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Abstract In this study, a nickel-based superalloy, Waspaloy,
was laser heat treated with diode laser. Single laser tracks were
manufactured with different laser beam power densities be-
tween 63 and 331 kW/cm?, and scanning laser beam speed
ranged from 5 to 100 m/min. It was found that laser heat
treatment of Waspaloy causes decrease in material hard-
ness—the microhardness in laser tracks is about 300 HVO0,1
while the microhardness of substrate is ranged from 300 to
600 HVO0,1—which is a positive phenomenon for laser-
assisted machining of investigated material. Impacts of laser
heat treatment parameters on laser tracks properties were iden-
tified for obtaining multiple laser tracks with the most homog-
enous thickness. Moreover, roughness of heated layers was
measured to specify surface quality after laser heat treatment.
Multiple laser tracks were produced using different scanning
laser beam speed and distances between laser tracks ranged
from 0.125 to 1 mm. It was found that if scanning laser beam
speed is 75 m/min and distance between laser tracks is equal to
or lower than 0.25 mm, in microstructures of multiple laser
tracks, cracks are occurring. The most suitable laser heat pa-
rameters for obtaining heated layers, and which can be used
for laser-assisted machining, were identified as laser beam
power density 178.3 kW/cm?, scanning laser beam speed
5 m/min, and distance between laser tracks 0.125 mm.
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1 Introduction

Since the discovery of methods to produce good quality nickel-
based superalloys, they have been widely used in high-
temperature and corrosive environments like those in aerospace
engines and gas turbines. Due to increasing requirements for
these units, manufacturers are constantly seeking for new solu-
tions to boost properties of machine components and tools.
These solutions include improvements in material compositions
and manufacturing technologies [1-6]. Developments in
nickel-based superalloy structure have led to production of
Waspaloy. Its properties are a result of solid-solution strength-
ening elements (molybdenum, cobalt, and chromium) and age-
hardening elements (aluminum and titanium) [7].

To improve components’ properties, an ever increasing
number of new technologies are applied. Because of its local-
ized, fast heating, and controllability, laser treatment has
gained in importance in metal industry and presently is ap-
plied in a variety of ways [8]. Laser cutting, welding, machin-
ing, etc. are widely used in automotive, aerospace, and elec-
tronic industries [9]. Lasers are also applied for heat treatment
and alloying of metals’ surfaces [10]. Moreover, laser heat
treatment is one of the possibilities to improve the machining
properties of materials which are hard to cut [11-15].

In manufacturing of nickel-based superalloys, lasers are
used for welding and addictive manufacturing [16—19].
Furthermore, some of new research focuses on improving ma-
chinability of nickel-based alloys, including Waspaloy, by laser
heat treatment. In fact, nickel-based alloys are particularly dif-
ficult to cut because of their superior mechanical properties and
work-hardening phenomenon occurring. High stress developed
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between the tool and workpiece during cutting generates de-
formed layer on metal surface [20].

Laser heat treatment carried out on nickel-based alloys for
machining improvement is a reasonable solution considering
changes of their properties in high temperatures. Waspaloy is
good example of material which mechanical properties de-
crease if it is heated. Regardless of heat treatment applied on
specific part, at 800 °C, tensile strength and 0.2% yield stress
is about 50% lower than at room temperature [21].

Tadavani et al. show that machining Inconel 718 with laser
assist dramatically reduces tool wear and specific cutting en-
ergy and improves surface roughness in comparison with con-
ventional machining [22]. Similar research, carried out using
Waspaloy by Ding and Shin [20], proves that tool wear and
surface roughness are lower if machining is assisted with laser
heat treatment.

There are significant microstructural changes in nickel-
based alloys after laser heat treatment. Studies have found that
laser shock processing of nickel-based alloys leads to nano-
crystalline structure forming which solidification occurs epi-
taxially, perpendicular to the surface. Moreover, this structure
offers good thermal stability, improved corrosion resistance,
and fatigue strength increase [23, 24].

The objective of this article was to investigate the influence
of laser heat treatment developed on surface of Waspaloy with
various parameters and choose optimal parameters to manu-
facture layer for further machining. When choosing suitable
parameters, the thickest and uniform layer thickness was
demanded to remove as much as possible material in one
operation. Furthermore, microstructure, microhardness, and
roughness of layers were considered.

2 Research methodology
2.1 Material

Material used for the experiment was Waspaloy. Dimensions
of examined specimens were 20 mm X 30 mm X 12 mm.
Every specimen exhibited the roughness which was equal to
S, = 1.82 um and S, = 12.24 um. Chemical composition of
material is given in Table 1.

2.2 Laser heat treatment

For laser heat treatment of Waspaloy, diode laser TRUMPF
TruDiode 3006 was used. This laser is based on single diode

Table 1  Chemical composition of Waspaloy (wt%)

C Cr Co Mo Ti Al B Fe Ni

0.06 19.5 13.5 425 3.1 1.4 0.007 1 Bal.
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Fig. 1 Scheme of laser heat treatment process. / KUKA robot, 2
specimen, 3 laser beam, 4 pyrometer, 5 optic fibers, 6 optic resonator

modules which allow to reach power of 3 kW. Laser was
integrated with robot KUKA KR16-2, which allowed to con-
trol the location of laser beam accurately. The scheme of de-
scribed system is presented in Fig. 1.

Surface temperature during laser heat treatment was mea-
sured by RAYTEK MA1SC pyrometer which measuring range
is 750-3000 °C and accuracy equal to £3% of measured value.
Measuring area was located 2 mm behind the laser beam, par-
allel to heating direction. The temperature measurement was
carried out throughout the length of laser heat treatment which
was 30 mm for each specimen. Before using the pyrometer, it

Single laser track
w

Multiple laser tracks

Fig.2 Laser track dimension locations. w width of laser track, d depth of
laser track, z.¢ effective layer thickness
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Table 2 Laser heat

treatment parameters for P W) q (kW/em®) v (m/min)
manufacturing single
laser tracks 500 63.7 5
800 101.9
1100 140.1
1400 178.3
1400 178.3
1700 216.6
2000 254.8
2300 293.0
2600 3312
1400 178.3
1400 178.3 25
800 101.9
1400 178.3 50
800 101.9
1400 178.3 75
800 101.9
1400 178.3 100
800 101.9

was calibrated. For this purpose, steel samples heated through-
out their volume were used. Their temperature was measured
using the pyrometer and the thermometer integrated with the
oven alternately, until these two values were equal.

2.3 Microstructure investigation

Microstructural research was carried out on laser tracks cross
sections. Metallographic specimens were ground with abra-
sive papers of grit ranged from 120 to 2000 and subsequently
polished using aluminum oxide suspension. For surface
finishing, Marble’s reagent was used. The light microscope

1600

(Carl Zeiss Metaval) equipped with camera (Moticam 2300
3.0 MP Live) and adequate software (Motic Images Plus 2.0
Resolution) was used to analyze the microstructural details.

During microstructure investigation, the dimensions of la-
ser tracks were measured, using Axio Vision software.
Measurements were taken on laser track cross sections. For
single laser tracks, width and depth were measured; while for
multiple laser tracks, the effective layer thickness was mea-
sured additionally. Locations of particular dimensions on laser
tracks cross sections are shown in Fig. 2. Laser track width
was measured on material surface and depth in track axes. The
effective layer thickness was measured on boundaries of two
adjacent laser tracks.

2.4 Microhardness and roughness testing

Microhardness testing was carried out with Zwick 3212B tes-
ter using load F' = 0.9807 N. Roughness of surface after laser
heat treatment was measured by profilographometer Hommel
Tester H500. Additionally, images of 3D topography were
made by profilographometer Hommel Tester H8000.

2.5 Experimental procedure

The research was split into four experimental series in which
different input parameters were adjusted. The only one con-
stant parameter was laser beam diameter () which was equal
to 1 mm in each experiment. In the first two series, single laser
tracks were produced with a different laser beam power P
(ranged from 500 to 2600 W), for which laser beam power
densities ¢ (ranged from 63 to 331 kW/cm?) have been calcu-
lated, and scanning laser beam speed v, (ranged from 5 to

P =800 W P=1100 W P =2300 W
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Fig. 3 Change in surface temperature depending on laser beam power
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100 m/min), respectively. The details of laser heat treatment
are shown in Table 2.

The analysis of single laser tracks has led to select laser
heat treatment parameters for manufacturing multiple laser
tracks in subsequent series. Multiple laser tracks were pro-
duced to determine the coverage of material surface by laser
tracks and effective layer thickness homogeneity using differ-
ent treatment parameters. Constant laser beam power and two
different scanning laser beam speeds v; = 5 m/min and
v; = 75 m/min were used. Adjusted parameters were number
of laser tracks 7 (ranged from 4 to 32) and distance between
them f(ranged from 0.125 to 1 mm). Moreover, an additional
parameter—overlapping (O)y—was introduced, on the basis of
fvalues, to specify what percentage of laser track overlaps the
previously manufactured one.

3 Results and discussion
3.1 Temperature measurement

Results of temperature measurements carried out during laser
heat treatment of Waspaloy are shown in Fig. 3. Measurements

Fig. 4 Microstructures of single
laser tracks manufactured with

v = 5 m/min and different laser
beam power densities ¢. a and d
101.9 kW/cm?. b and e 178.3 kW/
em?. ¢ and f331.2 kW/em?

@ Springer

were done for three different laser beam powers P = 800 W,
P =1100 W, and P = 2300 W, which correspond to laser beam
power densities ¢ = 101.9 kW/em?, ¢ = 140.1 kW/cm?, and
¢ =293 kW/cm?. Scanning laser beam speed v; = 5 m/min was
constant, also laser beam diameter d = 1 mm, and emissivity
€ = 0.5. The lowest value of temperature was measured with
laser beam power equal to 800 W and the highest with 2300 W.
With laser beam power of 800 W, the temperature oscillated
between 1200 and 1300 °C. Laser beam power increase to
1100 W caused increase of temperature to the range from
1200 to 1300 °C. During research carried out with laser beam
power P = 2300 W, pyrometer indicated values from 1350 to
1600 °C. Additionally, the location of pyrometer during the
measurement, which was 2 mm behind the laser beam, and heat
affected areas are schematically shown in Fig. 3.

3.2 Single laser tracks microstructure

Heat treatment changes the microstructure of alloy, and the
properties are determined by the microstructure. The purpose
of this paper was to investigate structure changes caused by
laser heat treatment which can increase the machinability of
Waspaloy. Some works [20], as well as our own experience

_-Column crystals

Dendrites
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Fig. 5 Microstructures of single
laser tracks manufactured with a
and e ¢ = 178.3 kW/cm® and

v =75 m/min; d and f

¢ =101.9 kW/em? and v, = 75 m/
min; ¢ and g ¢ = 178.3 kW/em?
and v = 100 m/min; and d and h
¢=101.9kW/cm? and vy = 100 m/
min

[2, 11], show that laser modification of metals which are hard-
to-cut leads to their better machinability.

After carrying out the analysis of microstructure and di-
mensions’ measurements on all manufactured laser tracks,
some images of them were chosen for representation. These
are shown in Figs. 4a—fand 5a-h and were produced with laser
beam power density ranged from 101.9 to 331.2 kW/cm? and
scanning laser beam speed ranged from 5 to 100 m/min.

Microstructures of selected laser tracks manufactured with
constant scanning laser beam speed and various laser beam
power densities are shown in Fig. 4a—f. Microstructures
shown in Fig. 4d—f are magnified areas marked in Fig. 4a—c.
It was concluded that increasing laser beam power density
results in increasing the size of laser tracks. Moreover, there

——Dendrites

Column crystals

are strict boundaries between heated zones and the core of
material. It shows that the heat of laser beam is highly con-
centrated and heat dissipation is so quick that heat affected
zones do not occur. Last but not least, in Fig. 4a—f, it is clearly
shown that laser tracks grow with increasing laser beam power
density.

The morphology of areas where material was heated in-
cludes column crystals oriented in the direction of heat dissipa-
tion which was perpendicular to the heating direction. With
sufficient high subcooling, the form of crystals is transforming,
and characteristic for dendritic growth second-order branches is
appearing. Moreover, as the laser beam power increases, col-
umn and dendritic crystals become longer. Typical column-
dendritic structure is visible in Fig. 4d—f. We predict that the
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size of obtained dendrites influences the microhardness, and the
bigger are the dendrites, then probably the lower the microhard-
ness of treated surface.

On the basis of phase diagrams including nickel, it was
figured that the phase composition of laser tracks includes
mainly nickel, «-cobalt with face-centered cubic structure,
e-cobalt with hexagonal close-packed structure, and mixtures
of these and other alloying elements (Table 3).

Laser tracks presented in Fig. 5a—h were manufactured
with different scanning laser beam speeds. Microstructures
shown in Fig. Se-h are magnified areas marked in Fig. Sa—d.
Comparing Fig. 5a with ¢ and b with d, it can be clearly seen
that increasing scanning laser beam speed causes laser tracks
width and depth decrease. Besides that, in comparison with
laser tracks manufactured with constant scanning laser beam
speed, laser tracks manufactured with constant laser beam
power density are characterized by higher material shrinkage.
Moreover, surfaces of laser tracks shown in Fig. 5a—h are lens-
shape, while laser tracks manufactured with lower scanning
laser beam speed (Fig. 4a—f) are smooth.

For laser tracks produced with higher scanning laser beam
speed, equal to 100 m/min, areas with much different light
reflectiveness occurred. The reason of this is formation of
dendrites with various crystal orientations. These differences
in orientation derive from higher range of concentration
supercooling, which allowed to free dendritic growth.
Moreover, during such quick solidification, phases existing
in the volume of laser tracks get trapped in random areas
emerged by melted material convection.

3.3 Single laser track dimensions

In Figs. 6 and 7, influences of laser heat treatment parameters
on width and depth of laser tracks are shown. The use of higher
laser beam power density causes more heat supply to material,
which leads to melt its higher volume. In this research, depths
of laser tracks were ranged from 200 to 750 um. The deepest
laser track was produced with ¢ = 254.8 kW/cm? (P = 2000 W)
and the widest one with ¢ = 293 kW/em? (P = 2300 W).

Table 3  Laser heat treatment parameters for manufacturing multiple
laser tracks

P(W) ¢&W/em® v (m/min) dy(mm) fmm) i O (%)
1400 1783 5 1 1.00 4 0
0.50 8 50

0.25 16 75

0.125 32 875
75 1 1.00 4 0

0.50 8 50

0.25 16 75

0.125 32 875
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After analysis of microstructures and dimensions of laser
tracks manufactured with constant scanning laser beam speed,
two laser beam power densities, equal to 101.9 and 178.3 kW/
cm?, were selected for further examination which determines
influence of scanning laser beam speed on Waspaloy
properties.

It was concluded that using higher scanning laser beam
speed leads to a decrease in laser track dimensions. This phe-
nomenon can be seen comparing Figs. 4b and 5a and ¢ in
which laser tracks produced with three different scanning laser
beam speed are shown, and Fig. 5b and d related to specimens
manufactured with ¢ = 101.9 kW/em?.

The slope of approximation line in Fig. 6 is higher than in
Fig. 7. It means that laser beam power density has higher influ-
ence on size of laser tracks than scanning laser beam speed has.

3.4 Single laser track microhardness

Microhardness testing was carried to identify how microstruc-
tural changes, accomplished with laser heat treatment, impact
on mechanical properties of Waspaloy. For each laser track,
several indentations were made and measured. The number of
indentations depended on laser track depth. The exemplary
locations of indentations, made on cross sections of laser track
manufactured with v = 5 m/min and ¢ = 178.3 kW/cmz, are
shown in Fig. 8.

The next step was to count the average value of microhard-
ness of laser tracks and base material. These values are shown
in Figs. 9 and 10. Microhardness changes in specimens which
were produced with constant scanning laser beam speed are
shown in Fig. 9. Microhardness changes in specimens
manufactured with different scanning laser beam speeds are
shown in Fig. 10.

800 T
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500 |
400 o

300 +

Laser track depth[um]

200 e ©

100 + )
[ v, = const =5 m/min

0 50 100 150 200 250 300 350
Laser beam power density [kW/cm?]
Fig. 6 The influence of laser beam power density (¢) on the depth of

single laser tracks manufactured with constant scanning laser beam
velocity v; = 5 m/min
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Fig. 7 The influence of scanning laser beam velocity (v;) on the depth of
single laser tracks manufactured with constant laser beam power density
g =178.3 kW/cm?

In most cases, laser heat treatment leads to an increase in
material hardness. For Waspaloy, obtained structure after laser
modification has lower hardness than base material. The rea-
son of this phenomenon is dendritic structure which is char-
acterized by lower durability and worse mechanical proper-
ties, e.g., hardness, due to large grain size. Moreover, the size
of obtained dendrites has influence on the microhardness. As
can be seen in Fig. 4, sample manufactured using higher laser
beam power density (Fig. 4c) has bigger dendrites and its
microhardness is slightly lower (Fig. 9) than this which was
manufactured with lower laser beam power density (Fig. 4a).
Additionally, the carbides and nitrides present in structure are
melted during laser heat treatment, and the chemical compo-
sition and microhardness become more homogenous.

microhardness testing

600 T
[ mLasertrack

LT

63.7 1019 1401 1783 2166 2548 293 3312
Laser beam power density [kW/cm?]

Substrate

500 1
400+
300+

200 4

Microhardness HV0,1

100 +

Fig. 9 The influence of laser heat treatment carried out with different
laser beam power densities and constant scanning laser beam velocity
v; = 5 m/min on microhardness HVO0,1

The effect of decreasing the microhardness by laser heat
treatment is essential for reducing cutting energy and tool wear
during further machining. Laser heat treatment with constant
scanning laser beam speed caused about 25% decrease in mi-
crohardness regardless of the laser beam power density used.
Moreover, microhardness of laser tracks is similar, equal to
approximately 300 HVO,1. On the other hand, second experi-
mental series revealed that microhardness of laser tracks de-
pends on scanning laser beam speed (Fig. 10). The higher scan-
ning laser beam speed, the higher microhardness of laser track.

Multiple laser tracks were produced to examine properties of
heated layers using different distances between single laser
tracks. As a result of analyzing dimensions and properties of
single laser tracks, laser beam power density equal to
178.3 kW/em? was selected to manufacture heated layers.
Microstructures of multiple laser tracks produced with two dif-
ferent scanning laser beam speeds are shown in Figs. 11 and 12.

600 T
mLaser track

5 25 50 75 100

Scanning laser beam velocity [m/min]

Substrate

500 1
400 +
300+

200 §

Microhardness HV0,1

Fig. 10 The influence of laser heat treatment carried out with different
scanning laser beam velocities and constant laser beam power density
¢ = 178.3 kW/cm? on microhardness HV0,1
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Fig. 11 Microstructures of
multiple laser tracks
manufactured with ¢ = 178.3 kW/
om’, v = 5 m/min, and different
distances between laser tracks. a
f=1mm.bf=0.5mm.c
f=025mm. d /= 0.125 mm

3.5 Multiple laser track microstructure

Multiple laser tracks manufactured with scanning laser beam
speed equal to 5 m/min are characterized by homogenous
structures. In areas where particular laser tracks are over-
lapped, mixed grain orientation was found. These various ori-
entations resulted from slightly different crystallization direc-
tions in each laser track.

In Fig. 12c and d, multiple cracks can be seen in produced
heated layers. These cracks appeared between subsequent la-
ser tracks. Some of these cracks are as long as heated layer
thickness. This effect makes heated layers produced with
scanning laser beam speed v = 75 m/min and distances

Fig. 12 Microstructures of
multiple laser tracks
manufactured with ¢ = 178.3 kW/
cm?, v = 75 m/min, and different
distances between laser tracks. a
f=1mm.bf=0.5mm.c
f=025mm. df=0.125 mm

b\
X \

NS
Cracks

@ Springer

between laser tracks equal to 0.25 and 0.125 mm unsuitable
for further machining. Such long and densely appearing
cracks create risk of spreading into base material during the
machining process.

Multiple cracks appearing in heated layers manufactured
with high scanning laser beam speed and short distances be-
tween laser tracks are result of high heat dissipation and stress
occurring in material during quick solidification. If laser heat
treatment is conducted with low-scanning laser beam speed
v; = 5 m/min, the heat affects unit surface for longer, which
leads to slower solidification and stress disappearance.

Multiple laser tracks produced with scanning laser beam
speed equal to 75 m/min are unsuitable for further machining
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Fig. 13 The influence of distance between laser tracks on depth and
effective thickness for heated layers manufactured with ¢ = 178.3 kW/
cm? and v; = 5 m/min

regardless of distance between single laser tracks. If distances
between single laser tracks are higher than 0.5 mm, effective
layer thickness is too short for further machining. On the other
hand, if single laser tracks are closer, multiple cracks are oc-
curring, which could highly worsen properties of material sur-
face after machining.

3.6 Multiple laser track dimensions

Multiple-affecting material with laser beam was aimed to
manufacture homogenous and, as thick as possible, heated
layers. This is particularly important because of further mate-
rial machining. The higher effective layer thickness, the more
material can be cut out in one operation.
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Fig. 14 The influence of distance between laser tracks on depth and

effective thickness for heated layers manufactured with ¢ = 178.3 kW/
cm’ and v =75 m/min
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Fig. 15 Microhardness of substrate and multiple laser tracks
manufactured with v = 5 m/min

It was essential to manufacture heated layers in which effec-
tive layer thicknesses are as close as possible to single laser
track depths. Manufacturing of heated layers in which there is
much difference between effective layer thickness and laser
tracks depth is highly uneconomical because material removed
while further machining is as deep as effective layer thickness.
Furthermore, in this case, areas of higher hardness occur be-
tween laser tracks, which leads to severe tool wear.

In Figs. 13 and 14, an influence of distance between laser
tracks on depth and effective thickness of heated layers is
shown. Considering described requirements for laser track
depth and effective layer thickness, the most suitable dimen-
sions were obtained on specimen which distance between la-
ser tracks was equal to 0.125 mm and scanning laser beam
speed was 5 m/min. In this case, the highest laser track depth
and effective layer thickness were obtained. Moreover, effec-
tive layer thickness is about 90% of laser track depth, which
means that almost entire heated area can be removed in one
operation.

With the increasing distance between laser tracks, dimen-
sions of single laser tracks decrease. This concerns both laser

6001

m Laser tracks Substrate

500+

400§

300+
2001

1

Microhardness HVO0,1

100+

Distance between laser tracks [mm]

Fig. 16 Microhardness of substrate and multiple laser tracks
manufactured with v; = 75 m/min
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Table 4 Heated layer surface roughness

q (kW/em?) v (m/min) f(mm) S, (um) S, (um)
178.3 5 1.00 2.8 27.6
0.50 2.1 19.8
0.25 22 242
0.125 2.0 21.6
75 1.00 10.0 86.6
0.50 4.6 41.8
0.25 5.6 50.1
0.125 1.9 20.2

track depth and effective layer thickness which is shown in
Fig. 13. The actual vision of this relation is shown in Fig. 11.

Fig. 17 Roughness profiles and a
surface peak distributions of
multiple laser tracks
manufactured with ¢ = 178.3 kW/
cm?, v =5 m/min. a and e
f=1mm.bandff=0.5 mm. ¢
and g f=0.25 mm. d and h
f=0.125 mm

b a=45° B=30°

c a=45° B=30°

a=45° B=30°
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a=45° B=30°

Increasing scanning laser beam speed from v; = 5 m/min to
v = 75 m/min causes manufactured laser track dimensions
shrinkage. Because the width of single laser track produced
with v; = 75 m/min is lower, adjacent laser tracks do not
overlap and affect each other. Due to this phenomenon, if
higher scanning laser beam speed is used, laser track depth
increases and effective layer thickness decreases with the in-
crease of distance between laser tracks.

3.7 Multiple laser track microhardness

Microhardness of Waspaloy has decreased using both scan-
ning laser beam speed v; = 5 m/min and v; = 75 m/min. The
results are shown in Figs. 15 and 16. In Fig. 15, microhardness
of substrate and multiple laser tracks manufactured with
v; =5 m/min is shown and in Fig. 16—with v, = 75 m/min.
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Fig. 18 Roughness profiles and a
surface peak distributions of
multiple laser tracks
manufactured with ¢ = 178.3 kW/
cm?, v =75 m/min. a and e
f=1mm.bandff=0.5 mm.c
and g f=025mm. d and h
f=0.125 mm

d a=45°" B=30°

As in case of single laser tracks, manufacturing of multiple
laser tracks also led to obtaining a dendritic microstructure with
lower microhardness. The most decrease in Waspaloy micro-
hardness was found in specimens with laser tracks
manufactured with distance between them f= 0.125 mm. In this
case, when v; = 5 m/min was used, laser heat treatment caused
36% hardness decrease, and with v; = 75 m/min, hardness has
lowered by 40%. It was found that the level of hardness de-
crease is independent from distance between laser tracks.

3.8 Surface roughness on multiple laser tracks

To determine surface quality after manufacturing heated
layers of Waspaloy, surface roughness on multiple laser tracks
was measured. The obtained results—roughness parameters
S, and S,—are shown in Table 4. S, parameter is an average
roughness deviation, and S, is a ten-point surface irregularity

a=45" B=30°

pm

80

70

60

height. Moreover, 3D representations of selected heated layer
surfaces and surface irregularity distributions are shown in Figs.
17 and 18. Values given in micrometers near roughness profiles
are maximal peak heights measured on an adequate specimen.
Surface is more smooth on heated layers manufactured with
lower scanning laser beam speed. Their measured roughness
parameters S, are ranged from approximately 20 to 28 pm.
Maximal peak height is 27.8 um. S, parameters of laser tracks
manufactured with v; = 75 m/min are ranged from approximate-
ly 20 to 90 um. It was found that the surface roughness de-
creases if laser tracks are closer to each other—regardless of
scanning laser beam speed. The smoothest surface was obtain-
ed by manufacturing laser tracks with scanning laser beam
speed 5 m/min and distance between them equal to 0.5 mm.
Analyzing peak height distributions in specimens
manufactured with vj = 5 m/min (Fig. 17e-h) led to spot
that the most numerous peak heights constitute from 60 to 70%
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of maximal height values. Using 15 times higher scanning
laser beam speed (v; = 75 m/min) caused a decrease of ratio
between the most numerous and the highest peaks. As it is
shown in Fig. 18e-h, the percentage of the most numerous
peak heights is ranged from 30 to 60% of maximal peak
heights. This phenomenon signals that roughness increase goes
in parallel with greater surface heterogeneity.

4 Conclusions

This paper presents an investigation of laser heat treatment
influence on Waspaloy aimed to laser-assisted machining.
Results of this research led to following conclusions:

(1) Laser heat treatment of Waspaloy decreases its hardness,
and this phenomenon allows using laser for machining
assist of this material. Exception to this principle is laser
heat treatment with scanning laser beam speed greater
than or equal to 75 m/min which hardens the surface.

(2) It was found that hardness of laser heat-treated Waspaloy
does not depend on laser beam power used; however, it
depends on scanning laser beam speed and the higher the
scanning laser beam speed, the harder the surface.

(3) The most suitable dimensions of layers treated with di-
ode laser for further laser-assisted machining of
Waspaloy were obtained by using following laser heat
treatment parameters: ¢ = 178.3 kW/cm?, v, = 5 m/min,
and /= 0.125 mm. With these parameters used, the
highest laser track depth and effective layer thickness
were obtained. Moreover, effective layer thickness was
about 90% of single laser track depth, which allows to
remove almost entire laser-treated volume of material
without the risk of increasing tool wear due to exposing
it to areas with various hardness.

(4) Layers manufactured by multiple laser heat treatment
carried out with scanning laser beam speed greater than
or equal to 75 m/min, and distances between single laser
tracks lower than 0.5 mm are unsuitable for assisting
machining of Waspaloy. Laser heat treatment with men-
tioned parameters leads to multiple cracks appearing in
the treated area which can be critical for material surface
after machining.

(5) Boosting scanning laser beam speed of laser heat treat-
ment causes increasing surface roughness. It was also
found that surface roughness increases with distance be-
tween single laser track extension.
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