roughness) sandpapers and manually
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polishing the specimen to the desired state, prepared for laser
surface hardening experiments. The surface of the sample 25x25
was divided into 5x5 areas for laser treatment under different
conditions as shown in Figure 1.

Table 1. Chemical composition (wWt%b) of used tool steel (1.2379).

C | Si |[Mn| Cr Mo Ni Cu Al V
16|04 (02| 118 | 0.73 | 0.15|0.13| 0.07 | 1.03
33|14 | 12 52 3 6 3 9

y

Figure 1. The sample tool steel AISI D2

The laser system employed is Nd-YAG laser with a maximum
output power of 75 W, which emits radiation at a wavelength of
1064 nm. Figure 2 shows the schematic diagram of ND-YAG laser
surface treatment system. The laser head is integrated with a
galvanometer-based optical scanner. The laser beam was focused on
the target through a 185.5-mm focal length F-Theta lens. The laser
system is equipped with a CNC driven XYZ table where the sample
is placed and moved for treatment. Nd-YAG Laser Machine
parameters employed are indicated in Table 2.

Table 2. Nd-YAG Laser processing parameters.

Power (Watt) Scanning Fg(KHz) Spot size(mm)
Speed(mm/s)
75 1,2,3,4,5,6 80 0.5
5 Copyright © ISTJ b gine okl (3 gia
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Figure 2. Schematic diagram of laser surface heat treatment

The microstructures of the treated zone and base metal were
investigated using optical microscope. The microhardness of treated
zone and subsurface layers was evaluated using Vickers
Microhardness test. A cross-sectional sample was sanded with 600
and 1200 grit sandpaper and polished with colloidal silica to reduce
its roughness, thereby preventing roughness that could interfere
with the results of HV measurements. Microhardness was measured
on the laser-treated sample surface, which was cleaned only with
water to prevent that it could be modified. Vickers Hardness Tests
were performed using a Leica VMHT MOT Microhardness tester
operating with a load of 0.2 kg at 15 seconds. The tester was applied
in the cross-sectional area of treated specimen until it reached the
base material. Penetration depths of the tester from the surface of
specimen to the treated material region were approximately 50 to
300 pum in the base material region, as shown in Table 3. At each of
these depths, 15 micro-indentations were made in lines parallel to
surface.
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3. Results and Discussion:
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3.1 Effect of Surface roughness on Laser Beam Speed:

Table 3: Laser Treatment Parameters with Grit Sandpapers

(120,180)
. Average depth
Scanning Sand paper [nm] Max.
No. speed A Microhardness

[mmy/s] = [VH]
1 1 621 662
2 2 143 590
3 3 82 590
1 4 #120 92 613
5 5 83 495
6 6 86 563
7 1 484 299
8 2 150 271
9 3 100 326
10 4 #180 62 415
11 5 107 375
12 6 90 477

The effect of Surface roughness is noticeable. The values of
microhardness were good indicator as the radiation absorptivity of
the surface with high roughness was greater than the radiation
absorptivity of the surface with less roughness. Consequently, the
scanning speed on the surface with the higher roughness became

obviously slower.

Increasing the scanning speed of the laser beam leads to a decrease
in the thickness of the remelted zone formed on the surface of the
sample as shown in Figure 3.
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Depth of remelted layér with Scar;xling speed
[1mm/s] &Sand paper grit#180 [Imm/s] & Sand paper grit#120

Depth of remelted layer with Scanning speed Depth of remelted layer with Scanning speed
[6mm/s] &Sand paper grit#180 [6mm/s] & Sand paper grit#120

Figure 3. Hardened zones With Magnification [400X] of tool steel AlSI
D2 after Laser Processing.

3.2 Effect of Laser Beam Speed on the Microhardness and
Depth:

The principle of surface hardening with laser rays is based on
heating to a temperature higher than the melting temperature of the
steel to be hardened, thus melting and cooling the surface
immediately, which leads to recrystallization of the surface and the
formation of thin surface layers with a stable structure that leads to
raising some of the mechanical properties of the surface layer of the
steel [16] .Figure (4-a) shows that the higher of the scanning speed,
which causes a decrease in hardness, and the decrease continues
until it reaches a value equal to the hardness of the material as
received.
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Figure 4. Effect of laser beam speed on (a) the max Microhardness(VH)
& (b) average depth(um)

The most effective parameter used in laser surface treatment by
pulsed YAG-Nd was scanning speed, however when this speed is
high (5,6 mm/s) the both average depth and the microhardness were
low than that in the beginning of the process .That because the first
layer was in a molten state, and when it freezes ,it becomes
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homogeneous, and the laser effect continues to heat the second
layer.

At high speed, this layer does not have enough time to complete the
transformation as the layer above it, resulting in a decrease in its
depth, which continues to decrease as the speed increases ,Figure
4(a ,b) [17].

4. Conclusions:

e This study investigated the effect of laser surface solidifying of
apparatus steel 1.2379 (AISI D2) utilizing laser power = 75 W,
laser spot size = 0.5 mm, six different scanning speeds and for
two different surface roughness. It was concluded that that the
best results (max. Microhardness and deepest hardened layer)
was achieved with the lowest scanning velocity (vscan = 1
mm/s) and using the roughest surface (1.32 x 10-6 m).

e The Surface Roughness of the used samples before being
processed by laser beam has great effect on increasing
Microhardness as it was observed that the Microhardness
recorded:

- 662 VH at Surface Roughness of ( 1.32 x 10-6 m ).

AND

- 299 VH at Surface Roughness of (0.76 x 10-6 m).
Where the scanning Velocity was ( 1 mm/s)

e The average depth of the hardened surface layer was increased
from 484 to 621um after they had been treated by Laser beam.

e The degree of Surface Roughness and the Scanning Velocity of

a Laser Beam are important factors that contributed to
improving the Surface Hardness.
e Ingeneral, with controlled laser beam parameters, the results
could be used for many industrial applications such as:
(metalworking processes, increasing service life of punch and
die).
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