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The Effect of Microstructure on Fracture Toughness of

Ti-6Al-2Sn-4Zr-2Mo Alloy

Synopsis :

Tsutomu OKA, Yoshiharu MAE and Teruo KiSHI

The effect of microstructure on fracture toughness of near « titanium alloy Ti-6Al-2Sn-4Zr-2Mo was in-
vestigated by Acoustic Emission three dimensional location, Acoustic Emission source characterization and
fractography method. The fracture toughness of alloy with acicular a structure was superior to that of

alloy with equiaxed @ structure at the same yield strength level.

It was considered that the result was

based on the number of large amplitude Acoustic Emission events prior to KIC and on the deflection of the
crack path. The large amplitude Acoustic Emission events coresponded to microcracks of 50-80 um which

nucleated at the pre-fatigue crack tip along crack front in both structures.

Macroscopic crack growth

occured where these microcracks coalesced in the direction to specimen thickness. These microcracks low-
er the stress concentration at the crack tip. Thus it was concluded that microcrackings enhanced the frac-
ture toughness of titanium alloy with acicular a structure.

Key words : titanium base alloy ; fracture toughness ; Acoustic Emission ; equiaxed @; acicular a.
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. Table 2. Heat treatment schedules.
Condition 1. 900°CX1h AC+595°CX8h AC
2. 975°CX1h WQ+595°CX8h AC

975°C X 1h WQ+900°CX 1h WQ+595°CX8h AC

3.
4. 975°CX1h AC+900°CX1h AC+595°CX8h AC

AC : Air Cool WQ : Water Quench

Table 1. Chemical composition of Ti-6Al-2Sn-4Zr-2Mo Alloy used in the work (wt% ).
Element Al Zr Sn Mo Fe Si (0] C N H Ti
Concentration 6.15 4,04 1.87 1.82 0.056 0.006 0.082 0.004 0.002 0.002 Bal.
Min 5.50 3.50 1.80 1.80 ‘
AMS 4919 A
Max 6.50 4.50 2.20 2.20 0.25 0.10 0.15 0.05 0.05 0.015 Bal.
Table 3. Tensile properties.
a + 8 rolled plate B rolled plate
Condition | Direction uTS 0.2% YS El RA UTS 0.2% YS ] RA
(MPa) (MPa) (%) (%) (MPa) (MPa) (%) (%)
c1 L 994 934 14.8 32 979 851 12.8 22
T 983 918 17.4 40 994 885 15.0 23
c2 L 1078 989 15.9 38 1038 933 7.9 14
T 1082 977 17 .4 34 1077 957 9.4 15
c3 L 1040 941 16.7 33 1007 911 10.0 14
T 1069 953 15.4 34 1020 918 8.7 14
ca L 953 901 17.9 35 941 841 11.6 20
T 962 884 18.1 36 961 862 14.5 25

a), b), ¢), d) :
e)f),ghh: B

Photo. 1.

a + f rolled, C1, C2, C3, C4

rolled, C1, C2, C3, C4

Microstructures of Ti-6Al-2Sn-4Zr-2Mo alloy used in this work.
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Fig. 1. Block diagram for AE analysis.
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Fig. 2. Load-COD curves with AE event counts
during fracture toughness testing in condition 1 and
condition 2.
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Table 4. Fracture toughness.
a + (3 rolled plate B rolled plate
Condition Direction
Kic{MPay/m ) Kic(MPay/'m)
c1 L-T 53 57 58 82 85 87
T-L 56 58 — *93 — —
C2 L-T 39 43 — 70 74 —_
C3 L-T 50 52 — 76 76 79
Cc4 L-T 62 62 72 *93 94 95
* Kq
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Fig. 3. Relationship between fracture toughness
and 0.2 % yield strength in Ti-6Al-2Sn-4Zr-2Mo

alloy.
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Photo. 2. Macroscopic observations of fracture surfaces.

a), b), ¢), d): « + B rolled, C1, C2, C3, C4

e, f)g,h: §
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Photo. 3. Scanning electron fractographs of Ti-6Al-2Sn-4Zr-2Mo alloy.
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Fig. 4. Load-COD curves with AE event counts
during fracture toughness testing in the same yield
strength specimens.

a), b), ¢), d) : a + B rolled, Cl, C2, C3, C4

e, fhghh: B
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Photo. 4. Micrographs of crack path in Ti-6A1-2Sn-4Zr-2Mo alloy.
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Fig. 5. Amplitude distribution of detected AE
events.
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Fig. 6. Three dimensional location of large ampli-

tude AE signals in (a) @+ 8 rolled, C4 and (b) 8
rolled, C3.
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Table 5. Cracking diameter, fracture surface and
cracking path morphology in Ti-6Al-2Sn-4Zr-2Mo
alloy.

Crack path
morphology

Diam.| Fracture
am sur face
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|

+ 80
(max (}
Ca 130)]

50

¥4 |

80
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