L 2% Bl 1R

Aeronautical Science & Technology

DO IE TC B 7 G 3RS

PEIX TC4 5k A 495 7 544
L VS EFI:‘—‘R

P gLy y 10

PSR, Ik

PHAE T RSE, Beph P42¢ 710072

B OBk KEOob A (AM-SLM) B RS 2 M T4k a4 S M al ., SIMA S A EFHELAN LR

M, FFRSIMAK G AETR T HEM THEFTELY BTN TR EMWAM/RHEEREITEAZEEL, £F

Mo, AT T 54T E 7 1 2 0°.45°,75°F1 90° th 4 A T B BURE A1 5 R ok Ak 32 0 3 4k 32 19 4k A 4 B % 4T M R B0 2R (CT), B 4K

TRAMR=0.1 FHEZELY B ER W, 55 T da/dN—AK* Z &, oM R T BAEA E R e A2 A8y B
M, HRFU 750000 R Bt B oy B R M 45 R R B, 45T TSRS AER TR L P o B a4,

Mar. 25 2022 Vol. 33 No.03 71-76

HAS R R ZHEERE T HAERNE ., 2R3 HAEE,T5°RYR 7RO REF B EFEK,

KHEE] KO I M HE; e s SRt BFRAY & RAE

B ES:TB31/V250.3 WEAFIRED A

5L Gl i T A L 3 DXOBOB fb 1 b ) 1 B AR
(SLM) HA $EE AR R FE 2R 40 R 253 04 0 TR 30 el
BT DA RS2 2% ROE A5, T T 12 F T2 S 25 K 4
I, SLM i it B b bk iz )2 HERUUE | Ak -
BEE DR AN Z 5 2 2 A G A R RIL S BA A5G b
il 15 KA 4 1 0 2 M B 2 BRAS ] S MR A T M), AT AR
NRAR b e o 7 2 A8 AR T BOPA T TG T AR AT
ENJ7 ], FESSABETTHR, Z20m 3 Rl i 2 77 1] S5 4T B 5 1]
e iy 7 I 57 45 ) S ) 2 R O™ R A TR TR
BTCHA S A o A 73R G A T it 57 B 2% 1) S
P B MR FFIRCE  SA BI S5 MR EE B, inpl SLM £
ARAERZS 85 R 2 RS 25 RGP B R o R AT 5 2 A
J5 10 55 SLM M RHT ER 5[] 22 8] I ff1 ) AN R % 9% 95 24 a0
JEMERER R

H4i H AT SLM AR 55 FAIEAF 5T, 5200 SLM 4T ER4s
PR 57 PEfE FE N RA A RIFTEN S B2 2 A RO
AL TR EBACFN E Ab 3 200N, Sterling SRS T
FLBRFXT AM Bk & 4 0% 95 MERE OS2, 25 T 40 BT 1 R
TR RAE AL BRI X 57 AR A . A gE T

FSEHE: 2021-12-18; EISBHA: 2022-01-16; RFABHA: 2022-02-15

EEME: EREXRNSFEF(91860128)

DOI.10.19452/j.issn1007-5453.2022.03.009

SRR 3 2 H X AM B 42 9% 95 1k BB (A 52 ), TR Ry A [) 3
MRS B 4 TIOW A B R 57 R AR B . T 2 R0
HLFR , Wan SR T R R HURE £ 52 0L B3R 5 1 114 4 00
FERY, T T AM TC4 25K (1495 55 F34ir . Eric S5 8T
o AR R TEDRELIE 2 1 52 ) 5 o o 2 55 X B3, ey
FUEAERL, J0 87 T AM TC4 [995% 95 MERE . 72 SLM AR
A ] B AR B IR 7 2R s b X2k
GE R T X 95 R A T RE R . Xie SFUVER X 34 b4 il
TC4 KA 492 57 PERBHEA TIFT , R B AL A 2EE0 07 A= X 3
e 7 I DX IS A AT At 0 07 3 5 TR (5 3 P BB £
AT EATEN )y WA Tk a4 1 5%, Wu 45
R X SRR AR A W58 T B 3 G 42 Rl 2
59257 %5 S Z M A R . Wu S YH] Wang 6073 H7
IR T 18 A 35 G A 57 BB G S A iR A TR
B/ Jiao SR [& T AN [R] 4T B A B2 X9 57 2480 e AT Ry
(SN, A M T ARG TRLEE T 10 7 ey 55 1 B A g

HAFSE SLM TC4 Bk £ 45 19 55 S804 R LA L K B
FEA XS L], AR SCE IR SLM A 4 T 5
FTENJ5 1] 5 0°,45° 7591 90°HY) 4 FhAS [R HURE £ 2 1) K3 hir

SIFE#&ZL: Sun Wenbo, Ma Yu’e.Research on fatigue crack growth behaviour of selective laser melted TC4 titanium alloy[J]. Aeronautical
Science & Technology,2022,33(03):71-76. #)\ X 15, BER. B XBEIEL TCA K E TR ZRAY BIT R[] TSRS,

2022,33(03):71-76.



72

E“HFE S A EM Aircraft Structural Fatigue and Reliability

IR F (CTARAR ) WIS 08T 1 IBURE A1 JEE i A B
55 28 AR AR A2 o

1 RS R Bl
1.1 i3ethgit

A ASTM E647 % 55 2440 g A B bn i 15 1
SFTENTT A1 5 0°,45° . 75°F1 90°11 4 R [ 28 CT i, 4n
B 1R o 2L AR TEN 5 ], gy ) 54T ER
J5 1) e (AN 53 R g 4 23 . R B=10mm, 5
FE W=50mm, ¥) 1 H 8K FE a,=10mm. {55 7 3 ] BLT-
TC4JEMIAR , H1 PG40 145 WK BLT-S300 #4574 TE
M. &R W2 1. TESEGERROER
e 350W, B4 0.08mm, F9 3 3 B 1000mm/s. % T AHH.
SE XA AR M HEFRZ IS 0.06mm. IR S Y S5 7R
8005°C = Tt I AT 4h W ) BEAL , SR 5 T A v 2 20
S, 58 KD B 51 7 57 A0 TR AT

7‘

{
&

FIERT 1]

60

1 4Fh2ER CT i (B3 :mm)
Fig.1 Four kinds of CT specimen

F&1 BLT-TC4AEBHFLZFNRD

Table 1 Chemical compositions of BLT-TC4 powders

JLE, B A (wi%)

Al \ Fe C N H (6]

5.5~6.75 3.5~4.5 <0.30 <0.08 <0.05 <0.015 0.08~0.12

1.2 ESRE RiERRE

58 R FH MTS810 W Ar] Al 57 10 B0 AL , 1E 5% 7 7 i
#, W ST R=0.1, P, =5.19kN, 4% 20Hz, K &5
B GUUBE QMA13T X5 55 ZLECHEA TSI LI, 35 3o A rh
TG PSSR B DR TiC SR BRSPS (B ol e 4
B

AM TC4 Bk4 42 R 0° 1 90° A [ BURE: £ FE IsF HLA A
[Fi] (4 107 7 568 B DR T 47 a0 S DRAIE 4 R AN [R) R i

J15i BE R i CAK) B3RS bR TR L A 1200 o e 45
AK=10MPaV'm, M5 CTIRIFAK AR

AP (2+ )
BVW (1-a)”
14.72¢° - 5.6a*)
I AP R % 55 Bl 22 M8 s a=a/W, a WG JE o # 72 9%
95 BT A 37K SRR 7

AK =

(0.886 + 4.64a — 13.32a +

2 FR5E
2.1 SR BEE

0°.45° . 75°F1 90° I 1 a—N L a8 2 firs , -5 4
2ot S A ER A 7SI TS L o T AR B S E), 0o Fn
75O a—N SR T A, 450l i K. 18
AHIFIEFRECT , 0°F0 75°5 {425 Hh BB 1 ] LA 55 448,
45 R E Y B KK HARXT 2% . TEREUEKE a,
9 15mm B, 45 IE A EOR 00U F 1Y 1.66 15 . TEARHEAT
PACFRRTEOLT , 753 9% 55 M RB 22, LRI 00 1) 24
SUAE 17mm 1 22.Smm B RS R B4 , TR T
W55 . AL FRIE IS 750K PR 55 A v i i B T ROk
M 3.445% . TEAETEDCPE T L 45 HIRP U 97 M 8L e
(L RE B B, LI 55 2 03 i 137 5 e A . AN 2L
UK S T T4 R0 57 I AR EION LE 22 2.

45

40

kR o ¢

¢dpon
VN kO
Sua iy

35 v
y
v
v
£ 30 ¥
S A4
25 j
vy
20 j

10

1 1 1
0 100000 200000 300000 400000 500000
Nicycle

K2 4F2ER SLM TC44K 4 4 a—N ik
Fig.2 a-N curves of four types of TC4 titanium alloy
manufactured by SLM

K s 2 A K a—N 2tk AT b
PR AF R R ECAL bR T 4 FhZEH SLM TC4 £k 421 da/dN—
AK hZR IR 45 5 225 SOk TP L e il i BR 6 4 R 0ol
FIBAR A AT H, Qi 3 TR o BR 750304 5 Jiao %52
A% 00 AL e SR AR AT A1, Ho Ay = AR R 9%



CHF 5 AT SEHE Aircraft Structural Fatigue and Reliability

73

&2 AEAXESLM TCAREZRMEFH B (LI cycle)
Table 2 Fatigue cycles of different types of TC4 titanium
alloy manufactured by SLM
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Fig4 Comparison of fatigue crack growth behavior before

and after post-treatment
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Table 3 Paris parameters in different build directions
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Fig.6  Fracture surfaces of 75° sample in different treatments
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Research on Fatigue Crack Growth Behaviour of Selective Laser Melted TC4
Titanium Alloy

Sun Wenbo, Ma Yu’e
Northwestern Polytechnical University, Xi’an 710072, China

Abstract: Additive manufacturing-selective laser melting (AM-SLM) technique is widely used to manufacture titanium
components. Anisotropic fatigue behavior can be observed in SLM titanium materials. It is essential to study fatigue
performance of SLM titanium alloy under different loading direction to perform durability and damage tolerance design
for aircraft structures. So, four types of compact tension (CT) specimens with 0°, 45°, 75° and 90° angle to build
directions are designed, and two types of post-treatments are chosen. Fatigue crack growth tests at a stress ratio R=
0.1 are performed. da/dN-AK curves are obtained, and the effects of build direction and post-treatment are analyzed.
The result shows that 75° sample and 90° sample have higher fatigue crack rate, while 45° sample has the lowest
value. The crack paths of 45° sample and 75° sample deflect with fatigue crack propagating. There is a small slope
along the depth in the fracture surface of 45° sample. After post-treatment, fatigue crack growth rate of 75° sample is
decreased.

Key Words: additive manufacturing-selective laser melting; titanium alloy; anisotropy; fatigue crack growth; post-
treatment
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