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Effect of Microstructure on Fatigue Crack Growth Behavior in Ti-6Al-4V Alloy
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The effect of microstructure on fatigue crack growth behavior under constant stress amplitude was investigated
using CT specimens of two kinds of Ti-6Al-4V alloy. Both of them were under the same annealing condition and
consisted of ¢« + f phases, but their microstructures showed obvious distinction because of the different reduction of
plate in the B and o + B rolling processes. One of them was composed of spherical o phase surrounded by thin
phase (material A) and the other possessed longitudinally stretched « and 8 phases (material B). For both materials,
rough crack surfaces were formed in the low Kmax region and roughness-induced crack closure was added to
plasticity-induced one while relatively flat crack surfaces were built in the high Knax region where plasticity-induced
crack closure was dominant. However, the crack surface morphologies of material A and B were quite distinct in the
low Kmax region due to their microstructures, which had a pronounced effect on crack growth and crack closure
behavior. The effect of crack surface morphology was qualitatively evaluated by the optical observation of crack
surface profiles and quantitatively by the measurement of the effective stress intensity factor AKes.
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Table I. Chemical composition.

Material | Al \ Fe C (0] N H
A 6.22 | 4.2310.184 | 0.005 | 0.178 | 0.0040 | 0.0034
B 6.31[3.96 | 0.240 | 0.081 { 0.178 | 0.0118 | 0.0107

Table Il . Manufacturing process.

Material | Ingot Bforging | Prolling | a+p rolling Annealing
— — —
t240 (mm) | t16 (mm) |
A 0 840 t 350 1100°C 950C 705C for
(mmy | P TGS mmy |2 (mmy | 2200
1150C ;

B

vacuum

| 1100T 950°C
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Tablelll. Mechanical properties.
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Fig. 1. Optical micrographs of microstructure.
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Fig. 2. da/dn-Kyax relationship (Material A).
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Fig. 7. Optical micrographs of crack growth path.
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Fig. 9. Optical micrographs of crack growth path.
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Fig. 11. Schematic illustration of crack growth path.

B WM AELE 7 AN £ < B &L & h 7= SRR IR
RO BM TR, K Knax S W T o MRIR £ 7213

B HWNIZH > -2 HOBHAROGNBEEDD, & Knax
FEIRT o MRINAEIRR MG & 55720, XELEEEE
DB ZERILZRD Sk, MR OE W &
D, K Kmax FEIRICB VT A MTIRED S ICEMIL 72
OB & 20, B MC3sER R IRl U 2o OB
L5,

@ AMITBWTE, ZZERBEHEIE Ko fEIKE
18 Kmax TS CHARRICES T 5728, da/dn-Kmax, da/dn-
AKeii BEEROWTHIZINT S BREDI AUt 0 SR 5.
N3, B Mch\Tid, XZSEREREOBR N,
B & DZALIZXE LT da/dn-Kue BIR CIRITHIAR,
ENdH, ERM G EHBEHOZESHLMETS I Eick
0, da/dn-AKew BAERTIIAT AU D 298K T 5.

) Wit & B Kmax FEERCTIZH OB E 2SR & 0
5205, AR Knax TR T2V % 2P0 111 BY A
HEARXUEAOIERL T K, MEEINS. B M
13 ARSI BE TR X FEAE X A A L D EEF AU,
Al Knax A THBTEE AMD K, X0 & 5125
VM & 55, ZAUIBIHARRRIIR IR TE U O AR s
Bux27-97T, B MOMERICHER U 2B EZIRS,
H A SR E AN E K FEFIZTE L E
AbN5,

4 %%i%@)@% da/dn EHDEIIEARRE AKes
INEQIE 32O s ) ﬁh@#@@ﬁﬂ#%ééwm
ﬁ!ﬁM@é%ézﬁé:EJ% FE—FT 5. WMICRohsM
ffﬁ%ﬂ%ﬁﬁﬁéﬂtmﬁ@&i%’”F‘ﬂf‘f]uzﬁib ICRELSHEBERIT
TH, EFHBEPAOZEF E2EFRTIL, 70 X20ERIH

i, BT OREIZ & £ DIRTF L,

B #ZonTid, E7EME R MG ARl & o
B UTIR %'}% 7=, WU THBEERT.
z £ X #
1) D.Eylon and J. A. Hall, Metallurgical Transactions, 8A, 981
1977).
2) C. M. Ward-Close and R. O. Ritchie, ASTM STP 982, 93,
(1988).
3) FHEREES, ANIESE, KEHT, HABWESHE, A

4)
5)
6)
7)
8)
9)
10)
11)

12)

13)
14)

15)
16)

58, 178 (1992).
A. L. Dowson, A. C. Hollis and C. J. Beevers, Int. J.
Fatigue, 14, 261 (1992).

G. R Yoder, L. A. Cooley and T. W. Crooker,
Metallurgical Transactions A, 8A, 1737 (1977).

R B, KAREHE, HXRE&E:
(1988).

K. S. Ravichandran, Scripta Metallurgica et Materialia, 24,
1559 (1990).

K. S. Ravichandran, Acta Metall. Mater., 39, 401 (1991).
FREREER, /ISR, ARHZ, #08, 42, 169 (1993).
MJEFERT, AF5 X, Bk, 43, 1238 (1994).

B. E. Powell, Int. J. Fatigue, 170, 221 (1995).

HIl R, HETBGLA, Hbid—, S8 B, K, 25, 899
(1976).

IREES), LARMEMS AR, A49, 771 (1983),
WEBGEA, K, = &, KIEMH, 18, 33,
468 (1984).

Bl B, BEEEA,
WYL, KB,
LOEAS, 8, 33,

/\—j:
Fa: T

1057

= EHZ, MK, 31, 483 (1982).
MEEAEZ, bEgE, KIERS,
560 (1984).

NI | -El ectronic Library Service



