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Abstract External fuel tanks for military aircraft are installed for stable fuel supply and discharge when
a long range or a wide operating radius is required. They are designed with horizontal and vertical fins
attached to the tail cone so the tanks can be released stably to avoid a collision with the aircraft in case
of emergency. In this paper, we analyze the causes of structural defects in the horizontal and vertical
supports of external fuel tanks, reviewing design improvements and performing quality improvement by
redesigning the shape of the supports to ensure operational safety with the tanks. Structural defects that
occur are analyzed as cracks caused by fatigue and stress corrosion in the supports. Structural analysis
of the defects is based on actual aircraft flight operational data and maneuvering load conditions.
Detailed stress analysis of aircraft angles of attack and speed changes show an approximate 50%
decrease after the design improvements. Analysis considering the vibration load and the initial load,
show that the life span of the aircraft increases by about 6000 flight hours compared to before the
design change (based on flight time), confirming the reliability of the improved shape.
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(a) Aircraft mounting shape

Vertical/Horizontal
Fin Bracket

g
Boss Cover

(b) Shape of EFT (c) Tail cone assembly shape
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Fig. 1. External fuel tank(EFT) mounting shape
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Crack of fin bracket rear joint

Crack of fin bracket front joint

(b) 2nd disassembly inspection

Fig. 2. Location of defects
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disassembly inspection
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Fig. 6. Configuration of before and after design

change

Table 1. Comparison of specifications before and
after design change

Division Before After

Material 7075-T651 7475-T7351
Configuration Vertical Type Taper type
Corner radius 1 mm 4 mm

Thickness 3 mm 4 mm
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Fig. 7. Pin bracket fastening part shape
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Table 2. Maneuvering speed condition

No Load Case
AOA(deg) Mach AOS(deg) Mach

1 5.0 0.3 3.0 0.3
2 5.0 0.5 3.0 0.5
3 5.0 0.6 3.0 0.6
4 5.0 0.8 3.0 0.8
5 5.0 0.9 3.0 0.9
6 -5.0 0.3 1.5 0.3
7 -5.0 0.5 1.5 0.5
8 -5.0 0.6 1.5 0.6
9 -5.0 0.8 1.5 0.8
10 -5.0 0.9 1.5 0.9
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Fig. 9. Results for stress analysis by load case.
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Table 3. Stress analysis for each maneuvering speed 650 650 127.515.8 2125 35
condition 700 700 150,227.4 2,504 42
toad| [y 1719\152;9 Load| , oo Mac 17;?;;;” 750 750 69,355.3 1,156 19
case Before| After code h Before | After 800 800 31,095.2 518 9
1201 5 | 0.3 | 165 |123.3|2201| 1.5 | 0.3 | 2046 | 103 850 850 5.578.6 93 z
1202 5 | 0.5 | 733 | 369.9 [2202| 1.5 | 0.5 | 623.9 | 315.6 900 900 1,046.7 17 0
1203| 5 | 0.6 |1127.9] 569.5 |2203| 1.5 | 0.6 | 999.4 | 505.5 950 950 321 1 0
1204| 5 | 0.8 |2614.8(1318.7(2204| 1.5 | 0.8 | 999.4 |591.2 1,000 1,000 23 0 0
1205 5 | 0.9 |4789.7(2396.3|2205| 1.5 | 0.9 | 1647.6| 835.6 1,050 1,050 0 0 0
1206| -5 | 0.3 | 143.2 | 75.3 |2206| 3.0 | 0.3 |4557.7| 97.3 1,100 1,100 0 0 0
1207| -5 | 0.5 | 475.4 | 247.9 [2207| 3.0 | 0.5 | 192.6 | 166.1 total 3,551,289.24| 59,188.15 | 986.47
1208| -5 | 0.6 | 780 | 404.9 [2208| 3.0 | 0.6 | 606.9 | 474
1209| -5 | 0.8 |2184.5|1111.5(2209| 3.0 | 0.8 | 937.6 | 780.2 2.3.3 ZIE oM
1210| -5 | 0.9 |4403.9|2188.6(2210| 3.0 | 0.9 | 4425.9|2208.9 A= Aol A2E SHL &% Mach 0.95, %
5,000 feet 71&(ESF : 1116 Ib/ft’) oA a4l Azt
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Table 4. Dynamic Pressure(lb/ft*) analysis result

QBAR Min | QBAR Max | Value(sec) | Value(min) | Value(hour)
5 50 51,307.4 855 14
50 100 144,946.3 2,416 40
100 150 71,041.6 1,184 20
200 200 145,262.3 2,421 40
250 250 92,860.7 1,548 26
300 300 305,704.5 5,095 85
350 350 472,205.7 7.870 131
400 400 658,588.4 10,976 183
450 450 552,847.1 9,214 154
500 500 227.750.6 3,793 63
550 550 272,389.9 4,540 76
600 600 171,711.5 2,862 48
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Before Improvement After Improvement
Range(psi) occurence/sec | [Range(psi) occurence/sec
9330.1 5.9 3565.5 6.7
18660.1 10.8 7131.0 12.2
27990.2 13.8 10696.5 15.6
37320.2 14.8 14262.0 16.7
46650.3 13.9 17827.4 15.8
55980.4 11.8 213929 134
65310.4 9.2 24958.4 10.4
74640.5 6.6 28523.9 7.4
83970.6 4.3 32089.4 4.9
93300.6 2.7 35654.9 3.0
102630.7 L5 39220.4 1.7
111960.7 1.5 42785.9 1.7

Fig. 10. Frequency of occurrence of stress change by
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Table 5. Life analysis result

EFT usage time(Fhrs) | Aircraft flight time(Fhrs)

Material

Before After Before After

7075-T651 30 177 216 1270

7475-T7351 63 848 569 6,100
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