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Laser Hardening Influence of Metal Surfaces
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In this paper we analyze the influence of the number of laser pulses on the hardness of the metal. We have
shown that the hardness increases with the number of laser pulses due to the increase in the probe surface
temperature, especially by increasing the superficial absorption of laser radiation. Optical microscopy was
analyzed by the metallographic aspects of the target in OLT 65, Al, Cu, laser irradiated
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Using the laser for the heating process of materials with
applications towards the thermal surface treatment  implies
restrictive conditions on choosing the right irradiation laser
parameters or on preventing phase changes in materials
structure [1].

Improving the hardness of metal materials due to
thermal treatment is the result of structural metalographic
constituents changes due to the thermal transformations
produced by laser. These transformations give rise to the
transitory phase in solid state, implying that metal should
be brought to a supersaturating local state. This state is
obtained by heating the material at certain temperatures;
afterwards, the material is cooled up suddenly for
preventing the diffusion process, the equilibrium state
reaching, respectively.

It is to be mentioned the fact that a disadvantage of the
laser thermal treatment is that the treatment can be made
only locally, on small dimensions surfaces [7-9].

When determining the laser thermal treatment
parameters, the heating temperature respectively, Ti and
the heating intervals ti, for constant temperatures tm, and
cooling tr, the transformations generated in the material
for improving its properties, must be taken into account
(fig. 1).

This concept implies a good knowledge of the critical
transformation points for each material and in relation to
these a good choice of the appropriate temperature. The
evaluation of these temperatures can be made in several
modes:  using the equilibrium diagrams, by empiric or semi
empiric relations out of classic thermal treatments or by
experiments [3].

The heating temperature of the target surface and the
penetration depth of material can be varied by regulating
the beam power, the laser pulse width and in the case of
controlled relative motion of the probe with respect to the
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laser beam by modifying the scanning velocity onto the
target (fig. 2) [12-15].

The block diagram of a laser technology system is
shown in the figure 3.

Fig. 1 The diagram of
a thermal hardening

cycle

Fig.2 The laser thermal hardening in  geometry, for relative
movement of the  target in relation to the laser fascicle [7]

Fig. 3 Block diagram of a laser technology system [4]

The thickness of the thermally treated layer depends
greatly on the thermal conductibility of the target material.

In case of thermal hardening, the intensity of laser
radiations must be lower than  those which generate the
phase transformation [8-11].

The target surface positioning can be made under the
focal plane (positive defocusing +Df), above the focal plane
(negative defocusing -Df), or in focal plane (null
defocusing), (fig. 4).

The experiments showed that the defocusing is a
parameter which influences the heating temperature, the
affected area and the penetration depth of the heat in the
metal target.

Under constant laser irradiation conditions, in first
domain ∈  (5.5 - 9.5) x 103 W/cm2 and the laser pulses
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widths τp ∈ (1.65 - 6.5) x 10-3 s, the effect is max; which
means that the induced hardening in the target has the
greatest values when a positive defocusing +∆f∈  (1,4)
mm takes place.

Experimental part
Materials and methods

A Nd: YAG laser with wavelength of 1064 nm was used
for the experimental study of thermal laser hardening. The
laser works on Q-Switch pulses, whose time intervals can
be of 5ns, at an adjustable repetition frequency up to 10Hz.
The pulses shape is gaussian, but in order to simplify the
calculi concerning the thermal diffusion depth and the laser
radiation threshold intensity necessary for superficial
melting, we have supposed the pulse shape is rectangular.
The pulse energy is 400 mJ, the average value of laser
power is 4 W. At a max focusing, the diameter of laser
fascicle is 0,3 mm, resulting a value of laser radiations
intensity of ~ 0,44 x 106 W/cm2.

The device is shown in figure 5.

Results and discussions
A quartz lens has been used for focusing. The targets

have been made of Al, Cu, Quartz and a kind of steel: OLT
65. The chemical compositions of the targets are shown
in tables 1, 2, 3.

The target had a cylindric form, 1.5-2 mm thickness, 10
mm in diameter. The surface that was to be irradiated had
been polished with alumina and then, the incidence spot
of the laser fascicle on the target had been painted with a
thick layer of black paint to increase the absorption of laser
radiation. The experiments have been made under normal
conditions and positive laser defocusing.

The measured values of the targets hardness before the
laser irradiation are given in table 1. In order to measure
the hardness, a microhardnessmeter has been used: Micro
hardness Tester Shimadzu, using a diamond pyramidal
penetrator with an angle of 1360, exerting a pressure of 3
kg, the applied force was of 30 N for 15 s.

The depth of thermal diffusion is 0.08 - 0.16 mm. If the
diameter of the irradiated area is greater than the order of
magnitude, the approximation of the irradiated semi-space
on the entire area is at least satisfied near the focal point.
The results are shown in table 2 and figure 6.

The targets were metalographically prepared according
to STANDARD 4203-74  and irradiated with 300 laser pulses
[6]. The structural aspects of the material were determined
by an increase order of 100, according to SR 5000: 1997
[5].

The next constituents were obtained according to
STANDARD 500-1997 [5].

It can be seen from figure 7 for aluminum, the
metallographic structure was the austenitic granularity
grain size, for OLT 65, the structure was perforated, for Cu,
the structure was superior bainite.

Positive defocusing
Null defocusing

Negative defocusing

Fig. 4. Possible positionings of
the target surface in relation to
the focal plane under thermal
laser hardening (L- focusing

optical system, P - the target) [7]

Fig. 5. Scheme the device used in experiments

Table  1
VALUES OF HARDNESS OF METAL TARGETS BEFORE THE LASER

IRRADIATION

Table 2
SURFACE HARDENING IN RELATION TO THE

NUMBER OF PULSES
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Conclusions
In the present paper from the experiments we can see

that the hardness increases with the increase of the number
of laser pulses due to the increase of the probe surface
temperature, especially by the increase of the superficial
absorption of the laser radiation. Materials from aluminum,
copper, quartz, OLT 65 were studied. The microscopic

Fig. 7 Microscopic aspects of
the irradiated target (Nd:YAG

laser - 300 Pulses)

Fig.  6 The dependence of surface hardness of some metal targets, on the numbers of laser pulses

aspects of the target from OLT 65, Al, Cu, were laser
irradiated. The metallographic structure was for Al grain
austenite grain boundary, for OLT 65, the structure was
perlite troosttite, for Cu, the structure was superior bainite.
The hardness values of the metal targets were determined
prior to laser irradiation.

Fig. 6 The dependence of surface hardness of some metal targets, on the numbers of laser pulses
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