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Synopsis

DAT54 is a Near-a heat resistant Ti alloy applied to disks in the compressor part of jet engines. DAT54 with Bi-modal
microstructure shows good balance of fatigue strength and creep life, and has better mechanical properties than Ti-6242S up
to 600 °C. However, the influence of the microstructure on properties, especially the effect of the morphology of primary a on
mechanical properties, is not well known for this alloy. In this study, samples with different types of microstructure constructed
by different forging ratios were prepared, and the influence of the aspect ratio of primary a on tensile properties and fatigue
crack growth properties at ambient temperature and elevated temperatures were investigated. The influence of the environment
was also investigated by testing in vacuum and air conditions. A higher aspect ratio of primary o shows lower ductile elongation
in tensile test, while there was no difference in fatigue crack growth rate in the Paris’ law region in a fatigue crack growth test.
However, the threshold for AK seems to be affected by the morphology change of primary o at ambient and elevated temperatures.
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Table 1. Chemical composition of experimental alloy

(mass %).

Al | Sn | Zr | Mo | Nb | Si C O Ti

5.71|4.06 | 3.54|2.85| 0.7 |0.37|0.06 | 0.08 | Bal.
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Table 2. Sample conditions and test matrix.

No F?;%'gg Heat treatment M?ggﬁ:écal
1 1.8 FCG test
2 2.1
3 3.6 ST: 1000 °C/3.6 ks/AC | Tensile test
4 7.8 +AG: 635 °C/3.6 ks/AC
5 10.2 FCG test
6 16 | Tensile test

FCG: Fatigue Crack Growth

7 mm

7 mm

Corner notch

(0.3 mm)
7 X 7 mm square area

==

1
% -16UNF Threads
Fig. 1. Schematic drawing of FCG test specimen.
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Fig. 2. Typical fracture surface after FCG testing.
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Fig. 3. Microstructures after heat-treatment in a variety of forging ratios.
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Fig 4. SEM micrographs after heat-treatment for two different forging ratios.
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Fig. 5. Influence of forging ratio on the aspect ratio of

primary a.
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Fig. 6. Influence of forging ratio on the area fraction of

primary a.
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Fig. 7. Influence of forging ratio on the width of acicular

a in transformed 3 grain.
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Fig. 8. Influence of aspect ratio of a, on a) tensile
strength, 0.2 % proof stress, b) elongation and c)
reduction of area at RT and 600 °C.
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Fig. 9. Microcracks observed in specimen after tensile
test at RT.
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Fig. 10. Fatigue crack growth resistance curves at RT
and 550 °C
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Table 3. Comparison of C and m value of Paris’ law
equation for each testing condition.

Aspect ratio of a,

Test condition

2.0 15
Temperature | Environment C m C m
RT Air 4.4x10°|3.7|1.6x10% (3.2
550 °C Air 4.3x10° [ 1.5|3.0x10° [1.6
550 °C Vacuum |5.5x10°|2.6|6.0x10° 2.6

O Aspectratio ofa,= 2.0
B Aspectratioofa,=1.5
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o
T

As heat treated After FCG test at 550 °C,

constant load,in air

Fig. 11. Comparison of Vickers hardness before and
after FCG test.

Table 4. AK,, for each testing condition.

. Aspect ratio of a,
Test condition
2.0 1.5
Temperature | Environment| AK,, AKy,
RT Air 3.4 3.9
550 °C Air 3.6 4.4
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f) Aspect ratlo of ap = 1 5 (550 C vacuum)

Fig 12. Fracture surfaces, AK = 15 MPa " m (Crack propagation direction: left to right).

b) Aspect ratlo of Op = 2 0

Fig. 13. Crack propagation path at RT in air, AK = 10~15
MPa v/ m.
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a) Aspect ratio of a, = 2 0 (550 °C, air)
AK =4 MPaym

bi) Aspect rat|o of ap = 1 5 (550 °C, air)
AK =5 MPaym

Fig. 14. Fracture surface near AKy, 550 °C in air (Crack propagation direction: left to right).

a) Aspect ratio of a, = 2.0 (550 °C, air)
MK =4 MPaym
Fig. 15. Crack propagation path near AKy, 550 °C in air (Crack propagation direction: left to right).
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