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Factors influencing fracture toughness of TC4ELI alloy
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Abstract: Fracture toughness Kic of TC4ELI alloys with different microstructures was tested, and the essential definition
of Kic was introduced to explain the influence of microstructure on Kic. The results show that lamellar microstructure has
high Kic value, and the Kic value increases with the decreasing of yield stress. Finally the crack tip plastic zone CTPZ
was introduced to interpret the variations of Kic.
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Table 1  Chemical compositions of TC4ELI alloy (mass \_/
. [
fraction, %) " “
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Al V Fe C N H (0] Ti =
=
6.1 4.1 0.085 0.012 0.0097 0.0016 0.054 Bal. 60° =
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Fig.2  Compact tension specimen for fracture toughness

testing (mm)
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Fig.1 Lamellar microstructure with coarse f grain 1300
heat-treated above T (a), and short-bar structure heat-treated in 3
o+f phase region (b)
2
Table 2  Different heat-treatments used for fracture toughness 3 TCA4ELI
test Table 3  Fracture toughness of TC4ELI alloy after different
Sample No. Heat-treatment heat-treatments
1 750 ,1h,A.C4+550 ,4h,AC. Sample No.  Rw/MPa Ryo2/MPa Ky/(MPa-m'?)
2 900 ,1h,A.C.+550 ,4h,AC. 1 884 833 95
3 1000 ,1h,A.C.+550 ,4h,A.C. 2 904 863 106
1000 ,1h,A.C+900 ,1h,A.C. 3 892 822 100
! +550 ,4h,AC. 4 873 805 110
5 1000 ,1h,A.C+730 ,3h,A.C. 5 858 794 103
6 1000 ,1h+700 ,1h,A.C. 6 835 776 104
7 1000 ,1h+850 ,1h,A.C. 7 826 760 110
8 1300 ,1h,A.C+550 ,4h,A.C. 8 850 784 116
9 1000 ,1h,F.C+550 ,4h,AC. 9 781 737 110
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Fig.3  Fracture toughness versus yield strength of TC4ELI |
alloy with different microstructures i
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Fig.4 Increase of crack length with loading force (a) during
fracture toughness testing process, loading force gradually

reaching to maximum force Fmax (b), leading to fail fracture (c)
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Fig.5 CTPZ size comparison of microstructures with different
yield stress under same stress intensity factor: (a) High yield

stress; (b) Low yield stress
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Fig.6  Schematic representation of crack deviation during
fatigue crack propagation (a) and tensile stage of fracture

toughness test (b)

6(a)

Fig.7 Fractograph of tensile fracture with lamellar

microstructure
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Fig.8 Fractograph of tensile fracture with equiaxed

8
microstructure
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