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Fatigue Properties of Ti-6Al-4V Produced by Selective Laser Melting
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Abstract Based on the analysis of the static mechanical properties of Ti-6Al-4V specimens fabricated by selective
laser melting, the effects of surface defects, internal defects and microstructures on the fatigue properties of
specimens are investigated under cyclic loading. The stiffness-fitting fatigue cycle method is used to obtain the cycle
times of the specimen in each stage of the fatigue cycle. It is found that the fatigue source nucleation stage is the
main reason for the difference in fatigue life of the specimen. The surface of directly formed specimens is seriously
viscous and forms several fatigue sources, resulting in very short fatigue life. Polishing treatment can reduce the
surface roughness, and the annealing treatment can improve the microstructure and enhance the specimen fatigue
performance. After polishing treatment, however, internal defects are exposed on the surface. The cycle of defect
nucleation fatigue source of different types and different sizes has a large difference, leading to a greater discreteness
of fatigue performance.
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Table 1

Chemical composition of Ti-6Al-4V alloy power

Composition Al \% Fe C O N

H Mo Mn Cu Sn Y Zr Ti

Mass

5.5-6.75 3.5-4.5 0.14 0.007 0.13 0.007 0.002 <C0.05 <C0.05 <C0.05 <<C0.05 <C0.05 <<0.05 Bal

fraction /%

100+

80+

60

401

Volume fraction /%

20
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Diameter of particle /um
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Fig. 1 Ti-6Al-4V powder particle size distribution
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Table 2 Forming parameters of Ti-6Al-4V alloy produced by SLLM

Laser power Velocity v / Hatching spacing Layer thickness Additional

Scan strategy

P /W (mmes ) h /pm  /pm contour /pm
180 1250 Zig-Zig 105 30 Inside-75
35 RS 7.42 b
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1 22 ¢ o ——
g . i
14 ‘ R 2 B ey NG
55—
98.84 unit: mm -

unit: mm

3 SLMEJE Ti-6 A4V KRG, (5515 (b) BIAE IR 1F
Fig. 3 Ti-6Al-4V alloy formed by SLM. (a) Fatigue specimen; (b) cylindrical drawing specimen
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Table 3 Mechanical properties of Ti-6Al-4V alloy produced by SLM under different heat treatments

Heat treatment R../MPa R ,./MPa A /% Z /%
SLLM 1130.55 1079.44 12.73 22.49

840 C/2 h/AC 971.44 948.92 18.11 28.14
Reference 989.8 942.7 15.6 43.6
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Fig. 5 Fracture surface morphologies of samples after different heat treatments. (a) Untreated; (b) 840 ‘C/2 h/AC

32 @ E

Xof LA 4GSR A B Ak B G R A R A7)
L DA E ok B EL Ti-6A1-4V B A (i e B
HV366) A% %1 SLM F # W IE 1 Ti-6AL4V
A il B AT B 1 S R B HV 380, [ %58 iR
KAELSIE AR S HV 14, i 840 °CiB Kk Ab B
FE(840 °C/2 h/AC) , HEIRTE N HV355, 4 Lb T &
2 OB R IR HV 25,
3.3 EFMR

TETE 2 N 70T 0 B U R | O R A
FRAb B R AT 55 WKL S5 SRR 6 BT
AT UL B OV R B AR 9% 55 75w, 0 FL R
2X10"~2.6 X 10" JA U, B HURR BE /D 5 4l O i A % 55
Ha A TR R F B E R 2.7 X 10" ~7.4 X 10" J&
TR B HBORE B 5 A s A4 90 Y 3 RE 90 57 5 i e
T 3.4 X 10" ~1.4 X 10° FA YR, 25 BOFE i ot v

15

—
© Do
T T

[=2]
T

Cycles number /10*

1

as-built

W
T

heated and
polished

polished

Bl 6 Ti-6AlAV (kG 42 AR AL T :U7E 330 MPa
T8 S BE 1T B 9% 55 7 A
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Fig. 7 Fracture surface morphologies of fatigue samples after different treatments.

(a) As-built; (b) polished; (c) heated and polished
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Fig. 8 Microstructure. (a) OM photo and SEM photo of the untreated sample; (b) OM photo and SEM photo of Ti-6Al-4V
after 840 “C/2 h/AC annealing treatment. In (a) and (b), the o’ phase is light and the B phase is dark
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Fig. 12 Fatigue fracture morphologies of directly formed fatigue specimens with different cycles of fatigue life. (a) Fatigue

life is 23397 cycle; (b) fatigue life is 24118 cycle; (c) fatigue life is 24039 cycle; (d) fatigue life is 19934 cycle;
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IR AR R . 5350, T RIR R ZALE54
PR A0 SR AE A A MRS S HE R AT U 1A aod AR v, 35
O3 SARGE e AR Rt kB 2 8 [ Tl AR o & E
WAL, I 13 H AR 3.4, 5 FEA AL B O
RE 2,3,4,5 (9% 57 2L E0E IR B R <AL,

—a= polished
i 15 === heated and
3 polished
& 12t ,
= g
< 9 83 um
& 5
% 4135 Hm
:
= ol

0 - 17 |
1 2 3

4 5
Samples

13 3l G iR R KOS DL G R 2R T 4R 9 55
BB 5595 55 FF i 6F B OG B
Fig. 13 Correspondence between initial fatigue cracking
defect and fatigue life of polished sample and
polished sample after heat treatment
3l 6 1A 0 Bk R G 1R 10 9% 57 1 B B HICHE
BOR B/ N T7 A5 R 27120 JRR B RIE 57 5 i M
139367 JAl U X WL Bk 3 RS oR 248 pm H1 27 pom, iR
B RST8] 0 A1 2 5 R 9% 55 77 i 52 AR 8
PR B R, H W R AL BT 2R BB 2R T 9 55
7 iy A 55 %4 S0 IR B B R ST 1 15 0% eI

WA 13 Fros . KB A B RGE EROR TARALR
T TG R B 57 RS0 U6 ok B X 55 T i 1) 5 IR
FR . M EE TG | R Ak B S i o 2H 2R
1B 0 57 75 A T AR T (R OB AL HE,
T 2 T B B A [ 288 2R R RS B DR IXC ] 3 A 2L
B U — PR

5 4 ®

=H

WHL 7 T A &4 T SLM BB Ti-6Al-4V
AR 9% 57 M Re . 5 BUA 1 LA ST 4 L L AR 5T 2R
BTSRRIy . i 57 IR R B, R & i AF:
o kb B 42 Y 9% 57 ARE R IR IS TV L 5
R T LG, TE R Y 2 0 1R 9% 05 R AL
A, T SHE 55 5 I TP A% 0 55 T A A . X9 S5 SR
PEAT I Ak B, 2 1Rk R G2TH Bk L 0 55 IR A H
95 55 A AR R 5 AR o RS KX ) 43 A 14 9 1
P4 4 RV AL BB 2 0 e UM 3R, R TR 2R 8 R Y
SRR T 51 RS 1 L g 4 v R AN TR 5 B0 R 9% o5
SURTEAZ JE WA BT 22 53 e 40 0% 55 75 i 52 B K Y
BOME . 9 55 IRE S HEAT IR K Ab B PR AT IO Ak
B O 2250 R A0 TR o B IR FE AR N Cat-B)
A SOUZH SRS AL AL, 9% 57 2480 T TR A 32 =i L 9% 57
VEIEAZ R BT, 9% 57 75 i b Tk (2 5 2Lk
Ab BRT A9 55 A i 2 R R S OME L Ak, R AR Ak

1102012-7



—

14 18180 W IR T M IE =4I 5 XOY V1 b i #5 5 A Rk
(a) X J7i) LI aE ; (b) Y J5 ) LB e ; (o) XOY P b i #8 HeA B §Fg
Fig. 14 Three-dimensional morphologies of the scanning line at 180 W and poor overlap defects on the XOY plane.

(a) Scanning line in the X direction; (b) scanning line in the Y direction; (c¢) poor overlap defects on the XOY plane
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