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Abstract: To explore approaches of shortening fatigue crack growth (FCG) test period by load spectrum
simplification and enhancement, various FCG models were reviewed, and a generalized expression was acquired.
A load enhancement method magnifying all the peak and valley loads simultaneously was proposed, and the
relationship between FCG lives under baseline and enhanced spectra was derived. Crack propagation tests were
conducted using middle-crack tension (M (T)) specimens made of AA LY12-CZ and typical fuselage panel
specimens made of AA 2524-T3 and AA 7075-T62. M (T) specimens were tested respectively under one random
spectrum, two block spectra and corresponding enhanced spectra with four enhancement factors. Fuselage panel
specimens were tested respectively under constant amplitude spectrum and 1.1 times enhanced spectrum. The
experimental results demonstrate that the proposed load enhancement method can shorten FCG test periods
effectively without changing the failure mode. The analysis result indicates that the difference between predicted
FCG lives and experimental data is less than 15%, which satisfies engineering accuracy requirement.
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Fig.1 Configuration of M(T) specimen
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Table 1 M(T) specimen dimensions

K L/mm G5 Wimm E R R A a,/mm
350 70 4 5
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Table 2 Material mechanical properties

JE % t/mm

Mk LY12CZ 2524-T3 7075-T62
$i 58 E/MPa 453 420 538
Jit IR 5 5 /MPa 337 310 482
n 3.34 3.08 —

HUE BENGR I 2429 1671 mm, HAHAFHE S
AMHE, A E 7 ANMKMT, HERE N 482.6 mm, #7FE
N 1923 mm. ZEME 2524-T3, B 1.6 mm. £
ikt kl 7075-T62, JEJE 1.02 mm. HEFEL 7075-T62,
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Fig.2 Configuration of fuselage panel specimen
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Fig.3 Baseline random spectrum for M(T) specimens
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Table 3 Baseline five-level block spectrum

Ak Omax/MPa Omin/MPa PEIURE IR
1 131.8 62.9 19
2 98.6 17.2 882
3 79.6 4.1 408
4 59.4 4.1 616
5 30.1 0.2 2941
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Table 4 Baseline three-level block spectrum

ATk Gmax/MPa Gmin/MPa PEIIRE IR
1 131.8 58.1 56
2 88.7 4.1 1235
3 47.8 0.2 610

HL B BEARR I8 AF AT 10 IR BE HE S A 1150
R RS R . S (L3, 4HEZ 8] [
(8] P B 52 5 rpal B ) 3k HE) o, =110 MPa,
R=0.06.
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Fig.4 Photos of fuselage panel test
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Table 5 Coefficients of determination
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HAE 0.9883 0.9729 0.9594
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1.20 £ hn#E 0.9873 0.9914 0.9747
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Fig.5 Experimental results of M(T) specimens
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Table 6 Averaged test durations of M(T) specimens
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1.15 5N E 43 211 12.6
1.20 {5 3.8 16.2 11.1
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Fig.6 Experimental results of fuselage panel
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Fig.7 Infleunce of load enhancement factor on FCG life
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Table 7 Critical crack lengths of M(T) specimens
F— (W-ae)/(w-a.)

REAL T hLg Pk =il

k=1.06 N i 1.035 1.058 1.036

k=1.10 JNE 3k 1.066 1.072 1.099

k=1.15 INE ik 1.140 1.103 1.117

§=1.20 JnE % 1.197 1.162 1.164
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