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Acoustic Fatigue Life Prediction of 2024-T3 Aluminum Alloy Panels

by Masaaki SANO and Yoshinori FUIIMORI

Abstract

This report investigates the acoustic fatigue prediction of 2024-T3 aluminum panel struc-
tures using the known S-N curves under the periodic bending load and assuming various peak
stress distributions. The peak stress distributions in question are those by Rayleigh, Huston-
Skopinski, Simulation and Experiment. The acoustic fatigue life estimate utilizes the modified
Miner rule. From the various estimate values of fatigue life the proper method can be selected by
simply judging closeness of the numbers to the present experimental results. This numerical check
shows that the method using the S-N curve with K, = 4 and Rayleigh peak distribution is indeed
adequate to predict the acoustic fatigue of the present experiments in the conservative side, and
that no rationale to try other peak stress distribution can be found.

As the results from the present experiments and 9-bay structural models show the trend that
the cummulative damage depends on the stress level, a semiempirical curve is fitted to the damage-
versus-stress relation. The report concludes with the proposal that the optimum fatigue life
estimate curve based on the stress-dependent cummulative damage can be used as a design guide
for the thin 2024-T3 aluminum alloy panel structures.
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Figure 1 Basic S-N curves under periodic

bending stress with zero mean.
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Table 1  Acoustic fatigue life estimate

No. of Method 1 2 3 4 5 6 7
Peak dist. Rayleigh Huston- Skopinski Exp. Sim.

K, 1.26 4.0 4.0 4.0
Ca, b) (0, =) (=0, =] [(0.30,) |(-3g,,30,) (-30,, 30,

r 1.0 0.713 0. 713
xp Estimates Value Estimates Value Estimates Value
10 (kg /mm?) | 2. 7x 10°® 4.3x10% | 2.2x10° 6.2x10% | 3.1x10°
9 5.2x10° 7.6x10% ] 3.8x10° 1.1x10% | 5.5%10°
8 1. 1x 107 1.4x10% | 7. 1x10°% 2.1%x10% | 1.0x10®
7 2.4% 107 2.9%x10% | 1.5x10° 4.1x10° | 2.1x10% |6.15kg‘mm?

1
6 6.3x107 | 6.7x10°% | 3.3x10° | 9.8x10° | 4.9x10° | 29%10
( r=10.506)
5 1.9x 108 1.8x107 | 8.8x10° 2.6x107 1.3%x 107
4 7. 4% 108 5.8%x107 | 2.9x107 8.8x107 | 4.4x107
3 4.4x10° | 2.7x10% [ 1.3x10% | 4.1x10% | 2.1x10® | 3.13kg/mm® | 3. 13 kg /mn?
10 o 9 9 9 2.4x10° 8.7x107
2 5.3% 10 2.3x10 1.2x10 3.7Xx10 1.9%10 (7=0.394) | 1 9kg, mm?
1 3.7%10" | 9.5x10"° | 4.8x10 | 1.6x10" | 7.8x10" 1.5x10°
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Figure 3 Panel dimension and strain gauge location
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Figure 5 Response strain power spectral density

Table 2  Acoustic fatigue life data of R—type test panels
Spec.No. | Sy (dB/Hz)| T; (Hour) | xp(kg/mm’ ) N,
1 141. 35 2.00 8.85 9.29%x10°
2 1 1.83 1 8.50x 105
3 140. 35 1. 80 8. 37 8.36x10°
4 136. 35 10. 25 6. 45 4.76x10°
5 1 6. 25 1 2.90x10°
6 1 5.33 1 2.48x10°
7 134.35 12.33 5. 49 5.73x 10°
8 t 5. 25 1 2.44% 108
9 t 7. 50 3.48x 10°
10 t 15. 67 7. 28% 108
11 148. 88 0.58 12. 47 2.69% 108
12 1 0. 85 1 3.95x 108
13 144. 35 0.92 10. 29 4.27%10°%
14 142.35 2.08 9.33 9.66x10°
15 141. 35 2.00 8. 85 9.29x10°
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Table 3 Acoustic fatigue life data of RB-type test panels
Spec. No. | Sy(dB/Hz) | T, (Hour) | Zp(kg /mm’) Neg

1 131. 35 30. 50 5.72 1.65x 107 —

2 136. 35 11. 00 6.99 5.94 x 108

3 1 9. 50 t 5.13x 108

4 134.35 5. 67 6.48 3.06x 10°

5 144. 38 1.08 9.03 5.83% 10°

6 140. 00 4.83 7.92 2.61x 10°

7 140. 35 3.25 8.01 1. 76 x 10°

8 138. 35 2.25 7. 50 1.22x10°

9 139. 35 4.75 775 2.57x 108
10 137. 35 8.75 7.24 4.73x 10°
11 135. 35 9. 50 6.74 5.13x 108
12 134. 35 6. 00 6. 48 3. 24 x 108
13 1 9. 50 t 5. 13 x 10°
14 133.35 30. 50 6.22 1. 65x 107

Table 4 Acoustic fatigue life data of B-type test panels

Spec. No. | SN(dB/Hz) | Ty (Hour) | %p (kg /mm®) N, Note
1 135. 35 2.25 6. 65 1. 22%10° Failure
2 132.35 7. 25 5. 88 3.91x10% | Separation
3 130. 35 3.25 5.37 1.76 X108 1l
4 128. 35 5.83 4. 86 3.15x 108 t
5 132. 35 1.83 5. 88 9. 90 x 108 1
6 130. 35 2.33 5.37 1. 26 X 108 Failure
7 135. 35 6. 00 6. 65 3.24x 108 1
8 138. 35 2.75 7. 41 1. 49 x 10° t
9 139. 35 0.22 7. 67 1.17x10° | Separation
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