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Research and Progress of the Hybrid Manufacturing of TC4 Titanium Alloy
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Abstract: TC4 titanium alloy has a wide range of applications in various fields worldwide due to its excellent properties.
However, with the development of marine ships, aerospace and other technologies, the size of TC4 alloy components is
becoming increasingly larger, and traditional casting and forging manufacturing technology and new additive manufacturing
technology have difficulty meeting the processing requirements of near net size, low cost and high efficiency of TC4 large
components, so hybrid manufacturing technology combining the advantages of these two types of manufacturing technology
came into being. At the same time, to solve the problems of microstructure defects and anisotropy of additive
manufacturing TC4 titanium alloy, a hybrid manufacturing technology combining online rolling and additive manufacturing
was proposed. Based on the existing domestic and foreign data, the characteristics of hybrid manufacturing technology of
TC4 titanium alloy were compared, and the structure and performance characteristics of TC4 alloy components and the
influencing factors were summarized. The existing problems and development direction of the technology were also put
forward, providing references for the research and development of TC4 titanium alloy hybrid manufacturing technology.
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Fig.1 Schematic diagram of laser additive operation: (a) SLM technology, (b) LMD technology
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Fig.2 Schematic diagram of wire and arc additive manufacture!
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Fig.3 Hybrid fabrication of TC4 titanium alloy macro- and microstructure: (a) macrostructure, (b) additive zone, (c~d) transition zones,
(e) substrate!*?
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Fig.4 Microstructure of the heat affected zone of TC4 titanium alloy by hybrid fabrication*!
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Tab.1 Tensile properties at room temperature'!

o Tensile strength Yield strength Rate of elongation Shrinkage of section
Sample name Test direction
R./MPa Ra/MPa Y% A%
Laser deposition hot rolling XY 1029.0 962.0 12.0 21.0
composite manufacturing Z 955.0 892.0 19.8 51.0

5 ZPA IS AR RO T 855 XMW L : (a~c) WL TR, (d~f) F B i 715

Fig.5 Microstructure of the bonding zone under different magnifications after heat treatment: (a~c) SEM images, (d~f) BSE images!*!
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Fig.6 Microstructure of the TC4 titanium alloy bonding zone prepared by mixing at different linear energy densities: (a) 100 J/mm,
(b) 133 J/mm, (c) 200 J/mm"’!
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Fig.7 Microstructure of arc mixing fabricated TC4 titanium alloy: (a) SLM region, (b~c) heat affected zone, (d) WAAM region®
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Tab.2 Tensile properties at room temperature of arc
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Tab.3 Tensile properties of SLM-WAAM composites™
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V-SLM-WAAM 905 955 10.1
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Fig.8 The single cross section macroscopic morphology of TC4 titanium alloy under different ultrasonic impact parameters: (a) without
ultrasonic impact, (b) 200 W ultrasonic impact, (¢) 600 W ultrasonic impact, (d) 1600 W ultrasonic impact®”

PR O FELR L 1 A TR 4 1 it AR R P
Fig.9 Schematic diagram of online rolling additive hybrid
manufacturing technology'®”
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Bl 10 REALHSECT TC4 BhA 4 A () K2 HELH,
(b) B ELHI (50 kN), (c) B4R FLHI(75 kN) , (d) P4 FLH
(50 kN), (e) “F4R AL (75 kN)™
Fig.10 Metallograph of TC4 titanium alloy under different
rolling parameters: (a) without interlayer rolling, (b) round roll
rolling (50 kN), (c) round roll rolling (75 kN), (d) flat roll rolling
(50 kN), (e) flat roll rolling (75 kN)™
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Fig.11 Metallograph of additive manufactured TC4 titanium alloy: (a) without rolling, (b) 3 mm rounded convex roll rolling!™

SFVERE  WFIE R B, Gead SLwI (RS R R Y B AR
IR R T 60%2E 4 0 FIZHRSHTFRET 38%
FEAT o HAERARRE B DAL & BT 2 kR
g, T KA A o7 MR RE W IE 12 PR

5 %iE

FAT, AW TC4 Sha &2 8 17— RIE,
VEN—FF% I T ZHAR, AR THRE T Z

A AN AL A A TR T 38 T T s ) AR R g AR
B A% 2 AR R B (3] B, m] LAAT B4 4 JiE TCA Bk 1
RIS RE ST o HATIR & HliE TC4 $L5 & HITFEA)
bR B B, MG TS B IR G il TCA Bk
AR S PE AU T 22 PR BE L 09 2% 1) ST 2
R AR )R, S AT 5 T AT AE T AR T 3R A
20/ S5 R i L SUIR S SO R OB AT )
AR RE A% 1) S

P12 B 1 BRI 98 55 LR < (a) ARAL I, (b) AL, (c~f) L5 2L &0 il i [ )
Fig.12 Fatigue crack profile near the fracture: (a) unrolled, (b) after rolling, (c-f) post-rolling crack profile™
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