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A Mechanism of Sub-Surface Crack Growth in Very High Cycle Fatigue
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This study carried out uniaxial tension fatigue tests of Ti-6Al-4V focusing on sub-surface fractures in very
high cycle regime. Crack growth properties in high vacuum were also investigated to simulate sub-surface
crack propagation, which is kept away from atmosphere in principle. Fracture surfaces were closely
compared between the sub-surface crack and the crack propagated in vacuum. As a result, it was clarified that
crack growth rate in vacuum was much lower than that in air, which corresponded to longer fatigue lives of
sub-surface fractures. Fracture surfaces between the sub-surface crack and the crack propagated in vacuum
were quite similar showing a unique granular feature with fine concave convexo pattern. The granular
fracture surface was never observed in surface-originating cracks; therefore, it was considered a key process
of sub-surface crack growth. The granular features also resembled so-called ODA region of sub-surface
fractures in high strength steel. Based on this observation, a common mechanism of sub-surface crack growth
regardless of materials was discussed for very high cycle fatigue phenomena.
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Fig. 1 ODA, typical fracture surface observed
around origin of sub-surface fracture.
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Fig. 3  Specimen geometry of uniaxial fatigue tests.
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Fig. 4  Specimen geometry of crack growth tests.
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Fig.5  S-N Plots of (a+B) type Ti-6Al-4V
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Fig. 6  Relationship between da/dN and AK.
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(a) Surface-originating fracture
(R=0.1, 5,=405MPa, N;=4.78x10")

(b) Sub-surface fracture
(R=0.1, 0,=270MPa, N;=8.94x10")
Fracture surfaces of uniaxial fatigue tests.
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(a) Surface-originating fracture
(R=0.1, 5,=405MPa, N;=4.78x10%)
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(b) Sub-surface fracture
(R=0.1, 6,=270MPa, N;=5.53x10’)
Magnified view around fracture origins of
uniaxial fatigue tests.
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(b) In vacuum (AK=8MPam)
Fracture surfaces after crack growth tests.
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Fig. 11 Magnified view of the granular region
observed in sub-surface fracture of
uniaxial fatigue tests
(R=0.1, 0,=270MPa, N;=8.94x10’, in air).

5. #&8

BV A 7 VIR R D INER L SRR Y & S
WREOMEA%Z BEY & U T Ti-6Al-4V % BV /- Gilifa B
B A FEM LT, Eio, WEEEPRKKOXKM LI
BRECTHETOIZLICERL, BEZEP TXRERER
BRaAT 0T, FOfER, B2ERO X ZUREHEE TR
FEYKRIBIIRT T2 2 &, BEZEF OREHE IXPIERIL AR
HUYE PR ORI E LTV D Z LR STz,
TRRbbL, NEEHNOEZICHEL LZREDN, 85
YA I NVEFREICRE e BE 5252 L B3 L)
L7polc, & LIZEZEHROKREIZIING X Y=
IBFR D RFBAI 72AK T C & DRI OFENFED b vz,
T DR D FERUR -1 i TR EE SR o> PN m AR

2515 ODA HEEOEMET L IZEA—CbhorZ &
DR LMMCE N, BEY A 7 VEFICRBIT 5 REE R
ERERE L . KROKRA U BREE TO X ZURIRERE &
L THEHZBE D L T H—aICiR 255 Z L VR Eh T,

ELF
AHFFRO—ENL TR 20 FERERFFEE FARFZE(B)
(GRREZE 2 : 18360051) D2 B CEMI I,

&

[1] JTAY TSR, R RUEL BRSO 7 AR |
3, 55-509,A,1989, pp.45-50.

[2] BUEOREE, TR, BB OBREMEICE
T D FRENE” AR 52-4,2003, pp.433-439.

(3] BlAIX, BAREHS JRFIHHZEBS GCF /)

ZAR, AT IRGEREEM O&R YA 7 VR
AHAGRFZE" |, TWES-AE-0301.

[4] A _RA5CE R AR B AT RS A BRI, 107 [E] % #E
R DBRFMEFWEDRRK L EHEHER D 7 T 7
7T 7 ¢ — AT Wk, 66-642,A,2000, pp.311-319.

[5] /DRERLAR IR A B, Bl 0 o> 55 i [Eldn
it IR SR 1T 2 NERE R BR FRIE A =X
2" BBk, 52-11, 2003, pp.1292-1297.

[6] HEEEME FHth— e — Bk MRS T T
A BRI L 2 s EE R D BB 77 & S5 4: - it
R\ B9 DT #181,52-11, 2003, pp.1311-1317.

[7] /DAERESE P BULATE B O, © Ti-6Al-4V &
EORBEY A 7 VIR & BHERRE #78 52-11,
2003, pp.1298-1304.

[8] Nakamura,T., Oguma,H., Yokoyama,S., Noguchi,T.,
"Characteristics of initial fatigue crack propagation
process of Ti-6Al-4V in very high cycle fatigue", Proc.
3rd. Int. Conf. VHCF-3, ,2004, pp.201-208.

[91 hrZ, 1T 5, /R SE i SR 4%, BT AR
" Ti-6Al-4V O PIEREE SRR SR 2 F6 1 D KO EE
WOWRIE T #8t, 56-12, 2007, pp.1111-1117.

[10] plxiE, NFRE—, " 7527 NI T7 402D
JER”, BT TR

[11] Atrens, A., et al, “Subsurface crack initiation in high
cycle fatigue in Ti-6Al-4V and in a typical martensitic
stainless steel”, Scripta Metallurgica, 17, 1983, pp.601-606.

[12] Nakamura,T., Oguma,H., Shiina, T., "Influential
factors on interior-originating fatigue fractures of
Ti-6Al-4V in gigacycle region" Ti-2003, Science and
Technology, 3, 2003, pp.1775-1782.

[13] /hREE =2, P AT =2 I B RS, B AR S
£ M&M2009 77> 7 7 L s A, 080701 BHETE.
[14] Kikukawa,M., JonoM., Adachi,M.,, “Direct
observation and mechanism of fatigue crack

propagation”, ASTM-STP675, 1979, pp.234-253.

[15] HE4 BHL, AT 07 O, © SREHORERS X
ONPIEBIEL RER TR RIS T IR It DR 1
#,70-696,A,2004, pp.1042-1049.

-336 -



