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YR T, BRRERMMTE K, EREESYP N A
Bk g2 TAERE o K a6, Bl B 25 5] 2.7X 107 Pa,
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o LUK, YR/ BH AR 22 T i) F S R R 5 R LI
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R 1 Ti-6Al-4V 0B =R B R 1ERE
Table 1 Tensile properties of Ti-6A1-4V alloy wire at
room temperature

Ultimate strength/MPa  Yield strength/MPa
897 835 9.5

Elongation/%

Melt pool
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1 Ti-6A1-4V 2204 I b il i o 7 s i P
Fig.1 Schematic illustration of wire+arc additive manufactured

Ti-6Al1-4V alloy

2 Ti-6Al-4V £ BINEMHETZSH
Table 2 Process parameter sets for wire+arc additive
manufactured Ti-6A1-4V alloy

Current/ Arc voltage/ Wire-feed speed/ Feeding
A \Y mm-min”’ angle/(°)
150 15 300 15~30

45
20
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12 RS

K2 ke LA R

Fig.2 Geometric dimension of tensile sample
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Fig.3 Macrostructure (a) and microstructures (b~d) of wiretarc
additive manufactured Ti-6Al1-4V alloy: (b) side, (c) top,
and (d) bottom
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fETEmBe =B ER N, BKE 6 22 158 (0] 5 4k i

4 Ti-6A1-4V LZFF 8GR H1E IR BRI 4 5 X 5 HERA X
ORTA T E N
Fig.4 Microstructure of wire+arc additive manufactured Ti-6Al-

4V alloy: (a) fusion zone and (b) deposition zone

K5 Ti-6Al-4V A3 H) LENS #2414
Fig.5 Microstructure of LENS material with Ti-6Al-4V

powdert"*!
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Heat cycle affected zone

Martensite

Scanning direction

Bl 6 HLIRIIAM & Ti-6AL-4V A 4 5 b 4 AR R
Fig.6 Schematic illustration of the grain transformation in wire+
arc additive manufactured Ti-6A1-4V alloy: (a) martensite
formation and (b) grain transformation by heat cycle affe-

cted zone
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Fig.7 Microstructure of as-cast Ti-6Al-4V alloy
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Bl 8 S 22 HLIRHY A I 1 Ti-6A1-4V &4 18
THCHE B B 8 . 2 AR RE R A R OREY Z )
Y5 X 77 1) T IR BE A oy AR . g5 AR, B R A AT
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PR LM A R MES B, X5E 4 B
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Fig.8 Microhardness of wire+tarc additive manufactured

Ti-6Al-4V alloy
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Fig.9 Stress-strain curves of wire+arc additive manufactured and

as-cast Ti-6Al-4V alloy at room temperature

BIRT DU, 3R )3 1) 4 4 3R 0 HE O v R B i
AEMIZ, HAE A 911 MPa Al 13.4%, 1551 & 421
PURLR AL R 879 MPa, ZEAHAN 9.8%, G Hilit Lk
A0 HE i 3.6% K1 37%, 22 A FL 5T A4 138 14 Ti-6Al-
4V AT Ti-6A1-4V B AT BEUF R 5/ 8 P o X2 R A
LI A o ok A b, BRJEA J1 D7 AR B UG B
W) ot b R ERAL N, AEh AR b, MORLEEAT 9B
WA, KEAMWSHATEE, Y6 B WMAYS ap R
XA B BIBEASAE R, SR U2, AL A
BHOJBRO, AT Gt BE T s [, doRi
BFERL AR D, N BRI R s>, 1
B W T LUK S BT, R H T L (1 B

3 N T AAF R Ti-6A1-4V A 41 %=
WrERE. ATLLE W, HLRLZ b4 3R 38 A X T R A
F) HL F- R 3 [X %5 4k (electron beam melting, EBM) 5
LENS #l3& 200 Ak, Prdrad BEAR KT, SRR
RBEAR, HAsR2 MM HlE S EBM 73 211
B RERCHET o X 32 B IR 5K D & 1 e 2 m] T B
L ECAA, TR ISR 2268 LR AR D SRR R A 21 4
TAETEAR, DLRTE DG

Bl 10 kB4 25 F 22 34 s IS A1 HhE 1) Ti-6A1-4V &
Shmr SR, KB 10a. 10c A Ti-6A1-4V 54

#3 FTREEMARBEFER Ti-6Al-4V & &Y
ERDFMEELLR
Table 3 Room temperature tensile properties of AM Ti-6Al-
4V alloy with different processing technology

Manufacturing method Ultimate strength/MPa  Elongation/%

WAAM 911 13.4
EBM!! 984 11
LENS® 1038 3.8
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SEMMAG: 1.00kx  DET: SE Delector
HV: 2000 kv DATE: 11/25/15 100 pm

SEMHV:30.0kV | SEM MAG: 5.00 kx
BI: 10.00 WD:9.70mm |10 um

SEMMAG: 1.00kx  DET: SE Detector
Vega ©Tescan HV: 20.00 kv

DATE: 04/06/16

=
VEGA3 TESCAN| SEMHV:30.0kV  SEM MAG: 5.00 kx
BI: 10.00 WD: 879 mm |10 ym

10 SRS FBIF IS IR Ti-6AL-4V & 4 14 Ik D B3R
Fig.10 Fractographs of as-cast Ti-6Al-4V alloy (a, ¢) and wire+arc additive manufactured Ti-6Al1-4V alloy (b, d)
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A HEL atp Fr 2 TR EETE AN /N, TP 26 SE 4l /N 1)
e . R T BIED Ti-6A1-4V S TH#HES
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REIR L0 1 25 FAH— 3.
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1) L Ti-6Al1-4V & 422 65 R 5okl K FH HL IR #
Ui, PTSEBLER G G 2 b r S A 0, A5 B0 HERR
SRR TR A A5 A R 1 AR KT a0 RN HERLIX -
FEA X -HERR X 2 A 8 T A R 45 & WARY

FCARAH I I, & DX S AR AL 2L WA I atB Jr
SRR, DX i R

2) HLGRIE AL HIIE Ti-6A1-4V & 41 i )24 e
5853 Ti-6A1-4V Ga MR, 9B RE LSS Frd
i U o FERE AR 3 3 5 52 5y 3.6% A1 37%: HhAG
xR AR BT 1B 350 MEAR SR WT 24 TE S0, 244 F g 44
I A G PRz AR BT 1T 30 R I T 2 T 5
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Microstructure and Properties of Ti-6A1-4V Alloy
by Wire+Arc Additive Manufacturing

Zhang Feiqi'?, Chen Wenge', Tian Meijiao'
(1. Xi’an University of Technology, Xi’an 710048, China)

(2. Xianyang Tiancheng Titanium Industry Co., Ltd, Xianyang 712046, China)

Abstract: Ti-6Al1-4V alloy wire was molten by electric arc and then deposited layer by layer for the rapid prototyping of additive
manufacture. Morphology, micro-hardness and mechanical properties of the Ti-6Al-4V alloy were analyzed. The results indicate that the
deposit in the first and the second layers is in the form of columnar crystals and the rest are equiaxial crystals. Meanwhile, a fair amount of
heat from arc ensures a good metallurgical bonding in all of the zones (deposition zone, fusion zone and deposition zone), and eliminates
both clear deposition-layer and martensite of alloy. The integral alloy gets the stable a+f lamellar structure and similar micro-hardness of
all zones. Compared with as-cast Ti-6A1-4V alloy, the titanium alloy in this work obtains finer initial f-Ti grains and shorter a+f lamellar
spacing by wire+arc additive manufacturing. The ultimate tensile strength and elongation of the Ti-6A1-4V alloy have increased by 3.6%
and 37%, respectively. Besides, the tensile fracture morphology of the wire+arc additive manufactured alloy is ductile dimple clearly,
which is different from tearing edged quasi-cleavage morphology of as-cast alloy.

Key words: additive manufacturing; Ti-6A1-4V alloy; wire; morphology; mechanical property
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