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Abstract 

 

The unique thermal history associated with the LPBF manufacturing process is closely linked to the distinct behaviour 

exhibited by parts manufactured via this method, which significantly deviates from that of parts produced via conventional 

techniques. Specifically, AlSi10Mg specimens manufactured via LPBF exhibit a heterogeneous microstructure, 

unequivocal high-strength properties, and a distinct response to thermal loading. This latter characteristic can be regarded 

as a crucial parameter in determining the potential applications of LPBF-manufactured AlSi10Mg specimens, as it 

indirectly indicates the microstructural alterations induced by thermal loading. In this study, we explore the thermal 

behaviour of AlSi10Mg cylinders produced via L-PBF through physical simulations. Three different thermal cycles were 

applied to the cylinders, and the imposed and actual temperatures were evaluated and compared. Subsequently, the 

obtained signal was filtered to eliminate the effects of the PID controller. The filtered signal was then subjected to a 

thorough analysis, with a focus on comparing the identified peaks with the distinct thermal behaviour previously reported 

in the literature for LPBF AlSi10Mg specimens. These identified peaks were subsequently linked to temperature-induced 

microstructural changes. The noteworthy correlations established in this investigation can be perceived as foundational 

knowledge for tailoring the heat treatment processes applied to LPBF-manufactured AlSi10Mg parts. 

 

Keywords: thermal behaviour; physical simulation; LPBF; AlSi10Mg. 

 

 

1. Introduction  

 

Prominent progress in process reliability, productivity and product quality over past years can be perceived as the 

major reasons for the increasing popularity of LPBF processes in automotive and aerospace industries, especially in the 

production of parts with high strength-to-weight ratio and intricate designs [1], [2], [3]. 

The specific, and highly complex nature of this manufacturing technology however facilitates the strongly distinctive 

characteristics of the manufactured parts, that significantly differ from those ones of the same materials but processed 

conventionally. Currently, a high number of researchers describe the particular associations within the compounded 
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process-structure-property interrelationship of the parts manufactured by LPBF, however, this area still needs a more 

thorough understanding [4], [5]. 

Notably, it is already generally recognised that a good part of the unique characteristics of LPBF parts can be 

associated with their solidification conditions with rapid cooling rates, reheating thermal cycles and overall complex 

thermal history, and their consequent fine-grained and heterogeneous microstructure. To contribute to the better 

comprehension of the threefold interrelationship underlying the LPBF manufacturing process, and to improve the overall 

applicability of this manufacturing technology in various industries, rigorous knowledge of the specific behaviour of 

components manufactured by LPBF is considered crucial [6], [7], [8]. 

The behaviour of LPBF-manufactured specimens under thermal loads can be perceived as an important parameter for 

their prospective application and can indirectly indicate the microstructural changes within the specimens caused by 

thermal loads. The lack of existing research studying the behaviour of LPBF-manufactured specimens under thermal load 

is reflected in the current practice of thermal treatment of LPBF-manufactured specimens, where rather conventional 

types of treatment are still applied. It should be noted that fundamental differences between the conventionally 

manufactured specimens, and specimens manufactured by LPBF make the traditional types of thermal treatment often no 

longer effective [9], [10]. 

The present study investigates the thermal behaviour of AlSi10Mg cylinders manufactured by L-PBF using physical 

simulations. The AlSi10Mg cylinders were subjected to 3 different thermal cycles, where imposed and the real 

temperature of the cylinders were compared. Subsequently, the received signal was filtered with the simulated influences 

of the PID controller. The filtered signal was then closely analysed, comparing the identified peaks with the unique 

thermal behaviour of LPBF AlSi10Mg specimens found in the literature. The identified peaks were further associated 

with temperature-induced microstructural changes. 

 

2. Materials and methods 

 

Three cylindrical specimens with a diameter of 12 millimetres and a total length of 120 millimetres (Fig. 1) were 

fabricated by Laser Powder Bed Fusion (L-PBF) using EOSINT M270 machine (EOS, Germany). The specimens were 

manufactured from gas-atomized virgin AlSi10Mg powder, supplied by EOS. The employed processing parameters are 

represented in Table 1. The specimens were positioned in a vertical direction, and a zigzag scanning strategy, with a 

rotation angle of 67° between consecutive layers was employed. 

 

 
 

Fig. 1. LPBF manufactured AlSi10Mg cylinder 

 
Laser 

power[W] 
Scanning 

speed [mm/s] 
Layer thickness 

[mm] 
Hatch space 

[mm] 
275 400 0,03 0,08 

 
Table 1. L-PBF processing parameters 

 

Three different types of thermal loads were applied using the Gleeble 3800 physical simulator, as outlined in Table 2. 

The thermal loads included a heating phase (from 20 °C to 500 °C), a holding phase (maintaining a constant temperature 

of 500 °C), and a cooling phase (from 500 °C to 20 °C). It is important to note that subsequent analysis revealed that the 

physical simulator was unable to achieve the desired cooling rate, thus the thermal behaviour during the cooling phase 

could not be evaluated. The physical simulation system employed two thermocouples: one for heating the specimen using 

Joule heating principles, and another to measure the instantaneous temperature of the specimen (Fig. 2). 
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Thermal 

load 

Heating rate 

[°C/s] 

Keeping 

phase time 

[s] 

Cooling 

phase [°C/s] 

TH1 10 60 10 

TH2 7.5 80 7.5 

TH3 6 240 6 

 
Table 2. Imposed thermal loads 

 

 
 

Fig. 2. AlSi10Mg cylinder during physical simulation 

The measured (Tm) and imposed (Ti) temperatures were subsequently analysed, their difference (Tdiff) for each time 

step was calculated (1), and the Tdiff over the imposed temperature was plotted. 

 

𝑇𝑑𝑖𝑓𝑓 = 𝑇𝑚 − 𝑇𝑖                                                                                 (1) 

 

3. Filtering of the signal 

 

The signal of received temperature deviation, plotted over the real temperature was thereafter filtered from the 

influence of the PID controller, used for process control in the applied physical simulator.  

The influence of the PID controller for each case of applied thermal loads was simulated in Comsol Multiphysics, 

according to the standard PID control algorithm (2) [11], [12]. 

 

𝑢(𝑡) = 𝑢𝑏𝑖𝑎𝑠 + 𝑘𝑝[𝑐𝑠𝑒𝑡(𝑡) − 𝑐(𝑡)] + 𝑘𝑖 ∫ [𝑐𝑠𝑒𝑡(𝑡) − 𝑐(𝜏)]𝑑𝜏 − 𝑘𝑑

𝑑

𝑑𝑡
𝑐(𝑡)

𝑡

0

 
 

   (2) 

 
Where ubias stands for bias of PID, kp is the proportional gain, cset is the reference value and kd is a derivative gain.  

Furthermore, the filtering of the derivative was enabled. The PID control parameters were used according to the real 

characteristics of the PID controller applied in the physical simulator. 

 

4. Results and discussions 

 

Fig. 3 shows the comparison of raw, unfiltered signal of Tdiff, plotted over the imposed temperature. 
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Fig. 3. Comparison of unfiltered Tdiff, plotted over time in specimens under different types of thermal load 

Significant differences between the plotted curves of different thermal loads were observed already in the unfiltered 

state. The cylinder under thermal load with the highest heating rates demonstrated the least irregularities, and as the 

heating rate increased, more irregularities were observed. All of the observed curves initially demonstrated similar 

irregularities, starting with a larger peak in a positive direction, immediately followed by a negative peak. It should be 

noted that the height of the first peak correlated with the initial deviation at Ti=20 °C. The deeper the initial deviation, 

the higher the initial peak, suggesting that it was attributed to the PID controlling compensating for the higher initial 

temperature of the specimen than was the temperature set. The same applies to the second negative peak, where the lower 

initial deviation resulted in more shallow peaks. It should be also noted that lower heating rates (T2, T3) resulted in more 

peaks than thermal load with the higher heating rate (T1). 

Fig. 4 shows curves of Tdiff plotted over the imposed temperature of cylinders under different thermal loads, already 

filtered from the influence of the PID controller. 

 
 

Fig. 4. Filtered signal of Tdiff plotted over the imposed temperature for different heating rate 

It should be noted that the number of irregularities identified in the signal correlated with the applied heating rate. The 

temperature of the specimen under the thermal load T1 mimicked the imposed temperature most accurately, resulting in 

the least number of irregularities. The irregularities between the temperature of the AlSi10Mg cylinder and the imposed 

temperature of the T1 load were located mainly until 120 °C, consisting of numerous very short peaks. Another 

irregularity in the analysed temperature was observed between 320°C and 400°C. The observed peak has a positive 

direction and prolonged, short, and doltish shape. 

Two main irregularities between the real temperature of the AlSi10Mg cylinders and the temperature imposed in the 

T2 thermal load were observed. The first positive peak was identified between 210 °C and 280 °C, and the second positive 

peak was identified between 300 and 350 °C. Both peaks demonstrated similar shape characteristics, however, the first 

identified peak was slightly higher and thicker. It should be noted that the temperature of the cylinder between both 

identified peaks (280-300 °C) relatively closely followed the imposed temperature and thus no significant irregularities 

in this temperature range were identified. 

Similar irregularities were identified between the temperature of the AlSi10Mg specimen and the imposed temperature 

of thermal load T3. The first positive peak was identified at a slightly lower temperature than previously, starting at around 

190 °C. It is noteworthy that, unlike in the thermal load T2, the first and second peaks are seemingly connected with a 

shallow negative peak, occurring between 270 and 290 °C. The second positive peak was subsequently identified between 

290 and 340 °C. An additional negative peak was identified between 410 and 440 °C. 

The first peak, observed in cylinders under T2 and T3 thermal loads, has been, according to Van Cauwenbergh et al. 

[14] attributed to microstructural changes induced by thermal loading. These changes are primarily characterized by the 

precipitation of silicon (Si) particles from the supersaturated aluminium (Al) cells. The missing of the first peak during 

the analysis of the first thermal load indicates that the applied heating rate did not provide sufficient activation energy for 

this change to fully occur.  

Similarly, the second peak, observed during all three thermal loads, is also linked to temperature-induced 

microstructural alterations. Within this temperature range, the microstructural changes involve both diffusional activity 

and spheroidization of the Si particles [13], [14], [15].  
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The third peak, observable during T3 thermal load can be attributed to the coalescence of the primary Si particles. It 

should be noted that this microstructural transformation requires a higher activation energy, and consequently, it only 

manifests at elevated temperatures with sufficiently low heating rates [16]. 

It should be noted that the exact position and shapes of the identified peaks also depend on the applied heating rate, 

correlating to the total thermal energy delivered to the specimen under the respective thermal load. Thermal loads with 

lower heating rates deliver the thermal energy sufficient to activate the respective microstructural change sooner, and thus 

the peak occurs at a slightly lower temperature [17]. 

 

 

5. Conclusions 

 

The present study investigates the thermal behaviour of 3 AlSi10Mg cylinders under different thermal loads. The 

study includes filtering of the received signal from the influences of the PID controller using numerical simulation. 

Analysis of the filtered temperature of each L-PBF manufactured cylinder under the thermal loads has provided several 

conclusions. 

• The PID controllers might substantially influence the difference between imposed and real temperature measured in 

the cylinder under thermal load. Thus, in order to unambiguously analyse the irregularities between the temperature 

of the cylinders and the imposed temperature, the influence of the PID controller must be considered. 

• The behaviour of AlSi10Mg cylinders manufactured by L-PBF under thermal load is influenced by the applied 

heating rate, where lower heating rates result in more observable irregularities between the imposed and immediate 

temperature of the specimen. The applied heating rate also influences the total thermal energy delivered to the 

cylinder under thermal load and thus influences the exact position and shapes of the identified peaks. 

• The first identified peak, observed between 210-280 °C in cylinders under T2 and T3 thermal loads can be attributed 

to the precipitation of Si particles from supersaturated Al cells. 

• The second identified peak, observed between 300-400 °C in cylinders under all can be attributed to diffusional 

activity and spheroidization of Si particles. 

• The third identified peak, occurring between 410-440 °C in a cylinder under T3 thermal load can be attributed to the 

coalescence of the primary Si particles. 

Investigating the thermal behaviour of AlSi10Mg components manufactured using L-PBF under thermal load and 

establishing a correlation between the observed irregularities and the microstructural changes caused by temperature, has 

the potential to become a crucial element in identifying the complex process-structure-property relationship in L-PBF 

processes of the AlSi10Mg alloy. The distinguished correlations can be further applied as a base knowledge for tailoring 

the heat treatment for LPBF-manufactured AlSi10Mg parts.  
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