Láser Peening For Improving
Metallic Components
Introduction

Suitable variation of residual stress
profiles, fatigue strength and frequently
also corrosión resistance of a material,
are key requirements to be fulfilled for
usability and long life of a vital machine
component.
Láser Peening (LP) is an innovative
surface treatment which was initially
developed for the aeronautic industy
as the method for the improvement of
the fatigue cracking resistance of the
turbine spades of an aircraft, such as
Falcon F-16 and Rockwell F-22. LP is
based on plasma generation, which
produces shock impact waves, which,
in turn, produce elastoplastic shifts
of atomic planes and generation of
compressive residual stresses of high
gradient [1]. LP has been applied to
different types of steels, aluminium
and titanium alloys [2]. In practice,
technologists and engineers frequently
require the introduction of compressive residual stresses since it improves
fatigue resistance of a material [3, 4].
In the study [5] of the effects of LP
parameters such as laser-beam power
density, pulse duration, and pulse density it was found that a correct choice
of the processing parameters enabled
desired variations of micro-hardness
and residual stresses in the surface of
machine components. Such achieved
condition provided improved material
resistance to fatigue. The applicability
of láser peening was also confirmed to
improve stress-corrosión cracking [6].

surface areal roughness Sa=0.55 um.
Láser peening was performed with a
Q-switched Nd:YAG láser operating
at 10 Hz with a wavelength of 1064
nm. System delivered energy of 1.9 J,
spot diameter was 1.5 mm and therefore power density was equal to 10.75
GW/cm 2 .

microhardness valué of 114 HV 02 was
measured at the specime after treatment
2500 pulses/cm 2 . After treatment with
900 pulses/cm 2 microhardness of 112
HV 02 was achieved. In comparison to
the untreated material, with microhardness of 92 HV 02 , the microhardness at
900 pulses/cm 2 increased by 21.7 %
whereas at the specimen treated with
2500 pulses/cm 2 23.9 % increase was
observed.
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Fig 2: Microhardness variations in the
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Fig 1: Photographic presentation of Láser
Peening experimental setup

Figure 1 shows the experimental setup
used for surface treating with láser
shock waves, the specimen being fixed
to a moving table and immersed into
water. Two pulse densities were used,
i.e 900 and 2500 pulses/cm 2 and the
láser treated región on each specimen
was 20 x 20 mm.

Experimental Procedure

Micro ha rdness Profiles After Láser
Peening

For a c o m p a r i s o n of the effect of
shock waves a l u m i n i u m alloy, i.e.
A l S i l M g M n in the p r e c i p i t a t i o n hardened state T-651, was chosen. The
chemical composition of the aluminium
alloy was: 0.98 % Si, 0.67 % Mg, 0.53 %
Mg, 0.25 % Fe, 0.03 % Ti, 0.01 % Cr, 0.01
% Zn and the remainder Al. Specimens
were cut from a round drawn rod of
0 4 0 mm to uniform discs of 8 mm in
height with an average valué of the

Microhardness through depth variations were made by 200 g load and 20
s load time.
Figure 2 shows through-depth microhardness variations in the hardened
layer using different pulse density level.
The microhardness results confirms
that with given hardening conditions
a stronger effect of shock waves at the
surface can be achieved with a higher
pulse density per área unit. The highest

From Fig. 2 it is also obvious that the
trend-line, calculated by the linear regresión, indicate higher hrough depth
micro-hrdness valué at the specimen
which was treated with lower pulse
density level. The major dissipation of
the measured microhardness valúes
is attributed to the size of an indentation calotte and small loads used for
measurement since the alloys contain
both the softer phase a and the harder
(3 ntermetallic phase.
Residual Stresses After Láser Peening

Residual stress profiles in the thin
surface layer were determined by the
relaxation hole-drilling method in accordance with ASTM E837 standard
[7], along with RS-200 Milling Guide,
Vishay Group.
Distribution of minimal residual stress
profiles as a function of depth are
shown in Fig. 3. It can be inferred that
the valúes of the residual stresses in the
specimen in the initial state are ideal
and they amount to around 0 MPa,
which confirms an adequate heat treatment condition T-651.
The analysis of the principal residual
stresses after láser p e e n i n g of the
specimens with a power density of 10.75
GW/cm 2 confirmed that the influence
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Fig 3: Variation of minimal principal
residual stresses

of pulse density is important. With
the pulse density of 900 pulses/cm 2
compressive residual stresses of -242
MPa are obtained in a depth of 0.033
mm whereas with the higher pulse
density, i.e. 2500 pulses/cm 2 , they are
even higher, i.e. -317 MPa.

Corrrosion tests showed an increase in
the pitting potential of the láser peened
specimens. Specimen treated with 900
pulses/cm 2 had an increase in the pitting potential of + 62 mVSCE, where with
2500 pulses/cm 2 an increase of +120
mVSCE was established, compared to
thespecimen without láser treatment.
For an additional confirmation of improved corrosión resistance after LP,
the specimens were verified also with
the SEM microscope (Fig. 5). In accordance with an ASTM standard [8], the
specimen surfaces were subjected to a
preliminary cleaning action.
From image analysis it can be noted
high level of shallow pitting and also
deeper pitting attack at the specimen
surface without láser treatment, whereas on the treated specimen surface it
is in much better condition. That confirmes that with a higher pulse density
the number of pits will reduce.

Corrosión Tests After Láser P e e n i n g

Investigation of pitting corrosión weas
preformed by the potentiodynamic
polarisation tests, conducted with
Voltalab 21 potentiostat/galvanostat,
Radiometer Analytical. The specimens
were exposed to the 3.5% NaCl water
solution in the CEC/TH corrosión cell
at a a sean rate of 10 m V / s . A Pt electrode was used as a counter electrode,
whereas the XR110 Calomel electrode
with saturated KC1 was used as a reference electrode.
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Fig 4: Comparison of potentiodynamic
curves in the presence of 3 5 g / L NaCl

Potentiodynamic polarisation curves
of the specimens measured prior to
and after the láser peening are shown
in Fig. 4. After 60 min stabilization at
the open-circuit potential, following
the active región, the aluminium alloy
specimens exhibits passive behaviour.

Fig 5: SEM macrographs of pit sites at the
specimen surface of aluminium alloys.
A - No LP, B-900 pulses/cm 2 and C- 2 5 0 0
pulses/cm 2 .

Conclusions

Láser Peening turned out tobe a very efficient technique to improve surface integrity and corrosión resistance. On the
basis of the micro plástic deformation
induced by shock waves, an increased
dislocation density in the specimen
surface was obtained. The gradient of
dislocation piling through the specimen
depth improved microhardness and
residual stress profiles and resistance to
pitting corrosión of the material.
An increase of microhardness at the
surface was noticed under all processing conditions. As expected, it increased
with a larger number of processing
iterations as a consequence of higher
degree of láser spot overlapping.
The compressive principal residual
stress profiles in the thin surface layer
confirmed an exceptionally favourable variation after láser treatment.
The favourable residual stress profiles
indicate higher material resistance to
damages under dynamic loading of
machine components.
Corrosión testing confirmed a pitting
corrosión attack, both in the as-deliv-

ered state and in the treated state. The
intensity of pitting corrosión attack,
however, decreases with the increase in
pulse density, also an increase in pitting
potential with the higher pulse density
was confirmed.
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