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Table 1 Comparison of three laser 3D printing technologies-**

6-37]

Item SLM SLS LMD
Speed Slow Slow Fast
Accuracy High Average Low
Cost High Average Low
Support structure Yes No No
Material Metal/alloy Metals/ceramics/thermoplastic Metal
Size Small Small Large

Faults Small size/low
autts efficiency/high cost

Low strength/rough surface

Low precision/need
subsequent processing
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Fig. 5 Effect of Si content on mechanical properties of Al-Si binary alloy SLM components

B2 (a) Tensile strength and

proof stress of Al-Si SLM samples fabricated using the optimal laser scanning parameters; (b) breaking elongation

of Al-Si SLM samples fabricated using the optimal laser scanning parameters
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Fig. 6 Top view of single track of selective laser melted AlSi10Mg and process window"

Laser Power [W]

200

170

200 500

>
1100 1400
Scan speed [mm/s]

7 SLM AISi10Mg #3140 9 5 W % % LA Ko T 2 s n -

Fig. 7 Cross-sectional view of single track of selective laser melted AlSil0Mg and process window"
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Fig. 8 Tensile stress-strain curves and microhardnes

. (a) Tensile stress-strain curves of as-fabricated and

heat-treated samples; (b) microhardness of as-fabricated, heat-treated, and LLSR-processed samples
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Table 2 Domestic and international research on AM process of aluminum alloys and aluminum matrix composites

Material Method Heat treatment stre:getl:i}i/ﬂja Elongation /%  Hardness /HV  Ref.
AL-Si20 SLM — 550 2.0-4.0 — [52]
AlSil0Mg SLM — 446 8.09 209 [82]
AlSil0Mg SLM 160 ‘C/4 h 493 8.6 134 [83]
AlSil0Mg SLM 540 °C/1 h+160 °C/4 h 323 15.3 [83]
Al-Cu-Mg SLM — 402 6.041.4 — [84]
Al-Cu-Mg SLM T6 455+10 6.241.8 — [85]
AlSil0Mg SLM 333415 1.440.3 12541 [86]
AlSil0Mg SLM T6 29244 3.940.5 10041 [86]
AlSil0Mg SLM — 6.0 123 [63]
AlSiloMg SLM T6 22.0 51 [63]
CNT-AlSi10Mg SLM — 441.240.9 — — [78]
TiC-AlSi10Mg SLM 482 10. 8 185 [76]
TiN-AlISi10Mg SLM — 492 £ 5.5 7.54 0.29 15744, 9 [77]
TiN-Al7075 LPBF — 36.0 = 1.5 138 4.7 [79]
TiB,-AlSil0Mg SLM T6 530 15.5 — [80]

Notes: LPBF means laser powder bed fusion.
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I .
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P e 1SR A ek R ROCR AR E L SE B T 3D AT
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Fig. 11 Lightweight metal mirror manufactured by Fraunhofer Institute in Germany using SLM technology™* .

(a) Hollow structure inside the mirror; (b) physical diagram of the mirror
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Fig. 12 Light weighted SLM mirrors”**) . (a) Physical diagram of SLM mirror; (b) internal structure of SLM mirror;

(¢) physical diagram of SLM mirror; (d) structure diagram of SLM mirror

2015 4F, 25 R & BB 55 LA FR AT SLM T &
=T — N F Eurostar E3000 T 2 I Al
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Fig. 13 Aluminum alloy aviation grade structural support printed with SLM"*
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TEMAE D RIRAE LA 14 (b)) Frs 1. B 7E 3 2
Y%t A () BE IR LK . Thales Alenia Space i85
[ Poly-Shape SAS 24 w] 4 [m] >y 4 [ i 38 {7 T A 48
RS A ) i 11 DR 2 S R, S MR ) o R R I A
T AT Z BRI T T2 S s SRR TR T
30% , EREWA T 22%5,

1402002-9



F48%E F 14 81/2021 £ 7 A/HEHE
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() BE B RESTH; (D) LA AL TR 1

Fig. 14 Aluminum alloy antenna bracket printed with SLM by Thales Alenia Space™ . (a) Aluminum alloy antenna

bracket; (b) the bracket is mounted on the satellite component
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Fig. 15 AL250C aircraft engine components printed

with SLMH¥™
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Abstract

Significance

Aluminum alloys and aluminum matrix composites have been widely used in aerospace components

such as fuselage skin materials, engines, fuel tanks, panels, brackets, and metal mirrors owing to their excellent

physical and chemical properties such as good thermal conductivity, electrical conductivity, ductility, plasticity,

corrosion resistance, and low density.

Traditional methods for fabricating aluminum components, such as casting and extrusion, require the use of

tools or dies to produce the parts. However, aluminum alloys used in such processes suffer from low as-cast strength
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and require long production cycles. Furthermore, forming complex structures using these materials is difficult and
the wastage of materials is high. Such limitations prevent aluminum alloys from meeting the requirements of high
efficiency and fast manufacturing technology in aerospace industry and the flexibility to produce complex precise
structures. Driven by this urgent demand, innovative developments have been made in the additive manufacturing
(AM) processing of aluminum alloys and their composites.

Selective laser melting (SLM), a type of laser three-dimensional (3D) printing, is a layer-based AM technology
used for manufacturing complex and customized structures from metal powders. The main advantages of this process
over conventional manufacturing methods include highly flexible design, simple machining process, structural
integration, high material utilization, and high mechanical properties of produced samples. SLM can be used to
produce intricate parts that conventionally require a series of manufacturing processes. Moreover, this process can
be cost-effective by reducing the costs of raw materials and time-effective by reducing the time required for design
and manufacturing.

Although commercial applications of AM have increased rapidly, few materials have been deemed suitable for
SLM so far. Aluminum alloys show good weldability; however, such materials are typically difficult to process in the
field of laser 3D printing compared with titanium and nickel alloys. Thus, they have limited processing applicability.
Moreover, their inherent high laser reflectivity, high thermal conductivity, easy oxidation, and low density cause
problems in the formation process such as high liquid viscosity, balling defect, and poor powder fluidity. Moreover,
fabricating aluminum matrix composites using SLM is even more difficult owing to the additional particles used in the
process.

Recently, improvements in the technology and application of high-power fiber laser equipment as well as
increasing research on aluminum alloys have led to numerous achievements in SLM aluminum alloys. However,
because limited varieties of aluminum alloys and their composites, most SLM techniques are focused on Al-Si
systems. Accordingly, most research must be conducted in this field to promote the wide application of SLM based on
aluminum alloys and their composites.

Progress Herein, improvements in the performance of SLM aluminum alloys and their application in the aerospace
field were summarized. First, methods for improving the mechanical properties of the alloys by optimizing the SLM
parameters were introduced and the best parameter range was determined using single tracks and molten pool
morphology (Figs. 6 and 7). Among the processing parameters, the effects of laser scan speed and power have been
widely studied. Then, the post-treatments of heating and surface remelting of SLM aluminum alloy parts were
detailed. The post-treatment processes were found to considerably improve the elongation of the sample (Fig. 8). In
addition, the results of previous research on the properties of AM aluminum alloys and their composites with particles
were summarized in detail (Table 2). In particular, some researchers have determined that the mechanical
properties of aluminum alloys can be effectively improved by adding reinforcing particles (Figs. 9 and 10). Finally,
research progress in the field of aerospace in terms of SLM aluminum components, such as metal mirrors, antenna
brackets, and aircraft engines, was discussed (Figs. 11-15).

Conclusions and Prospects Rapid developments have been made recently in SLM technology. In particular, the
SLM technology based on aluminum alloys has entered the practical stage, with the application of key components in
the field of aerospace manufacturing. In addition, SLM based on these alloys and their composites is expected to
transform from scientific research into production and manufacturing, showing broad application prospects. In the
future, the SLM based on aluminum alloys and their composites in the aerospace field will continue to develop in the
following directions. (1) The mechanical properties of SLM aluminum components can be improved through the
reasonable optimization of preprocessing parameters, postprocessing, and surface treatment, as well as by adding
reinforcements. (2) The use of these alloys and their composites in SLM can be further developed for various
aerospace structural parts. (3) Further developments should be made in terms of SLM equipment with large sizes,
multiple beams, intelligent digitalization, complex structure, and customization based on aluminum alloys.

Key words laser technique; laser 3D printing; laser selective melting; additive manufacturing; aluminum alloy;
aerospace
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