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Abstract: In laser powder bed fusion, process-inherited thermal residual stress is developed due to the
thermal strain misfit between each layer. Detailed analysis and a prediction of the residual stress are
needed because it can induce distortions of the components and, in some serious cases, stress-induced
defects such as cracking. In this work, the effects of heat treatment conditions on residual stress
in maraging 18Ni-300 steel, fabricated by laser powder bed fusion, were investigated. Cantilever-
shaped specimens were used to experimentally analyze residual stress caused by the distortions of
the specimens while cutting them from the supporters. The cantilever samples showed complex
distortion behavior in the as-built state. They bent downward while cutting them from the supporter
when the thickness was relatively thin, and the bending deformation became upward instead of
downward with increasing thickness. Interpreting this behavior by finite element simulation showed
that the downward bending was due to the compressive stress state at the top layer of the maraging
steel. When the cantilever specimens were aging heat treated, the distortions were significantly
reduced, implying that the process-inherited residual stress was diminished.

Keywords: laser powder bed fusion; maraging 18Ni-300; residual stress; heat treatment

1. Introduction

Maraging 18Ni-300 steel is a type of low-carbon nickel-rich steel alloy that has become
increasingly popular in the aerospace, defense, and medical industries due to its unique
combination of strength, toughness, and corrosion resistance [1–3]. The term ‘maraging’
is derived from a combination of the words “martensitic” and “aging”. The martensitic
component of the term refers to the body-centered tetragonal crystal structure of the steel,
while the aging component refers to the process by which the material is strengthened in
the aging heat treatment. The chemical composition of maraging 18Ni-300 steel includes
approximately 18% nickel and 300 ppm carbon, along with trace amounts of other elements
such as cobalt, molybdenum, and titanium. This specific composition gives the steel its
unique properties, including a high strength-to-weight ratio, excellent toughness, and
exceptional resistance to corrosion and wear.

Laser powder bed fusion (LPBF) is a type of additive manufacturing technique that
uses a high-powered laser to melt and fuse successive layers of metal powder to form
a 3D object [4,5]. In this process, powdered metallic feedstock material is distributed in
a powder bed and then each layer is fused by the laser heat source. Three-dimensional
metallic components are produced by the repetition of this layering process. This process is
highly precise, allowing for the creation of complex geometries and intricate shapes that
would be difficult or impossible to produce using traditional manufacturing methods. LPBF
is particularly well-suited for the production of maraging 18Ni-300 steel, as the unique
combination of the low carbon content and the age-hardenability of the maraging steel
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allows for the creation of crack-free parts with fine, uniform microstructures that exhibit
exceptional strength and durability [6–9]. In this regard, the relatively low carbon content
of the maraging 18Ni-300 steel can effectively prevent the cold cracking caused by the rapid
cooling-induced brittle martensite phase formation during LPBF, while the alloy can be
easily hardened by the post solution and aging heat treatments.

Conventionally, the heat treatment of the maraging 18Ni-300 steel includes two stages
consisting of a short solution treatment above 800 ◦C, followed by aging at around 500 ◦C
for several hours [10,11]. In the first stage, the solution treatment temperature is chosen
to be higher than the austenite transformation temperature of this alloy to ensure the
austenitic microstructure of the steel, and this allows the alloying elements to dissolve into
the austenitic matrix. In the second stage of aging, the alloying elements precipitate out
of solution and form nano-sized intermetallic compounds that strengthen the alloy. In
the 18Ni-300 steel, several intermetallic precipitates such as Ni3Ti, Ni3Mo, and Ni3(Mo,Ti)
are known to precipitate during the aging treatment with sizes of 8–50 nm [6,12,13]. On
the other hand, recent studies have demonstrated that the LPBF-processed maraging
18Ni-300 steel can exhibit exceptional strength and toughness without the need for the
solution treatment. Unlike traditional manufacturing methods, which often require solution
treatment to dissolve the alloying elements, the microstructure of the maraging steel
fabricated by LPBF has a fine structure with near fully dissolved alloying elements due to
the sufficiently fast cooling rate of LPBF of up to 106 ◦C/s. This enables the steel to skip the
solution heat treatment. For this reason, the maraging steel produced by LPBF can exhibit
excellent tensile properties by only performing an aging heat treatment [9,14–16].

When producing metallic components via LPBF, residual stress is a common challenge
that can arise during the manufacturing process. Residual stress is an internal stress that
remains within a material after it has been subjected to severe deformation or material
processing. In the case of LPBF, the residual stress is caused by the localized melting and
solidification during the process. As the laser melts the metal powder, it creates localized
regions of high temperature that can cause thermal expansion and deformation. As the ma-
terial solidifies and then cools, the different regions of the part cool at different rates, which
can cause large strain misfit and internal stresses to form [17–19]. The level and distribution
of residual stress within a part can be influenced by a variety of factors, including the
laser power, scanning speed, powder layer thickness, and part geometry [18,19]. Residual
stress can have a significant impact on the mechanical properties and performance of parts
produced using LPBF. High levels of residual stress can cause warping and distortion of the
part, leading to dimensional inaccuracies and reduced functionality. In addition, residual
stress can also affect the fatigue life of the part, making it more susceptible to cracking
and failure [20]. Therefore, understanding and managing the residual stress is critical to
ensuring that parts produced using LPBF meet the required performance standards.

There are already a few studies on the residual stress of the 18Ni-300 maraging steel
produced by LPBF. For instance, Vrancken et al. [21] have studied the residual stress of the
maraging steel produced by LPBF using cantilever distortion tests. Mugwagwa et al. [22]
have investigated the effect of LPBF processing parameters on the residuals stress state of
maraging steel using cantilever distortion and X-ray diffractions. Recently, Baere et al. [23]
have studied the influence of phase transformation in the formation of the residual stress
during the LPBF of the maraging steel by a finite element (FE) simulation. However,
the effects of aging heat treatment on the residual stress in the maraging 18Ni-300 steel
produced by the LPBF have not been investigated yet in the literature, although the aging
heat treatment is a necessary procedure in most cases of applications of the maraging steels
produced by LPBF.

The aim of this study is to investigate the influence of the post heat treatment condi-
tions on the residual stress in the maraging 18Ni-300 steel produced by LPBF. Cantilever-
shaped samples were designed and fabricated by LPBF to evaluate the residual stress. The
samples that underwent different heat treatments were used for the tests.
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2. Materials and Methods

The maraging steel samples examined in this study were fabricated by using a powder
bed-type metal 3D printer (OPM 250L, Sodick Co., Ltd., Yokohama, Japan), equipped with
single-mode 500 W ytterbium fiber laser with a wavelength of 1070 nm (YLR-500-WC,
IPG Laser GmbH, Burbach, Germany). Gas-atomized maraging 18Ni-300 steel powder
(OPM Maraging, OPM Laboratory Co., Ltd., Kyoto, Japan) was used as the feedstock
material. The chemical composition of the maraging steel powder used for the LPBF is
given in Table 1. The LPBF of the maraging steel was carried out using the LPBF parameters
recommended by the manufacturer, e.g., a laser power of 420 W, a laser scanning speed
of 1000 mm/s, a hatch spacing of 0.1 mm, a layer thickness of 0.04 mm, and a substrate
preheating temperature of 80 ◦C. According to the manufacturer’s information, these LPBF
parameters lead to almost fully dense maraging components with porosities of less than
0.2% and dimensional errors of less than 0.01 mm. A so-called 90◦ rotate scanning strategy
was used. Therefore, the laser scanning lines were 90◦ tilted between each LPBF layer.
More detailed information regarding the maraging steel produced by these LPBF process
parameters, including the microstructure and the mechanical properties, can be found in
the authors’ previous work [9]. Table 2 summarizes the LPBF process parameters for the
18Ni-300 used in this study.

Table 1. Chemical composition of maraging 18Ni-300 steel powder.

Element Fe Ni Co Mo Ti Mn Al

wt.% Bal. 17–19 8.5 4.0 0.7 ≤0.1 ≤0.1

Table 2. LPBF process parameters used for 18Ni-300 used in this study.

Parameter Value

Laser power (W) 420
Laser scanning speed (mm/s) 1000

Hatch spacing (mm) 0.1
Layer thickness (mm) 0.04

Cantilever-shaped specimens were designed and produced to quantitatively evaluate
the residual stress in the maraging steel produced by the LPBF. Figure 1 shows the schematic
design of the cantilever, the deformation measurement method, and the appearance of the
LPBF processed maraging steel cantilever specimens used in this study. The cantilever
design consists of a 10 mm thick artificial supporter, supporter legs, and a cantilever,
as shown in Figure 1a. The supporter and the supporter legs were designed to restrain
the vertical deformation of the cantilever during the LPBF and the post heat treatment
processes. The cantilevers produced in this study had a horizontal length of 25 mm and
had various thicknesses (t) in the range of 0.5–5 mm. Through this design, the residual
stress induced by the LPBF process can be isolated in the cantilever and is released when
the cantilever is detached from the supporter by cutting the supporter legs, as schematically
shown in Figure 1a. With this method, the residual stress in the cantilever can be evaluated
by measuring the deformation, δ, occurring when cutting the legs. This method had been
successfully applied to evaluate the residual stress of AISI 316L stainless steel made by
LPBF, with and without post heat treatment [24]. Detailed information about the cantilever
design, as well as the finite element simulation results of the residual stress state, can be
found in the authors’ previous work [24]. The cutting of the supporter legs was performed
gently and slowly by an electric abrasive hand grinder. The deformations of the cantilever
while cutting the legs were measured using a height gauge (ABSOLUTE digimatic height
gauge serial 570–322, Mitutoyo, Japan), with a resolution of 10 µm.
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Figure 1. (a) Modeling of cantilever specimen and schematic diagram of deformation measurement
method used in this study. Cantilever specimens produced by LPBF (b) with artificial supporter and
(c) directly on steel baseplate without supporter.

Aging heat treatments of the cantilever specimens were performed in a box-type
electric furnace. The specimens were wrapped in a protective stainless-steel heat treatment
foil to prevent severe oxidation. Some specimens underwent solution treatment for 2 h at
850 ◦C, air-cooled to a room temperature (22 ◦C), and then aged at 500 ◦C for 6 h. Other
specimens were directly aged without solution heat treatment at 500 ◦C for 6 h. These two
heat treatment conditions were chosen because it was shown that both these conditions can
lead to a fully hardened state in the LPBF-processed maraging steel [9]. The mechanical
properties obtained for the LPBF processed 18Ni-300 maraging steel treated with the above
conditions are listed in Table 3.

The baseplate material for the LPBF used in this study was medium-carbon steel with
a carbon content of 0.4 wt.%, which is a commonly used baseplate material for the LPBF of
Fe-based materials [25,26]. In some cases, stress-relieving heat treatment can be performed
before cutting the LPBF-processed component from the baseplate to prevent the cutting
induced distortions. For these cases, the different thermal shrinkage properties between
the maraging steel and the medium-carbon steel baseplate may lead to a different residual
stress state in comparison with a case of post-heat treatment after cutting the maraging
component from the baseplate. To investigate such a baseplate effect, two different types
of specimens were made in this study. The first type was the cantilever attached to the
artificial supporter according to the design shown in Figure 1a. In this case the specimens
were heat treated after cutting them from the baseplate, while they were still attached to the
artificial supporters. Since artificial supporters were made by the same maraging steel as
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the cantilevers, it can be considered that there was no baseplate effect on these specimens
during the heat treatments. These specimens are shown in Figure 1b. The second type of
specimen was directly attached to the baseplate without an artificial supporter, as shown
in Figure 1c. These specimens were heat treated together with the baseplate, while they
were still attached. Hence, they can be influenced by the different thermal expansion and
shrinkage responses of the baseplate to the maraging steel.

Table 3. Mechanical properties of LPBF processed 18Ni-300 maraging steel in different heat treatment
conditions used in this study [9].

Heat Treatment Condition Hardness
(HV)

Yield Strength
(MPa)

Tensile Strength
(MPa)

Elongation
(%)

As-built 345 1110 1120 8.6
850 ◦C solution treated

and 500 ◦C aged 595 1865 1940 2.9

500 ◦C directly aged without
solution treatment 595 2015 2050 2.3

3. Results and Discussions
3.1. Residual Stress in As-Built State

Figure 2 shows the deformation, δ, measured when cutting the supporter legs of the
maraging steel cantilevers with different thicknesses, T, in the as-built state. The evolu-
tions of the deformations while cutting each supporter leg are shown in Figure 2a. When
T = 0.5 mm, cutting the legs caused significant and gradually increasing downward distor-
tions. This behavior is very interesting because, typically, the deformation of the cantilever
occurs in an upward direction due to the tensile stress on the top and the compressive
stress near the bottom, which are a general consequence of the thermal shrinkage of each
layer [24,27,28]. In the case of T = 1.0 mm, the cantilever showed smaller but still significant
downward deformations compared with T = 0.5 mm. When the thicknesses of the can-
tilevers were 2.5 and 5 mm, the cantilever showed small amounts of upward deformations
instead of downward deformations. The final deformations measured for the cantilevers
with various t after cutting all the supporter legs are shown in Figure 2b. It can be seen
clearly that the downward deformation of the cantilever was highest when the cantilever
was the thinnest (i.e., T = 0.5 mm). With increases in the cantilever thickness, the down-
ward deformation decreased sharply until T = 1.25 mm, where almost no deformation was
occurred. With further increases in the thickness, the deformation became upward, and the
amount of the upward deformation increased moderately with increasing thickness.

The downward deformation behavior of the thin cantilevers could be attributed to
the compressive stress state at the top of the cantilever. The occurrence of the compressive
stress at the top was also observed by the X-ray diffraction measurements of the maraging
steel produced by LPBF by Mugwagwa et al. [22]. A possible cause of such a compressive
stress state is the phase transformation from the body-centered tetragonal martensite to the
face-centered cubic austenite that occurs during the LPBF process due to the intrinsic heat
treatment (IHT) effect, which has been suggested and validated by phase transformation
simulations by Baere et al. [23]. According to this mechanism, when each maraging steel
layer is deposited, the layer is nearly fully composed of martensite phase due to the rapid
cooling right after the deposition. Then, each layer is heated again several times when
the next layers are deposited. In this situation, second and third heating can cause some
amount of the austenite phase to be retained after the cooling due to the IHT effect. Since the
martensite to austenite phase transformation occurs with significant volumetric expansion
and only the top layer remains in a near fully martensite state, such a phase transformation
can cause a compressive stress state at the top LPBF layer. A high-resolution scanning
transmission electron microscopy of the maraging steel produced by LPBF has shown
that the layers in the middle consisted of very thin (~100 nm) austenite phases between
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martensite pockets [29], which supports the fact that some austenite can be retained after
multiple heating and cooling due to the IHT effect.
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Figure 2. (a) Deformation changes caused by cutting each leg of cantilevers with different thicknesses
of T, in as-built state. (b) Final deformations of cantilevers with different thicknesses after cutting all
supporter legs.

In the case of the maraging steel used in this study, the microstructural morphologies
of the middle and the top layers were apparently the same, with solidification in the cell
structures. For this reason, distinguishing the retained austenite phase in the middle layer
by the morphological difference of the phase was not possible. However, the electron
backscatter diffraction map of the maraging steel in the as-built state showed significant
unindexed areas, which indirectly indicate the possibility of very thin austenite phases
existing in the martensite matrix in the middle layers [9].

To analyze the downward deformation behavior caused by the compressive stress
at the top layer, finite element (FE) simulations were conducted using a two-dimensional
plane stress model of the cantilever. Figure 3 shows the geometry and FE meshes used in
these simulations. The simulation model consisted of the cantilever and the supporter legs.
The artificial supporter was not modeled in the simulation since the supporter does not
have any influence on the distortion of the cantilever in the simulation. The geometries
of the cantilever and the supporter legs were set to be the same as in the experiments.
As shown in Figure 3a, the top LPBF layer of the cantilever was considered as the fully
martensite area. The thickness of the top layer was assumed to be 0.04 mm since the layer
thickness of each layer was set to 0.04 mm in the LPBF experiment. For the FE calculations,
the model was meshed with 49,720 FE nodes and 15,109 elements (Figure 3b). The maraging
steel was assumed as a linear elastic material, with an elastic modulus and Poisson’s ratio of
200 GPa and 0.33, respectively. The model was implemented on a commercial FE simulation
package Ansys V19. Eight-noded 2D rectangular elements, Plane183 of Ansys, were used
for the calculations.

The simulations were carried out for the cantilevers while varying the thickness, T,
of the model. In the first step of the FE simulations, a compressive 600 MPa normal stress
was applied along the cantilever beam direction (i.e., x-direction) at the top layer of the
cantilever (i.e., fully martensite area in Figure 3a) by linearly expanding the layer by 0.3%
along the beam direction. This condition was chosen because the phase transformation
simulation predicted about a 600 MPa compressive stress state in the top layer when the
layer was fully in the martensite state [23]. At this step, the bottom surfaces of the supporter
legs were constrained. In the second step, the constraint of the bottom surface of each
supporter leg was removed sequentially one by one, according to the cutting procedure
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used in the experiment. The deformations of the cantilevers were determined by the vertical
displacements of the top left edge of the model during the cutting process.
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Figure 4 shows the equivalent stress contours before and after cutting the supporter
legs as calculated by the FE model for a 0.5 mm thick cantilever. Because the thickness of the
top layer is much thinner than the total thickness of the cantilever, a significant compressive
stress state exists only at the top layer while the rest of the cantilever has very low stress,
except near the top left edge where a small amount of stress was transferred from the top
layer to the region below due to the bending effect. When cutting the supporter legs, the
compressive stress state at the top layer induces pronounced downward deformation of
the cantilever, as expected.
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legs for 0.5 mm thick cantilever. The deformation is magnified by 10 times for better visualization.

The deformations predicted by the FE model with various t are compared with the
corresponding experimental results, as shown in Figure 5. Figure 5a shows comparisons of
evolutions of the deformations while cutting the supporter legs, between the FE simulations
and the experiments. The simulations show slightly different trends in the deformation
compared with the experiments as the number of legs cut increases. The slope of the
deformation curve becomes more negative with an increasing number of legs cut in the
simulations, whereas the experimentally obtained curves have relatively steady slopes com-
pared with the simulations. However, the final deformations predicted by the simulations
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after cutting all the legs follow the same trend as those of the experiment. Figure 5b shows
the final deformations after cutting all the supporter legs, obtained from the simulations
and the experiments. It can be seen that the final deformation trends between the simu-
lations and the experiments agree fairly well. Both the experiments and the simulations
show trends of diminishing the downward deformation clearly when the thickness of the
cantilever is increased from 0.5 to 1.5 mm.
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The simulation results confirm that the main reason for the downward distortion of
the thin maraging steel cantilever is the phase transformation of the maraging steel from
martensite to austenite during the LPBF, which occurs due to the IHT effect, except on
the top layer. It was also found that the deformations predicted by the simulations had
slight deviations from the experimental results. These deviations are probably caused by
the inhomogeneous residual stress distribution in the maraging steel cantilever caused
by the LPBF, which was neglected in the highly idealized FE model of this study. As
pointed out by Baere et al. [23], each LPBF layer of the maraging steel have experienced
multiple reheats to above the austenite transformation temperature except for the top layer.
The reheating generates retained austenite and causes the volumetric contraction of each
layer, with occurrences of compressive stress at the top layer and a complex stress state in
the layers below. This complex effect was idealized by the compressive stress at the top
layer in the current FE simulations, which probably resulted in the deviations between the
experimental and simulated deformation behaviors shown in Figure 5.

3.2. Effect of Aging Heat Treatment

Figure 6 shows the deformations of the cantilever specimens while cutting the sup-
porter legs, after the aging heat treatments. The heat treatments of the cantilevers were
carried out for the specimens with the artificial supporter (i.e., shown in Figure 1b), thus
both the cantilevers and the supporters were made by the LPBF-processed maraging steel
in this case. Figure 6a shows the deformations caused by cutting each supporter leg of the
cantilevers, heat treated with direct aging at 500 ◦C for 6 h, without the solution heat treat-
ment. Unlike the case of the as-built state in which the thin cantilevers showed significant
downward distortions, the heat-treated cantilevers showed upward distortions regardless
of the thickness of the cantilever, as shown in Figure 6a. It can be seen that the upward
distortion tends to increase with increasing the thickness of the cantilever.
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cantilevers after cutting all supporter legs in different aging heat treatment conditions.

Figure 6b shows the final deformations after cutting all the supporter legs for the
maraging steel cantilevers in three different heat treatment states, as-built, direct aging
without solution heat treatment, and aging followed by the solution heat treatment. The
aging heat-treated cantilevers showed negligible deformations when the thickness of the
cantilevers were 0.5 mm. The deformations increased slightly and continuously with
increasing cantilever thickness. The final deformations for the cantilevers with various
thicknesses were nearly identical between the aging heat-treated specimens with and
without solution heat treatment at 850 ◦C for 2 h, indicating that the solution heat treatment
does not have any influence on the residual stress state of the cantilever after the aging
heat treatment. This means that the aging heat treatment at 500 ◦C for 6 h is able to almost
completely relieve the residual stress that occurred during the LPBF process. This result
indicates that solution heat treatment is not necessary for the purpose of residual stress
relief for the maraging 18Ni-300 steel components produced by the LPBF.

Due to the limited number of samples used for the investigation, only one cantilever
sample for each condition was subjected to the test. Thus, possible deviations associated
with experimental error have not been accessed. However, when considering the nearly
identical final deformation behaviors between the cantilevers in two different aging heat
treatment states of direct aging and aging followed by the solutioning, the deformations
that occurred in the aging heat-treated cantilever specimens were probably not a result
of experimental error. These near-identical deformations obtained from differently heat-
treated samples also reflect the fairly good reproducibility of the cantilever method used
for this study.

One possible cause of the upward deformations in the heat-treated cantilevers is the
small amount of residual stress that cannot be completely removed by the heat treatment.
Another possible cause of the upward deformation could be the precipitations and lattice
distortions occurring in the aging heat treatment. As shown in the authors’ previous
work [9], the maraging steel incurs fine intermetallic compounds as precipitates during the
aging which can cause a volumetric change in the maraging steel by the lattice distortion
near the precipitate or by the lattice parameter change in the matrix due to the change
in solute concentration. Nevertheless, the number of upward distortions after the heat
treatment was trivial when comparing them with the downward distortions observed in
the thin cantilevers in the as-built state. Considering the length of the cantilever beam of
25 mm used in this study, the maximum distortion of ~0.2 mm obtained by the 5 mm thick
cantilever in the upward direction corresponds to a cantilever radius of ~1560 mm. An
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analytical expression that correlates the strain misfit between each layer, εs, to the cantilever
distortion is given by [27]:

tl
R

=
3(N − 1)

N
· εs (1)

where tl is the thickness of each layer, R is the radius of the cantilever after cutting the
supporter legs and N is the number of layers. The εs value calculated using the above
equation yields ~8.6 × 10−6 mm/mm for t = 0.04 mm and N = 125 used in the experiment
for the 5 mm thick cantilever specimen. Assuming an elastic modulus of the maraging steel
of 200 GPa, this amount of elastic strain misfit corresponds to ~1.7 MPa of the stress which
is negligible when considering the high yield strength of the maraging steel after the aging
heat treatment of over 1800 MPa [9].

3.3. Baseplate Effect

In this section, the final cantilever deformations after cutting all the supporter legs
were compared with the cases of the cantilevers attached on the artificial supporter and
the baseplate during the heat treatments. Figure 7 shows the final deformations of the
cantilevers with various thicknesses after the aging heat treatments. The deformations
shown in Figure 7a are from the cantilevers that were aging heat treated while they were
attached on the artificial supporters made by the maraging steel, whereas in Figure 7b, the
deformations of the cantilevers attached to the medium-carbon steel baseplate directly by
the legs during the heat treatments are shown. The results shown in Figure 7 evidently
indicate that the aging heat treatment with the medium-carbon steel baseplate does not
alter the residual stress state compared with the case of the aging heat treatment of all the
maraging steel components. As can be seen in Figure 7, the deformations observed in the
cantilevers that were heat treated on the maraging steel artificial supporters depend only
on the thickness of the cantilever, but not on the baseplate or the artificial supporter on
which they were attached during the heat treatment. This behavior is clearly indicated by
Figure 7, where the cantilevers heat treated with the steel baseplate show almost identical
deformations compared with the cantilevers heat treated with the artificial supporters.
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The results shown in Figure 7 indicate that the stress relieving heat treatment of the
maraging 18Ni-300 steel components produced by the LPBF can be performed while they
are attached to carbon steel baseplates, without any special consideration of the thermal
strain misfit effect due to the dissimilar material joint between the maraging components
and the steel baseplate. This is probably because the stress relieving of the maraging steel
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can occur at a relatively low aging temperature of 500 ◦C. At such a low temperature, the
carbon steel is in a ferritic state since the temperature is below the A1 temperature and stays
in the same state while cooling to room temperature after the aging heat treatment. The
maraging steel is expected to be in the same ferritic state in the temperature range between
22 and 500 ◦C since the austenite transformation start temperature of the LPBF-processed
maraging steel is about 620 ◦C [30]. Therefore, it is expected that both the maraging
steel component and the carbon steel baseplate will be in the ferritic states during the
aging heat treatment and cooling without any significant phase transformation-induced
volumetric change.

4. Summary

The effect of a heat treatment condition on the residual stress state of maraging
18Ni-300 steel produced by LPBF was investigated. Cantilever-shaped specimens were
fabricated to quantify the residual stress by measuring their distortions when cutting them
from the supporters. The main findings of this study can be summarized as follows:

• In the as-built state, the LPBF-processed maraging steel cantilevers showed complex
distortion behavior while cutting them from the supporter. They bent downward
significantly when the thickness of the cantilever was relatively thin. It was believed
that the downward distortions of the thin cantilevers were due to the phase transfor-
mation of the maraging steel from martensite to austenite during the LPBF due to the
IHT effect, which occurred in all regions, except on the top LPBF layer, and produced
a compressive stress state on the top layer. FE simulations were carried out based
on the assumption of the compressive stress state of the top layer. The deformation
trends predicted by the simulations agreed fairly well with the experiments, indicat-
ing that the main reason for the downward distortion of the cantilever is the phase
transformation due to the IHT effect.

• The effect of direct aging without solution heat treatment on the residual stress relief
behavior was analyzed by comparing the distortions of the directly aged cantilevers
without solution heat treatment with those that were aging heat treated followed by
the solution heat treatment. It was found that aging heat treatment can effectively
diminish the downward distortions of the cantilevers, in both cases with and without
solution heat treatment. Thus, the results indicate that the solution heat treatment is
not necessary for the purpose of residual stress relieving for the maraging 18Ni-300
steel components produced by the LPBF.

• The effect of the LPBF baseplate made of medium-carbon steel on the residual stress re-
lief behavior during the heat treatment was investigated by producing the cantilevers
directly attached to the medium-carbon steel baseplate. These cantilevers were aging
heat treated while they were still attached to the baseplate. Comparisons of the distor-
tions of these cantilevers with those attached to the maraging steel artificial supporter
structures showed that the carbon steel baseplate does not have any influence on stress
relief behavior. Almost identical distortion behaviors were observed for the cases of
the cantilevers heat treated with the maraging steel artificial supporter and with the
carbon steel baseplate. This indicates that the stress relieving heat treatment of the
maraging 18Ni-300 steel components produced by the LPBF can be performed while
they are attached to carbon steel baseplates without any special consideration of the
thermal strain misfit effect due to the dissimilar material joint between the maraging
components and the steel baseplate.
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