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Abstract: Laser addictive manufacturing (AM) of titanium alloys have great potential in aerospace field,
as its unique advantages in small complex structure fabricaton and large components near-net shape
forming. In order to achieve the fabrication of large components with complex structure just in one piece,
the laser deposition manufacturing (LDM) was carried out with Ti6Al4V alloy as the basis by selective
laser manufacturing (SLM). The attained samples which had two distinguishing AM processes, was
conducted annealing treatment at different temperatures to explore the evolution of microstructure and
mechanical properties. The result shows that the microstructures of Ti6Al4V alloy structure prepared by

the LDM —SLM processes consists of three zones: LDM zone mainly composing o laths, SLM zone
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dominated by slender acicular o’ martensite and heat affected zone (HAZ) formed by remelting which is

mainly composed of o lath and o’ martensite. In mechanical properties, the as-built component has the

characters of high strength with low plastic, and significant anisotropy; samples annealing at 850 C exhibit

the best comprehensive mechanical properties because of the reasonable balance between the strength and

the plastics. Work hardening in the tensile process leads to double necking of the tensile bar after 850 C

annealing.

Key words: LDM—-SLM hybrid manufactured; Ti6Al4V alloy;

annealing treatment
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Tab.1 Main experimental parameters of Ti6Al4V

titanium alloy manufactured by SLM process

Process parameter Value
Laser power/W 350
Spot diameter/mm 0.1

Powder diameter/pm 15-35
Scan speed/mm - s 900
Layer thickness/pm 60
Scan space/pum 110
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Tab.2 Main experimental parameters of Ti6Al4V

titanium alloy manufactured by LDM process

Process parameter Value

Laser power/W 2 400
Spot diameter/mm 4
Scan speed/mm -s™' 11
Feeding speed/r-min™" 0.8
Scan space/mm 2

Powder diameter/pm 74-300
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Fig.1 Design of tensile bar and subsequent heat-treatment system

for hybrid manufactured samples
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Fig.2 XRD patterns of as-built sample and as-annealed samples of

LDM-SLM hybrid manufactured Ti6Al4V titantium alloys
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Fig.3 Microstructures of as-built samples of LDM—-SLM hybrid manufactured Ti6Al4V titanium alloys: (a) Sample A; (b) Sample B;

(c) SLM zone of Sample A; (d) SLM zone of Sample B; (¢) SEM photo of microstructure in LDM zone; (f) SEM photo

of microstructure in HAZ; (g) SEM photo of microstructure in SLM zone
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Fig.4 Microstructure OM images of LDM—-SLM hybrid manufactured sample after different temperatures annealing treatment
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Fig.5 Tensile properties of samples of LDM—SLM hybrid manufactured Ti6Al4V alloy at room temperature

LDM-xy- Sample A « LDM-xy-
SLM-z- B Sample B SLM-z-
® SLM-x1- 4 LDM-z- ® SLM xy-
24%
a 21%
2
Su 18%
=]
A
H15%
12%

As-built 750°C 800°C 850 °C
Sample

(c) JiEfif

(c) Elongation

222 FifpHEAERER KIBEEE

T F LDM-SLM & & JF A 4351 5 LDM |
SLM JUREZE IR K S5 T B PP M RE AT X b, SCrh
il £ 7 SLM Fi i 56, 20 3 A R) A9 3R Ak B 5 SR A7
THf AR 5 PR IR A fBThios
M (964+8) MPa , it FE B HLH7 58 J& 4 (985+3) MPa;
& 5 FF ) LDM L JE TicAV £k & 4 iR P £ i
WK A B A RS HICIR13], WA 5(a) K 5(b) & 31,
VUSSR G O R P hr i B 5 i IR B A F 7]
B SLM UK, (B 5 R A4 LDM aURE (Y 58 2 A
T, X R T O TS, I 3(e)~(2) AT
L AHHEF LDM X404 o M Zk2H 40, SLM X 4141 3=
TR AR o B RMA AL, H5E /N T LDM
XA o M5, RE A IEMIE R 13.2% , K B (1)
FEMPEEN 12.5% , MR L B diokn R KO,
T BER /N SR 23 BAR RS 1 2R 4T, Rtk LDM X 5
SLM X AH Eb, 5 BE ARG 554k, 43 RE 7K 32 A1 1 m 2%
i, DTS IR AL 4 K 247E LDM [X,LDM X 4 3 %%
J1sity, R A OB B BLPEGE S LDM BUE 4 hir

S205002-6



BREED & ks

% S2 # www.irla.cn % 48 %
P BEARIT B 7(a) AiEE A N TR AR H 28 5 B 7(b) ik ke B

Bl IR JORBE T, A BUE I e o B W
A FEAR, (H V] 325 (] 5(c)), X2l TR A
JEAEE SLM X R IR AR o B iR 2808 k5 %
R o Mgk, TR KJE LDM X1 o M5k K& 4E
FAL  AERL A R HLR Y o SRR AR TR BE )
oify (AP O 4 L (HGR KR o SRS H A H
WD AR T A 240 % IR B A A S i ) BEL A
I/ 0N DRI 5 B2 5 e Ao B AT [R] Ao i i A2
HZH SR RLAL RS TR B, H o BRSRIRIR EIRAE o
FHAHT X AT i B AL AT S R ) T — 2 A RH
TRAER A OREE T — 2 i 3, R LR 3 T B AN B
A ERE I AR
2.3 LDM-SLM £ & R A iKW &

(HAF RS, 23R KR Ry 850 CTHY, Ji i 5kt
J& 5 800 CiR & i UREAH EL A TR, (HPTHias
FER BRI A T R A A BT T 5 BE A B R (920+
5) MPa, ZEJEME A F) 17.5% ; i0RE B 470 Hir 0 B8 4% B
1 (935+8) MPa, 4k Jié P 3k 3] 20% , 38 415 2| B 1 2k
L XTHE 4 &8 B KRB SR 800 T A 850 THY X
N LDM X5 SLM X 41 ZU7E B 30 B RSHHRAE TG
B 2250, R4 850 Tl kb RS BT P JE 5
800 CHHIE . 1H Ja IR 8 B W) %2 A 17 W dnb AR AR, 32
AT 20t 850 Tl J Ab H 5 4 47 4% 78 P A o 72 op
HVEE T RS BB G (AN 6(c) TR, B T fif i 72
N T AR Ak B 5 R BON S 45 7 I

LDM-SLM & & BB AL ZE DT dh A o B
W B E DT W 450 00 A, b B AR ik
WrEefs, T LDM XEREE S SLM DXAH FEAHXT 55
A L 7E LDM [X H B (2 i 2046 BRG2 (AN 6(c)ITR) o
Wil T F B N 3 K L A R
AR %) ST R, TR R A, it L e R R 5 A7 6 8 b
RGN, S BRI B AR T BT G R
T2 #4 Ab 5 B = T SLM X YR #4 AL R 3 2 45 Ab 45
1B S0AE T UK 0040 b Sz A S04 PG UK SR Ab 7E 145
(A R e i AR T AR (R 3G, P D T £k
MRS, M5 BE o T 35 0040 Ab IR 45 1k 314, 3 040
Wb PRI R A SR i, R AR T RRURR A B )N | SRy
R ey | T3 AN RE AR 2 N ) TN AT B K AR 2 S 4

7 SR AN [] $A A BEOPR 2SR 9 I 7 — I AR £

N 707 AR i SR K B, Bl AR R B A T il
LR AEZ W T R, UL R SRR 3 48 750 T
1B KA B I e, HL 800 T 850 CIE{E AR,
VB 750 CHRJE I, Bl 25 18 AT ) 1 i B
H R, {H 800 CH 850 Cok E LM B A8k, 5 5
HEUE A —2 ., TR & B 7(b)iB kR A 850 T
ek 17 7 — o7 A5 iy 45 e A+ BB S 1 - S R LB
FE 3R R4 il L AR R0, 5 2.2.235
AT —3K

1200

{a) Sample A
1000+
= 800F /ﬂ\\\
2 / 5
s J
Z 600F
=
P L
400 ——750°Cx2h. AC
e 800 °C=2 h, AC
200 xm“%‘z;lh‘ AC
S—T 2h, AC
0 7= : 5% )
0 0.05% 0.10%  0.15% 0.20%
Strain
1200
(b) Sample B
1000} : 3
= 800f /f AN
o /
5 /
Z 6001 /
=
o |
400 / ——750°Cx2h. AC
e 800 °C=2 h, AC
zuu-/ xm“%‘zﬂh AC
| — R 2h, AC

0

0 0.05% 0.10% 0.15% 0.20%

Strain
[§l 7 LDM-SLM & 5 ¥ Ti6AlV £ & 4l kb 35
ISR R B2
Fig.7 Stress strain curves of LDM—-SLM hybrid manufactured

Ti6Al4V alloy after annealing treatment
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Fig.8 SEM showing the tensile fractographs of sample B: (a),(e) as-built sample; (b),(f) annealing sample at 750 ‘C; (c),(g) annealing
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