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Internal Crack Initiation in High Cycle Fatigue for
Ti-5 Al-2.5 Sn ELI Alloy at Cryogenic Temperatures

Osamu UMEZAWA, Kotobu NAGAI and Keisuke ISHIKAWA

Synopsis :

Internal crack initiation in high cycle fatigue at cryogenic temperatures has been investigated for
Ti-5A1-2.5Sn ELI alloy. The fatigue crack initiation site changed from the sample surface to the sample
interior at about 10° cycles. Neither defects nor foreign material was detected at the internal nucleation
sites. However, the region of the nucleation site had a grain morphology and composition different from
that of the bulk material. From observation it is concluded that internal cracks initiate in small @ grain re-
gions with a low Al content and an Fe enriched second phase at their grain boundaries.

At maximum stress lower than three-quarters yield strength, where internal fatigue crack initiation
occurred, dislocation pile-ups were primarily on prism planes and were blocked at the grain boundaries.
The piled-up dislocations are believed to produce a high stress concentration in the small « grain regions.
This stress concentration may provide a site for internal crack initiation. At higher maximum stress the
dislocation pile-ups are more homogeneously distributed in the material and the dislocation arrays can pass
through the grain boundaries. As a result, fatigue crack initiation must occur at the specimen surface.
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Table 1. Chemical composition of Ti-5A1-2.5Sn
LTS Fregion T ELI alloy (wt%).
VS, region
g surface origin regionT c Fe N 0 H Al Sn Ti
2 internal'fatigue origin ’kneN\T region 0.012 0.19 0.0024 0.057 0.0058 5.15 2.66 bal
3 N
E e
2 T.S.; Tensile Strength LTW%.
¥:5.i Vield Strength a M Ti GEEHMTHY, IWHEPHE LTI—H#K
r— e kRb L CRERRESER LABES AL, L

Region 1 : Internal fatigue origin
Region Il : Surface origin, below yield strength
Region [l : Surface origin, above yield strength

Fig. 1. Schematic S-N curve with different re-
gions of fracture initiation.

D (BERGRMEOFEME IR L, WEEELI—/K
BE%0185%), 3) RE WHOMHEMERICIS &%
EE (BHcXy, RE, AL LICHVED) Lol
b, CNHOBBEIEH I ZBIIABICHES 5
NDTHAH. Thbb, COREGELABEERLE LS
P, BOBOOWIBICLD SWURE, 0 TES X
DBVICEIOTRESNDBLEZOLNS., STHWThD
DL URL»SH E ) 28 - £ H 0, FCoT
AH LI HOKRESIZTTRALHS. Bl iX PSBs
DR AL, —5E DY O F AIRIE (—AZIC X 1075 F —
F—OWMUOTAPBRMEEL ShTw52) BLETH
D, TN TFOBBEOTAIRIETIEC OB XK
WERAFEI DELV., BEL) S EROBK, K&
&, SHIEREMCELLENEFOKRE & LI2K
HT 5D, Z2OMOBELILH (0 FA) DRKELICT
BRARZHEELI L. ULz L BR—-METH2THIE
T3 X2 TRARBEB S O < IE 5T S RO FEERE LS
ELubl P WRHEERLTWA.

Lo L, RESICBITH ESHONEFEE X, Fitol)
~3) DVThoOBBIZLL-6% v, LEEoEIC X
LY, RROBEMBIEILTEbOL LT, B2 T T2
FA b =5 £ MAOE DT RIRBBREA 1 7 VIESF
WiEXH Y. BUOTAFEBTE -5 1 MERIZLD
ERBEA (—MICINERRE) THY, ThUTTR’
KHSREAEL 25, ABREGB LU SHONERED
BIEABETHELL L W) HTREEL IR LD, MR
MR ORETS 2 A8 - REAEHER I L BIEHEPICE
OTHHEEINE G 2, EHEIROBESELD L VA
RIIRENTHS. D), BUERORE—HEHK &
VW, @ BV T E RS (C HESSAH <o HEST 4 S A
FIET UL, SRIFINRRET LTRERSH S Z L 2R

b, hep HOKADWUEREGH*ZEThITLL, a
+AB Ti &L~ CHMILL THIESE LR 2 &
HTEAH., L2, BERICBVWTIE, T<X)ROHIER
HEOELL 259 0T, HEROMBHAI—Md
BRahS. £/, BFEAN) Y LEEICBVWTIR, HiR
fHEC B BHIRCRITTRERT OKEL OAR,
REDOEEILSE) 2 3L ALHBRT A LA TE, MHE
BB WEOREL X DMBICE 52BN TED
LEALND.

L7=a5oT, AifRTit, RENZ « B Ti 5&£TH
% Ti-5Al-2.5Sn ELI &2 0BIREZ Y 1 7 VEH I
BT H SROWFRAE & BN ER & X O
HEREE L ORMBREZHAN, SEONMBEHE IOV
THLPILTHZERBEME LT

2. ¥ B B %

2-1 #EMBLUESHAR
HEAMIEZE 1) (UT, e $5) IRLE
bOLFEBETHB. DRSS % Table 1 IZ/RT.
IR C I APRFEI R ER & BV 7248, ARBFE <1k TEM
BEAABPES CRITE S5 X )12, FAHERE4

mm, FATEGE S 25 mm OHERBRE £ V. 4B,

AR ORI L (RF 1A ERE T 161 FAT)
Thb. EHABEGLHNREFAKRTHS. 4K BLD
77K T S-N M %2 157:1%, BEHFABRF & L1,
2-2 HBHES LUCHEBE

SITEBEIC X MBS H (EDS) 8 X U HEE D
BELITo7. BELEREZMZ 2RBR (1FLALH
W L7zb D) BLUY, KEEORBRF OBMIHE % /E S
% 0.75mm ICEIMT L 729, =2 U — (#600) 12k 5%
W #fTWE S % 70~90um & L7z, LT, Twin
jet RIS X EMMB LT WEELER L. ERED
AL 6% BIEFEEE, 35% 1-7% /) — WV, 59% X % ) —
VTHYH, REETIZ 18~20V, BREOIBEIZH
—30°C TH 5.

72, SEM XX HHKHEIBIE, B X OWEDOTEIN
(EDS) b »b¥TiFo7-.

— 160 —



Ti-5 Al-2.5 Sn ELI 8 £ O BEKES Y 1 2 VES B 175 SHoRNEHEE 161

3. £ B # R

3-1 EHEREREASLIUVABREERDHR

Table 2 IZHEHRERSLM L +DORR% Fig 2 1< 4K,
77K @ S-N #i# 2z 2 hZhR¥. Fig 21243, Hl#
DR RIRERA 12 LD S-N Hi# (4K) bdbbeT
~L7-.

Photo. 1 i3, ¥ WK » SEM EETH 5. &
B CIRRABRS R, S RO LRI T 5 (Photo. 1
a), d)) DL, HISHH BRI (REaF
LEL) Mo EHENEEL, TuxFRS LK
B IC{EZ#E 3 % (Photo. 1 b), e)). TOXHI % EFD

Table 2. Sample testing conditions and their
associated number of cycles to failure and their ini-
tiation site.

Test Maximum™® F Number to Crack
temperature stress re((ll_lueincy failure initiation Region
(K) (MPa) z (Cycles) site
4 1409 4 900 Surface |
4 1335 4 2600 Surface I
4 1186 4 7175 Surface I
4 1038 4—10 292 600 Internal 1
4 890 4—10 >300 000 — —
77 . 1251 10 1860 Surface |
77 1213 10 4110 Surface m
77 1149 10 10 293 Surface I
77 1021 10 13 280 Surface I
77 894 10 31370 Surface I
77 830 10—20 >1 135000 — —

* 4K : Yield strength=1405 MPa Tensile strength=1483 MPa
77 K : Yield strength=1 209 MPa Tensile strength=1 277 MPa

KHEB X PHEFEEII DWW TIE, Table 2 BX U Fig. 2
RiZFNEFNRGHELTRLE. i D, 4 K T3y
Bol LB 10° BRI LD &S A 7 VTR ERON
EEEMNEL, S-N P FHII LA Ebh b,
HORER S, BHFMH 10° @HX D &RONERSE
BEERLTWA, La2L, REBRTRTTKIZBWTE
BONMFEELBLZ LI TE LMD

PIER X 34584 812 1%, Photo. 1 b), e) IZRT LI IZ
ANTER R 22 7 & D RFEIZEED 5 iz vy, Photo. 1 ¢),
f) ZERONMBEAET O % 2T HEBEWHOGE %

. i
Nagai et al.
1500k TS.
o 4K
‘o LTS,
o
s 77K
#1000
<
‘g open: surface I
5 solid : internal not ‘broken
E 500 +
g o,m; 4K, hourglass type specimen
0@ 4K, round bar cimen R=001
LA TIK, | sple '
O . 1 . 1
10° 10° 10° 10°

Nf (cycles)

Fig. 2. S-N curves at cryogenic temperatures for
Ti-5A1-2.5Sn ELI alloy; I, I and [l denote the
regions classified according to Fig. 1.

Photo. 1. SEM micrographs
of fatigue crack initiation sites
fractured at 4K (Maximum
stress . a) and b) 1186 MPa ;
b), c), e) and f) 1038 MPa).
Photographs ¢) and f) are
opposite fracture surfaces for
a sample that had an internal
initiation site. Point 1 and 2
denote the same specific points
in ¢) and f). Points A, B and
C in c¢) denote the typical EDS
analysis regions.
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Fig. 3. EDS analysis of the samples shown in
Photo. 1 b), c), e), f). A,B and C denote the re-
gions of EDS analysis shown in Photo. 1 c).
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Photo. 2. ‘Microstructures of Ti-
5A1-2.5Sn ELI alloy. Secondary
electron image of polished sample
a) and corresponding Fe X-ray map
b)Y. Iron localized to the small «
grain regions. TEM micrographs
of the isolated second phase dis-
tributed region c) and of the small
a grain region d). Points D,E, F
and G denote typical EDS analysis
regions.
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Fig. 4. EDS analysis of the representative areas
shown in Photo 2¢), d).
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Photo. 3. The dislocation pile-ups that develop in
a sample failed in region I (test temperature = 4K,
stress amplitude = 1 027 MPa, Nf= 292600 cy-

cles). ;
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Photo. 4. Dislocation arrays on prism planes for a
sample deformed at 4 K which pass through grain
boundaries (region [l : stress amplitude =1 365
MPa, Nf= 14437 cycles). Foil cut from hour-

glass type specimen.
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Photo. 5. TEM micrographs of co-planar disloca-

. tion arrays of samples failed in region Il (test
temperature = 4 K, stress amplitude = 1 395 MPa,
Nf= 900 cycles).
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Curve 1 : Extrusion-intrusion (Surface origin) .
Curve 2 : Microstructure inhomogeneity (Internal fatlgue origin)
Curve 2’ . Pore (Internal origin)

Fig. 5. ‘Compatibility and prlorlty of dxfferent
fatigue fracture mechanisms.
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