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Fatigue crack growth behavior of Ti-6A1-4V alloy at 290°C (Tests 1-2 Disk I, and 3-4 Disk II,  respectively). 
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Fatigue crack growth behavior of Ti-6A1-4V alloy at 345°C (Tests 1-2 Disk I, and 3-4 Disk II,  respectively). 
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The parameters (C and m) are summarized in Table 1 
showing a small variation or scatter between similar 
tests. 

A two-factor analysis of variance (ANOVA) was 
performed with values of C and m as the test parameters 
at each temperature and the results are presented in 
Tables 2-3, respectively for both the disks from where 
the specimens were machined. This was done to 
ascertain that a) there is no significant difference in the 
FCGR response at different temperatures, b) there is no 
significant difference in the mean FCGR response for 
specimens from the two disks, and c) there is no 
interaction between the metallurgy of two disks at the 
temperatures. The ANOVA software assumes a F-
distribution of the random variable with fixed degree of 
freedom and its density function (f) is calculated. 
Critical values of frequency distribution (crack growth 
rates in this case) at a confidence level of 95% shows 
that the FCGR response is not affected significantly by 
temperature. However, the statistical analysis indicates 
that the data from the two disks are different, and also 
that there is no significant interaction between the 
metallurgy of specimens from the two disks at different 
temperatures. 

Even though a difference is indicated between the 
two groups of specimens in the analysis, the difference 
is not considered significant for the purposes of fatigue 
life prediction. Table 4 shows the average values of 'C ' 
a n d ' m ' for specimens from the two disks. A variation 
in results from the two disks is likely to be caused by 
differences in microstructure. 

The values of 'C' and 'm' obtained from tests at 
175°C to 345°C indicate a slight decrease in FCGR with 
increase in temperature. This observation has also been 
reported by /17/, where tests at elevated temperatures on 
Ti-6A1-4V indicated a decrease in FCGR, at higher 
temperatures due to the growth of secondary cracks and 
branching mechanisms at higher temperatures. 
However, to the contrary, a slight increase in fatigue 
crack growth rates in the mid rate regime has been 
reported by 161. This was speculated to be due to a 
decrease in the Young's modulus of Ti-6A1-4V at 
higher temperatures. Secondary crack formation is 
shown in Figures 5-6 for two temperatures (230°C (disk 
II) and 290°C (disk I)) along with fatigue striations 
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documented for two disks. Secondary cracking was a 
representative feature for both the disks at and over 
230°C. The da/dN values reported by /10/ and /17/ for 
room temperature tests on Ti-6A1-4V specimens using 
the DCPD method have been compared with results 
obtained in this work in Table 5. The variation in the 
data is due to different test parameters such as 
frequency, load waveform, temperature, and materials 
parameters such as microstructure and specimen 
dimensions used in the testing and methodologies used 
in the reduction of data. Tests conducted at high 
temperatures revealed a slight decrease in FCGR for Ti-
6A1-4V (STOA) alloy. This, however, is expected since 
175-345°C is the typical range in which it is used in 
compressor disks and other high temperature 
applications. 

4 CONCLUSIONS 

The FCGR data for Ti-6A1-4V in the temperature 
range of 175 - 345°C is presented in this paper. Stage II 
fatigue crack growth rates were not substantially 
influenced by temperature in the range of 175-345°C. A 
slight decrease in FCGR with increasing temperature 
may be attributed to the growth of secondary cracks or 
branching mechanisms. The DCPD method was 
implemented as a crack growth measurement technique 
from this research and was an important objective of 
this program. The DCPD was found to be a reliable 
method for experimental evaluation of FCGR 
measurement in Ti-6A1-4V. Fatigue crack growth data 
obtained in this program were consistent and tests were 
repeatable. 
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Table 1 
Crack growth rate parameters (C and m) for various tests. 

Specimen 1 
C 

Specimen 2 
C 

Specimen 1 
m 

Specimen 2 
m Temperature °C 

Specimen 1 
C 

Specimen 2 
C 

Specimen 1 
m 

Specimen 2 
m 

Disk I 175 5.920E-11 6.058E-11 3.043 2.917 
230 1.033E-10 9.040E-11 2.863 2.908 
290 9.09 IE-11 8.256E-11 2.925 2.947 
345 9.464E-11 1.039E-10 2.918 2.926 

Disk II 175 2.320E-11 3.046E-11 3.419 3.317 
230 3.352E-11 4.540E-11 3.281 3.209 
290 3.982E-11 5.342E-11 3.250 3.156 
345 2.894E-11 6.474E-l 1 3.305 3.026 

Table 2 
ANOVA table us ing 'm ' as test parameter for Disk I and Disk II 

Source of 
Variation 

Sum of Squares Degrees of 
Freedom 

Mean Square Τ Critical ' f 

Temperature 0.041 3 0.014 1.85 4.07 

Disk Type 0.394 1 0.394 52.23 5.32 

Interaction 0.016 3 0.005 0.706 4.07 

Error 0.06 8 0.0075 

Table 3 
ANOVA table using 'C ' as test parameter for Disk I and Disk II 

Source of 
Variation 

Sum of Squares Degrees of 
Freedom 

Mean Square 'F Critical 'Γ 

Temperature 4.44E-19 3 1.48E-19 2.3 4.07 

Disk Type 3.8E-18 1 3.8E-18 58.8 5.32 

Interaction 5.9E-20 3 1.96E-20 0.304 4.07 

Error 5.16E-19 8 6.45E-20 

Note f= density function, Critical ' f = critical values of frequency distribution. 
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Table 4 
Average values of ' C ' and Ί η ' for Ti-6A1-4V as a 

function of temperature 

T e m p e r a t u r e 
(°C) C m 

175 1.799E -11 3.619 

230 3.681 Ε - 1 1 3.349 

290 5.444 Ε - 1 1 3.177 

345 6.248 Ε - 1 1 3.109 

Fig. 5: Fracture surface showing fatigue striations and Fig. 6: Fracture surface showing fatigue striations and 
secondary cracks, (Disk II, 230°C) secondary cracks, (Disk I, 290°C) 

Table 5 
Comparison of da/dN data at room temperature with references 161 and /10/ 

ΔΚ (MPaVm) da/dN (m/cycle) 
(Present Work) 

da/dN (m/cycle) 
Reported by 161 

da/dN (m/cycle) 
Reported by /10/ 

10 2.336 E-08 8.001 E-08 5.499 E-09 

29 2.133 E-06 8.001 E-06 5.499 E-06 
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