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Research on the influence of various process parameters on the
properties of 304 stainless steel prototypes by
electron beam free form fabrication

Huang Xingguang"®, Sun Baofu""

(1. College of Mechanical and Control Engineering, Guilin University of Technology, Guilin 541004, Guangxi, China; 2.
Guilin Shida Technology Co., Ltd., Guilin 541004, Guangxi, China)

Abstract: 304 stainless steel wire with a diameter of 1 mm was used as the material to prepare 304
stainless steel samples using electron beam fusion deposition technology (EBF’) for mechanical proper-
ties and microstructure analysis. Nine sets of experimental were designed for single factor experiments,
where the beam intensity, wire feeding speed, and substrate feeding speed were changed for printing.
The results showed that the tensile strength and yield strength of 9 groups of specimens were excellent,
but their elongations were average. Among them, when the beam current was 26 mA, the wire feeding
speed was 1 400 mm/min, and the feed speed was 400 mm/min, the characteristics of the specimens
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were the best, with a maximum tensile strength of 1 328.92 MPa, a maximum yield strength of 711.60
MPa, and a fracture elongation of 34.45%. Through the comprehensive analysis, it can be concluded
that changing the wire feeding speed has the greatest impact on the plasticity of 304 stainless steel
tensile parts, and changing the moving speed has the greatest impact on the strength of 304 stainless
steel specimens. In addition, the microstructure of 304 stainless steel specimens with varying beam and
feeding rates was composed of austenite. While, the microstructure of specimens with varying wire
feeding rates was mostly composed of austenitic transformation phases precipitates; The changes in
beam flow and wire feeding speed were mainly due to changes in the composition of the microstructure,
while the changes in feed speed were mainly due to changes in grain size, ultimately resulting in the
properties variation of different tensile parts. During the fracture analysis by scanning electron micro-
scopy, it was found that brittle fracture occurred in all specimens during the tensile tests.

Key words: EBF’, 304 stainless steel, wire feed speed, beam intensity, wire feeding speed, microstruc-

ture, tensile property
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Table1 Chemical compositions of 304 stainless steel wire and substrate %
R C Si Mn S P Cr Ni Mo Fe
228F 0.06 0.7 12 0.014 0.03 18 8 0.18 Bal.
AR 0.12 0.17 0.5 0.027 0.028 Bal.

E1 304 RNBENEHMEHEAR

Fig. 1 Microstructure of 304 stainless steel
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Table 2 Process parameters of 304 stainless steel formed

(D

by EBF®

TR SRR R/ HESGEREE/ PUhaR e/ SRS/ W
45 BF/mA (mm'min') (mm'min')  MPa MPa KF/%
Al 18 1400 500

A2 22 1400 500 134791 593.77 3490

A3 26 1400 500 114294 938.06 31.54

Bl 26 1200 500 1137.74 511.67 24.63

B2 26 1500 500 893.27 453.41 20.61

B3 26 1 800 500 1240.80 880.00 35.67

Cl 26 1400 200 122825 60043 29.13

C2 26 1400 400 132892 711.60 3445

C3 26 1400 600 1213.10 54642 28.07
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B2 AERREER 304 FERNSHALR
Fig. 2 Metallographic analysis of 304 stainless steel
formed by different beam intensity
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(a) 1 200 mm/min

(b) 1 500 mm/min

(¢) 1 800 mm/min

B3 FEBXZEER 304 REMEHAR
Fig. 3 Metallographic analysis of 304 stainless steel formed by different wire feeding speeds
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Fig. 4 Metallographic analysis of 304 stainless steel formed by different feed rates
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Fig.5 Time-stress curves of specimens with different parameters
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Fig. 6 Tensile fracture microscopic morphology of specimens formed by different beam strengths
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Fig. 7 Tensile fracture microscopic morphology of specimens formed by different wire feeding speed
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Fig. 8 Tensile fracture microscopic morphology of specimens formed by different feeding rates
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