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Effect of Microstructure on the Fatigue Behavior of Blended Elemental
P/M Ti-6Al1-4V Compacts

Masuo HAGIWARA, Yoshinari KAIEDA, Yoshikuni KAWABE and Shin MIURA

Synopsis :

Several different microstructural conditions were generated through combinations of processing and heat
treatment to find out the optimum microstructure and also to investigate the effect of the alpha phase mor-
phology on the high cycle fatigue strength. The best combination of high cycle fatigue strength and ductil-
ity was obtained by the new Blended Elemental (BE) method, in which sintered material was water-
quenched from the beta phase region prior to HIP’ing. The highest fatigue strength at 107 cycles, 72
kgf/mm?, was obtained by the STA treatment. Examination of the fatigue crack initiation facets and the
underlying microstructures by the presicion sectioning method revealed that the fatigue failure initiated
from the shear-across-colony facet for conventional BE material and from the shear-across-primary alpha
facet for acicular microstructure. These shear facets were inclined at 45° to the tensile axis, which
coincide with the maximum shear direction. In the case of the acicular microstructure, the slip direction
was oriented almost parallel to the short axis of the elongated primary alpha grain and hence it seemed
that there is no dependence of the high cycle fatigue strength on the aspect ratio of the alpha grain, but
rather on the width of alpha grain. Based on these initiation analysis, it is concluded that, irrespective of
microstructural categories, the high cycle fatigue strength can be described definitively as a function
of the length of slip path in the alpha grain, with a colony considered as a single grain.

Key words : Ti-6A1-4V ; powder metallurgy ; new blended elemental method; extra low chlorine powder;
fatigue strength ; crack initiation facet ; precision sectioning method.
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Table 1.
elemental Ti-6Al-4V.

Microstructure modification parameters and mechanical properties for extra low chlorine blended

o, 7
Condition Processing steps Post-HIP Heat Treatment (ig%/fnz% (kgil/ﬁiz) (I_;éL) (};A) (lfé?/tl:gz) a/UTS (kgf/lr(nena/z)
1 P&S+HIP — 85 94 14 36 42 0.45 183
2 P&S+HT+HIP — 88 97 15 42 60 0.62 182
3 P&S+HT+CR+HIP — 93 101 16 47 56 0.55
4 P&S+HIP HT+HIP 89 98 11 27 60 0.61
5 P&S+HIP HT+815°C/24h/AC 94 102 9 25 66 0.65
6 P&S+HT+HIP 955°C/1h/WQ+540°C/6h/AC 113 121 10 27 72 0.60
7 Ingot metallurgy HT+HIP 88 99 13 24 61 0.62 200

P&S : Pressed and Sintered (1 300°C/3~4h/AC) HIP=930°C/3h/1000 atm HT=1050°C/15 min/WQ CR : Cold Rolled 15%

Photo. 1.
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¥ 40% & B L TKIBICIRWEEZRT. HEEESSE
12 STA WLH % 4T » 7= Condition 6 Ti%, I 10%,
B0 21% ofEX R LT, UTS & 121 kgf/mm?® & &

Microstructures of all seven conditions (Condition 7 was similar to Condition 4).
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Fig. 1. Fatigue life curves of all seven conditions.
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a : o= 85 kgf/mm?
Ny=5.4X10 cycles

Photo. 2. Typical examples of fatigue crack initiation in blended elemental Ti-6Al1-4V
(Condition 2). ’

b: ;=80 kegf/mm?
Ny=6.1X10° cycles

c:or=64 kg‘f/mmZ
Ny=3.3X 108 cycles
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a: A general view of fatigue crack initiation site and section line.

b : SEM image of initiation facet and the plane of the metallographic section.
Maximum stress = 70 kgf/mm> Ny=7.0X 10° cycles

Photo. 3. Fatigue crack initiation in Condition 1 specimen.
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a:A general view of fatigue crack
initiation site and section line.

b : SEM image of initiation facet and
the plane of the metallographic
section.

Maximum stress = 80 kgf/mm?

Ny=3.9%10° cycles

Photo. 4. Fatigue crack in-
itiation in Condition 7 speci-
men.
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Fig. 2. Fatigue strength at 107 cycles (o; at 107)
as a function of Ultimate Tensile Strength (UTS).
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High cycle fatigue strength
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Width of alpha-platelet or
diameter of equiaxed alpha grain

Fig. 3. Schematic showing relationship between
high cycle fatigue strength and width of alpha-
platelet or diameter of equiaxed alpha grain.
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Fig. 4. Ratio of fatigue strength at 10° cycles to
ultimate tensile strength (o, at 10°/UTS) as a
function of elongation.
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