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THE INFLUENCE OF PREHEATING ON LASER BEAM MELTING 

UWE BERGER, MARKUS MERKEL, ANDREAS LIEBISCH 
Aalen University, Beethovenstrasse 1 

Aalen, 73430, Germany 

ABSTRACT: Laser Beam Melting (LBM) represents an additive process where metallic 
components are generated layer-wise. A laser beam operates as heat source melting metal powder. 
The temperature level in the heat affected zone is considered as a critical issue and can be 
influenced by many parameters, e.g. the laser power and the scanning velocity. Temperature levels 
out of a reliable range cause residual stresses, which might lead to fracture of the component. 
Many activities are applied to the additive manufacturing process to analyse, control and forecast 
the temperature level in the critical process zone. In this paper the temperature level is influenced 
by a heated plate, which is included in the building chamber of a SLM system. Components can be 
fabricated at an ambient temperature level up to 800°C. Temperature gradients can be reduced 
resulting in less residual stresses. Results are presented for aluminum alloy and steel.  Residual 
stresses are computed by numerical simulation and measured by X-ray diffraction (XRD). The 
surfaces of specimen are analysed by tactile measurement. 
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INTRODUCTION 

This paper has a focus on the manufacturing of metal parts with a laser beam as heat source. The 
process is named differently, e.g. as selective laser sintering (ASTM F2792-10), as selective laser 
melting, as direct metal laser sintering or simplified as 3D-metal printing. The temperature is one 
of the key parameters of the whole process. High cooling rates during the laser scanning cause 
high residual stresses and cracking of the rapidly solidified material, which differs in its 
microstructure from conventional cast or wrought metals. Post heat treatment is a subsequent 
process step to reduce residual stresses of a LBM part, Liu et al. (2012), Jahn et al. (2014). The 
application of preheating of the building chamber and the powder bed by an integrated process 
step of LBM could save time and cost to reduce residual stresses. 

Since the introduction of LBM techniques the layer-wise processing of steel, titanium, aluminum 
and ceramic powders is topic of research. Whereas more than 100 publications exist on the 
application of steel or ferrous alloys alone from 2003 to 2013, Yap et al. (2015), research reports 
relating to the influences and effects of preheating during LBM are relatively rare. Shiomi et al. 
(2004) investigated three methods for the reducing of residual stresses in LBM fabricated 
components made of chrome molybdenum steel. Post heat treatment at 600°C and 700°C applied 
for one hour reduced the residual stresses by about 70%. Re-scanning decreased the residual stress 
by about 55%. Hereby 150% of energy needed for the forming of the layer was applied. The 
preheating of the building platform up to 160°C reduced the residual stress by 40%. It is concluded 
that the residual stresses can be relieved by heating the layer-wise fabricated part at temperatures 
between 600°C and 700°C. 

Design of experiments (DOE) was performed to investigate the roughness of iron layers produced 
by laser beam melting considering powder bed preheating temperature besides other parameters, 
Rombouts et al. (2005). Molybdenum heating wires were placed around the building platform that 
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enabled preheating of the powder bed up to 800°C. At preheating temperatures higher than 400°C, 
significant caking of the powder bed due to solid state sintering was observed. As a result, higher 
preheating temperatures led to significant lower surface roughness. Van Elsen (2007) applied 
experimental design and genetic algorithm to facilitate the production of overhanging structures 
and to optimize the density of parts. He gives an overview of more than 50 factors that possibly 
influence the LBM process. The application of preheating at a building platform to reduce residual 
stress on M2 steel components was investigated by Liu et al. (2012). Preheating applied to LBM 
for aluminum was investigated by Buchbinder et al. (2014). A test geometry is used for the 
experimental study of the distortion effects influenced by inner stresses. As a result, a preheating 
temperature of 250°C is appropriate for the fabrication of components out of AlSi10Mg free of 
defects and completely without distortions. About the synthesizing of 3D nitinol articles (NiTi 
intermetallic compound) by LBM is reported by Shishkovsky et al. (2013). A necessary condition 
to realize the intermetallic phase of the TiNi system was a heated powder up to 500°C. The 
application of lower powder temperatures caused cracking of the material due to the high-rate 
heating and cooling during the laser melting process. Yadroitsev et al. (2013) analyzed the 
influences of the energy input parameters, preheating temperature and laser scanning speed on 
microstructure and geometry of single tracks fabricated of stainless steel grade 316L powder. 
Preheating temperatures of 80°C, 300°C, 500°C, 700°C and 900°C were applied in the process 
chamber. Results of these investigations were that exceeding preheating over a certain critical 
temperature (more than 0.5 × Tmelting) caused instability of the track and balling.  

PROBLEM STATEMENT AND GENERAL APPROACH 

Residual stresses caused by thermal gradients might be reduced if the LBM process operates at a 
higher temperature level. The laser beam itself seems not to be strong enough to introduce 
sufficient power to increase the temperature significantly as it is already done within the electron 
beam melting process. An alternative approach is the implementation of a so called heated 
construction plate in the process camber of the SLM 280 HL System. Depending on the powder in 
use the ambient temperature within a heated building chamber can be increased up to 800°C. 
Temperature gradients within the LBM process decrease resulting in lower residual stresses. 

NUMERICAL SIMULATION BY FE-ANALYSIS 

Geometry and boundary conditions 
The geometry of the model is adapted to the required hatching distance of 104 μm (20% overlap). 
The solid body has the dimensions (L x W x H) 2000 x 1040 x 450 μm³ representing a tiny, already 
manufactured section of the part (overall 9 layers with a thickness of 50 μm). On top, the loose 
powder layer with a height of h = 50 μm is located. Both segments are designed and meshed as 
one single part and fixed on the construction plate of the SLM system. The laser beam trajectory 
proceeds along the surface in a “zig-zag”-pattern for a total path length of 19.7 mm and a time of 
0.0212 s (see Figure 1).  

The spot of the laser beam - Gaussian distributed – is modeled with a diameter of 130 μm. The 
surface penetration depth is set to 50 μm. The laser beam processes with a scan rate of VL = 800 
mm/s and a power of PN = 350 W. The absorbed part is estimated on the basis of various previous 
tests and set to Pe = 52.5 W. The whole process takes place in a preheated ambience, created by 
the build chamber heating of the SLM system. The numerous thermal interactions between part, 
powder, machine, gas flow and air represent a complex thermos-mechanical model.  
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Figure 1. Simulation model 

Change of weld pool depths by heated building chamber 
At a first step the geometry of the weld pools is analysed. As expected, the weld pools become 
deeper with increasing temperature of the building chamber. Figure 2 (left) shows simulated 
shapes for temperature levels at 200°C, 250°C and 300°C for aluminum alloy. The shapes are 
quite similar to those visualized by microscopy. Figure 2 (right) shows shapes (produced at 200°C) 
gained by a ZEISS system (ZEISS Axio Imager.Z2m, EC Epiplan Neofluar 5x, magn: 50).  

Figure 2. Weld pool depths (left) simulated (200°C, 250°C, 300°C) and (right) optical microscopy 

The averaged weld pool depth serves as a quantitative criterium. Neglecting the border zones 8 out 
of 10 weld pools are analysed for 3 temperature levels of the building chamber (200°C, 250°C, 
300°C).  The corresponding averaged weld pool depths are 59.9 μm (base), 64.8 μm (+8.2%) and 
70.0 μm (+16.9 %). The results for steel (1.2709) appear quite similar. 

Residual stresses and parameter study 
The rapid change from laser heated to air cooled zone leads to large temperature gradients 
resulting in mechanical expansion and shrinkage causing residual stresses. These stresses appear at 
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different levels and directions. Figure 3 shows the stresses in z-direction. As expected, the stress 
level decreases with increasing ambient temperature of the building chamber. 

Figure 3. Simulated residual stresses at measurement point (see Figure 1) 

TACTILE MEASURMENT 

The mechanical deformation is analysed by tactile measurement. Overall, 6 test samples (3 x 
AlSi10Mg, 3 x X3NiCoMoTi18-9-5) are measured. Each specimen consists of 3 (aluminum) 
respectively 2 (steel) identical bars with the dimension 75 x 15 x 2 mm³. The bars have a solid 
connection to the construction plate at one side. The rest of the bars are fixed with a less stiff 
support structure generated by Magics software. In Figure 4 the layout is demonstrated on the left 
side. On the right side of Figure 4 the steel bars are seen resting on the circular construction plate. 
The solid part and the support structure are clearly separated. 

Figure 4. Construction plates with test bars (left); real specimen with 2 steel bars on plate (right) 

The samples remain on the construction plate during the whole measuring process. The tactile 
measurements are carried out after the LBM process with a ZEISS DuraMax RTcoordinate 
measuring machine. The deviations of the surfaces are measured along the test bars starting from 
the solid connection. As a result the geometrical profile of the top of the surfaces is documented at 
73 positions (see Figure 5). The trend of deviations can be interpreted by residual stresses. The 
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positive deviation – as a trend - at 200°C build chamber temperature implies tensile stresses and 
negative deviations at 250°C and 300°C imply compressive stresses. 
The steel specimen behave in the same way. By increasing the temperature level within the 
building chamber the tensile stresses at the top of the surfaces are reduced and converted to 
compressive stresses.  

Figure 5. Surface deviation by tactile measurement for different preheating temperature levels 

X-RAY DIFFRACTION 

The third kind of investigation is an experimental analysis of the atomic structure by using the X-
ray diffraction (XRD) method after the LBM process. The specimen are radiographed and the 
residual stresses are analysed at an angle of 0° (longitudinal) and 90° (across) compared to the 
orientation of the samples. 9 tilt angles are measured for aluminum, 11 angles for steel.  

Table 1. Results of the XRD 

Material AlSi10Mg X3NiCoMoTi18-9-5

Temperature 
@ chamber [°C] 200 250 300 300 400 500 

Residual stress 
angle 0° [MPa] 47 18 -23 148 -135 -460 

Residual stress 
angle 90° [MPa] 34 -15 -33 222 104 -5 

In Table 1 positive values represent tensile, negative values compressive stresses. The temperature 
of the building chamber within the LBM process has a strong influence on the stress level. For 
aluminum as well as for steel tensile stresses are reduced, even a change from tensile to 
compression stress is observed.  
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COMPARISON AND SUMMARY 

In this paper the influence of preheating on the laser beam melting process was investigated. A 
heated building chamber was implemented within a SLM 280 HL system. The temperature levels 
for aluminum specimen were set to 200°C, 250°C and 300°C, for steel specimen to 300°C, 400°C 
and 500°C. As a first result the spot weld depths became deeper with increasing temperature level 
as it was simulated by FE-analysis and observed by optical microscopy. Additionally, the 
influence of the temperature level on the residual stresses could be demonstrated by X-ray 
diffraction of the specimen and tactile measurement of the surface deviation of the specimen. 
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