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Abstract: Based on genetic algorithm and neural network algorithm, the finite element analyses on the temperature fields and stress 
fields of multi-track laser cladding were carried out by using the ANSYS software. The results show that, in the multi-track cladding 
process, the temperature field ellipse leans to the cladding formed, and the front cladding has preheating function on the following 
cladding. During cladding, the longitudinal stress is the largest, the lateral stress is the second, and the thickness direction stress is the 
smallest. The center of the cladding is in the tensile stress condition. The longitudinal tensile stress is higher than the lateral or 
thickness direction stress by several times, and the tensile stress achieves the maximum at the area of joint between the cladding and 
substrate. Therefore, it is inferred that transversal crack is the most main crack form in multi-track laser cladding. Moreover, the joint 
between cladding and substrate is the crack sensitive area, and this is consistent with the actual experiments. 
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1 Introduction 
 

The laser cladding, as a new material processing, is 
a superficially modified technology. It has high energy 
density, good controllability, compact cladding 
microstructure, few microscopic flaw, and high bonding 
strength. And it has also many advantages in the 
technological process, such as being easy to realize 
automation, little pollution to the environment, no 
radiation, and low noise[1−2]. So, widespread interests 
have been aroused. 

Laser cladding is a process of heating, phase 
transformation, cooling, and coagulation, whose thermal 
process is complex. Because its heating and cooling are 
very quick, large internal stress will occur, which causes 
the components of laser cladding contorted and cladding 
cracked, and so on[3−5]. This has serious influence on 
the quality of the cladding components, even causes the 
components abandoned. Therefore, researching the 
producing principle of the stress of laser cladding, and 
then proposing the methods to reduce and eliminate the 
residual stress have the vital practical significance to 
perfect and popularize the laser cladding technology 
[6−10]. 

 
2 Testing methods and materials 
 

The power for the test is a crossflow CO2 JKF−6 
laser, with a wide band cladding powder feeder. The size 
of nozzle section is 15 mm×(0.7−0.8) mm, and the size 
of facula is 25 mm×2 mm. The light beam pattern is in 
the multi-mold, and the work table is the X-Y 
2-coordinate lathe controlled by SCM. 

The matrix material is the Q235 steel plate, and the 
cladding material is Ni60 self fluxing alloy. The 
granularity of cladding material is 50−60 µm, and the 
loose-packed density of the powder is 4.16 g/cm3. 

The temperature and stress fields of the laser 
cladding were forecasted by the simulation software of 
ANSYS on the basis of genetic algorithm and neural 
network algorithm. 
 
3 Temperature field of laser cladding 
 
3.1 Physical model 

The heat source model was divided into two parts of 
the substrate and the powder. The powder receives 
heating from the laser beam before arriving at the 
substrate. Because the time is extremely short, it is  
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supposed that all the power absorbed by the powder in 
flight process is used in temperature rising completely, 
and temperature of powder after rising is exerted to 
cladding units. According to Picasso theory, the energy 
absorption of the substrate was divided into two parts: 
the direct absorption and the heat transfer. The direct 
absorption was realized through the form of body heat. 
The temperature rising was computed by analysis 
methods. The heat source model of laser beam was 
considered a heat source of columnar Gauss body 
[11−13]. 

The moving program of the heat source was 
compiled in APDL language. In actual operation, Decca 
coordinate system was used as solution coordinate 
system throughout. The load was exerted under the 
partial coordinate system, so the transformation from 
time to spatial was realized by the coordinate 
transformation in cladding direction, namely the Z axis 
direction. The growth process of the cladding units was 
simulated simultaneously depending on the life and death 
unit technology of ANSYS[14−15]. 
 
3.2 Simulation analysis on temperature field of single- 

track laser cladding 
The simulation realizes the process that the cladding 

grows gradually along with the movement of laser facula. 
Fig.1 shows a distribution chart of the temperature field 
in a moment. It is shown that, the substrate scanned by 
the laser beam will form cladding, and the cladding units 
that have not been scanned were “killed to death”. Fig.1 
does not show the death units, and this process is similar 
with the actual laser cladding process. In Fig.1, the 
highest temperature of the cladding center is 2 372 K, 
higher than the melting point of the cladding material. 
 

 
Fig.1 Cloud chart of temperature field at some time 
 

Fig.2 shows the contrast image between the actual 
molten pool and the simulated molten pool, and they are 
consistent basically. The simulated fusion depth is 0.5 
mm, and the actual fusion depth is 0.48 mm. The fusion 
depth of the substrate is shallow, which is in agreement 
with the low dilution in actual laser cladding. And the 
substrate under the entire cladding has a certain fusion 
depth, which ensures the bonding strength between the 
substrate and the cladding. So, the model used in this  

 

 

Fig.2 Simulated and actual molten pool 
 
work is reasonable, and it can be used in the next 
simulation analysis. 
 
4 Temperature field of multi-track laser 

cladding 
 

In the actual production, the laser cladding is 
actually a multi-track bead welding process. In this 
experiment, the laser power is 2.0 kW, the scanning rate 
is 3.0 mm/s, the speed of delivering powder is 71.36 
mg/s, the initial temperature of the cladding powder is  
1 570 ℃, and the power of the substrate absorption is 
816 W. The simulation is the same as the single track 
cladding, with the cladding and nearby mesh refined. 
Fig.3 shows a schematic diagram of multi-track laser 
cladding points, and the overlap ratio takes 20%. 

One track cladding needs 16.667 s, and the return 
time of the laser is 1 s, that is, overlapping time-gap is  
1 s. Completing 3-track cladding needs approximately 52 
s, and all the tests are in the condition of cooling in air. 
Fig.4 shows the cloud charts of the temperature field at 
different moments. Fig.4(a) shows the temperature field 
when the second cladding finishes, and the temperature 
field presents a towed semi-ellipse. Fig.4(b) shows the 
temperature field distribution after the laser returns, and 
the temperature field is no longer the towed ellipse, 
whose maximum temperature is 861.602 K, lowest 
temperature is 630.836 K, and the temperature drops 
very quickly. Fig.4(c) shows the temperature field 
distribution of the third cladding process, and the 
temperature field presents a towed partial ellipse. The 
ellipse of temperature field is not symmetrical by the 
center of the facula, but forms the deviation on one side 
of the cladding, which is the difference between the 
multi-track temperature field and the single-track 
cladding. The phenomenon that the multi-track cladding 
forms the partial ellipse, is induced by the influence of 
the former cladding on the latter one. There is an initial 
temperature difference between the cladding region and 
non-cladding region. Fig.4(d) shows the temperature 
field distribution at the time of 310 s later from the 
beginning. It can be seen that the temperature field 
becomes a sealed ring with the medium temperature of 
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Fig.3 Order of multi-track laser cladding and points taken 
 

 

Fig.4 Cloud charts of temperature field: (a) t=34.333 s; (b) t=35.667 s; (c) t=44.333 s; (d) t=310 s 
 
the entire workpiece higher than that at perimeter, but the 
temperature difference is only 2 K, and the temperature 
field is in the stable state. 

Along with increasing tracks of the cladding, the 
temperature field of the entire workpiece tends to be 
balanced, and the influence of the temperature field of 
the former track on the latter one becomes smaller and 
smaller, so the towed partial ellipse of the multi-track 

cladding gradually turns to towed ellipse. 
 
5 Stress field of laser cladding 
 

The internal stress in the laser cladding is the typical 
heat stress formed as a result of the material temperature 
change, and the most direct-viewing flaw is the lateral 
coagulation crack. Therefore, the heat stress fields are 
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constructed on the basis of the temperature fields above. 
The initial conditions are: ambient temperature 293 K, 
and stress 0 MPa. Using the life and death unit 
technology of ANSYS, the growth process of the 
cladding was simulated. All the cladding units were 
killed before the cladding started, and at each step of heat 
stress computation, the computed result of corresponding 
temperature field was loaded to the model of stress field. 
Before the computation started, the attribution of  
molten metal was defined, including cladding powder 
and substrate in the melted state, and their yield strength 
and elasticity coefficient were defined to be very low 
without changing along with temperature. The 
mechanical property parameters of the cladding material 
and the substrate not melted will change along with 
temperature. 

Fig.5 shows the distribution of longitudinal stress 
field in the cladding process. It can be found that, the 
substrate in front of the pool produces heat expansion, 
which is restricted by the materials around, so it has the 
non-uniform compression plastic deformation. In the 
compress stress condition, the stress of the cladding 
metal in the pool nearby is equal to zero. The coagulated 
cladding metal is in the tensile stress condition, and the 
center of coagulated cladding approaching the substrate 
is the area where the tensile stress is the largest. Because 
the temperature gradient in this region is the largest, the 
thermal stress produced should also be the largest. 
 

  
Fig.5 Cloud chart of longitudinal stress distribution 
 

Fig.6(a) shows the contour map of temperature field 
of the longitudinal residual stress at time of 600 s. In this 
chart, the maximal longitudinal residual stress is σz, max= 
978 MPa, and it appears in the cladding approaching to 
the surface of the substrate. This is determined by the 
differences between the cladding material and the matrix. 
The yield strength and shear modulus of cladding 
material are both higher than those of the substrate, and 
temperature difference of cladding is large, so the larger 
residual stress is caused. Fig.6(b) shows the contour map 
of temperature field of the transverse residual stress after 
cooling for 600 s, and the maximum of transverse 
residual stress appears in the interface of the cladding 
boundary and substrate, σx, max=378 MPa. 

 

 

Fig.6 Cloud charts of residual stress distribution: (a) Longitu- 
dinal residual stress; (b) Lateral residual stress 
 

Fig.7 shows the curves of the stress of one point in 
cladding center changing along with cladding time. 
Before the laser facula arrives at this point, the unit of 
this point is killed, and the computation value of the 
stress field is zero. When the time is 6.667 s and the laser 
facula shines on this point, the unit is activated, and the 
temperature achieves the melting point rapidly. At this 
moment, the yield strength, shear modulus, elastic 
modulus and so on in the fusing unit are all very small, 
and the computation value of stress field is 
approximately zero. When the time is 7.333 s, the laser 
facula emigrates from this point, the temperature reduces 
rapidly to the melting point, and this point starts to 
coagulate. With the temperature continuing to decrease, 
the material contracts induced by cooling. But the 
behavior of contraction is not free, which is limited by 
the parent metal or the temperature non-uniformity, and 
it is in the tensile stress condition. The restraint to the 
contraction in each direction is different. The tensile 
stress is different. The longitudinal stress is the largest, 
the transverse stress is the second, and the thickness 
direction stress is the smallest. In the plastic range, the 
tensile stress is decided by the flow stress of the material. 
Along with the temperature dropping, the flow stress 
increases, and the tensile stress has the trend of 
escalation. After the material enters the elastic stage, 
lateral and Z-direction tensile stresses drop obviously, and 
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Fig.7 Stress changing with time 
 
the longitudinal stress maintains basically. 

The changing progresses of three-direction strain at 
this point in cladding center are shown in Fig.8, 
including thermal strain, elastic strain, plastic strain and 
total strain. When t=6.0−6.33 s, this point is just in the 
laser facula, and at the melted state, therefore the 
situation appears that the strain rises suddenly, but the 
distortion at melted state does not have the influence on 
the distortion of the material coagulating later. With the 
laser facula leaving away, the temperature of this point is 
reduced rapidly, and the strain is reduced rapidly too. In 
the elastic stage, the total strain goes gently. It is also 
found that, in the three strains, the thermal strain is the 
largest, and it is always larger than zero, but the plastic 
strains of lateral and Z-direction are smaller than zero. 
The plastic strain of longitudinal direction is larger than 
zero. No matter how the expressions of the elastic strain 
and the plastic strain change, the total strain is always 
larger than zero. This indicates that, whether the 
materials have tensile or plastic deformation depends on 
the thermal strain. The final situation is that the lateral 
strain is smaller than zero, the thickness direction strain 
tends to zero, and the longitudinal direction strain is the 
largest. 

Fig.9 shows the cloud charts of the lateral and 
Z-direction strain after cooling. It can be seen that the 
lateral and Z-direction strains change from positive to 
negative along with the way from cladding surface to 
substrate. The positive strain is only at the surface of 
cladding, and the negative strain achieves the maximum 
in the area near the pool (substrate). In Fig.9(b), the 
longitudinal strain in the cladding changes from negative 
to positive along with the way from cladding surface to 
substrate; the largest positive strain is in the 
cladding-side pool; and the longitudinal shrinkage of the 
cladding is obvious. No matter it is in positive or 
negative strain, the strain at the cladding surface is 
smaller than that at the joint between the cladding and the 

 

 
Fig.8 Change of strain with cladding time: (a) Lateral strain; (b) 
Z-direction strain; (c) Longitudinal strain 
 
substrate. So, the crack sensitive areas are in the center 
of the cladding and the joint between the cladding and 
the substrate. 

Fig.10 shows the curves of the longitudinal stress 
and the lateral stress changing along with Z-direction 
after 600 s cooling. It is shown that, the longitudinal 
stress of the cladding which is defined in 1 mm, achieves 
the maximum at the joint between the cladding and the 
substrate. The lateral stress in the cladding changes from 
pressing to pulling and then to pressing, and the tensile  
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Fig.9 Cloud charts of strain: (a) Lateral and Z-direction strain; 
(b) Longitudinal strain 
 

 
Fig.10 Curves of stress: (a) Longitudinal stress; (b) Lateral 
stress 

stress also achieves the maximum which is about 20% of 
the maximum longitudinal stress at the joint between the 
cladding and the substrate. So, the joint is the crack 
sensitive area, and the transversal crack is the main form 
of cracking. 

Because the cooling rate of cladding center is low, 
the concreting and shrinking rate is also lower than that 
around. Among the three-direction stresses, the 
longitudinal stress is much larger than others, so that the 
longitudinal bounding function is more serious, and 
finally longitudinal direction has tensile strain, and other 
two have compress strain, which causes the transversal 
cracks. This is consistent with the actual experiments. 
Fig.11 shows the appearance and distribution of 
transversal cracks in actual experiments. 
 

 
Fig.11 Transversal cracks of laser cladding 
 
6 Conclusions 
 

1) The finite element model of the laser cladding 
process is founded, and the delivering process of powder 
in the laser cladding is realized by the life and death units 
technology of ANSYS. From the simulations, the fusion 
depth of substrate is shallow, which is consistent with the 
low dilution ratio in the actual experiments. The 
simulated depth of fusion is 0.5 mm, and that in the 
actual experiments is 0.48 mm, which proves that the 
model used to simulate the temperature field of laser 
cladding is reasonable. 

2) The temperature field of multi-track cladding 
looks like a towed partial ellipse. It is not symmetrical by 
the center of the laser facula, but inclines to the cladding 
layers, which is the difference of the temperature fields 
between the multi-track and the single-track. 

3) The front tracks have preheating function on the 
following tracks. No matter in the substrate or the 
cladding, the maximum temperature of the next track is 
higher than the former. 

4) The stress fields are simulated based on the 
temperature field, and the kinetic simulations are realized 
on the stress field changing along with the time. The 
results indicate that the longitudinal stress of the 
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cladding is the largest (978 MPa), the lateral stress is the 
second, and thickness direction stress is the smallest. The 
center of the cladding is in the tensile stress condition. 
The longitudinal tensile stress is higher than the lateral 
and thickness direction stress, and achieves the 
maximum in the joint of cladding and substrate. 

5) The transversal crack is the most main crack 
form. Moreover, the joint of cladding and substrate is the 
crack sensitive area, and this is consistent with the actual 
experiments. 
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