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Laser remelting is a processing technique to improve the quality of forming. The remelting power and the remelt-
ing time are the key factors affecting its processing quality. Laser remelting tests were conducted on Fe-based
clad layers with different remelting power and remelting time, and the morphological characteristics of each
clad layer was investigated by laser microscopy. The microhardness, wear resistance and wear mechanism of
each clad layer were investigated by Vickers microhardness tester and reciprocating friction and wear tester,
respectively. The results show that an increase in remelting power or remelting time leads to a decrease in clad
height and an increase in melting pool depth, clad width and dilution rate. When the remelting time is 1 and the
remelting power is 650 W, the clad height is higher than that of YCF102 clad layer, although the melting pool
depth, clad width and dilution rate of the clad layer are greater than that of YCF102 clad layer. In addition, an
increase in remelting power or remelting times leads to a decrease in the microhardness of the clad layer and a
deterioration in the wear resistance, which leads to an increase in the wear rate, but does not change the trend
of microhardness, wear resistance and wear rate. Neither the increase in remelting power nor the remelting time
leads to a change in the wear form, but causes the wear between the clad layer and the grinding ball to become
more intense. The clad layer with 1 remelting time and 650 W remelting power has higher average microhardness

and more outstanding wear resistance than the YCF102 clad layer.

1. Introduction

Laser remelting is a process in which the surface of the clad layer
is rapidly melted and solidified by the radiation of a laser beam with-
out the addition of any metallic elements [1,2]. This processing method
has the advantages of a small heat-affected zone, ease of operation, and
controllability of processing quality [3,4]. When laser cladding is im-
plemented, defects such as sticky powder located on the surface of the
clad layer and pores or cracks located inside the clad layer often occur
[5,6]. Although methods such as milling, grinding, polishing and opti-
mization of the laser cladding process parameters are potential options
to solve these problems, the hindrances such as the limited location to
be machined and the irregularity of the machined area led to the in-
ability to guarantee the quality of the process [7,8]. Given the ability of
laser remelting to refresh the solidification process of the clad layer, it
gives the potential ability to change the surface quality and properties
of the cladding layer.

There is a close relationship between laser remelting and the surface
quality and corrosion resistance of the coating. Richter et al. [9] de-
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veloped a model of laser remelting, and confirmed that laser remelting
resulted in a more uniform distribution of elements and compounds,
which led to a flatter surface topography. Gok et al. [10] proposed
that suitable remelting parameters can refine the coating organization
and reduce the surface roughness. Qunshuang et al. [11] demonstrated
that remelting not only resulted in a more uniform distribution of car-
bides in the coating, but also changed the shape of carbides from ir-
regular to polygonal. Matéjicek and Holub [12] confirmed that spot di-
ameter and scan speed had a significant effect on the surface quality.
Das et al. [13] pointed out that remelting can eliminate the number of
holes and reduce porosity. Gao et al. [14] demonstrated that remelting
can significantly improve the coating finish and reduce the cost of post-
processing. Amaya-Vazquez et al. [15] proposed that remelting led to
not only changes in microstructure, but also changes in corrosion resis-
tance. Wang et al. [16] demonstrated that remelting can enhance the
positive corrosion sites and reduce the corrosion current density of Ni-
Cr-Mo coatings, thus improving the corrosion resistance of the coatings.
Wang et al. [17] showed that although remelting leads to the reduction
of amorphous content in the coating and the reduction of defects such
as cracks and pores on the surface of the coating to improve the corro-
sion resistance of the coating, it also leads to trans granular cracks in the
coating. Tian et al. [18] showed that although defects such as cracks and
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B Mo 1.00 wt%
I Nb 0.31 wi%
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porosity still existed in the remelted coatings, remelting still improved
the surface properties of the coatings.

In addition, remelting has an effect not only on the surface qual-
ity and corrosion resistance of the coating, but also on the mechani-
cal properties of the coating significantly [19]. Iwaszko [20] showed
that remelting significantly reduced the porosity of coatings and im-
proved the mechanical properties of coatings. Cai et al. [21] suggested
that remelting significantly reduced the wear quality loss and improved
the wear resistance of coatings made of high-entropy alloys (Ni-Cr-Co-
Ti-V). Habib et al. [22] proposed that remelting also significantly re-
duces the accumulated wear of coatings under lubricated conditions.
Cai et al. [23] demonstrated that remelting significantly improved the
spheroidization rate, size uniformity, and particle distribution of ce-
ramic particles in the coating, which reduced the surface stress of the
coating and thus improved the wear resistance of the coating. Mukher-
jee et al. [24] investigated the relationship between remelting power
and wear resistance of coatings and showed that appropriate remelt-
ing power significantly reduced the wear depth of coatings and im-
proved the wear resistance of coatings. Gao et al. [25] suggested that
remelting improves the mechanical properties of coatings because of
the denser columnar crystal zone in remelted coatings. Ciubotariu et al.
[26] showed that remelting not only refines the coating microstructure
but also improves the cavitation resistance of the coating.

In summary, the current research on laser remelting is mainly fo-
cused on the effects of remelting on the surface quality of the coating,
the effects of remelting on the properties of the coating, and the rela-
tionship among the remelting power, the surface quality and proper-
ties of the coating, while the research on the effect of remelting power
and remelting time on the morphological characteristics and mechanical
properties of coating is still limited. In this study, single-factor remelting
tests were conducted on YCF102 clad layers using different remelting
power and remelting times, and the forming characteristics of each clad
layer were investigated by measuring the clad width, clad height, melt-
ing pool depth and dilution rate of each layer. The mechanical properties
and wear mechanism of the remelted clad layers were investigated by
observing and calculating the microhardness, real-time friction coeffi-
cient curve, wear profile and wear rate under different remelting time
and remelting power conditions. Finally, the clad layer with good mor-
phology and mechanical properties were obtained.

2. Research methodology

A diode-pumped near-infrared fiber continuous-wave laser generator
(YLR-1000 W) with a spot diameter of 1.1 mm and a laser wavelength
range of 1070 nm to 1080 nm was used for the test. The alloy pow-
der is injected into the laser beam in a coaxial feeding pattern and is
coated on the substrate surface. In this case, the powder is injected at
an angle of 31.41° and the powder carrier gas is argon with 99.99% pu-
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Fig. 1. Chemical composition of (a) YCF102 alloy
powder and (b) AISI1045 steel (wt%) (Provided by
manufacturer).

I C 0.45 wi%
[ si 0.27 wt%
[ Mn 0.63 wt%
L]

Ni 0.10 wt%
B Cr0.13 wt%
B Cu 0.10 wt%
I P,S 0.02 wt%
[ Fe Bal. wt%

rity. Also, argon was used as a barrier gas to stop the oxidation reaction
during the laser cladding process. The flow rate of the barrier gas was
12 L/min and the distance between the laser nozzle and the substrate
was 16 mm. The laser head is mounted on a vertical machining center
(VMC1100P). A water-cooling system is installed in the laser cladding
system in order to ensure that the laser cladding system is in the right
operating temperature range under all operating conditions.

AISI1045 steel was selected as the base material. The surface of the
substrate is milled by a milling machine and the surface is ground by
metallographic sandpaper to achieve a flat substrate surface. In order
to remove the dirt and oil residues on the substrate surface during pro-
cessing, acetone and alcohol solvents were successively used to clean
the substrate surface. The test used YCF102 iron-based alloy powder,
which has the advantages of low cost and good mechanical properties.
The composition of the substrate material and YCF102 alloy powder is
shown in Fig. 1.

In a previous study by the authors [27], when the laser power was
750 W, the powder feeding rate was 7 g/min, the laser scanning speed
was 4 mm/s, and the remelting laser power was 650 to 850 W, the clad
layer had a good surface morphology. Therefore, the process param-
eters used in this paper are shown in Table 1. In order to analyze and
study the cross sections of the samples, each sample was first wire cut by
wire EDM (WEDM), and then each sample was etched by aqua regia. Fi-
nally, the cross-sectional parameters and cross-sectional microstructure
of each sample were obtained by Olympus three-dimensional measure-
ment laser microscope (OLS4100), and the microhardness of each sam-
ple was measured by Vickers microhardness tester (MH-500). The load-
ing force was 10 N and the loading time was 15 s. The top layer of each
sample was removed by grinding machine, and the top surface of each
sample was sanded and polished by metallographic sandpaper and pol-
ishing machine successively. Reciprocating friction and wear tests were
performed on each sample by a multifunctional material surface prop-
erty tester (MFT-4000), and the parameters of the reciprocating friction
and wear tests are shown in Table 2. The wear volume and wear mor-
phology of each sample were obtained by Olympus three-dimensional
measurement laser microscope (OLS4100).

3. Results and discussion

3.1. Morphological characteristics parameters and dilution rate of the clad
layer

Figs. 2 and 3 show the morphological characteristics parameters
and dilution rates of the Lg clad layer and clad layer after remelting
with different remelting power and remelting times, respectively. From
Fig. 2(a), it can be seen that when the remelting time is 1, the clad
width and melting pool depth show a monotonic increasing trend with
the increase of remelting power, but the clad height shows a decreasing
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Table 1

The process parameters of laser cladding and remelting.
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Powder feeding Laser scanning Re-melting laser Re-melting laser scanning Number of Work condition

No. Laser power (W) rate (g/min) velocity(mm/s) power (W) velocity (mm/s) re-melting of tag
1 750 7 4 - - - LY

2 750 7 4 650 4 1 Lis,
3 750 7 4 650 4 2 20
4 750 7 4 650 4 3 Lgso
5 750 7 4 750 4 1 Ll
6 750 7 4 750 4 2 L,
7 750 7 4 750 4 3 L,
8 750 7 4 850 4 1 Ly,
9 750 7 4 850 4 2 L,
10 750 7 4 850 4 3 L}

Note: The working condition mark L in Table 1 represents the number of times without remelting and different remelting power and remelting times. The superscript
of L is the remelting time and the subscript is the remelting power.Lg indicates no remelting. When changing the remelting time and remelting power, the powder
feeding rate is 0 g/min and the laser scanning speed is kept constant.

Table 2

Wear parameters of the YCF102 clad layer with different remelting power and remelting times.

Wear parameters  Load  Wear time  Wear distance =~ Wear velocity ~ Diameter of the grinding ball ~ Material of grinding ball
Value 10N 40 min 5 mm 240 mm/s 4 mm GCr15
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Fig. 2. Characteristic parameters of the clad layer morphology (a) No remelting and remelting once with different remelting power (b) Remelting twice with different

remelting power (c) Remelting three times with different remelting power.
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Fig. 3. Dilution rate of YCF102 clad layer without remelting and after remelting
under different remelting power and remelting time conditions.

trend. The clad height of the L!

o5 Clad layer is higher than that of the 0

0
clad layer. However, the clad heights of the L;SO and Léso clad layers are

lower than that of the Lg clad layer. This phenomenon may be attributed

to the fact that when the surface of the YCF102 clad layer is again radi-
ated by the laser beam, the incompletely melted powder on the surface
is melted and a clad layer is formed, resulting in a higher clad height of
the L(luso clad layer than that of the Lg clad layer. When the remelting
power is further increased, more of the substrate is melted, resulting
in more YCF102 clad layer fused into the substrate. When the mass of
YCF102 clad layer fused to the substrate due to remelting exceeds the
mass of the incompletely melted powder forming the clad layer, the clad
height shows a decreasing trend. Therefore, the clad heights of the L;so
and Lzlaso clad layers are lower than that of the Lg clad layer. At the same
time, the increase in remelting power leads to the melting of the YCF102
clad layer as well as more of the substrate, resulting in the same trend
of increasing clad width and melting pool depth.

As can be seen from Fig. 2, when the remelting time is 1, 2 and 3,
respectively, the clad height shows a decreasing trend with the increase
of remelting power, while the clad width and melting pool depth both
show an increasing trend. The results show that the increase of remelt-
ing time does not change the trend of the morphological parameters of
the clad layer with the remelting power. Meanwhile, when the remelt-
ing power is 650 W, 750 W and 850 W, respectively, the clad height
shows a decreasing trend with the increase of remelting time, while
the clad width and melting pool depth both show an increasing trend.
The results showed that the change of remelting power also does not
change the trend of the morphological parameters of the clad layer with
the remelting time. Therefore, although the increase of both remelting
power and remelting time leads to the change of the morphological pa-
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Fig. 4. Microhardness of the clad layer at different depths (a) No remelting and remelting once with different remelting power (b) Remelting twice with different
remelting power (c) Remelting three times with different remelting power.
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Fig. 5. Average microhardness of the clad layer without remelting and after
remelting with different remelting power and remelting times.

rameters of the clad layer, it does not affect the change the trend of the
morphological parameters of the clad layer.

As can be seen from Fig. 3, when the remelting time is kept constant,
the dilution rate shows an increasing trend with the increase of remelt-
ing power. When the remelting power is kept constant, the dilution rate
also shows an increasing trend with the increase of remelting time. This
phenomenon is due to the fact that the increase in remelting power and
remelting time both result in more YCF102 clad layer incorporated into
the substrate, which leads to an increase in dilution rate. In addition,
the dilution rate of the Léso clad layer is higher than that of the Lg clad
layer. This phenomenon is due to the fact that under L éso condition, the
increase in clad height due to remelting is smaller than the increase in
melting pool depth, which leads to an increase in dilution rate.

3.2. Microhardness of the clad layer

Figs. 4 and 5 show the microhardness and average microhardness of
the clad layer at different depths of Lg clad layer and clad layers after
remelting with different remelting power and remelting times, respec-
tively. From Figs. 4(a) and 5, it can be seen that the average microhard-
ness of the Léso clad layer is higher than the average microhardness

of the Lg clad layer, while the average microhardness of both the L;SO

and Lzlsso clad layers is lower than the average microhardness of the Lg

clad layer. Meanwhile, it can be seen from Figs. 4 and 5 that the av-
erage microhardness all showed a decreasing trend with the increase
of remelting power when the remelting time is 1, 2 and 3, respectively.
This phenomenon may be explained by the fact that when the laser beam
with a remelting power of 650 W passes over the surface of the YCF102
clad layer, the powder adhering to the surface is melted and a clad layer
is formed, resulting in the disappearance of defects and the expulsion of
gasses that have not been completely expelled from the clad layer. At
the same time, the remelting acts as a fine grain reinforcement, which
leads to an increase in the average microhardness. However, with fur-
ther increase in remelting power, the effect of heat accumulation due to
remelting and thus the grain size in the clad layer becomes larger. As
a result, the average microhardness shows a decreasing trend with in-
creasing remelting power. From Figs. 4 and 5, it can be seen that when
the remelting power is 650 W, 750 W and 850 W, respectively, the aver-
age microhardness shows a decreasing trend with the increase of remelt-
ing time. This phenomenon is due to the increase in the remelting time,
which leads to the increase in the heat accumulated in the clad layer,
resulting in a smaller temperature difference and lower cooling rate. As
a result, it leads to larger grains and a decrease in the average micro-
hardness.

In addition, it can be seen from Fig. 4 that the microhardness curves
of both the Lg clad layer and the clad layer after remelting with different
remelting time and remelting power conditions show a continuous vari-
ation. The results show that each clad layer forms a good metallurgical
bond with the substrate. At the same time, the average microhardness of
the heat affected zone (HAZ) of each sample is higher than the average
microhardness of the substrate due to fine grain strengthening and solid
solution strengthening.

3.3. Tribological properties of the clad layer

Figs. 6(b), 7(b) and 8(b) show the real-time friction coefficients of
Lg clad layer and clad layers after remelting with different remelting
power and remelting times, where the real-time friction coefficients for
wear times from O to 1 min are shown in Figs. 6(a), 7(a) and 8(a). The
results show that the friction coefficient of Lg clad layer and clad lay-
ers after remelting with different remelting power and remelting times
showed a short "plateau” period with small fluctuations at the beginning
of wear. This phenomenon is caused by the fact that the surface of each
clad layer is processed by wire cutting, grinding and polishing in order
to ensure the surface flatness of each sample before the friction wear
test. During the process, a hard processing layer is created on the sur-
face of each sample. As a result, a short "plateau” period was observed in
the real-time friction coefficient curves of each sample at the beginning
of the wear phase. At the same time, the length of the "plateau" period
varied from sample to sample due to the different thickness of the hard
processing layer. When the hard processing layer of each sample is worn
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Fig. 8. Friction coefficient of the clad layer after remelting three times with different power (a) Wear time of 0-1 min (b) Wear time of 0-40 min (c) Wear time of

30-40 min.

away, the friction coefficient increases significantly and undergoes large
fluctuations. At this time, each sample is in the stage of intense friction.
With the increase of the wear time, the fluctuation of the real-time fric-
tion coefficient gradually tends to be smooth. At this point, each sample
is in the stable friction stage. The real-time friction coefficient as well
as the average friction coefficient of each sample in the wear time inter-
val of 30 to 40 min were selected to study the wear resistance of each
sample.

As shown in Fig. 6(c), the average friction coefficients of the Lg clad
layer and clad layers after remelting once with different remelting power
conditions are in the following order: L} <L{<Lls <Ly . The average
friction coefficient of the Léso clad layer is lower than the average fric-
tion coefficient of the Lg clad layer. Also, the average friction coefficient
of this clad layer is the minimum value of the average friction coefficient
of all samples. However, the average friction coefficients of the Léso and
Lzlsso clad layers are higher than the average friction coefficients of the
Lg clad layer. Moreover, as shown in Figs. 6(c), 7(c) and 8(c), the av-
erage friction coefficient shows an increasing trend with the increase

of remelting power when the remelting time is kept constant. This phe-
nomenon is due to the fact that the average microhardness of the Léso
clad layer is higher than the average microhardness of the Lg clad layer,
so the average friction coefficient is lower than the average friction co-
efficient of the Lg clad layer, and has better wear resistance. And with
the increase of remelting power, the average microhardness shows a
decreasing trend. As a result, the average friction coefficient tends to
increase and leads to the deterioration of wear resistance. As shown in
Figs. 6(c), 7(c) and 8(c), when the remelting power is kept constant, the
average friction coefficient shows an increasing trend with the increase
of remelting time. This phenomenon is attributed to the decrease of the
average microhardness with the increase of the remelting time when
the remelting power is kept constant. Therefore, the wear resistance be-
comes worse with the increase of remelting time. In addition, as can
be seen from Figs. 6-8, an increase in the remelting time or remelting
power leads to an increase in the average friction coefficient and a dete-
rioration in wear resistance. However, changing the remelting time does
not have a significant effect on the variation pattern of the average fric-
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Fig. 9. Wear morphology of the clad layer without remelting and after remelting once with different power (a) No remelting (b) Remelting power is 650 W (c)

Remelting power is 750 W (d) Remelting power is 850 W.

tion coefficient with remelting power. Similarly, changing the remelting
power does not significantly affect the variation pattern of the average
friction coefficient with the remelting time.

Fig. 9 shows the wear morphology of the Lg clad layer and the clad
layer after remelting once with different remelting power. As shown
in Figs. 9(al)-(d1) and 12, more cracks are found in each wear mor-
phology. The occurrence of friction between grinding ball and surface
asperities causes the surface of sample to be in alternative compressive-
tensile stress state, which leads to the development of cracks. Therefore,
surface fatigue wear occurs on the clad layers. Also, more abrasive chips
and grooves are found in each wear morphology. This phenomenon may
be caused by the formation of abrasive chips between the grinding ball
and the clad layer when wear occurs. These chips roll and slide recip-
rocally on the surface of the clad layer, resulting in the occurrence of
plastic deformation and the formation of grooves on the wear surface.
A part of chips is embedded in the wear surface under the action of load
and friction force. It shows that abrasive wear is also occurring during
the wear process. In addition, sticking zones are found in the wear mor-
phology. This indicates that a portion of the clad layer adheres to the
grinding ball when wear occurs. As the wear progressed, the shearing
phenomenon occurs due to the relative sliding of the adhered parts. As
a result, adhesive wear occurs between the grinding ball and the clad
layer.

Figs. 10-12 show the wear morphology after two and three remelts
for different remelting power conditions, respectively. There are a large
number of sticking zones, cracks, grooves and abrasive chips on the wear
surface. The results show that the increase in remelting time does not
lead to a change in the wear forms of the clad layers. However, as shown
in Figs. 10(c1) and 11(c1), deeper grooves and more sticking zones were
found in the central region of the wear morphology of the Léso and Lgso
clad layers. This phenomenon is due to the tendency of the average mi-
crohardness to decrease with the increase of remelting power or remelt-
ing times. When the wear parameters are kept constant, the volume of
the grinding ball embedded in the clad layer increases with the decrease
of the average microhardness, leading to the above phenomenon. Fur-
thermore, as shown in Figs. 9(d1), 10(c1) and 11(c1), when the remelt-
ing power is kept constant, the grooves at the central region of the wear
morphology become wider and deeper with the increase of the remelt-

Table 3
EDS analysis results of clad layer after wear with different
remelting power and remelting times.

Sample  Point  Fe Cr Ni Si (0]
Ly A 65.49 1313 6.02 0.88 14.48
B 7537 1649 670 093 0.51
C 67.01 14.83 6.24 1.01 10.91
Lis, A 64.82 1284 555 0.66 16.13
B 77.73 1330 6.88 079 1.30
C 71.99 11.75 5.04 0.33 10.89
Ly, A 70.39 11.49 540 072 12.00
B 79.83 1281 622 070 0.44
C 72.75 12.21 5.35 0.58 9.11
L, A 69.05 1223 560 076 1236
B 7718 1429 7.04 088 0.61
C 71.57 1192 557 077 1017
L, A 7076  13.02 635 073 9.14
B 77.09 1417 7.07 080 0.87
C 72.77 1445 555 047 6.76
350 A 66.86 12.21 5.98 0.72 14.23
B 7719 1424 697 076 0.84
C 69.51 1311 567 050 11.21
L%o A 68.61 12.22 5.96 0.78 12.43
B 78.61 1353 659 085 0.42
C 69.70 1415 547 026 10.42
Lis, A 69.40 1267 6.02 077 11.14
B 77.91 13.68 6.54 0.85 1.02
C 71.88 13.60 6.23 0.65 7.64
L, A 66.20 13.02 599 072 14.07
B 78.27 13.55 6.85 0.74 0.59
C 70.18 1338 587 062 9.95
L, A 67.43 1136 573 0.68 14.80
B 78.52 13.20 6.66 0.80 0.82
C 70.15 11.94 557 0.69 11.65

ing times. This result indicates that when the remelting power is kept
constant, the increase in the remelting times leads to more intense wear
between the clad layer and the grinding ball.

Fig. 12 and Table 3 show the results of EDS analysis of wear mor-
phology of Lg clad layer and the clad layer after remelting with differ-
ent remelting power and remelting times, respectively. The results show
that wear surface undergo oxidation reactions and form oxide films dur-
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Fig. 10. Wear morphology of the clad layer after remelting twice with different power (a) No remelting (b) Remelting power is 650 W (c) Remelting power is 750 W

(d) Remelting power is 850 W.

Fig. 11. Wear morphology of the clad layer after remelting three times with different power (a) No remelting (b) Remelting power is 650 W (c) Remelting power is

750 W (d) Remelting power is 850 W.

ing the wear process, but the oxide films are not continuous. It can be
seen from Fig. 12 and Table 3 that the sticking zone (A) has a higher oxy-
gen content. The results show that continuous oxide films are formed on
the sticking zone of each sample. The reason for this phenomenon is that
when the frictions occur between the surface of clad layer and grinding
ball, a portion of clad layer adheres to grinding ball and then is sheared
away with the reciprocating motion. The sheared surface undergoes ox-
idation reaction and forms oxide films under the promotion of friction
heat. In addition, it can be seen from Fig. 12 and Table 3 that the oxygen
content in sticking zone (A) and abrasive chips (C) is higher than that
of groove zone (B). The results show that oxide films are formed on the
wear surface, but the rate of formation is lower than that of removal.
When the critical thickness is reached, the oxide film fractures and abra-
sive chips are formed. As a result, the oxygen content in groove zones is
lower and the oxide film of wear surface is not continuous. The alterna-
tion between formation and fracture of oxide films is one of the factors
leading to the fluctuation of friction coefficient. According to the previ-
ous literature, the composition of oxide film is Fe;04 and Fe,05 [28].
In addition, it can be seen from Figs. 9-12 that despite the changes of
remelting power and remelting time, a large number of sticking zones,
cracks, grooves and abrasive chips are found on wear morphology of

each sample. The results show that surface fatigue wear, abrasive wear,
adhesive wear and oxidative wear occur during the wear process. Chang-
ing the remelting power or remelting time does not change the wear
form.

Based on the wear morphology and the results of EDS analysis, the
wear mechanism of each sample is shown in Fig. 13. The wear surface
undergoes plastic deformation during the wear process, and the local
bulge occurs near two end points of wear track. The friction between
grinding ball and surface asperities causes the wear surface to be in an
alternating state of compressive stress and tensile stress, which leads
to the formation of cracks. During the wear process, oxide films are
formed on the wear surface. Meanwhile, the generation of friction heat
leads to an increase in the formation rate of oxide films. However, the
formation rate of oxide films is lower than the removal rate, so a portion
of clad layer is spalled off and abrasive chips are formed. Among them,
part of chips accumulate near two end points of wear track. part of
chips roll and slide between grinding ball and clad layer, which leads
to the fracture of oxide films and the formation of grooves. When the
chips roll and slide between grinding ball and clad layer, a portion of
chips collapses and forms smaller chips under the action of friction force
and load. At the same time, some of chips are embedded in the wear
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Fig. 12. Mapping scanning results of wear morphology with different remelting power and remelting times.

surface. In addition, a portion of clad layer adheres to grinding ball and
then is sheared away, which result in relatively smooth planes on the
wear surface. The smooth planes are oxidized and oxide films are formed
under the promotion of friction heat. Therefore, abrasive wear, surface
fatigue wear, adhesive wear and oxidative wear occur during the wear
process.

Figs. 14 and 15 show the cross-sectional wear morphology, wear
width and wear depth of Lg clad layer and the clad layer after remelt-
ing with different remelting power and remelting times, respectively.
From Figs. 14(a) and 15, it can be seen that the wear width and wear

depth of the Léso clad layer are smaller than those of the Lg clad layer.

However, the wear width and wear depth of both the L) and Ly, clad
layers are greater than those of the Lg clad layer. Combined with the
test results of the average microhardness of each clad layer, the average
microhardness of clad layer L(')50 is higher than the average microhard-
ness of clad layer Lg. The average microhardness of the L;so
clad layers is lower than the average microhardness of the L8 clad layer.
When the wear parameters are kept constant, the decrease in the aver-
age microhardness leads to an increase in the volume of the grinding ball
embedded in the clad layer. As a result, the wear width and wear depth
show a tendency to increase. In addition, it can be seen from Figs. 14(a)

and 15 that when the remelting time is kept constant, the wear width

1
and Lgso
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Fig. 13. Schematic diagram of the wear mechanism.
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Fig. 14. Cross-sectional wear patterns of the clad layer without remelting and after remelting with different remelting times and remelting power.
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Fig. 15. Wear width and wear depth of the clad layer without remelting and
after remelting with different remelting times and remelting power.

and wear depth increase with the increase of remelting power. The trend
of their changes is opposite to that of the average microhardness. This
result shows that the decrease in the average microhardness leads to an
increase in the wear width and wear depth. From Figs. 14(b), (c) and
13, it can be seen that when the remelting power is kept constant, the

(b) (c)

wear width and wear depth also show an increasing trend with the in-
crease of remelting time. This phenomenon is caused by the decrease of
the average microhardness with the increase of remelting time, which
leads to the increase of the wear width and wear depth. At the same
time, it can be seen from Figs. 14 and 15 that an increase in the remelt-
ing time or remelting power leads to an increase in the wear width and
wear depth. However, changing the remelting time does not change the
variation pattern of wear width and wear depth with remelting power.
Likewise, changing the remelting power does not change the variation
pattern of wear width and wear depth with the remelting time.

Fig. 16 shows the wear rates of the Lg clad layer and the clad lay-
ers after remelting with different remelting power and remelting times.
From Fig. 16(a), it can be seen that when the remelting time is 1,
the wear rates of the clad layers are arranged in the following order:
Lis,<LO<Ll  <Lis . This result indicates that the decrease in the av-
erage microhardness leads to an increase in the wear width and wear
depth, which results in an increase in the wear rate. In addition, it can
be seen from Fig. 16(a)-(c) that when the remelting time is kept con-
stant, an increase in remelting power leads to an increase in wear rate.
When the remelting power is kept constant, the wear rate shows an
increasing trend with the increase in the remelting time. This trend is
opposite to the trend of the average microhardness and is the same as
the trend of the wear width and wear depth with remelting power and
remelting time. This result indicates that the average microhardness de-
creases with increasing remelting power or remelting time, which leads
to a deterioration of wear resistance. However, changing the remelt-
ing time does not have a significant effect on the variation pattern of
the wear rate with remelting power. Similarly, changing the remelting
power does not have a significant effect on the variation pattern of the
wear rate with the remelting time.
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Fig. 16. Wear rate of the clad layer without remelting and after remelting with different remelting times and remelting power.

4. Conclusions

Laser remelting tests with different remelting power and remelting
times were conducted on YCF102 clad layer respectively, and the fol-
lowing conclusions were obtained:

(1) An increase in the remelting time or remelting power leads to an
increase in clad width, melting pool depth and dilution rate as well
as a decrease in clad height. The clad height of the Lémclad layer
is higher than that of the Lg clad layer, while the clad height of the
clad layer after remelting with other conditions is lower than that of
the Lg clad layer. The clad width, melting pool depth and dilution
rate of the clad layer after remelting with different remelting time
and remelting power conditions are greater than those of the Lg clad
layer.

(2) The increase of remelting time or remelting power leads to the de-
crease of average microhardness, increase of wear rate and deterio-
ration of wear resistance, but it does not change the trend of average
microhardness, wear rate and wear resistance with remelting power
or remelting time.

(3) The increase in the remelting time or remelting power does not
change the wear forms of the clad layer, but leads to an increase
in the volume of the grinding ball embedded in the clad layer and a
more intense wear of the clad layer.

(4) Under L!_ condition, the clad layer has not only high microhard-

650
ness, but also good wear resistance as well as low wear rate.
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