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Table 3 Stress concentration factor from orthogonal
experiment method

Table 1 Key geometrical factors and level selection
HFIKF-4i 5 A/(°) B/mm C/mm
1 15 35 2
2 30 50 4
3 45 65 6
4 60 80 8
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Table 2 Parameters of 2024—T351 aluminum material

£ 4 B c | = | =h2 K, |S,./MPa
1 1 1 1 1 1 1.326 45.7
2 1 2 2 2 2 1.270 438
3 1 3 3 3 3 1.247 43.0
4 1 4 4 4 4 1.220 42.1
5 2 1 2 4 4 1.753 60.5
6 2 2 1 3 3 1.646 56.8
7 2 3 4 2 2 1.499 517
8 2 4 3 1 1 1.521 524
9 3 1 3 2 2 1.974 68.1
10 3 2 4 1 1 1.775 612
11 3 3 1 4 4 1.672 57.7
12 3 4 2 3 3 1.585 547
13 4 1 4 3 3 2.016 69.5
14 4 2 3 4 4 1.831 63.1
15 4 3 2 1 1 1.682 58.0
16 4 4 1 2 2 1.598 55.1
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Fig.2 FE analysis result for stringer runout with different
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Fig.3 Analysis flowchart of orthogonal experiment method
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Table 4 Range analysis of orthogonal experiment method
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Table 5 Quadratic sum of deviation for experiment result

REECIN AL 5524 55341 25511 Z54112
K, 25.64 49.97 38.97 38.96 39.74
K, 41.21 42.54 39.57 41.97 40.21
K’ 49.08 37.21 43.19 40.62 42.17
K} 50.79 35.10 42.38 42.54 41.94
SS, 0.67 0.19 0.02 0.01 0.01

AR #5151 #5251 #5351 2550 1 25512
K, 5.06 7.07 6.24 6.24 6.30
K, 6.42 6.52 6.29 6.48 6.34
K, 7.01 6.10 6.57 6.37 6.49
K, 7.13 5.92 6.51 6.52 6.48
k, 127 1.77 1.56 1.56 1.58
k, 1.60 1.63 1.57 1.62 1.59
k, 1.75 1.53 1.64 1.59 1.62
k, 1.78 1.48 1.63 1.63 1.62

R 0.52 0.29 0.07 0.07 0.04
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Table 6 Analysis of variance for orthogonal
experiment result

AR5 i Wit o
s | por HHE | Yo Fi F0.05 i
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A 0.670 3 0.223 72.538 4.76 o

B 0.195 3 0.065 21.062 4.76 *

c 0.020 3 0.007 1.263 4.76 NS

e 0.012 3 0.004

e, 0.007 3 0.002

e 0.018 6 0.003
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Fig.4 Relationship between stress concentration factor and

key geometry factors
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Fig.5 Stress distribution of fatigue critical position

at stringer runout
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Table 7 predicted fatigue life using nominal stress method
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Fatigue Behavior Analysis of Stringer Run-Out for Wing Panel Based on
Orthogonal Experiment Method

Zhang Yanjun, Wang Bintuan, Lei Xiaoxin, Zhu Liang, Che Chengjian
AVIC The First Aircraft Institute, Xi’an 710089, China

Abstract: The orthogonal experiment method is adopted to study the influence of the key geometrical factors of
stringer run-out, such as run-out angle, radius at run-out, and radius of web bottom on stress concentration factor. The

major parameter influencing fatigue behavior at the run-out is determined. Fatigue test of integral panel with three

stringers is carried out and fatigue life of the most severe position is obtained. Finally, fatigue life of stringer run-out is
calculated using Detail Fatigue Rating(DFR) method and nominal stress method respectively. The calculated result

shows a good agreement with result of fatigue test on integral panel with three stringers configuration at both fatigue

position and fatigue life, and predicted result of the DFR method are closer to the test results.

Key Words: stringer; orthogonal experiment; stringer run-out; stress concentration; fatigue life
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