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Research Progress in Selective Electron Beam Melting

TANG Huiping, WANG Jian, LU Shenglu, YANG Guangyu

(State Key Laboratory of Porous Metal Materials,
Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Selective electron beam melting (SEBM) is a relatively new additive manufacturing technology developed
from early 1990s, which has the advantage of high efficiency, high build speed, vacuum protection, and low residual
stress. All of these characters make SEBM a wide array of application within areas such as aerospace, medical implants,
automobile and so on. Over the past ten years, the authors’ research team mainly conducted SEBM research on titanium
alloy, including TC4, TA7, Ti600, TiTaNbZr, TiAl intermetallic compounds. The microstructure and property of SEBM
titanium alloy have been studied. Some titanium alloy parts with complex thin-walled, truss or porous structure and por-
ous/dense composite structure have been fabricated. An enterprise Xi’an Sailong Metal Materials Co., Ltd. has been
established, specially engaged in titanium alloy powder, SEBM equipment and technology. In this paper, the research

progress in SEBM concerning machine, defects control, microstructure and mechanical properties of building materials and
some typical application are reviewed. Finally, the future prospects of SEBM technique are assessed.

Key words: selective electron beam melting ( SEBM ) ; equipment; defects control; microstructure and properties;
additive manufacturing technology ; heat treatment technology in deformation process ; biomedical implants
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Fig. 2 Photos of powder spreading phenomenon recorded by a high-speed

camera: (a) local powders are accelerated, and (b) whole

powder layer are accelerated by electron beam'*!
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Table 1 Room temperature mechanical properties of SEBM produced TC4 alloy
Material Directi Ryo.» R, A Z Kye Fatigue Strength
aterials irection /MPa /MPa /% /% /MPa » m®3 / x10"MPa
. VA 879 £110 953 +84 14 +0. 1 46 £0 78.8 1.9 382 ~398
As-fabricated by SEBM XY 870 +70 971 30 12+0. 1 3541 97.9+1.0 442 ~458
A 868 £25 942 +24 13 +0.1 44 +1 83.7+0.8 532 ~568
SEBM + HIP Xy 867 55 959 +79 14 20. 1 371 99.8x1.1 531 ~549
Annealed wrought — =825 =895 =8 ~10 =25 =50 -
R N 180
XFEYI BT Co-Cr-Mo 54, 8 # Ak Bl J i - = EBM Solidified & Heat treated
BIEVEBERENS A B BE AR E R Y, I H I R 140t ASTMF 75
Qb L 9 57 5 1 1) 400 ~ 500 MPa(fEER 107 1) , = MASTM F 1537 Annealed
100 m ASTM F 1537 Hot worked
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40

20

0
Yield Strength UTS  Reduction of Elongation
(MPa) (MPa) area(%) (%)

Hardness
(HRC)

€10 SEBM iJE Co-Cr-Mo 44 14 Ml 55 B8 b fixd Hp )
Fig. 10 Comparison between mechanical properties of SEBM produced Co

— Cr —Mo alloy and conventional medical grade[z4i
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Fig. 11  Tensile properties of SEBM produced TiAl alloy at different

temperature [26]
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R R
Materials /I\I/Iﬂ;a /Mli;a /21/0
Fabricated by SEBM 410 750 44
SEBM + HIP 330 770 69
Wrought 1100 - 18
Annealed wrought 450 890 44
Fabricated by SEBM at 538 C 300 590 53
SEBM + HIP at 538 C 230 610 70
Wrought at 538 C 280 830 50
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Fig. 12 Microstructure of SEBM produced: (a)TC47"and (b)

TiAl2! alloys along vertical section
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Fig. 13 Solidification map for TC4 alloy by two typical process>]
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Fig. 14 Reconstructed B-phase orientation maps of SEBM produced
Ti-6A1-4V samples with different thickness: (a) 1 mm,
(b)1.5 mm, (c) 2.0 mm, and (d) 5 mm!*!
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(a) Optical metallographic views of SEBM produced Ti-
6A14V, (b)SEM image of corresponding to block area
in figure (a), and (c¢) magnified view of block area in

figure (b)
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Fig. 16 Complex Ti-6Al-4V component fabricated by SEBM ]
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Fig. 17 SEBM-built nozzle with inner cooling channel by NIN
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Fig. 18  TiAl turbine blade fabricated using SEBM technique
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Fig. 19  Acetabular cups with integrated trabecular structure fabri-

cated by SEBM %]
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Fig. 20  Biomedical implants fabricated using SEBM technology by NIN
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Fig. 21  SEBM-built novel interbody linterbody fusion cage!®’ (a)

and femoral rod ) (b)
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Fig. 22 SEBM-built hydraulic manifold mount for an

underwater manipulator by ORNL!2]
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Fig. 23 SEBM-built heat exchanger and air/oil separator devel-
oped by NIN
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