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Abstract. In this paper, the selective laser melting (SLM) simulation analysis of components is carried out. 
The residual stress distribution of the formed part was predicted, and the influence of process parameters 
such as exposure time, laser power and laser scanning speed on the residual stress of the SLM formed part 
was analyzed. It was found that the residual stress concentration of the formed part was in the middle of the 
upper surface or the bottom surface. In addition, the laser power and the laser scanning speed have a great 
influence on the residual stress of the formed part. The results of this study lay a theoretical and experi-
mental basis for the optimization of residual stress and quality control of SLM components. 

1 Introduction 

Selective laser melting (SLM) is a typical additive manu-
facturing technology. This technology is used to produce 
a high-performance metal part with complex three-
dimensional structure by completely melting the metal 
powder in the laser selection zone, cooling and solidify-
ing by heat dissipation, and layer-by-layer stacking[1]. 
The obtained metal parts have low porosity and favora-
ble mechanical properties[2,3].  However,  due to the 
concentrated energy and high power of the laser, the 
temperature distribution is not balanced,  and , thus, 
there exist  a high residual stress inside the part being 
formed t[4,5].  

In the recent years, many studies on SLM have been 
performed. For example, Kimura et al. studied the mi-
crostructure and mechanical properties of SLM parts 
prepared under optimal laser irradiation conditions[6]. 
Parry et al. analyzed the effects of different scanning 
strategies on the residual stress distribution of parts be-
ing formed  by developing a thermodynamic model[7]. 
Matsumoto et al. used the finite element method to study 
the elastic deformation and heat conduction of SLM 
parts, and concluded that the deformation degree of SLM 
formed parts is proportional to the length of laser scan-
ning[8]. 

 Jiang et al. studied the prediction and control of the 
residual stress of the parts, and proposed a residual stress 
volume model to evaluate the residual stress of the gen-
erated surface and subsurface[9]. Dai et al. compared the 
effects of different laser scanning methods on the stress 
distribution of formed parts[10]. 

Based on the aforementioned  analysis and compari-
sons, we  investigate the relationship between the re-

sidual stress of the SLM part and the process parameters 
of the SLM process  with accounting or the actual situa-
tion in the forming process, measurements of  the re-
sidual stress of the SLM formed parts with different pro-
cess parameters and comparison of measirements  with 
simulations. The  key  parameters controlling impacts 
of the process parameters on the residual stress of the 
formed part and the residual stress in the SLM process  
have been derived and discussed. 

2 Experiments 

2.1 Experimental procedure 

The process parameters that can be changed in the mold-
ing process of the SLM equipment used in this paper are 
laser scanning strategy, scanning speed, preheating tem-
perature, exposure time, laser power and so on.  

According to the different process parameters, the 
difference of residual stress of the SLM parts was com-
pared, and the influence of different process parameters 
on the residual stress of the sample was studied.  

The process parameters of this equipment are shown 
in Table 1. The sample used is AlSi10Mg powder with a 
particle size of 50μm. The chemical composition of the 
powder is shown in Table 2. 

In this experiment, the residual stress of the sample 
was tested using the Tec4000 X-ray diffraction system 
model (Figure. 1(a)). The distribution of sample residual 
stress test points is shown in Figure. 1(b). 
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Table 1. Parameters of selective laser melting 

Parameters Value 

Laser power 200W,300W,400W 

Scanning speed 100mm/s , 200 mm/s，300 
mm/s 

Exposure time 112μs, 140μs, 168μs 

Table 2. Chemical composition of AlSi10Mg 

Elements Si Mg Fe Cu Mn Al 

Composition 
(wt%) 11 0.6 2 0.6 0.35 Bal 

(a) Residual stress test 

 
(b) Test point distribution 

Fig. 1. Test scheme for sample residual stress 

2.2 Model 

The selection of heat source model in the simulation of 
SLM process has great influence on the calculation pre-
cision of stress field. The heat source model with uni-
form distribution is mostly used in the early research, 
and the Gaussian distribution heat source model, double 
elliptical heat source model and combined heat source 
model are widely used at present. In this paper, consider-
ing the size of the powder and the gap between the pow-
der, the laser can radiate directly to the formed surface, 
so that the powder is melted in an instant. Therefore, the 
Gaussian cylinder heat source model with uniform dis-

tribution in the height direction is used in this paper. The 
heat source equation was written as follows: 

       𝑞𝑞(𝑥𝑥,𝑦𝑦) = 2𝐴𝐴𝐴𝐴
𝜋𝜋𝜔𝜔2 exp (−2 𝑥𝑥2+𝑦𝑦2

𝜔𝜔2 )          (1) 

Where q (x, y) is the laser power density; P is the la-
ser power; ω is the laser spot diameter; A is the absorp-
tion rate of the powder bed to the laser; 𝑥𝑥2+𝑦𝑦2 is the dis-
tance from any point of the powder bed to the center of 
the spot. 

The generalized three-dimensional heat conduction 
equation in the rectangular coordinate system is as fol-
lows: 

      cρ 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 𝑘𝑘(𝜕𝜕
2𝜕𝜕

𝜕𝜕𝑥𝑥2
+ 𝜕𝜕2𝜕𝜕

𝜕𝜕𝑦𝑦2
+ 𝜕𝜕2𝜕𝜕

𝜕𝜕𝑧𝑧2
)          (2) 

Where c is the heat capacity of the material; ρ is the 
density of the material; k is the thermal conductivity of 
the powder bed. 

In order to avoid a large temperature gradient in the 
process of powder melting, the whole powder bed should 
be preheated before melting, so that the uniform preheat-
ing temperature is 𝑇𝑇0. 

           𝑇𝑇(𝑥𝑥,𝑦𝑦, 𝑧𝑧, 𝑡𝑡)|𝜕𝜕=0 = 𝑇𝑇0           (3) 

There is heat convection and thermal radiation on the 
surface of the powder bed and the surrounding environ-
ment, so the temperature field model are as follows:  

 −k 𝜕𝜕𝜕𝜕
𝜕𝜕𝑧𝑧
�
𝑧𝑧=0

+ ℎ(𝑇𝑇𝑆𝑆 − 𝑇𝑇𝐸𝐸) + 𝜎𝜎𝜎𝜎(𝑇𝑇4 − 𝑇𝑇𝐸𝐸4) = 𝑞𝑞  (4) 

Where TS is the surface temperature of the powder 
bed, TE is the ambient temperature, h is the convective 
heat transfer coefficient, and ε is the thermal radiation 
coefficient, σ is the Stefan-Boltzmann constant about 
5.67×108𝑊𝑊/(𝑚𝑚2𝐾𝐾4). 

After the parameters of the model are determined, the 
three-dimensional finite element model is established as 
shown in Figure 2.  

 

Fig. 2. Three-dimensional finite element model 
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3 Result and discussion 

3.1 Residual stress result of simulation and ex-
periment 

According to the process parameter setting of the SLM 
process in Table 1, the residual stress of the test points 
obtained by the simulation is compared with the data 
measured by the experiment. As shown in Figure 3, it 
can be seen that the error between the experimental re-
sults and the simulation results is small. It indicates that 
the parameters of the heat source model and process pa-
rameters in the simulation are consistent with the actual 
SLM forming process, which proves that the method can 
be used to predict and calculate the residual stress of 
SLM formed parts. 

Table 3 shows the residual stress values at each point 
of the sample with different exposure time. Under differ-
ent exposure time, the maximum residual stress of sam-
ple 2, sample 3 and sample 4 is 81.3MPa, 73.9MPa, 
65.8MPa, the residual stress of point 1 has a slight de-
crease. However, with the decrease of exposure time, the 
increase of residual stress is not particularly obvious. 

 

Fig. 3. Experimental results and simulated results of 
sample residual stress 

3.2 Effect of laser power on residual stress 

Figure 4 shows the residual stress distribution of the 
sample during SLM simulation with different laser pow-
er. When the laser power is 200W, the residual stress of 
the sample is 45 MPa to 90 MPa, and the residual stress 
at the midpoint is 97 MPa. When the laser power is 
300W and 400W, the residual stress of the sample varies 
from 50MPa to 115MPa and 53MPa to 135MPa, respec-
tively. The residual stress nephogram of the sample is 
shown in Figure 6. It can be seen that as the laser power 
increases, the residual stress gradually increases, and the 
residual stress in the bottom region of the sample is larg-
er. 

It found that in the SLM process, powder will absorb 
large energy and produce molten pool because of the 
laser beam, which can promote the heat transfer of inter-
laminar structure, reduce the thermal cycle inhomogenei-
ty in the process of laser scanning, and improve the qual-
ity of the specimen. But when the laser power is too 
high, the laser energy absorbed by the powder increases 

to form a large molten pool, which leads to a significant 
decrease in viscosity and a decrease in the solidification 
rate of the molten pool, resulting in reduced quality of 
SLM formed parts. 

Fig. 4. Residual stress of sample with different laser power 

3.3 Effect of laser scanning speed on residual 
stress 

The residual stress of the sample with different laser 
scanning speed is shown in Figure 5. When the laser 
scanning speed is 100mm/s, the residual stress at the 
midpoint is 95MPa, the scanning speed increases from 
200mm/s to 300mm/s, and the residual stress at the mid-
point of the sample increases from 123MPa to 130MPa. 
The residual stress nephogram of different laser scanning 
speed samples is shown in Figure 7. As the laser scan-
ning speed increases, the residual stress changes very 
obviously. And both Figure 6 and Figure 7 show that the 
stress concentration position is at the bottom of the sam-
ple and in the middle of the surface.  

 

Fig. 5. Residual stress of sample with different scanning speed 

As the laser scanning speed is increased, the input 
energy of the laser is reduced, the shorter the residence 
time of the laser beam, the higher the cooling speed of 
the forming area, the temperature gradient is increased, 
the non-uniform thermal deformation behavior of the 
formed part is more obvious, and the residual stress of 
the SLM formed part is increased. 
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Table 3. Test of residual stress of sample 

 
Exposure 

time 
（µs） 

Point 1 
residual stress

（MPa） 

Point 2 
residual stress
（MPa） 

Point 3 
residual stress
（MPa） 

Point 4 
residual stress
（MPa） 

Point 5 
residual stress
（MPa） 

Sample 1 100 19.6 49 53.8 78.6 56.1 

Sample 2 112 14.1 42.1 81.3 49.9 37.6 

Sample 3 140 13.3 23.4 73.9 42.6 34.7 

Sample 4 168 15 38.3 65.8 49.9 27.9 
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90 
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Fig. 6. The residual stress nephogram of the sample (MPa): (a) 200W; (b)300W; (c)400W 

190    (a)                             (b)                           (c) 

150 

90 

50 

10 

Fig. 7. The residual stress nephogram of the sample (MPa): (a) 100mm/s; (b)200mm/s; (c)300mm/s 

 

4 Conclusion 

The simulation results show that the influence of differ-
ent process parameters on the residual stress of the SLM 
parts is different. The influence of exposure time on the 
final residual stress of the formed part is very limited, 
while  the scanning speed can considerably  affect the 
temperature field of the formed part, and cause  chang-
es in the final residual stress. The laser power has a sig-
nificant effect on the residual stress of the part being 
formed. In addition, the central part of the surface of the 
sample of the SLM and the stress concentration in the 
bottom of the sample were  found. 

Therefore, a careful setting of each process parameter  
is needed to control the residual stress of the SLM 
formed part and to improve the quality of the formed 
part. 
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