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A Study on Cause and Improvement of Cracks in the Frame inside
Aircraft Body

Se-Un Kim
Defense Agency for Technology and Quality
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Abstract This study analyzed the defects in the frame fixing the connectors of electrical devices installed
inside military aircraft. This defect occurred in 00 out of 00 aircraft in operation and appeared as a
crack in most airframes. The crack progressed due to repeated loads, leading to eventual fracture. The
causes of the cracks were analyzed by conducting an aircraft operability analysis to investigate the
aircraft operating time and the frequency of vertical acceleration to confirm the correlation with the
crack occurrence rate of the aircraft. The results confirmed that most of the cracks occurred in aircraft
with high maneuverability regardless of the operating time. In addition, aerodynamic analysis using CFD
showed that the load acting on the frame was concentrated at both ends of the frame. Based on these
results, the fasteners were expanded, and reinforcement plates were added to distribute the load
concentrated at both ends of the frame and secure structural stability. The structural stability of the
improved frame was confirmed by conducting a static analysis, and the N-S diagram was used to confirm

that the frame has an infinite lifespan.
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Table 1. Crack Generation Status by Aircraft Type

Type A B C D

Flight Time Taken until

Cracking Occurs (Hr) 1,384 46 1174 25

Crack Incidence Rate
(%)
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Table 2. Crack Generation Status by Aircraft Type

Type A B C D

Aircraft
Operating Hour
(Hr)

Avg. Aircraft
Operating 1,870 855 1,203 606
Hour(Hr)

91,620 | 9.408 | 26,472 | 36,331

Crack Incidence

Rate (%) 81.6 54.5 100 40
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Table 3. CFD Analysis Load Conditions Summary

Table 4. The Strength Analysis Results Summary of

Origin
Altitude AOA LEF
Load Case (fr) Mach (deg) (deg) Ultimate Bending
Strength
No. Type Part Stress

Case 1 50 0.9 5 -0.917 (psD) M.S.
Case 2 50 0.9 -2 -2 1 A B Skin -45,527 + 0.33
Case 3 50 1.1 5 -2 2 ' Framel 103,867 - 0.15
Case 4 50 0.6 15 20 3 c b Skin -47,581 +0.38
Case 5 50 03 Is 20 4 Frame2 104,137 - 0.15
Case 6 50 06 5 5 Allowable Stress (psi) 88,795
Case 7 50 0.3 5 5
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Table 5. The Strength Analysis Results Summary of

Advanced
Ultimate Bending
No. Type Part Stress Strength
. M.S.
(psi)
1 Skin 7,184 + 2.37
A B
2 Framel 24,332 + 2.75
3 Skin -9,491 + 2.33
C, D
4 Frame2 24,838 + 2.68
Allowable Stress (psi) 123,480
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Table 6. Allowable-Fatigue Limit of AL2024-T3

Type Part

Fatigue Limit

Maximum Bending
Limit Stress

(psi)

(psi) MS.

Skin
Framel

4,789
16,221

+ 2.76
+ 0.11

18,000

Skin
Frame2

Al N =

6,327
16,559

+ 1.84
+ 0.09

18,000
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Table 7. Summary of Existing and Improved Geometry

No. Design Repair
Ultimate Ben'ding 103.867 24332
Stress (psi)
Strength ~
MS, 0.15 + 2.75
Load Form Concentrated Distributed
Lifespan Limit Infinite
oI B B o Fol ke 49l i
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