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Selective Laser Melting Technology Applied into Aircraft Air Inlet

Protective Grilling
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Abstract In this study, selective laser melting (SLLM) technology was used to produce test samples and aircraft air
inlet protective grilling using TC4 powders. The microstructures and mechanical properties of printed samples were
further analyzed. Results indicate that the cross section of fractured longitudinal samples has a fine microstructure,
which leads to a strong fine-grain strengthening effect. Thus, superior comprehensive mechanical properties of the
longitudinal samples are achieved. Moreover, the microstructure of the printed samples is found to comprise fine
acicular o« martensite. After annealing, the o’ martensites almost completely disappear. A new mixed
microstructure comprising packets of the Widmannstatten and basket-weave microstructures is formed. The as-
annealed samples possess high ductility and toughness with relatively inferior strength. In addition, the mechanical
properties of as-annealed samples are equivalent to those of the as-forged ones. Based on the above-mentioned
experimental results, the aircraft air inlet protective grilling of TC4 was prepared via SLM. The dimension precision
of the unit grids is better than #=0. 1 mm. Moreover, the manufacturing periodicity is reduced from seven to four
days.
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Fig. 1 Microstructure of TC4 alloy powder
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Table 1  Chemical composition of TC4 alloy powder
Element Ti Al \Y% Fe C O N H
Mass fraction /% - 6.04 4.02 0.025 0.01 0. 086 0.007 0. 0026
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Table 2 SLM forming parameters of titanium alloy

Parameter Power /W Dot spacing /pm

Time of exposure /ps

Trace interval /pm Layer thickness /pm

Value 170 75

65 30

longitudinal sample

transverse section

building direction

longitudinal section

el

transverse sample
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Fig. 2 Direction schematic of samples
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Fig. 3 Diagrammatic figure of protective grilling
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Fig. 4 Microstructures of TC4 alloy formed by SLM. (a) Longitudinal section; (b) transverse section
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Fig. 5 Microstructures of TC4 alloy after annealing. (a) Longitudinal section; (b) transverse section
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Table 3 Tensile properties at room temperature of TC4 in different states

Tensile strength ~ Yield strength

Sample

Reduction of  Impact toughness

Elongation A /%

R, /MPa R, ,/MPa area Z /% ag, /(Jeem )
Forge piece(HB 5432—1989) =895 =825 =10 =30 =35
Transverse as-printed sample 1220 1087 12.0 30 37.85
Longitudinal as-printed sample 1201 1124 12.9 41 40. 67
Transverse as-annealed sample 1034 936 16.9 45 43.67
Longitudinal as-annealed sample 1048 969 19.0 53 61.67
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Fig. 6 SEM images of specimen fractures. (a) Longitudinal as-printed sample; (b) transverse as-printed sample;

(¢) longitudinal as-annealed sample; (d) transverse as-annealed sample
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Table 4 Tensile properties at high temperature of TC4 in

different states

R,/ R,/ A/ 2/
Sample

MPa  MPa % %

Forge piece(HB 5432—1989) =600 - =12 =40
Transverse as-printed sample 885 722 10.5 45
Longitudinal as-printed sample 889 734 11.8 50
Transverse as-annealed sample 714 589 13.9 59
Longitudinal as-annealed sample 736 611 14.0 66
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Fig. 7 Practical picture of SLM formed protective grilling
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Table 5 Measured dimensions of the grille’s unit grids prepared via SLM process

Measured dimension /mm

No. of grids - —
Edge 1 Edge 2 Edge 3 Edge 4 Maximum Minimum Average
1# 2.46 2.51 2.48 2.50 2.51 2.46 2.49
2t 2.47 2.48 2.47 2.45 2.48 2.45 2.47
3 2.44 2.46 2.45 2.48 2.48 2.44 2.46
4 2.49 2.48 2.45 2.47 2.49 2.45 2.47
5# 2.43 2.47 2.46 2.44 2.47 2.43 2.45
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