55 45 55 1 1) W g fl %K Vol. 45, No. 1
202442 A IRON STEEL VANADIUM TITANIUM February 2024

BB 22 TieAWV ST Z . WA A
KRR R

KA EAE, T, ', R, EHE ERE

(1. BN AL ST B PR F], J6BT 1022005 2. M JRIE TREACEE, B IT WA /REE 150001)

OB RO A ISR R R T I 2 RN TICAIAV &4 REE, REHFR THOGhE, AT K%
BN TIGAI4V A& RALUES ., PrtEae A tERERE . 28 2 2 DIRUAFAY A D RIER of | o SEHA
IR o M OB A B A RT3 ORI 5 Fo A ot AR BE RGN, ORI 3 000 W T+ 3 500 W
AHREEDT RIS BE N % T 24 4%, HIERSR EFET 50%, w8 T4 6%, 3% 22 FE A3 B K TH0RERG B i
BRI RT, BEE 26 2238 10 mmy/s H9INMZEE 30 mmy/s, Frhish & TRET 2%, IEMRIEE T 67%, hftEits T
11% . F9 78 4 v 2 048 i asURE P Y AR H 5 i b AN 3R B8 T FOAAR o, A 6 mmy/s S0REAH L R 4 mmy/s 1)
REEAE PRI T 4 45%, PIPimE TR T 2%, hEMERE T 1%,

KRR TIOAIAV; WOGKE 2238 il 15 WOLTIA; S ; iR 22 R BE; hrfi ik fgs vhibitene o %é
B4 %S TF823 kR RD: A X EHS:1004-7638(2024)01-0049—08 1:;: i
DOI: 10.7513/j.issn.1004-7638.2024.01.008 FigRlE (FiRRS) FRIRES (OSID) : | n% %i
LR
R

Forming process, microstructure, strength and toughness of
Ti6Al4V alloy by laser wire-feed additive manufacturing

Zhang Dayue', Wu Xinze’, Wang Yijia', Si Shanshan', Jiang Yuanbo', Li Binzhou', Jiang Fengchun’

(1. Ansteel Beijing Research Institute Co., Ltd., Beijing 102200, China; 2. Harbin Engineering University, Harbin
150001, Heilongjiang, China)

Abstract: In this paper, single-pass multi-layer Ti6Al4V alloy specimens were prepared by laser wire-
feed additive manufacturing technology. The effects of laser power, scanning speed and wire feeding
speed on the microstructure, tensile properties and impact properties of Ti6Al4V alloy were systematic-
ally studied. The microstructure of single-pass multi-layer deposition samples is composed of martens-
ite o', a bundle and basket-weave microstructure. The increase of laser power increases the B grain size
and the decomposition degree of martensite o'. When the laser power increases from 3 000 W to 3 500
W, the tensile strength of the sample decreases by about 4%, the elongation increases by 50%, and the
impact toughness increases by about 6%. With increasing wire feeding speed, the average size of the 3
grains of the sample increases. As the wire feeding speed increases from 10 mm/s to 30 mm/s, the
tensile strength decreases by 2%, the elongation increases by 67%, and the impact toughness increases
by 11%. When the scanning speed increases, the lack-of-fusion and residual martensite o' in the sample
increases. Compared with the sample with a scanning speed of 4 mm/s, the elongation rate of the sample
with a scanning speed of 6 mm/s increases by about 45%, the tensile strength decreases by 2%, and the
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impact toughness increases by 11%.
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Fig. 1 Schematic diagram of laser wire-feed additive man-
ufacturing
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Table 1 Main chemical composition of Ti6AI4V wire %

C v Al Fe Ti H N (6]

0.013 403 633 0.049 90.14 0.0055 0.006 0.034
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Table 2 Deposition parameters of multi-layered thin wall
specimens

TS BOR/W RZEE/ (mms ) R/ (mms )

1 2500 20 4
2 3000 20 4
3 3500 20 4
4 3000 20 6
5 3000 20 8
6 3000 10 4
7 3000 30 4
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Fig.2 Dimensions of tensile specimen
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Fig. 3 Dimensions of impact specimen
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Fig. 4 Cross-sectional microstructure of deposited layers under different process parameters
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Fig. 5 Microstructure at the bottom of the samples under different laser powers
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Fig. 6 Microstructure at the p grain boundary of samples at different wire feeding speeds
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Fig. 7 Morphology of a-phase at the same position of the samples at different scanning speeds

22 T EBBOGRAFEE R YERE 0

& 8 AN A T2 S50 WOt I 22 38 b4 il 1
Ti6Al4V 118 22 2R i hr A 0 g A8 th 4k, 3% 4
B TESECT il R b i ERe . X0
Iy 2 500 W RE, BARAE HA AR RIS 2] T3

HRIRIEE B ARkL, [ T A LE RS B B, I
RFNEETE 3 000 W R, DU B (LT
WOLTI#E 3000 W AR . OB 3500 W,
AR AR RHIA B sk, (HAR LD )5
3000 Wi HFERY B Aok RUE 34 i BE /0, PR I HG



.54 . W 2k 9L 8K

2024 455 45 5

iR FEE MUAEE {1 3R 2 B2 T AR o B 22, Hh T 5
FOAAR o A JEE T ey, JHL e ARG it 2 AT 5 JEE A1 T
BWOLTHE 3 000 WAL, (HAEAH AR &

1000

—— 2500 W, 20 mm/s, 4 mm/s
—— 3000 W, 20 mm/s, 4 mm/s
—— 3500 W, 20 mm/s, 4 mm/s
~— 3000 W, 10 mm/s, 4 mm/s
200 1 —— 3000 W, 30 mmys, 4 mm/s
—— 3000 W, 20 mm/s, 6 mm/s
—— 3000 W, 20 mm/s, 8 mm/s

0 2 4 6 8 10
TVAR/%

B 8 AREILZSHAFER MR SR 2 i 2k
Fig. 8 Tensile stress-strain curves of samples under differ-
ent process parameters
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Table 4 Tensile properties of the samples at the same pos-
ition under different process parameters

RS R,,/MPa R, /MPa Al%
1 786.5 898.5 4.60
2 847.4 925.2 4.55
3 784.4 886.2 6.80
4 818.4 904.9 6.60
5 836.6 918.7 4.10
6 749.7 886.3 4.50
7 702.0 821.7 7.60
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Fig. 9 Tensile fracture morphology of typical deposited samples
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Fig. 10 Impact load-displacement and impact absorbed
energy curves of typical sample
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Table 5 Room temperature impact properties of the
samples at the same position under different pro-
cess parameters

. Iles My RYPRE I/

HHRIT S }i‘qcﬁz/JjJ ) W/iq/J )] W?:/J (Ti%mﬂt%
1 9.12 3.94 5.18 45.71
2 9.74 3.98 5.76 48.74
3 10.05 4.84 521 51.74
4 10.74 5.22 5.52 53.97
5 9.31 3.62 5.69 46.51
6 9.21 4.68 4.53 47.52
7 10.73 4.84 5.89 54.05
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Fig. 11 Impact fracture morphology of typical samples
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