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Crack Cause Analysis and Defect Improvement through Load
Analysis of Aircraft Wing Structures
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Defense Agency for Technology and Quality
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Abstract In this study, an improved design was proposed to address crack formation in a bracket used
to secure the asymmetric brake of the flap in front of the main wing of a military aircraft and to prevent
recurrence. A defect analysis tree was used to identify the cause, and items of interest were identified
by fracture surface /structural analysis and subjected to further analysis. Fracture surface analysis
confirmed that the cracks were caused by a lack of static strength and propagated due to fatigue
induced by repeated tensile loading. We confirmed that loads beyond design specifications were
responsible for the lack of static strength, and calculation showed static strength was insufficient under
certain load conditions. The improved shape was reinforced to cope with the additional load, and it was
confirmed that the modification improved structural health. In addition, a check of safety margins

showed that static strength requirements were met.
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Fig. 1. Configuration/Location of Bracket
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Table 1. Defect cause analysis tree

Cause of Defect

Appropriateness of Material
selection
Materials Appropriateness of NDI
/Process
Suitability of Drawing
Fracture surface
Design -
Suitability of Flight Loads
Suitability of Structural analysis
Design
suitability Suitability of design
Preload due to cumulative
tolerance
Component Conformity of materials
construction Component Construction
Process process conformity
Assemble | Assembling cumulative torerance
process Fastener Mounting Torlerance
Criteria Over operate design criteria
Operation
Maintenance Damage during operation
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Fig. 3. Detail of Fracture A
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Fig. 4. Detail of Crack B

Fig. 5. Detail cross-section of Crack B
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Fig. 6. fatigue striation
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Table 2. Mechanical Properties

Mechanical Properties value(unit)
E 10,434 (ksi)
Fu 60,720 (psi)
Fyy 53,010 (psi)
&u 0.050
K 1.5
n 22
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Fig. 10. Strength Analysis(Inboard Bracket)

Table 3. Strength Analysis Factors(Inboard Bracket)

factor value (unit) Contents
fm 29,534 (psi) Maneuver Stress
f; -476 (psi) Inertia Load Stress
fr 61,484 (psi) Fairing Pressure Stress
fie 73,273 (psi) Jamming Torque Stress
frotal 163815 (psi) f m+f i+ f+f jt
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Fig. 11. Strength Analysis(Outboard Bracket)

Table 4. Strength Analysis Factors(Outboard Bracket)

factor value (unit) Contents
fn 42,673 (psi) Maneuver Stress
fi 14,822 (psi) Inertia Load Stress
fr 56,368 (psi) Fairing Pressure Stress
fic 32,585 (psi) Jamming Torque Stress
fiotal 146,448 (psi) f m+f i+f f+fjt
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Fig. 12. Location of Reinforced Bracket
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Table 5. Strength Analysis Factors
(Reinforced Inboard)
factor value (unit) Contents
fm 7,701 (psi) Maneuver Stress
f; 12 (psi) Inertia Load Stress
[ HMA ] [ JhaZ ] fr 29,877 (psi) Fairing Pressure Stress
fie 36,286 (psi) Jamming Torque Stress
Fig. 13. Configuration of Reinforced Bracket(Inboard) fioal 73,877 (psi) f_om+_i+_f+_jt
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Fig. 14. Configuration of Reinforced Bracket(Outboard)
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Fig. 16. Strength Analysis(Reinforced Outboard
Bracket)

Table 6. Strength Analysis Factors
(Reinforced Outboard)

factor value (unit) Contents
fm 17,066 (psi) Maneuver Stress
fi 7 (psi) Inertia Load Stress
fr 6,656 (psi) Fairing Pressure Stress
fie 45,326 (psi) Jamming Torque Stress
frotal 69,055 (psi) £ m+_i+_f+f_jt
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