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Laser cladding technology, a novel surface modification technique, is widely employed in tasks such as
metal surface strengthening and repair. However, the quality post-cladding often falls short of usage
requirements, harbouring defects like cracks and pores. In pursuit of a crack-free cladding method, sut-
face texture technology is integrated with laser cladding technology to establish a multi-field coupled
numerical simulation model. This model investigates the temperature, stress, and fluid fields during laser
cladding with and without texture, aiming to identify the optimal cladding parameters. The results indi-
cate that the optimal cladding parameters are a laser power of 1200 W, a scanning speed of 7 mm.s", and
a spot radius of 2 mm. In comparison with cladding without texture, the minimum temperature has in-
creased by approximately 50 %, while the peak temperature has remained almost unchanged. The max-
imum residual stress of the cladding layer without texture is 369.46 MPa, whereas that of the cladding
layer with pre-set texture is 338.46 MPa, representing a reduction of approximately 8.39 %. The bottom
of the cladding layer has decreased by about 29.1 %, effectively enhancing the mechanical properties at
the metallurgical bond of the cladding layer. The pre-set texture induces a decreasing trend in the flow
velocity inside the molten pool, eliminating the double-vortex effect, resulting in a more uniform temper-
ature distribution within the molten pool, consequently reducing the residual stress of the cladding layer.
This paper employs multi-field coupled numerical simulation technology to monitor the internal state of
the molten pool, offering insights for enhancing the quality of the cladding layer in subsequent endeav-
ours.
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1 Introduction driving the advancement and utilization of this tech-
nology [8-10]. Dara Moazami Goodarzi et al. [11] con-
ducted a study on the relationship between laser clad-
ding process parameters and the geometric structure
of cladding layers. Their findings revealed that laser
power and cladding speed are the primary parameters
governing the width of the cladding layer, while pow-
der feeding speed and cladding speed primarily influ-
ence the side angle of the cladding layer. Ayan
Bhowmik et al. [12] applied varying laser powers to
AI7075 substrates to examine the microstructure of
the cladding layer and substrate. Their findings indi-
cated that regardless of the laser power applied, three
distinct regions could be identified: the columnar crys-
tal primary zone, the aluminum-silicon eutectic zone,
and the non-equilibrium three-phase zone. Qi K et al.
[13] applied a magnetic field during the preparation of
Co-based cladding layers on 42CrMn substrates. Their
findings demonstrated that the magnetic field could
enhance the uniformity of element distribution and re-
duce element segregation. Additionally, the magneto-
strictive effect reduced thermal stress during the clad-
ding process, thereby decreasing the sensitivity of
cladding layer cracking.

Laser cladding technology is an advanced method
for material surface improvement and manufacturing.
It employs high-energy laser beams to rapidly melt
powder, resulting in the solidification of a coating
layer on the workpiece surface. This process facilitates
precise modification, repair, and manufacturing of
workpiece surfaces. Laser cladding technology is
widely utilized across various sectors, including aero-
space, automotive, mold manufacturing, and medical
devices [1-4]. However, this technology has draw-
backs including residual stress and deformation, po-
rosity and defects, and relatively high surface rough-
ness [5-7], which limit its development and wide-
spread application in practical scenarios. Overcoming
these limitations requires further research and techno-
logical improvements to enhance its quality and relia-
bility, better meeting the demands of the engineering
sector for high-performance materials.

Researchers have enhanced the surface quality, re-
sidual stress, porosity, and surface roughness of laser
cladding layers by adjusting processing parameters and
introducing auxiliary processing techniques, thereby
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With the accessibility of microfabrication tech-
niques, surface texturing technology has significantly
contributed to the flourishing development of tribol-
ogy in recent years. Many scholars have analyzed the
application effects and developmental potential of sur-
face texturing in various aspects, such as friction re-
duction, lubrication resistance reduction, and corro-
sion prevention on friction surfaces. The study by He
Yang et al. [14] demonstrated that suitable mesh-like
textured surface structures can effectively facilitate the
formation of lubricating water films on friction sur-
faces, thereby enhancing the frictional wear perfor-
mance of bearings. Wang Baomin et al. [15] trans-
formed traditional regular textures into asymmetric
textures. The influence of variations in flow field ve-
locity and direction, along with the generation of dou-
ble vortices at the exit of textured pits, resulted in
higher wall pressures at different H values compared
to symmetrical textures and non-textured conditions.
The highest load capacity and minimum friction coef-
ficient were observed when H=0.25. Furthermore,
numerous scholars have pre-set surface textures on
cutting tools to enhance their longevity.
ARULKIRUBAKARAN et al. [16] employed a com-
bination of simulation and experimentation to fabri-
cate surface textures of various morphologies on WC
cutting tools and simulated them using Deform 3D
software. The non-textured tool exhibited a chip con-
tact length of 1.3 mm; the parallel groove tool had a
chip contact length of 1.18 mm, resultingin a 12 % to
14 % reduction in contact area; the intersecting groove
tool had a chip contact length of 0.732 pm, reducing
the contact area by 52 %; and the perpendicular

Tab. 1 Composed of 3161 stainless steel elements

groove tool had a chip contact length of 0.642 yum,
reducing the contact area by 65 % to 75 %. Li, | et al.
[17] utilized lasers to construct biomimetic textutes on
aluminum alloy substrates, creating special hydropho-
bic aluminum alloy surfaces through nanocoating
technology. The surface properties of the specimens
were analyzed using scanning electron microscopy,
surface profilometry, and contact angle measurement
instruments. The results demonstrated the significant
role of biomimetic textures and SAMs in preparing su-
perhydrophobic surfaces.

This paper investigates the impact of surface tex-
turing technology on residual stresses in laser cladding
layers by combining surface texturing technology with
laser cladding technology using numerical simulation
on 316L stainless steel. An orthogonal experimental
design is adopted to provide a theoretical foundation
for subsequent laser cladding experiments.

2 Numerical simulation
2.1 Material Selection

For this numerical simulation, both the substrate
and powder are chosen to be 316L stainless steel, with
their chemical compositions listed in Table 1. The
thermal properties of 316L stainless steel with temper-
ature variation are computed using the incremental
method in JMatPro software and then imported into
ANSYS finite element analysis software for numerical
simulation. To visually observe the changes in various
thermal properties with temperature more cleatly, the
data are imported into Origin software for plotting, as
illustrated in Fig. 1.
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Fig. 1Thermophysical properties of 316L. stainless steel
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2.2 Multi-field coupled numerical simulation
technology

The multi-field coupled numerical simulation tech-
nology is an advanced technique that integrates differ-
ent physical fields for simulation and analysis [18-20].
Through multi-field coupled numerical simulation,
more accurate simulations of real situations, including
the interactive effects between different physical
fields, can enhance the accuracy and reliability of sim-
ulation results [21]. This paper couples the tempera-
ture field, stress field, and fluid field to numerically
simulate the laser cladding process, allowing for a
more comprehensive analysis and evaluation of the la-
ser cladding process. To unveil the mechanism
through which surface texturing technology impacts
the performance of the cladding layer, the laws of
multi-field coupling interactions are depicted in Fig. 2.

Flow field
(Momentum transfer)

Temperature field
(Energy transfer)

Evolution law of
multi-physical field
coupling and phase
transformation
solidification
behavior

Stress field
(Stress evolution)

Fig. 2 Multi-field conpling interaction law of laser cladding
2.3 The overall governing equation of the laser
cladding process

The overall governing equation of the laser clad-
ding process is [22, 23]:
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Where: In the equation, subscripts S and [/ denote the
P ...Density, solid and liquid phases respectively, with equation (4)
t...Time, denoting the stress equation.

v ... The metal flow velocity inside the melt pool,
M ...Fluid dynamic viscosity,

p ...Pressure,

T ... Temperature,
c, ---Specific heat capacity,

k ... Thermal conductivity,
& ...Displacement vector,

F ...Constraint force,

S ...Total displacement.

Equation (1) represents the continuity equation,
while equation (2) represents the Navier-Stokes mo-
mentum equation, where K, is a constant determined
by the porous morphology, and B is an infinitesimal
parameter to avoid division by zero. Equation (3) cor-
responds to the energy equation, with 4 representing
the metal melting enthalpy, denoted as AH = Lf,, and

f, indicating the liquid mass fraction, represented as:

T,<T<T, )

2.4 Heat source selection

Distance covered

Path

Instantaneous location
of the heat source

Start Point

Fig. 3 Diagram illustrating the principle of heat source appli-

cation

The heat source for laser cladding numerical simu-
lation in this paper is selected using the Moving Heat
plugin in ANSYS Workbench. The heat source equa-
tion defined by this plugin is as follows.
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(x‘x0)2+( - 0)2+(Z‘Zo)2
[ = I

q=C,e
Where:
g ---The heat flux,
C ---The spot radius,
C, ---The laser power,
(%9 ¥ 2,) - -- The instantaneous position of the heat

source center.
The principle of heat source application by the
Moving Heat plugin is illustrated in Fig. 3.

2.5 The finite element model is established

Assumptions for modeling the laser cladding pro-
cess are as follows:
* (1) Metal flow inside the melt pool is assumed

to be laminar and the fluid is assumed to be
incompressible Newtonian.

* (2) It is assumed that the energy of the laser
beam within the spot follows a Gaussian dis-
tribution and the power remains constant.

*  (3) The material is assumed to be isotropic.

* (4 It is assumed that the concentration of
powder flow follows a Gaussian distribution,
and the powder dropped into the melt pool
melts immediately.

* (5 The clad material is assumed to obey the
Von Mises yield criterion.

The model is created using Solid Works 3D soft-
ware. The dimensions of the substrate model are
50mmX*50mmX10mm, and the cladding layer model
dimensions are 2 mmX50 mmX1 mm. The surface
texture is defined as a grooved texture with dimen-
sions of 2 mmX50 mmX0.8 mm. The model is
meshed to improve both calculation accuracy and
speed. Densification of the cladding layer mesh and
sparsification of the substrate mesh are performed to
achieve this goal. This not only enhances calculation
speed but also ensures calculation accuracy, as de-
picted in Fig. 4. The convective heat transfer coetfi-
cient is set to a non-linear convective heat transfer co-
efficient. A non-linear convective heat transfer coeffi-
cient with metallic contact is employed for the contact
surface beneath the substrate, while the remaining sur-
face coefficients are set to non-linear convective heat
transfer coefficients with air.

()

Fig. 4 (a) Mesh division without texture (b) Mesh division with preset texture

2.6 Design of numerical simulation experiment
scheme

Based on preliminary preparations and relevant lit-
erature, laser powers of 600 W, 800 W, 1000 W, 1200
W, and 1400 W, and scanning speeds of 1 mm.sec’!,

(b)

2 mm.sec’!, 3 mm.sec!, 4 mm.sec’!, and 5 mm.sec! are
selected. Since the selection of surface texture mor-
phology depends on the size of the cladding layer, a
spot radius of 1mm is chosen. The experimental
scheme is designed as shown in Table 2.
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Tab. 2 Numerical simulation experimental setup

Scanning velocity

No. Laser power(W) (mm.sec-) Spot radius(mm)
1 600 1 1
2 600 2 1
3 600 3 1
4 600 4 1
5 600 5 1
6 800 1 1
7 800 2 1
8 800 3 1
9 800 4 1
10 800 5 1
11 1000 1 1
12 1000 2 1
13 1000 3 1
14 1000 4 1
15 1000 5 1
16 1200 1 1
17 1200 2 1
18 1200 3 1
19 1200 4 1
20 1200 5 1
21 1400 1 1
22 1400 2 1
23 1400 3 1
24 1400 4 1
25 1400 5 1

3 Analysis of results forming parts of the desited shape [24-27]. Achieving

high-quality cladding layers requires precise control of

3.1 Analysis of the temperature field results the temperature field during the laser cladding pro-

Laser cladding, a rapid prototyping technology, uti- cess. Laser cladding temperature field simulations with
lizes a high-power laser beam to melt powder materi- and without texture under different parameters were
als and deposit them onto the surface of the substrate, performed using ANSYS Workbench software, and

the simulation results are depicted in Fig. 5.
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Fig. 5 Simulation results of the temperature field under different cladding parameters
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Fig. 5 illustrates the thermal cycle curves under var-
ious cladding parameters. In the figure, the blue curve
represents the thermal cycle curve without texture,
and the red curve represents the thermal cycle curve
with pre-set texture. Subfigure (a) maintains a constant
laser power of 600 W, with scanning speeds ranging
from 1 mm.sec! to 5 mm.sec!. The Z-axis in subfig-
ure (a) corresponds to experimental groups 1-5 in the
experimental design, while subfigures (b), (c), (d), and
(e) vary the laser power, with other settings identical
to those in subfigure (a). Observing Fig. 5 reveals that,
with a constant scanning speed, the peak temperature
in the thermal cycle curve increases with the rising la-
ser power, indicating a positive correlation between
the peak temperature and laser power; similarly, at a
constant laser power, the peak temperature decreases
with the increasing scanning speed, showing a negative
correlation between the peak temperature and scan-
ning speed.

Under identical cladding conditions, the minimum
temperature during the cladding process with preset

surface texture increases by approximately 50% com-
pared to that without texture, while the peak temper-
ature remains virtually unchanged. Given that the laser
power and scanning speed are constant, this revision
clarifies the relationship between laser energy and
temperature change due to the surface texture, im-
proving clarity and coherence.

3.2 Analysis of the stress field results

Laser cladding is an emerging metal manufacturing
process capable of producing high-strength, high-per-
formance metal components. However, it also results
in significant residual stress. By conducting laser clad-
ding stress field simulations using ANSYS Work-
bench, it is possible to predict the stress distribution
within the cladding layer. Therefore, stress field simu-
lations for laser cladding with and without texture un-
der different parameters were conducted using
ANSYS Workbench softwate, and the simulation re-
sults were extracted, as shown in Fig. 6.
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Fig. 6 Simulation results of stress fields under different cladding parameters

Fig. 6 illustrates the residual stress curves under
different cladding parameters. The blue curve repre-
sents the residual stress curve without texture, while
the red curve represents the residual stress curve with
pre-set texture. Subfigure (a) maintains a constant la-
ser power of 600W, with scanning speeds of 1 mm.sec-
1 2 mm.sec!, 3 mm.sec’!, 4 mm.sec’!, and 5 mm.sec!,
corresponding to experimental groups 1 to 5 on the
Z-axis. Subfigures (b), (c), (d), and (e) vary the laser
power, with other settings consistent with subfigure
(a). Observing from Figure 6(a) to (e), it can be seen

that both residual stress curves with and without tex-
ture exhibit unstable alternating thermal stresses. Un-
stable alternating thermal stresses without texture
mainly occur at the beginning of cladding, while those
with pre-set texture persist throughout the cladding
process. Some studies have indicated that unstable al-
ternating thermal stresses can enhance the mechanical
properties of material surfaces, improve wear re-
sistance, and enhance cladding layer quality. In line
with the findings of this study, the presence of surface
texture leads to the generation of unstable alternating
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thermal stresses during the cladding process. Residual
stresses are generally lower than those without texture
under most cladding parameters, such as experimental
groups 4, 5, 8,9, and 10, with only a few cases showing
minimal differences from the residual stresses without
texture, such as experimental groups 1, 2, 6, and 11.
Additionally, the results indicate that when the scan-
ning speed is low, the difference in residual stress be-
tween pre-set texture and no texture is minimal,
whereas at higher scanning speeds, the difference in
residual stress between pre-set texture and no texture
is significant.

380 | \_—.—/

360 -
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800W

1000W

1200W

1400W

——Non surface texture
Preset surface textures

*verm

Residual stress(Mpa)

al >-4<

280 i L L L L

Scanning speed(mm/s)

Fig. 7 Comparison chart of residual stresses for each group

In Fig. 7, blue represents the non-textured experi-
mental group, while red represents the pre-textured
experimental group, with different symbols used to
denote varying powers. Observation from Fig. 7 re-
veals that in the non-textured experimental group,
when the laser power remains constant, the residual
stress of the clad layer gradually increases with the rise
in scanning speed; similarly, with constant scanning
speed, the residual stress of the clad layer increases
gradually with higher laser power, demonstrating a
positive correlation between residual stress and both
laser power and scanning speed. In the pre-textured
experimental group, it is observed that when the laser
power remains constant, the residual stress of the clad
layer gradually decreases with increasing scanning
speed; conversely, with constant scanning speed, the
residual stress of the clad layer gradually increases with
higher laser power, suggesting a positive correlation
with laser power but a negative correlation with scan-
ning speed. In the proposed experimental setup, the
pre-textured group exhibits a maximum reduction in
residual stress of 8.09% compared to the non-textured
group, with laser power set at 1200 W, scanning speed
at 5 mm.sec’!, and spot radius at Imm. Combining
Figures 6 and 7, it is noted that with constant laser
power, the residual stress of the pre-textured clad layer
decreases as scanning speed increases. To explore the
relationship between pre-textured surfaces and scan-
ning speed, a constant laser power of 1200 W and
scanning speeds ranging from 1 mm.sec! to 10
mm.sec! were selected for numerical simulation of
textured and non-textured laser cladding.

3.3 The influence of scanning speed on residual
stress in relation to texture

Laser cladding is a process whereby the material
surface is irradiated by laser, rapidly melting and solid-
ifying to form a new material layer. During this pro-
cess, the energy from the laser induces localized ex-
pansion and contraction of the material, thereby gen-
erating residual stress. The scanning speed is a critical
parameter in the laser cladding process, determining
both the size of the laser irradiation area and the melt-
ing time. In practical applications, the relationship be-
tween scanning speed and residual stress is not simply
linear. Fig. 7 clearly shows that the residual stress with-
out texture increases as the scanning speed increases,
whereas the residual stress with pre-set texture de-
creases with increasing scanning speed. With a laser
power of 1200 W, scanning speeds ranging from 1
mm.sec! to 10mm.sec’!, and a spot radius of 1mm,
numerical simulations of residual stress for laser clad-
ding with and without texture are presented in Figure
8. Residual stress comparison is depicted in Fig. 9, and
the percentage decrease in residual stress with and
without texture is illustrated in Fig. 10.
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Fig. 9 Comparison chart of residual stress
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[T Percentage reduction of residual stress with or without texture
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1 2 3 4 5 6 7 8 9 10

Experimental group number

Fig. 10 Percentage decrease in residual stress

From Fig. 8, it is observed that with a constant la-
ser power of 1200 W, the scanning speed gradually in-
creases from 1 mm.sec! to 10 mm.sec!. Pre-set tex-
ture consistently enhances the unstable alternating
thermal stress during scanning speeds ranging from
1 mm.sec! to 10 mm.sec’. In Fig. 9, the residual stress
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curves of laser cladding with and without texture ex-
hibit a trend of initially decreasing, then increasing,
and then decreasing again as the scanning speed in-
creases. However, the residual stress with pre-set tex-
ture is generally lower than that without texture. At a
scanning speed of 7 mm.sec’!, the residual stress with-
out texture is 369.46 MPa, while the residual stress
with pre-set texture is 338.46 MPa, indicating a reduc-
tion in residual stress of approximately 8.39 %. Fig. 10
illustrates that the percentage decrease in residual
stress with and without texture initially increases and
then decreases with increasing scanning speed. A
comprehensive analysis of Figures 8, 9, and 10 indi-
cates that pre-set texture effectively reduces residual
stress in laser cladding, enhancing the unstable alter-
nating thermal stress during the process. Within a cer-
tain range of cladding parameters, pre-set surface tex-
ture can effectively improve the quality of the clad
layer and reduce residual stress. Residual stress con-
tour maps of laser cladding layers with and without
texture for Experiment Group 7 are depicted in Fig.
11.
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Fig. 11 Contour maps of residunal stress in laser cladding layers with and withont texture

In Fig. 11, (a) depicts the surface of the laser clad-
ding layer without texture, with residual stress values
ranging mainly from 246.33 MPa to 328.42 MPa, (b)
depicts the surface of the laser cladding layer with pre-
set texture, with residual stress values ranging mainly
from 263.28 MPa to 338.46 MPa, (c) illustrates the
bottom surface of the laser cladding layer without tex-
ture, with residual stress values ranging mainly from
246.33 MPa to 328.42 MPa, (d) illustrates the bottom
surface of the laser cladding layer with pre-set texture,
with residual stress values ranging mainly from 150.52

MPa to 263.28 MPa. Fig. 11 clearly demonstrates that
the residual stress on the bottom surface of the laser
cladding layer with pre-set texture is relatively low.
However, the difference between the surface of the
cladding layer with and without texture is minimal, and
in some cases, it is even higher than that of the clad-
ding layer without texture. Therefore, in order to in-
vestigate the distribution of residual stresses in the two
types of laser cladding layers, the stresses in the X, Y
and Z directions of the laser cladding layers were ex-
tracted, respectively, and the sampling schematic is
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shown in Fig. 12, and the results are shown in Fig. 13.
The residual stress curves in the X direction of the la-
ser cladding layers with and without texture are essen-
tially symmetric on both sides, and their trends are
generally consistent. However, the residual stress in
the X direction of the laser cladding layer with pre-set
texture is consistently lower than that of the layer
without texture. The residual stress in the Y direction
of the laser cladding layers with and without texture
exhibits a trend of initially increasing and then de-
creasing. While the residual stress on the surface of the
laser cladding layer with pre-set texture is higher than
that of the layer without texture, the difference be-
tween them is relatively small. Since the surface of the
workpiece after laser cladding requires mechanical
processing before being used, the residual stress on
the cladding layer surface has minimal impact on the
workpiece. The bottom of the laser cladding layer with
pre-set texture is reduced by approximately 29.1 %
compared to that without texture, thereby effectively
improving the mechanical properties at the metallur-
gical bond interface of the cladding layer. Residual
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stress curves in the Z direction all exhibit significant
residual stress at the beginning and end of the clad-
ding, with both positions of the laser cladding layer
with pre-set texture being greater than those without
texture. This is attributed to the grooved texture pre-
pared in this study, where both positions during melt-
ing are at the edge of the workpiece, potentially lead-
ing to droplet spattering and consequently significant
residual stress. Apart from the aforementioned two
positions, residual stress in the Z direction of the laser
cladding layer with pre-set texture is lower than that
without texture, further validating the effectiveness of
pre-set texture technology in reducing residual stress
in the cladding layer and enhancing its quality.
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Fig. 12 Schematic diagram showing sampling points in the
X, Y, and Z directions of the cladding layer
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Fig. 13 Residual stress curves in the X, Y, and Z directions

4 Analysis of fluid field results

This study utilizes the Volume of Fluid (VOF)
model for fluid field simulation, which is grounded on
the principles of mass conservation and Navier-Stokes
equations. It characterizes the fluid's movement and
morphological alterations by tracking the position of
the liquid surface and the volume fraction of the liquid
phase. The conservation of mass equation desctibes
the rate of mass change in relation to spatial and tem-
poral changes for a fluid. In the Eulerian description,
the mass conservation equation is formulated as:

g—f+DEQ,ou):0 ™)

Where:
P ... The density of the fluid,

u ... The velocity vector,

... The divergence operator, which operates on
the velocity vector to compute its divergence.

The Navier-Stokes equations constitute the funda-
mental equations governing fluid motion, encompass-
ing properties such as velocity, density, pressure, vis-
cosity, etc. They are commonly employed to charac-
terize fluid flow and mechanical behavior. The specific
expression is as follows:

p| Lovutli |=-0p+purs

Where:

P ... The fluid density,

u ... The velocity vector,

p ...Pressure,

U ... The fluid's dynamic viscosity,

0% ... The Laplace operator,

f ... The external force term.

The left-hand side of the equation represents inet-
tial forces, while the right-hand side comprises three
terms: pressure, viscosity, and external forces.
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Simulations are performed on the fluid field in la-
ser cladding with and without texture. Velocity vector
plots of the clad pools with and without texture are

extracted, as illustrated in Fig. 14-18, where blue indi-
cates air and red indicates substrate. Each figure pro-
vides a comparison of velocity vectors with and with-
out texture.

(a) Non surface texture

(b) Preset surface textures

Fig. 14 VVelocity vector plots of clad pools with and without texcture at 0.01s are displayed

At 0.01 s, convection appears at the untextured
clad pool's air position, reaching a maximum velocity
of 0.01 m/s. The internal flow velocity within the pool
ranges from 0.002 m/s to 0.005 m/s. Texturing on the
substrate surface results in a dual-vortex effect at the
air position of the textured clad pool, with a maximum
velocity of 0.07 m/s, and internal flow velocities
within the pool ranging from 0.018 m/s to 0.035 m/s.

Thanks to the good accessibility of the laser, texturing
effectively increases the contact area between the laser
and the substrate, rapidly elevating temperatures on
both sides of the texture to the melting point. A height
difference exists between the texture on both sides
and the bottom, causing liquid metal on both sides to
slide towards the bottom, resulting in significantly
higher flow velocities at the beginning of cladding.

(a) Non surface texture

(b) Preset surface textures

Fig. 15 Velocity vector plots of clad pools with and without texture at 0.05s are displayed

At 0.05 s, the maximum velocity at the air position
of the untextured clad pool increases to 0.013 m/s,
while it decreases to 0.015 m/s for the textured clad
pool, with a reduction in the dual vortex effect. Ob-
serving the velocity vector plots at this time, the tex-
tured morphology gradually disappears as the powder
is gradually added. At this point, the maximum veloc-
ities at the air positions under both cladding methods

differ slightly. The reason for the velocity difference
observed at 0.01 s is that the presence of texture af-
fects the surface morphology of the substrate, result-
ing in different locations of air convection occurrence.
Untextured cladding acts only on the surface of the
substrate, forming natural convection, while textured
cladding acts on the bottom of the texture and con-
tacts the sides of the texture, thereby forming the dual
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vortex effect. At this time, the internal flow velocity of
the untextured clad pool ranges from 0.003 m/s to
0.007 m/s, while that of the textured clad pool ranges
from 0 to 0.004 m/s. Compared to the 0.01 s time

point, the internal flow velocity of the untextured clad
pool gradually increases, while that of the textured
clad pool gradually decreases.

(2) Non surface texture

(b) Preset surface textures

Fig. 16 VVelocity vector plots of clad pools with and without texcture at 0.10s are displayed

At 0.10 s, the maximum velocity at the air position
of the untextured clad pool is 0.028 m/s, while that of
the textured clad pool is 0.006 m/s, with the complete
disappearance of the dual vortex effect. At this time,
the textured morphology has completely disappeared,
similar to the untextured starting point, and there is no
dual vortex effect at the air position. The internal flow

velocity of the untextured clad pool ranges from 0.014
m/s to 0.021 m/s, while that of the textured clad pool
ranges from 0.002 m/s to 0.003 m/s. This is con-
sistent with the trend observed at 0.05 s, where the
internal flow velocity of the untextured clad pool grad-
ually increases while that of the textured clad pool
gradually decreases.

(a) Non surface texture

(b) Preset surface textures

Fig. 17 Velocity vector plots of clad pools with and without texcture at 0.155 are displayed

At 0.15 s, the maximum velocity at the air position
of the untextured clad pool is 0.022 m/s, while that of
the textured clad pool is 0.006 m/s. At this time, the
air velocity in the untextured pool shows a decreasing
trend compared to 0.10 s, while the air velocity in the
textured pool remains essentially unchanged. The in-
ternal flow velocity of the untextured clad pool ranges

from 0.014 m/s to 0.021 m/s, while that of the tex-
tured clad pool ranges from 0.02 m/s to 0.03 m/s.
Compared to 0.10 s, the internal flow velocity of the
untextured clad pool remains essentially unchanged,
while that of the textured surface continues to de-
crease.
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(a) Non surface texture

(b) Preset surface textures

Fig. 18 Velocity vector plots of clad pools with and without texture at 0.20s are displayed

At 0.20 s, compared with the 0.15 s moment, the
airflow velocity at both the air position and the melt
pool position remains essentially constant during the
non-textured deposition process. In conclusion, dur-
ing the formation process of the non-textured melt
pool, both the airflow and melt pool velocities exhibit
an upward trend, remaining essentially constant in the
end, while the pre-textured airflow and melt pool ve-
locities show a downward trend, remaining essentially
constant in the end. Through the analysis of internal
flow velocity in the melt pool, it is observed that the
internal flow velocity of the non-textured melt pool
shows an increasing trend with time. Due to the inertia
effect of fluid motion, the increase in the flow velocity
of liquid metal will lead to the formation of vortex
flow inside the liquid metal, which in turn causes an
uneven temperature distribution within the melt pool,
resulting in a significant temperature gradient, con-
sistent with the numerical simulation results of the
temperature field mentioned earlier. The presence of
temperature gradients induces convection movements
within the melt pool, exacerbating the degree of fluid
mixing, leading to more pronounced temperature dif-
ferences in different positions of the liquid, resulting
in larger residual stresses in the cladding layer. Con-
versely, in the pre-textured melt pool, the internal flow
velocity decreases with increasing time, and the reduc-
tion in flow velocity within the melt pool prevents the
generation of vortex effects. As a result, the tempera-
ture distribution within the melt pool becomes uni-
form, leading to a decrease in temperature gradients
and consequently smaller residual stresses in the over-
lay layer, consistent with the numerical simulation re-
sults mentioned earlier.

5 Conclusion

This paper combines laser cladding technology
with surface texturing technology, and the conclusions
are as follows:

* Based on the temperature field analysis, with
constant laser power and scanning speed, the
energy output of the laser per unit time re-
mains constant, resulting in minimal variation
in the peak temperature within the thermal
cycle curve. However, pre-textured surfaces
effectively increase the contact area between
the laser and the substrate, leading to greater
absorption of laser energy within the same
time period. Consequently, the minimum
temperature in the thermal cycle curve in-
creases by approximately 50%, reducing the
temperature gradient during the cladding pro-
cess.

*  Analysis of the stress field indicates that un-
der the optimal cladding parameters, the bot-
tom of the pre-textured cladding layer de-
creases by approximately 29.1 % compared to
the non-textured cladding layer. This effec-
tively enhances the mechanical properties at
the metallurgical bond interface of the clad-
ding layer.

*  Analysis of the fluid field reveals that the in-
ternal flow velocity within the pre-textured
melt pool decreases with time. This reduction
in flow velocity within the melt pool prevents
the generation of vortex effects, resulting in a
more uniform temperature distribution
within the melt pool. Consequently, the tem-
perature gradient decreases, leading to smaller
residual stresses in the formed cladding layer.

Combining surface texturing technology with laser
cladding technology can effectively reduce residual
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stresses in the cladding layer, offering insights for en-
hancing the quality and performance of the cladding

layer.
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