FA40E 2 rh [E #F gt R Vol.40 No.2
2021 42 H MATERIALS CHINA Feb. 2021

BFRSZEMHEHARAERIERE

B, AR RAE, R @YY ma’, EMRS, Tk
(1. RiETEHERKFE Mﬂﬂ”%‘é&n, & 201620)
(2. PA/RETOE R ot SRR E SR E, BIpTL B/RE 150001 )
(3. Z—HHARAF, LH Bl 215300)

OE BRI A ARG PR R DO R K, R B RR A AR L W BRMRRE . R AR . M T
PRI OEIE M RS DR, o 7 SR 2238 b s B8 A HC R PR . I 80 8 L MR TR R S R A, 3 W 1y 3 0 o 3
SGURRIIT TR o WBIENEIE S BRBE T . UG VERRRR AL . OB BRI AL RE 3 AT 5 G 0 0 1 [ AR5 T s 7 iy 22

SIS (BT S BUR AN IR BOR , S T A RTIT S AFE IR R o TEBEIERL b, X it T SO0 2239 b T B AR AR ofe BE G A9 BT 2
J7 A R, RS 2R ﬁﬁkmimfﬁﬁﬁﬁm%é%% Wee ATRA 1 10z 41 T I SR THAR 1 OB AG B S P RE L BT

B R T B MO R e AR I R L SIS AT A i e A S

KW wTH; & ﬁMﬁL,ﬁy gl Jiztkne

b E4E S THI6 XHEEPRIRAG: A NERS: 1674-3962(2021)02-0130-09

Research Progress and Prospect of Electron Beam

Freeform Fabrication

LI Shaowei' , GAO Qingwei', ZHAO Jian'*”, LIU Hongwen’,

WANG Pengfei’ , YU Zhishui'
(1. School of Materials Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)
(2. State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China)
(3. SANY HEAVY Machine Co. , Ltd. , Kunshan 215300, China)

Abstract: Additive manufacturing technology is able to manufacture the complex parts rapidly , which can greatly improve
production efficiency, reduce material loss, and reduce production costs. Compared with arc and laser additive manufactur-
ing technology, electron beam freeform fabrication has gradually become a research hotspot due to its features such as low
manufacturing cost, high processing efficiency and high material utilization. This review summarizes the research status and
main problem of electron beam freeform fabrication in forming precision and defect control, structure and performance char-
acteristics, as well as forming and control mechanism. On this basis, outstanding challenges and research opportunities for
electron beam freeform fabrication are identified and discussed, which is (i)research on realizing wire feeding stability and
optimizing method of electron beam path for large complex structure parts, (ii)improvement of forming accuracy and reduce
internal stress, (iii)research on heat distribution and microstructure transformation, (iv)development of real-time monito-
ring device for additive manufacturing process.
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Fig. 1  Schematic of electron beam freeform fabrication system
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Fig. 3 Images of the melt pool during deposition of the low-carbon arc-cast Mo wire (a) and the powder metallurgy Mo wire (b) 3]
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Fig. 4 Optical microscopic images for copper/304 stainless steel gradient deposition'®!. (a) overview of whole deposition, (b) bottom of first

copper layer, (c¢) second copper layer, (d) interface of second and third copper layers, (e) interface of third and fourth copper layers
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Fig.5 Optical microscopic images of 302 stainless steel parts fabricated by electron beam freeform fabrication'®!; (a) top area in the longitudinal

section, (b) middle area in the transverse section, (c¢) bottom area in the longitudinal section
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Table 1 Mechanical properties of the materials fabricated by elec-

tron beam freeform fabrication technology

Materials Mechanical properties
Tensile strength: 120~127 MPa
[34] : )
404341 elongation ; 12%~30%
4047 A1) Tensile strength: 151~155 MPa,

elongation : 15%~30%

302 stainless steel

Hardness; 3038~3449. 6 MPa,
tensile strength: 845 MPa,
yield strength; 770 MPa,

elongation: 6.9%
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Fig. 9 Comparison between predicated weld pool profiles with experiments
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