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Effect of Microstruture on Sustained Load Cracking Behavior of
Ti-6Al1-4V Alloy

Hideo TAKATORI, Yoshihiro CHIBA and Tsugio OGURA

Synopsis :

Sustained load cracking behavior of Ti-6Al-4V was studied by constant load testings and constant cross
head speed tensile testings using compact tension specimens for four different microstructures. Annealed
specimens and duplex annealed specimens showed stable crack growth without incubation time during con-
stant load testings for initial K values which were considerably low, compared with K;c, while beta annealed
specimens and solution treated and aged specimens showed no such behaviors. In the stable crack growth,
the rate of COD change decreased with decreasing the load. Fractography and micrography revealed that
the stable crack propagation occurred with quasi-cleavage fracture of primary alpha phase. In constant
cross head speed tensile testings, the fracture toughness of annealed specimen decreased with decreasing
the cross head speed, while beta annealed specimens showed no such behavior. The stable crack growth of
annealed specimen initiated at a stress intensity factor about half of K;c at the lowest cross head speed.
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Table 1. Chemical composition (wt%).

Al v O H N Fe C
6.63 4.04 0.19 0.082 0.005 0.27 0.003

Table 2. Heat treatments conducted.
Anneal AN 993X 2h AC
Duplex anneal DA 1223 KX2h AC+993 KX 2h AC
STA STA 1238 KX2h WQ+811 KX4h AC
Beta quench BQ 1323 KX1h WQ+993 KX2h AC

a: AN b: DA c: STA d:BQ
Photo. 1. Optical micrographs of
materials used.
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Fig. 1. Schematic illustration of sustained load
testing.
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Table 3. Tensile properties and fracture tough-
ness of materials used.

Tensile 0.2% proof .
strength strength Elongatmn ( MPIa(" fnl/z )
(MPa) (MPa) °
AN 990 919 15.0 67.9
DA 982 915 18.0 70.4
STA 1209 1121 12.6 52.4
BA 1096 1007 5.8 75.6
(p) DA
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Fig. 2. Change of COD uvs. time curves obtained by sustained load testings of (a)annealed
and (b)duplex annealed Ti-6A1-4V for various loads.
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Photo. 2. SEM fractographs of Ti-6Al-
4V alloy subjected to the sustained load
testings, showing (a) stable and (b) unst-
able crack growth for the state AN, and
(c) stable and (d) unstable crack growth
for the state DA.

Table 4. Length of stable crack obtained by sus-
tained load testing for 6X10° s.

KjcX0.6 KjcX0.7 KjcXx0.8 K;cX0.9
AN | 0-6X1073min | 6.3X10 %min | 4.3X10 *min | 3.2X 10 min
168 h 17 h 50 min 13 h 50 min 3 h 25 min
DA None None 0.5X10 %min | 5.5X10 3min
168 h 22 h 30 min
STA None None None None
BQ None None None None

N

HROLERRIIIETHEEZONRDL., D%
HDOE S ORIEHE% Table 4 12777,

AN ¥t & DA Mo ZZLERZHBOBEKREONER %
Photo. 3 IZ/R¥. EHF AR TIZ 2B I EHMICHE
BLTWAOIZH L, ZFSREEISHIET 55Tk
ERE»AZVERL TS, SROEMIZBESA O 8
K&dpot, $72, EXH LGN LE I L 720

ERFBBRINTVE, 2ROERBKLELTIE oM
L8 B MO REHE 2 A 5 H a8 I BE s h e,

Photo. 4 i3, AN #OBHEA DO~ & RIROERS = LI
L, B MBS Y LR ThD, ~XEROL
i, MED» SR EDZDMEAE LY. $72, oH

DIERBRINCF > TERHBIEATHA I ICHALNS, -
2L, BELEICRRSh e Bbn sy iz RoN% <,

TE R

—152 —



Ti-6Al-4V 5 & OB NRREH I LT T ERHEOE 841

Photo. 3. SEM micrographs of crack
propagation of Ti-6A1-4V in (a) annealed
and (b) duplex annealed states. (c) and
(d) show the detail of a part of (a) and
(b) respectively.

a : SEM fractograph of quasi-cleavaged part
b : SEM micrograph of the same part viewed
in the direction indicated by the arrow in
(a)
Photo. 4. Quasi-cleavaged part of

annealed Ti-6Al1-4V.
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Fig. 3. Cross head speed dependence of Kg in
constant cross head speed testings of annealed

Ti-6Al-4V.
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Fig. 4. Load-COD curves for different cross

head speeds in constant cross head speed testings
of annealed Ti-6A1-4V.
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Photo. 5. SEM fractographs of annealed
Ti-6Al-4V in constant cross head speed

testing under a cross head speed of 8.33X
10 ~ ®m/s and loading by K values of (a)

50% and (b) 60% of K;¢.
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Table 5. Length of stable crack obtained by con-
stant cross head speed testings in various cross
head speeds.

Cross head speed (m/s) Crack length (X107 3m)
1.67X107° 0
8.33x1078 0
5.00%1076 0.18
1.67x108 0.30
8.33%10~7 0.40
5.00X10~7 0
1.67%1077 0.54
8.33%1078 0.98
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