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1. Introduction

Nimonic 263 is a nickel based superalloy, thermo-mechani-
cally treated, and designed for uses in gas turbine, combustion
chamber, casing, liner, exhaust ducting, bearing housing and
many others [1].

Laser treatments induce the changes in the microstructure
of superalloys [2, 3] with the aim to improve the mechanical
properties of the material.

Laser welding process, owing to its inherently narrow HAT,
offers potentional solution for producing no cracks welded
joints in nickel based superalloys [4]. Laser welding is a high
energy-density, low heat-input process with specific advantages
over conventional fusion welding processes. These include high
welding speed, narrow heat affected zone, low distortion, ease
of automation, single-pass thick section capability and enhanced
design flexibility. One of the many features of laser welding
is the capability to weld without filler materials (autogenous
welding) and it offers distinct advantages [5].

The principle of laser shock peening (LSP) is to use a high
intensity laser and suitable overlays to generate high pressure
shock waves on the surface of the workpiece.

The transient shock waves induce microstructure changes
near the surface and cause high density of dislocations to be
formed. The combined effect of the microstructure changes
and dislocation entanglement contribute to an increase in the
mechanical properties near the surface. Laser shock peening
improves fatigue, corrosion and wearing resistance of metals
through mechanical effect produced by shock waves. [6].

The microstructure of the material is closely associated with
surface topography that is the surface characteristics. Macro-
scopically it is called the roughness. To characterize the profile
defines the basic parameters of roughness, which is used as a
measure of the surface deviations.

The interaction with laser beams can ameliorate the micro-
hardness of many materials.

Recently, many studies are devoted to microstructure changes
and mechanical properties of laser beam welded superalloys
[7 - 10], as well as to laser shock peening process of various
materials [11 - 14]. However, there are been limited studies
about surface topography of laser welded superalloy, and laser
shock peened nickel base superalloy. In this paper, profilometry
of laser welded Nimonic 263 samples is analyzed and discussed.
The welded joints are subjected to laser shock peening process
and profilometry of obtained surface is investigated. The mi-
crohardness tests by Vickers are performed.
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2. Experiment

Experiment was carried out on nickel based superalloy
Nimonic 263 sheets.

According to literature recommendation [15, 16] and our
experience [17] samples were cold rolled, and heat treated in
two stages: 1) solid solution at 1150°C/1h and air cooling and
2) precipitation treated at 800°C/8h and air cooling.

Chemical composition was determined by gravimetrical
analysis and is listed in Table 1.

Tablel. Chemical composition of NIMONIC 263

El C |Si|Mn|AlI|Co|Cr|Cu|Fe| Mo |Ti|Ni
% 10.06/03| 0.5 105[/20|20]0.110.5| 5.9 |2.2]bal

Dimension of samples were 50x50x0.7mm. Nimonic 263 sheets
were welded by pulsed Nd:YAG laser type HTS Mobile LS-
P160 (OR Laser), without filler material. Laser specifications
are listed in Table 2.

The samples are coated with an absorptive and protective
layer (black paint), placed in the container filled with distilled
water (a transparent layer) and exposed to pulsed laser beam
(Nd3*:YAG, wavelength 532 nm, pulse energy 37 mJ, and
duration 10 ns). Protective overlay is used for two reasons:
(1) to absorb the incident thermal energy, expand and transfer
the shock wave to the metal target and (2) to protect the metal
target from the heat influence of the incident. The implementa-
tion of the transparent layer increases the plasma pressure by a
trapping-like effect on the plasma expansion.

Table 2. Specification of ND3*: YAG Laser - Type HTS mobile
LS-P160

Laser parameter Parameter range
Max. mean laser power 160W

Pulse peak power 7.5 kW

Max. pulse energy 801J

Pulse duration 0.2 -20 ms

Pulse frequency 1.0-20 Hz

Focal diameter 0.2 -2.0 mm

Detailed investigation of microstructural changes are per-
formed by optical microscope —model KEYENCE VH-Z100,
scanning electron microscopes (SEM) with energy-dispersive
spectroscopy (EDS) — models: JOEL JSM-5800 and JEOL
JSM-6460LV. Surface morphology changes of the irradiated
samples are determined by Talystep profilometer. Average
roughness, average maximum roughness valley depth, av-
erage maximum roughness peak height and skewness, are
calculated using Gwyddion computer software [20]. The
microhardness is performed by Vickers, by semiautomatic
tester — Hauser 249A.
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3. Result and discussion

Characterization of surface topography on specific features
of mechanical workpieces with complex geometries presents a
significant challenge. In this paper, the following characteristics
are calculated and discussed: the average roughness, the average
maximum profile valley depth, the average maximum profile
peak height and skewness.

The fluctuations of a profile are commonly described by its
average roughness. The average roughness is calculated ac-
cording to standards: ASME B46.1-1995, ASME B46.1-1985,
ISO 4287-1997, ISO 4287/1-1997. It presents the arithmetical
mean deviation. The average deviation of all points roughness
profile from a mean line over the evaluation length is calculated
as follows [17]:

)

The Average maximum profile valley depth (R ) is calcu-
lated using standards: ISO 4287-1997.

It is the mean valley depth based on one peak per sampling
length. The single deepest valley is found in five sampling
lengths (m = 5) and then averaged [17]

(@)

The average maximum profile peak height (Rpm) is based on
standards: ISO 4287-1997.

It presents the mean peak height based on one peak per sam-
pling length. The single highest peak is found in five sampling
lengths (m = 5) and then averaged [17]:

(€))

The skewness (Rsk) is calculated according to standards:
ISO 4287-1997.

Skewness is a parameter that describes the shape of the
ADF (the amplitude distribution function). Skewness is a sim-
ple measure of the asymmetry of the ADF, or, equivalently, it
measures the symmetry of the variation of a profile about its
mean line [17]:

“

Figure 1 presents laser welded joint of Nimonic 263 sheets,
thickness of 0.7mm, welded without filler material. The param-
eters of laser welding process are: pulse energy — 48], pulse
duration — 6.0ms and pulse frequency — 5.5Hz. The figure is
taken by scanning electron microscope, and shows no cracks.

The profilometry is done on base material (Figure 2), in heat
affected zone (Figure 3) and along the weld seam (Figure 4).

Calculated characteristics of the base material obtained by
Gwyddion computer software are: average roughness 1.287 um,
average maximum roughness valley depth 3.766 um , average
maximum roughness peak height 3.317 pum, skewness |0.163|.

Calculated characteristics of the weld seam obtained by
Gwyddion computer software are: average roughness 0.738 um,
average maximum roughness valley depth 3.182 pum , average
maximum roughness peak height 2.829 pum, skewness [0.209|.

Calculated characteristics of the heat affected zone ob-
tained by Gwyddion computer software are:average roughness
1.325 um, average maximum roughness valley depth 4.211 pm,

average maximum roughness peak height 4.408 pm, skewness
[0.103].

Analysing stated results it can be noticed that laser weld-
ing process decreases the avarege roughness of material. It is
interesting that the roughess of weld seam is lower than base

Figure 1. Laser welded joint — laser process parameters: pulse
energy 48], pulse duration 6.0ms, frequency 5.5 Hz [10]

Figure 2. Roughness of the Nimonic 263 sample —
base metal

Figure 3. Roughness of the welded Nimonic 263 joint: pulse
energy 48J, pulse duration 6.0ms, pulse frequency 5.5 Hz

material while the roughness of heat affected zone is higher than
roughness of base material. The same is observed regarding
to the average maximum roughness valley depth and average
maximum roughness peak height.

Figure 5 presents laser welded joint of Nimonic 263 sheets
presented in Figure 1, after applied laser shock peening The
parameters of laser shock peening process are: wavelength
532 nm, pulse energy 37 mJ, and duration 10 ns. The figure is
taken by scanning electron microscope, and shows no cracks.

The profilometry is done on base material (Figure 6), in heat
affected zone (Figure 7) and along the weld seam (Figure 8).
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Calculated characteristics of the laser shock peened Nimonic 263
material obtained by Gwyddion computer software are: average
roughness 0.313 pum, average maximum roughness valley depth
1.096 um , average maximum roughness peak height 1.055 um,
skewness [0.235].

Figure 4. Roughness of HAZ of Nimonic 263 joint: pulse energy
48], pulse duration 6.0ms, pulse frequency 5.5 Hz

Figure 5. Laser shock peening of welded Nimonic 263 joint

Figure 6. Roughess of Nimonic 263 sample after laser shock
peening process

Calculated characteristics of HAT of Nimonic 263 mate-
rial after laser shock peening process, obtained by Gwyddion
computer software are: average roughness 0.344 um, average
maximum roughness valley depth 1.043 um , average maximum
roughness peak height 0.908 um, skewness 0.450.

Calculated characteristics of weld seam of Nimonic 263
sheets after laser shock peening process, obtained by Gwyddion
computer software are: average roughness 0.245 um, average
maximum roughness valley depth 0.558 um , average maximum
roughness peak height 0.673 pum, skewness 0.445 |.

Presented results show that laser shock peening process
decreses the avarege roughess of material. There is a little
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diference between the surface characteristics of base material
and weld joint, but roughness sighificly decreses in all cases
when LSP process is applied. The same is noticed for the aver-
age maximum roughness valley depth and average maximum
roughness peak height as well.

Figure 7. Roughess of heat affected zone of Nimonic 263 weld
joint after laser shock peening process

Figure 8. Roughess of weld seam after laser shock peening
process

Figure 9. shows results of microhardness testing performed
by Vickers. The results show that both laser welding and laser
shock peening increase the microhardness of material. The

Figure 9. Microhardness by Vickers of base material, of weld
seam and after laser shock peening

higher values are obtained by laser welding process. It seems
that laser shock peening after laser welding has no any influence
on microhardness of material.

4. Conclusion

In this paper surface profilometry of welded joint and laser
peened weld seam are discussed. The weld joint, obtained by
optimal process parameters, used in this experiment, are crack-
free. The results obtained in this investigation suggest that the
laser beam interaction with material decreases average rough-
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ness of material, as well as average maximum roughness valley
depth and average maximum roughness peak height. Also, the
results show that laser shock peening process produces lower
roughess of material than laser welding process. The microhard-
ness of material increases after laser beam action, although the
higher values are obtained by laser welding than by laser shock
peening process.
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