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Fig.3 Macrostructure and microstructure of DHWAAM TA15: (a) Macrostructure of equiaxed B grains; (b~d) Microstructure of
DHWAAM samples with different magnifications '
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Fig.6 Average size of a phase in Ti-6Al-4V alloys formed by (a) WAAM and (h) HRAM™"
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Fig.7 Schematic diagram of fracture mechanism in TC4-DT
alloys formed by (a) WAAM and (b) HRAM"*
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Fig.8 (a) Surface residual stress of Til7 formed by WAAM after different treatments; (b) Microhardness profiles of Til7 alloy
formed by WAAM™
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Fig.11  Titanium alloy components of plasma arc and wire additive manufacturing: (a, b) Norsk Titanium™'; (¢, d) Xi’an Youarc
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2 WIFRBELTAERLHA
2.1 HRSMHEEEMRIL

FL T AU 22 DU PR T AR BAT i O TTORAL
L RIFIG IR HEEASRAO, N, HZ%
JBt, & T A A PR U G . iR T
TAL5 B T AR 22 TR ROE , DF9E TR | 3%
24 S JEE R T EVE SR B A 2 SR RE A2
BREE ERPER A BT | 2 KSOE ST,
HBRE S A TG 2 UL S DA R, SEt

T U R P RST AORG A ] o
2RI AIRENR , R LT AU 2238
il B SR B AR AL A AEAR S AIAF R 3, 4
K27, WOEHA T Z 7 2 SRR
IREHBUH L, Sl BRITT S i e 5
BRSO RT, Al o e v B RS il B [
WA, AIARAGAFRZHZ . YA )l e T SR 22 b
il 1 £ K (coaxial electron beam wire feeding additive
manufacturing, CAEBWAM) UK 13(a) 7, Y2244
S R T R AL O AT, AR ik 22, J
93



Total 186

ok T

S 186HH

e, SR AL, BEEERE R . E13(h)
R s JIE G Ti-6A1-4V & 4412170 1 Fh 44k A 55 h
AL, O RS a MR ALK, A2 oM
W, At R 2 RFER PR B [ B4 (FC) Fas %

J:.\,v. ‘? \
‘7‘. >

X

T E e | RS & A
I AN 5 &
¢ %’*kﬁ‘ R
S

o 1A

(AC) 1, m]ZRAFEE e A B AR, 4TS ] S
57 UK, WIFFE R Cu 4G Ti 215 41
[RIRERETS G IELREARIE , 2 e AlER , AR EE AN
PAVEVERCE S | A5 1 MR N BR S S

A ONISERY

-
ST S
Basketweave structure

rior B-gr

A i
ain

i ¢ AR
2 NN

AL ()55 1)25 (DS )2

Fig.12 Microstructures of Ti-6A1-4V alloys formed by EBAM™; (a) 1st layer; (b) 5th layer
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Table 2 Mechanical properties of Ti-6A1-4V alloys
formed by CAEBWAM after different heat treat-
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ments
- e BT T
JE/MPa JE/MPa
690 °C/2 h/FC+496 “C/AC 1035 922.5 13.8
750 °C/2 h/FC+496 “C/AC 1035 925 14.5
810 °C/2 h/FC+496 “C/AC 1000 882.5 16
870 °C/2 h/FC+496 ‘C/AC 985 880 18
900 °C/2 h/FC+496 “C/AC 955 855 18.5
940 °C/1 h/AC+540 C/4 h/AC 980 840 17.5
940 “C/1 h/AC+560 C/4 h/AC ~ 992.5 860 17.5
960 °‘C/1 h/AC+560 °C/4 h/AC 975 840 19
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Fig.14 (a) Schematic diagram of chemical plating process of Ti-6A1-4V alloy; (b) Grain morphology of Ti-6A1-4V-3Cu alloy;
(¢) Stress-strain curves of Ti-6A1-4V and Ti-6A1-4V-3Cu alloys in different directions*”
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Fig.16  Comparison of mechanical properties of TC11 titanium

alloy formed by EBAM and forging standard"™
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TF R iSRS 780 MPa 28 1Y HL 7 A 22 TR T BR &
G2, WOEAPEURGR L i 780 MPa, SEffIFA
i EIME IR 10% F150 J LA L, LG PERERT i 2
T E TR LT SR 22 LR B e 1 A

K3 BEFRELIEMHERKESLMULERS

K AR AR B L AL TR TA 1S 5K
2R Mo, V, ORI, PUbHS , Hythms g
iKE]960 MPa Ll I, FEMPZSE LT T 15%, i HA5 10 5%
P ZE 5% LT,

Table 3 Chemical composition of titanium alloys wire for EBAM (%, mass fraction)

PO L EE/ BRILHR ZBICHR

MPa Ti Al 4 Nb Zr Mo Fe Si C N (0] H

780 AR 6.0~7.0 — 2.2~3.5 1.3~2.6 0.6~1.5 <0.25 <0.15 <0.10 <0.05 <0.15 <0.015
850 i 62~7.0 4.0~50 — — — <0.1 — — — 0.13~0.24 —
920 NE 6.2~75 4.0~55 — — — 0.10~0.50 — — — 0.12~0.25 —
960 NE 6.2~72 4.0~55 — — — 0.10~0.50 0.05~0.12 0.03~0.08 — 0.12~0.22 —
960 (TA15) #k#  5.5~8.0 0.8~2.0 — 1.5~2.5 0.8~2.0 <0.25 <0.15 — — 0.09~0.15 —
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Fig.17 Titanium alloy components formed by EBAM: (a) Sciaky®’; (b) AVIC Manufacturing Technology Institute
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Fig.18 Macrostructure and microstructure of Ti-6A1-4V alloy formed by LWAM'®"; (a) Macro-morphology of cross-section of deposit-

ed single bead wall; (b) Band region and normal deposit region; (¢) Microstructure in band region ;

(d) Microstructure in normal deposit
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K19 LWAMJSIE TCA-DT 15 5 [ - AL FEAS W12 () SEA RS+ RDIR AR DU 22 () BRI 4L
Fig.19 Microstructure of TC4-DT alloy formed by LWAM after solution-aging treatment'®’: (a) Equiaxed and columnar dual phase

structure; (b) Widmanstatten structure
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Fig.20 (a, b) Micromorphology of different regions of Ti-6A1-4V alloy by LWAM with ultrasonic vibration treatment
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Fig.21 Microstructure of LWAM TC4 titanium alloy with (a) cycle heat treatment, (b) pulse current treatment and (¢) ultrasonic

micro-forging + solution aging treatment , respectively
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(a) Schematic diagram of multi-laser beam with coaxial wire feeding ®'; (b) Schematic diagram and (c) equipment of

Fig.23
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Fig.24 Mechanical properties of TC4 titanium alloy formed by
LWAM
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Fig.25 Comparison of maximum deposition rates obtained with
hybrid process, PTA only process and laser only pro-

cess with total power input of 8 kW in each case ™
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Fig.27 Schematic diagram of TC4 wire structure for LWAM"™!
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Fig.26 (a) Schematic diagram of PTA and two lasers; (b) Relative position of three energy sources ™
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Research Progress of AM Technology Based on Titanium Alloy Wire

HE Zhifeng, ZHAO Jing, CHAI Ruxia, XIA Yafeng, LI Dan, CHEN Xiao, SHU Ying
(Xi’ an QinTi Intelligent Manufacturing Technologies Co., Ltd., Xi'an 710016, China)

Abstract: Since the development of metal additive manufacturing (AM) technology, it has been widely used in many fields and has been
included in the twelve disruptive technologies that determine the future economy. In recent years, metal wire-based AM technology has
become the focus of AM research and application, due to its high deposition efficiency, low manufacturing cost, short manufacturing cy-
cle and high material utilization rate. This paper discussed the latest research achievements in optimization of forming process parame-
ters, analysis of macrostructure and microstructure, regulation of post-heat treatment microstructure and properties and development of
special raw materials in detail, focusing on widely used wire arc additive manufacturing (WAAM), electron beam free form fabrication
(EBF3) and laser and wire additive manufacturing (LWAM) based on titanium alloy wire. On this basis, the application of additive man-
ufacturing based on titanium alloy wire in engineering and the formulation of relevant standards were introduced. Finally, the paper
pointed out the inherent defects of the additive manufacturing technology of titanium alloy wire in terms of structure, properties, etc.,
put forward the methods of forging and additive manufacturing hybrid process, composite post-treatment and special wire development,
and suggested establishing a new standard system which was different from traditional forging and casting one. The above suggestions
were all helpful to promote large-scale applications of the additive manufacturing technology of titanium alloy wire in various fields.
Key words: titanium alloy; wire; additive manufacturing; laser fuse additive; heat treatment
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