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Abstract

forming (LSF), are investigated experimentally in different heat treatment states.

The microstructures, tensile strength and fractures of TC4 titanium alloys, fabricated by laser solid

The results show that LSF Ti

alloy TC4 contains layer bands which stress relief annealing and solid solution aging can help eliminate so that the

microstructures become more homogeneous. while the former makes less contribution to the improvement of strength

and ductility, the latter can get comprehensive mechanical properties.

The tensile fracture shows that the fractures

of solution-aging specimens are almost ductile fractures while the as-deposited and stress relief annealing specimens

are all mixed fractures.

The formation mechanism of cleavage is explained by researching microstructures and

fractures which is that cracks propagation along the interface of «/f forms the cleavage plane and the pores joined to

the crack forms the dimples.

Key words

OCIS codes 140.3390; 140.3580; 050.6875; 160.3900
1 5] a5

R A H A IR0 v 0 L R A Y v i R B RN AT
RTINS T ok P S5 1 i S A AL S R T IR R T

A B Bh AR M AR AR R T i Y
YR —Fh i S50 B o p KA 4. TCA 2 H T il
T BB WL E R0 & S L 45, 2 H AT

laser technique; titanium alloy; laser solid forming; properties; fractures

B)TEZBBRG RN M TCA & G HAT R AL SR
i 29 R A R 9 AR T 478 T+ SR A% B8 25 b L Uk A
I T AR & TC4 & %1, B AN T XE A
AR AR ﬁii\m#@%, S I HE B E PR A

ZEPEAR N TR A B 0% 52 B XE I TR R R A 4 1
‘H%Jiﬁiﬁ;ﬁﬂmo

E-mail: jing40086@163. com

W Fs HE: 2014-05-29; W E{E%FE HEI: 2014-06-09

EETA: HZK 863 iR (2013AA031103) . H %K 973 341 (2011CB610402)

EZR N : 2 #1988, 5 W LS AR, EE N EOL M T Iy 2= Ve Re Oy | i Bk ot .

SRR A 8 TAROIS6—), 55 8 LA W, 32 %S 1 b i ek e R K S 7 AT

E-mail : huang@nwpu. edu. cn

1103010-1



H |

OGS IR OB $ AR 20 fiE22 90 4RA0H) A&
K1) — Fh BE S 52 B i 1k RE B A% 2 4 1R O L LR
B A ECE A B R B R s TR A
OB B 5. SR O S 7 OB BRI L
TC4 @ T AT LLARAG B 9 2 PR . i B
T LR AR P 25 4 0 T U BT R R Y A
JRA . BAREOE SR Y TCA Bk 6 19 4141
PEREC A WFFE 1 AEE T ARAL B X2 i 45 5
3R e T AL B AT A D . AR S 22 1R AR
AR5 B B Al PR BE L R ST BT 5E T O SR B
TC4 PR G TURRAS L 20 J7 3B KA AL AL i 8] 3% i
RS B AL Ly 2 PR RE AR AR T 1L TR A T
AT FRAL PR ZS T 2485 25 22 4k, R 9T T A PR ES
T BB DO SOILER L O RS B 06 Sz AR
G SR B R T —E S %

2 % B

S S 7 4 R I R T 9 R
LSF- Il 4 156 A9 1% & 2 th PRCA000 CO, i
Y DPSF-2 B #4234 11 30 35 ) 2 L 7 3

M 185 S5 AL AL 2H B WO ER DKl 1006 pm, SEEG ]
RN TCA 8B AR R 80 H (178 pm) TC4 BRIE
YA BN B v AR k3 TCA kA &M, TC4 K
BLRE A 44~178 pm By K R 80 (Y0) Ry 6. 02A1,
4.00V,0. 098Fe,0. 033Si,0. 025C,0. 04N,0. 008H,
0.160, HAk Ti, SEHZHixr TC4 #oR7E 120 C
LS 5 T DABR 28 oK v W Bt i 7K 43 5 FR D 4R
FI B B AR 66 I FH 20 12 AR DA D 78 9880 A4 3 Ok ik 2>
2 T SR 0T AR AT AR A AR 2 . OGS AR U T
2SR A 2.5 kWL BB 10 mm/s G BE
B4 2.5 mm,Z #4775 0. 25 mm,#EEE K 50%,
A WY I TR TG M ARG T 647

W ST R BUTE 1 45 80 mm X 30 mm X 30 mm
HORE Uy 4 7 i e R AR R IR DR
TEHORFE B UIHL 2 mm X 2 mm X 1 mm 4 A ik
K. TC4 1y pAHAETREE — MRy 980 C~1000 C, 4R
T 0SB0 5 SR O T A B S R 4y ) HE K
T AR PR 1 B RIS R] o A5 [ RN A it A
AT 700y AL RS BN 3R 1 TR .

# 1 HBAEHTT S

Table 1

Heat treatment process

Heat treatment parameters

Stress relief annealing

Solution-aging treatment

545 C X4 h,AC

920 'C (vacuum) X3 h,QC (argon gas) +545 C X4 h, AC

3 SEHER kot
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Fig. 1 Microstructure of LSF Ti alloy TC4. (al),(a2) As-deposited; (bl),(b2) stress relief annealing; (c1),(c2) solution-aging
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Table 2 Tensile properties of laser solid forming Ti alloy TC4

Forming technique and status o,/ MPa 6o.»/ MPa e /% w /Y% Yield ratio
LSF (laser solid forming) 1071. 80 990. 30 10. 50 18.96 0.92
LSF+stress relief annealing 1083. 60 976.59 11.67 21.68 0.90
LLSF+ solution-aging 1002. 38 920. 89 16.17 36. 96 0. 86

Titanium alloy forgings =895 =825 =8 =20 —
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Fig. 2 Tensile fracture of LSF Ti alloy TC4. (al),(a2) As-deposited; (b1).(b2) incompletion annealing;

(cl).(c2) solution-aging
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Fig. 3 Tensile fracture. (a) Cleavage plane; (b) micrographs of longitudinal cleavage plain; (c¢) scanning electron

microscope micrographs of longitudinal cleavage plain
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