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Research progress in fatigue and fracture toughness of TC4 titanium
alloy formed by laser powder bed fusion

Z0U Dingjin,ZHANG Liang", WU Wenheng

(Shanghai Engineering Research Center of 3D Printing Materials,, Shanghai Research
Insititute of Materials , Shanghai 200437, China)

Abstract : The application of laser powder bed fusion (LPBF) on TC4 titanium alloy is an important way to
achieve lightweight and integration in aviation, aerospace, medical, electronics, and other fields at present.
In this paper, the effects of laser powder bed fusion on microstructure and defects of TC4 titanium alloy and
its mechanism are systematically summarized. The research status of the influence of LPBF parameters and
heat treatment methods on the tensile properties of TC4 alloy formed by LPBF is reviewed in detail as
well. On this basis, in view of the bottleneck on application of LPBF TC4 titanium alloy at the present
stage, the research status of fatigue properties and fracture toughness of TC4 alloy formed by LPBF is
systematically summarized, and the effective post processing methods to improve the fatigue property and
fracture toughness of TC4 titanium alloy fabricated by additive manufacturing are pointed out, and the
development trends are also discussed.
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Fig.1 Tensile properties of LPBF TC4 under different conditions*
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Table 1 Fatigue strength of parts fabricated by different
AM processes (R=0.1)47

Fatigue strength/

Forming process Condition ef.
MPa

LPBF As-built 250 [47]
Annealed 400 (48]
HIPed 788 [49]

Electron beam Annealed 275 [50]

melt(EBM) As-built 475 [51]
HIPed 600 [52]

Laser wire-feed additive Annealed 700 [53]

manufacturing(LWAM)

Wire-arc additive As-built 400 [54]

manufacturing(WAAM) 610

Laser engineering net As-built 300 [55]

shaping(LENS)
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(a)scatter diagram ; (b)histogram with upper and lower limits

H i 1% 4t /9 #44b B 5 X6 F LPBF TC4 A9 57
S HETHE AT PR, 7R L SRRl 3R 2 R AR LR A B 4t
i B T T NAMP AL B S 19 TCA AU R T
ESUCRBS AR (TR B 1 EL HA B 9 57 o
JEE i — i S o A A AR A BT B BRILZ
A0 AN LSP 253 1 i T T B T35 57 3 B (148 T+
B A S, R A B 2 ST i A BT R

4 HAMKRKBETC4E ST REE
1T 5 AR o B WEME S5 AN AR P L R X 248y

JE AP ST , LPBE BB TC4 4 4 il W 2499 B o i
TAE G5 ) B FN B s TCAS 4T, 8 UL 14 b ) 3

TCAA 4 WP a3 27 2 iR . S hi ik fE2
L TR TCA & & MW 248t R B T 45 1) 57
P, Cain 285 % PUERZS TCA & 4 ARl J7 1) 1 A i 24
PR AT TR, AN 3 BT Wi 34 B i RN XY >
XZ7>7X(43 500 (2842) MParm'?,(23+1) MPa-m"?
FI(16+1) MPa-m'"?) , i J2& BHIR R 8% A3 1 ) L[]
YERMZE R, 2 R IR H P XZ iR b 8y
J5 AT T BATAR A, JEWT R B /N T Ay R
W) 3 1T AR fh A ZX 3R {2 Vrrancken 255 % i
ZX A T TRT ) i LA A 3 e (R R AR L g 3 A
ZX ARSI F i R I35 (R SRR XOZ 1) 2518
oy e RS H RSy el T, DTS B 2 )
JEE AR ARG 5 T XY SR DR 28 50) B 1 X Z 30 DU PR oy



B4t oW

WO AR R BSOE TCABRA S 55 5 W 24 1) BE W5 i 71

F2 REHEH SRR R
Table 2 Fracture toughness of parts fabricated by different

forming processes' ™"

. Fracture

Forming .

Condition toughness/ Ref.
process
(MPa-m"?)

LPBF As-built 52.4 [78]
Annealed 108 [79]
Solution-+aging 106 [80]
HIPed 137.26(K,.) [76]

EBM As-built 49.7 [81]
As-built 56.6
{3 annealed 82.0

WAAM As-built 74.3 [82]
As-built 82.1

K3 AR 1 Y COT )itk

Fig.3 C(T) specimens with different test orientations
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