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Abstract: This study aims to address the challenges encountered in traditional forging and casting processes when working
with TC4 titanium alloy for deep-sea equipment. The study employs Selective Laser Melting (SLM) technology for the fabri-
cation of TC4 titanium alloy and conducts an in-depth investigation of its microstructure and mechanical properties. It was
found that the TC4 titanium alloy prepared by SLM exhibits a needle-like o' martensitic structure, which is significantly dif-
ferent from the equiaxed grain structure of the traditional rolled state, and almost no B phase was detected in the SLM
samples. The TC4 titanium alloy prepared by SLM demonstrated a nanohardness of 5.36 GPa, which is substantially higher
than the 1.54 GPa of the traditionally rolled state. Moreover, it has a tensile strength of up to 1123.9 MPa and an elongation
rate of 9.78%. Although the impact toughness is 43 J, slightly lower than the 59.5 J of the rolled TC4, it still meets the na-
tional standard requirements. This study indicates that the TC4 titanium alloy prepared by SLM technology not only meets
the application standards for deep-sea equipment in terms of mechanical properties but also surpasses traditional materials in
some aspects, playing a significant role in advancing the development of deep-sea equipment.

Keywords: selective laser melting (SLM); TC4 titanium alloy; microstructure; mechanical properties; deep-sea equipment

S| AR : ML, FEMG, TR AR A T ) R R 1 Ti-6A1-4V & S 3b il : 14U PERRIIFSE[T]. HKEL, 2025,55(3):7-14.
Citation: WANG Huaishen, DONG Peng, WANG Zhuoran, et al. Additive Manufacturing of Ti-6A1-4V Alloy for Deep—Sea Equipment: A Study on
Microstructure and Properties[J]. Electric Welding Machine, 2025, 55(3): 7-14.

YRR BEH: 2024-05-14  fEEHH: 2024-05-27

EE&WA: LP9E E A& ITHR1(202102150401003)

EEE A TIME(1998—) , 5 M-t , BB T RL0, £ A Foeab bbb i s

WIEE: & 81987, 5 i+, Wz, EEAFHRE S5 A RS 5 H 5. E-mail: dongpeng@tyut.edu.cn,



8 F 5K

2025 4F:

T [ i R 4 1 3k 18 000 23 B, ¥ Jak [ 1 300 7
AR IR . TR AN T o [ AR
NGNS O A DL N Y N
N K R . BEA M GRS O R, DRV 5 28 T I
T ZK S RTBS T Bk A, X AR EOR T Ry . BB A DAL
BT R R B T ek A5 AR I Ry TR 2 A 1 SRR
BE A B THRETH R TR, W) Iz N T AR
filiE e B A TR R A i P A R
{IERUEATET oy N 56T = 3 o1 P SR i N = 9
TMERERE N s T AR T 1 B T LS B FR RN )
s X H O N H U (300 °C LA P i &
450 °CLL [P I 4 600 °C LA [ PRI 20 ) 5 8 AL
& JEA BERT SR 5% gt il B BRI ; S 80kl #5808
Ik Feoe ez AR,

{H 3 S ik (2 F 7 3 A i 1 R AR
M. SLM DA i1t [ BB s R R R %
RN TR /NP i X RN A2 A A e AR
PR G SF MR RS AL T A MR T
A ] 35 52 2 25 4 RN et AR T A TR T 2 4831
F 07 T ER B R 7 R RN SLM AR
il £ TCA Bk & 4 W 78 B & B 1 48 0 il iy ot
Jig {H R BFSE 48 HISLM i AR R i T S HO
F RO 2R ) 2V Re A B 50, XS 2L
[R5 M 5 N AR FL R A LS SR P TR W 5 8 .
DR A B T2 S BAL , o] LLSE I 5 2 3 R i
JE Ti-6A1-4V 5 4 1Y SLM il it , BAR LB B8 T

() AIEH ; (0)JLER T 5 () UKL A AR

99.45% [ FH XF %5 B 1 188 MPa By H¢ iz 38 i LA K
9.5% A BT AR o b Ah , B AR 2 SR L,
SLM ffil £ i Ti-6A1-4V & & FE 3k & L 1Tk
Ti-6Al-4V & 4 , (A A% wh i 1) 4 Jr 1o DO AF X 241K
1E SLM AR i £ Ti-SAI-2.5Sn k& & 0T, WO RE 2
i AT AR FLIURAE 3 5, A e i A D)
TE I BRIE LB, 10 45 A% 8 2 i AU B8O 9 45 il
f . Yao 25 NS5 SLM 45 AR i TC4 5k & 41 T
LBEGhAR AR R TIRANIIE, SR 1M 5 el
PRFCELTZS) A A i AN w2 T o o 2
PR PR ol 5 ok 28007 T RS RE St L 7 1 T 2
() SRR REFE A , IRV 25 110 22 4 e ] bk
F O H L5 [RI I, 0 K H TR I T R B A A
FEROWREE |, JE R AR BRI & R A5 T PR
MHEAFEEZE Y.

AL SLM H AR i1 £ 1Y Ti-6A1-4V (TC4) 1E N
WFoE x4, 5 5 5L 25 TCA & a X L2 br , 4
158 SLM il 5 1) TC4 A 4 IO 4L S 2540 K
EPERE . WP H RS2 S0 SLM il %5 1Y TC4 &
G HE R £ I R A R , LA R L AE i v T
PRI ) T2 PR FH B AR A AR HE I AR s

1 {BHE

R0 H Tied K55 1k 8 A (fL 24 mg 43 A Ti-
5.89A1-4.2V wt.% ) 1E R 5k}, BTy il £ T Ti-6A1-
4V A aIRRE . XA SRR R UBRIE BRI 7
1E, RMCH, IR AR 2 R 38 um, WA 1 7R .

cpsfeV
i® ]-
| 3
1@ O]
g
- S 10 15 K

5
5
8 o
= 128w
g ey
5
- OHS‘H
Y |

10 20 30 40 50 60 70
Diameter/um

B1 TC4#HK
Fig.1 TC4 powder



553 1]

M, A5 I URIEEREAS 1 Ti-6A1-4V A &b i v - LU MERERF Y 9

SLMEBI T 2280 IR 1,
£1 SLMIZEZSH
Table 1 SLM process parameters

HeBE B AR WL EEE By 25 EREL LTI
/mm A /(mm-s™") /mm /mm
150 190 1200 0.03 0.03

IRFE T SRR B ek R AR T A T s
W, B IS AT 1) T2 ol 220 Acb P (ot 220 9 . L
9 HF: HNO;: H,0=2:6:92) , L8 7~ & 4 FO IO 20
AU ZJE RIS B0 T
(SEM) i B A 55X (EBSD) ¥ 4 B SO 4 41
HEFT T HEA 0 BT FRAIE

R T AT AR SLM i 45 1 Ti-6A1-4V 5 4: 1)
J12E R UEAT T 9K IR I3t A I e B, DA R
L7 BE IR0 AL b R e I (R A 3R 15 7 Ry
0.5 mm/min) , RS T4 4 AR 3 AL A 1 BE S
Pt o BEAh T30 3 i o A L R Y o )
137 W, DAVEM HAE B8 2 31 ik 6 st (4490
PEFRI

2 HBER5R

2.1 RMALREYBES R
2.1.1 MWL

SLM I FE O ZH 24N 1] 2 Fir s o SLMAREE Y
TR LU H A SUHES , R 2 2 HES B 8, 0
RAL AR o5 AR . Bl 2a2 2 SLMed TC4
O L) SEMIES . SO SURAIE 2 5 LG A LA
AU 7 X HEF TP R SR 254, I L 26 5 1K
RS R R 45o4: K . 5 2al i OM 45 34
25 XA R 1L, E 1R o S R 24
ZUEAS, RGP HEAR 3, SEFELE 0~1 pm 2Z 8], I
TEILHREDLE MOR A,

FLHI A TC4 B LUK 2b iR, FL i Rl 15
AR . R R A o ARk (R R X ) B
WA (E P A X ), o p AR U H
T RR ot BLHEY AR B AR A LRI IG a 221,
DL 0 1205 FoR ok B 4120 2 8] 1) B 4HE

(a2)SLMed TC4 () SEM &

Jum

B2 B ERRRAR

Fig.2 Microstructure of the formed samples
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