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Abstract: This study aims to assess the damage tolerance of the wing structure of aged aircraft with long-term service
through the fatigue crack growth analysis and tests. For the fatigue-critical locations (FCL) W2 and W4 in the wing
structure, the fatigue stress spectrum was derived based on a previous study. Thereafter, a crack propagation analysis
for the FCLs was conducted using the commercial software NASGRO™. The algorithm for the fatigue stress spectrum
was verified. Fatigue crack growth tests were then performed for two types of specimens: Type #1 was extracted from
the wing structure of aged aircraft, and Type #2 was made of the same material as the wing structure. By comparing the
experimental results of these specimens, we assessed the damage tolerance of the wing structure of aged aircraft with
service time.
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Fig. 4 Image of internal crack propagation at FCL W2
using industrial endoscope
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Fig. 5 Mesh of FCL W2

= AFEEFl Ttk FCL W22 mdl PAFL2 Fig 59 ¢
o] 397,350702] £El= Q(C3D)} 73,6759 A
doz FAHAY. 471 7 Fo= &4
QIS =07l st 849 AV|E F971H
©. 7
o 1
2
A

] “

o =dEtA 2Ptk siAd AH8H

7] Fo FFRE AFEEH= Al 7075-
¥ #egs ol&sisla A

Al A A ok AARTE

2 4Hd FE5E o wgA

v WEE ALY sAfE

3.1 T2 A

275 H, o5 st ¥

491 ARVE o gdte] FF
7] Fo) TERE AZYARANAY H2eY 2
ey duelZe Ausa oo Bude A%
AT B =g NE APAT] ¥z
e ) F37) RN BAY

X
i3
[e]

°

ki

( U l}‘l
e}
O

o
ol

I N E

Mission Load Factor
Time Series

Stress Spectra at SWRI
Scale Up&Down
12

Peak/Valley Cycle
Counting
(-) Acceleration Addition

| Time Series Set Fraction 2 | Time Series Set Fraction 2

[ composite Load Factor #1 ] [ Composite Load Factor #2 |

Mission Time Series Set
Fraction 1

| Stress History of Mission | | Stress History of Mission |
Refuse

Separately
Mission Spectra

FCL Stress
Accept Accept

Refuse

Spectra

Stress History of Mission [ FeL stress Time series | [ FeL stress Time series |

Fig. 6 Algorithm for fatigue stress spectrum

<7300

Stress Spectrum in
250 1000hrs CaseC FCL W2

50 1 1 1
0

30000 60000 90000
Number of Peak/Valley

(a) Fatigue stress spectrum at FCL W2

10°
Stress Spectra at FCL W2

-
U

—a— SwRI

- &~ Analysis

—
<

10°

Cum. Occ. per 1000 Flight hours

100 1 I 1 I 1 I 1 I 1

0 50 100 150 200 250
Stress, o [MPa]

(b) Cumulative occurrence per 1000 flight hours

Fig. 7 Developed fatigue stress spectrum at FCL W2

A duFs AEsglon o9 5%
Fig. 69 WEF QAT Fig. 7(a)= olol whe}l 7

vEzgy AAEF 5 vl AolE T
A2 Yehd Aolth o714 E =fo A )
H AAER] Abe]F JhEY A= SwRI B
Aol A Aol vl FARE & 9l

ojs} o] e dEFH AHAEYI 21H
AN vzgddda WHE o838t FCL
W2 2 waolA el FdAAAA AE Fig. 89
vebdeh. 714 S 2 A s A o] ARE-E 2]
(He] A B AFAFE Tt A BAAE

B ol i i



7]

g 371

J o 7z

=
T

Table 1 Material properties and constants

C,. 489.5MPa c 2.981
o, 434 4MPa n 5.176E-08
K,* 1529MPa mm"? P 1

K, ** | 1112MPamm"” q 1

* Effective fracture toughness ** Plain strain fracture toughness
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Fig. 9 Stress distribution (FCL W2)
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Fig. 11 Images for crack propagation using endoscope
for FCL W2
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