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ABSTRACT  

 

Manufacturing by the laser powder-based fusion (LPBF) method of additive manufacturing is in ris-

ing owing to the ease of the production of the complex shape metallic components. Optimization of the 

part’s production and performance brings the issue of residual stresses (RS) thus, different processing 

ways are being investigated to minimize the level of RS within the window of the processing parameters 

such as laser speed, power, orientation, etc. Previously, it was shown that in-process remelting after 

every three printed layers showed a positive effect on reducing tensile surface residual stress for L-

shaped part made of IN718. Using the aforementioned part as reference (RM-3), which used the same 

process parameters for both printing and remelting, three more parts were built with varying parameters 

for the remelting to compare the RS development. It was observed that keeping the energy density the 

same as for the RM-3 sample with a change in the laser power and scan speed resulted in increased 

surface tensile RS. A similar increment in RS was observed for the sample with increased energy density 

used for the remelting sequence. When the number of layers between the remelting sequence was re-

duced to one, only a slight increment in RS from the RM-3 sample was observed.   
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1. Introduction 

Laser-based powder bed fusion (LPBF) method is one of the common methods implemented 

in the realm of additive manufacturing (AM) technology to fabricate highly complex design 

components. This process relies on the laser beam scanning particular areas in the powder bed 

which is given as input from a CAD geometry in a layer after layer sequence. Due to this re-

peated process of laser melting, the temperature between the subsequent layers differs vastly 

due to high cooling rates in the order of  105 -106 K/s [1]. This thermal mismatch between 

already printed layers and freshly printed layer causes the development of residual stress (RS) 

during the process. The magnitude of the RS generated varies with processing parameters such 

as laser power, speed, laser scan strategy, material system, part orientation, etc. Previously, high 

levels of tensile stresses close to the yield strength of the material were observed at the surface 

[2] and these high levels of stress being generated can lead to the formation of cracks during 

printing as well as warping of the part [3–5], causing failure of the part while printing or leading 

to sub-optimal parts in terms of mechanical performance. It is well known that the magnitude 

of RS can affect the in-service life drastically especially in dynamic loading conditions. These 

RS are in an equilibrium state when no external loads are applied. However, when external 

mechanical loads are applied the RS can elevate or degrade the mechanical performance of the 
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component depending upon their magnitude and distribution. It is a known phenomenon that 

tensile surface RS can reduce the fatigue life of the component by assisting surface crack open-

ing, and growth [6–9] and the opposite is true for compressive surface RS which will deter the 

crack growth and thus increase the fatigue life [7–10].  In the best-case scenario, compressive 

RS at the surface or low level of tensile RS are desired.  

 LPBF process provides significant freedom in terms of the selection of processing parame-

ters to produce high-quality products. As mentioned earlier that temperature gradient is one of 

the main mechanisms to form RS, so the process parameters used can significantly alter the RS 

magnitude. Out of many laser scan strategies, the most common one is to employ a 67° rotation 

of laser movement between the layers to have a high-density part, to lower the degree of texture 

as well as to have a lower magnitude of the RS [11–14]. Also, the orientation of the part in the 

build plate and their placement in the build plate affect the RS magnitude for the same scan 

strategy employed for all the components [2,15–19]. Generally, using a shorter scan length has 

shown lower RS formation [20]. Similarly, non-standard strategies such as fractal scans had 

shown promising results in printing non-weldable superalloys which are highly susceptible to 

cracking [21]. 

Out of various scan strategies, remelting strategy where already printed layers are scanned 

again with the laser but without any new layer of powder being applied on top can modify the 

RS magnitude in as-built components. In an earlier study by Shiomi et al. [22] on 316L stainless 

steel, it was reported that re-scanning an already printed layer with 150 %  higher power than 

that used for printing reduced the RS by approximately 55 %. Changing the scan speed for 

rescanning can also affect the final RS magnitude and it had been reported that using a higher 

speed led to increased RS levels [23]. For IN718, using 5%  of the energy density used for 

normal printing for rescanning every layer resulted in a reduction of RS [24]. Also, it has been 

reported that remelting every 3rd layer with the same power used for the primary printing re-

sulted in approximately 25 % lower tensile RS at the surfaces [12]. To manufacture high-value 

complex components, fine-tuning of the process parameters depending upon geometry and the 

material being used is required. In the current work, the investigation is focused on the influence 

of different process parameters used for remelting sequences for L-shaped samples manufac-

tured using LPBF technology.  

  

1.1. Material and Method  

Samples from gas atomized Inconel 718 (IN718) powder with 10–45 µm particle size were 

printed using an SLM 125 HL (SLM Solutions Group AG, Germany) machine equipped with a 

soft rubber re-coater system and Argon was used as protective gas. In this study, L-shaped sam-

ples as shown in Fig. 1 were printed using four different scanning techniques for remelting.  For 

primary printing of layers for all the samples, a strategy with 67° rotation of laser path between 

the layers was employed. The layer thickness was kept at 30 microns and a laser hatch distance 

of 0.12 mm was used. Stainless steel 316L was used as the build plate and the temperature of 

the build plate was kept at 200° C. In total 8 samples were printed, 2 for each scanning strategy. 

One set of samples was used to create a sliced sample for the measurement of the stress-free 

lattice parameter. The reference sample (RM-3) was manufactured employing a remelting scan 

after every 3rd printed layer with the same process parameters as the primary printing. Details 

of samples printed for the current study together with respective parameters can be found in 

Table 1.  
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Table 1 Samples and parameters used for printing 

 Power 

(W) 

Speed 

(mm/s) 

Energy 

density (ED) 

(J/mm3) 

Remarks 

Primary 

printing 

200 900 61.7 Same for all the samples 

RM-3 200 900 61.7 Remelting every 3rd layer with 

the same strategy as for primary 

printing 

RM-P 300 1350 61.7 Remelting every layer with 

higher speed and power but the 

same ED 

RM-ED 300 900 92.59 Energy density changed and 

remelting was done every 3rd layer 

RM-1 200 900 61.7 Remelting done every layer 

with same ED as RM-3 

 

 

The RS were measured using the neutron diffraction technique at the KOWARI beamline of 

ANSTO. The neutron diffraction method relies on using a particular set of hkl planes as a strain 

gauge and change in distance between the planes dhkl due to the RS is measured using Braggs 

law [25]. This measured distance is converted into strains using a stress-free sample where the 

same hkl planes are measured. For the current study 311 planes were measured as IN718 is  FCC 

dominant material and this plane is least affected by texture and has high intensity as well [25]. 

Strains were measured parallel to the sample axes X, Y, and Z at four cross-sections as shown 

in Fig. 1. The stress components along these axes were calculated using elastic isotropy Hooke’s 

law and elastic constant values for the 311 plane: E311 = 202 GPa and ν311 = 0.31 from [26].  

Uncertainty for the stress values calculated for each point was ~30 MPa. Details regarding ex-

perimental setup and the stress-free sample measurement and stress (force) balance in the cross-

section can be found in [12]. 

 
Fig. 1 Sample geometry and measured cross-sections with measured points (each point represents gauge volume 

size of 2 x 2 x 2 mm3) 
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2. Results and Discussion 

Results from the neutron diffraction measurements are presented in Fig. 2 for the cross-sec-

tions C1 and C2 in the different samples. For σz along the build direction (BD), tensile stresses 

near the surface are revealed, with a gradual change towards a compressive field in the center 

of the cross-sections for all the measured samples. Similar stress distributions with a stress mag-

nitude between 600 - 850 MPa near the surface and about -600 MPa in the central region are 

observed for all the samples. For the C2 cross-section, the tensile stresses are in general some-

what higher due to the presence of the hole. On the other hand, low tensile stresses near the 

surface, around 200 MPa, and compressive stresses of similar magnitude in the center region 

are observed for both σy and σx which are in the transverse (Y) and through-thickness (X) direc-

tion, respectively.  

It is evident that keeping the energy density (ED) the same but increasing laser speed and 

power for the remelting sequence resulted in higher tensile stresses in BD in the RM-P sample 

in comparison to the reference sample (RM-3). This tensile stress increased by approximately 

200 MPa and 150 MPa near the surface is observed in the C1 and C2 cross-sections, respec-

tively. From Fig. 2 looking into sample RM-ED, increasing the energy density also gave higher 

stress in BD near the surface for both C1 and C2 cross-sections but in contrast to the RM-P 

sample a slightly lower increment was observed in C1, and a higher increment was observed in 

C2. When the remelting was performed on every layer in RM-1, no big variation in stress dis-

tribution and magnitude was found for the C2 cross-section but a slight increment in the C1 

cross-section for the BD in comparison to the RM-3 sample. For the other stress components 

for all the samples, no significant variation in stress distribution was observed for C1 and C2 

cross-sections. 

  Looking into the other two cross-sections, C3 and C4 (see Fig. 3 and Fig. 4), also reveals a 

stress change from tensile to compressive with moving from the outer surface towards the bulk 

of the cross-sections. Both the cross-sections in samples RM-P, RM-ED, and RM1 showed 

slightly lower values of stresses near the base plate (at Z=0) for the σy which is perpendicular to 

the cross-section. Higher stress levels of approximately 400 MPa and 200 MPa were observed 

near the top surfaces, Z= 55 mm, and 20 mm for C3 and C4 respectively. Similarly, a very low 

level of tensile stress is observed for σz close to the base plate for RM-P, RM-ED, and RM-1, 

and a greater region of higher compressive stress is seen in comparison to the RM-3 sample. As 

for σx, no big variation in stress distribution is observed in both the cross-sections between the 

samples and therefore are not presented here.  

Remelting every 3rd layer (RM-3) using the same parameters as for the primary printing re-

duced the surface tensile stresses by approximately 25 % as mentioned earlier [12]. This is 

because one of the primary reasons for RS formation in AM is due to the temperature gradient 

between the consecutive layers and the temperature gradient between the layers is decreased as 

the remelting will elevate the temperature of the already cooled layer to a higher level and thus 

reduce the thermal strain developed during processing. Changing the laser power and scan speed 

while keeping the rest of the remelting parameters unchanged has modified the magnitude of 

the RS. This phenomenon can be linked to the difference in the resulting temperature rise of the 

solidified layers by the remelting sequence or cooling rate. In the case of the RM-P sample, both 

the laser power and speed were increased for the remelting sequence. Although the total energy 

input was the same as for the RM-3, due to the higher scan speed, heat conduction from the melt 

pool to the already solidified layers and bulk was quicker, resulting in higher thermal strains 

which created the higher magnitude of RS. In the case of the RM-ED sample, a higher energy 

input due to the increment in laser power led to more heat accumulation, leading to a greater 

heat-affected zone. Due to the slower scan speed, the heat accumulated gets dissipated to the 

bulk more gradually than in the RM-P sample so the change increment in RS is slightly lower 

than in the RM-P case, but the distribution remains the same. In the case of the sample without 
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any remelting utilized, the effect of increasing energy density has been studied earlier and it has 

been reported that increasing energy density is not beneficial from the point of view of RS [27–

29].  

Remelting every layer (RM-1) did not show any significant change in RS magnitude and 

distribution in comparison to the RM-3 sample. In principle remelting every layer should in-

crease the temperature of the already printed layers higher than doing it after every 3rd layer but 

from the observation, there is no strong evidence to suggest that. This can be due to the use of 

the same energy density for both cases and this leads to the same penetration depth which is 

typically between 3 – 4 layers. Thus, the heat affect zone will be similar. So, from point of view 

of reducing the time for printing remelting should be done based on the number of layers the 

laser can penetrate with one set of parameters. 

 

 

 
Fig. 2 Measured stress distribution for different samples for C1 and C2 cross-sections 
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Fig. 3 Stress distribution for C3 cross-section 

 

 
 
Fig. 4 Stress distribution for C4 cross-section 

3. Conclusion:  

With remelting, RS can be reduced in comparison to the normal printing with the same pa-

rameters, but careful selection of remelting parameters is important to achieve the desired re-

duction in surface RS. Here it was observed that the same energy density but with higher speed 

and power used for the remelting can increase the RS levels at the surface in the building direc-

tion. Similar nature of RS distribution and magnitude was also observed for samples with higher 

energy density for the remelting scan. In addition, remelting at every printed layer does not 
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seem to have any positive influence on decreasing the RS levels. While this study demonstrates 

the dependence of RS on processing parameters for the re-melting strategy (RM), more com-

prehensive investigation is required to fine-tune and identify the optimum process parameters 

such as scan strategy, power, speed, number of layers after which re-melting is to be done, etc., 

for remelting to be adopted as one of the methods to reduce the RS in as-built samples. 
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