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ABSTRACT

During flight, a significant load is applied on the internal components of the external fuel tank
owing to fuel slosh and engine vibration. In severe situations, the slosh load and vibration can damage
or malfunction main components, and adversely affect the safety of the aircraft as well as the
survival of the crew. Therefore, components such as an external fuel tank are mounted on an aircraft
after the structural integrity is verified. In this paper, a qualification test is conducted to verify the
structural integrity of the external fuel tank against sloshing and vibration conditions. The test
requirements, test procedure, and equipment used in the test are described in the main text.
Subsequently, the structural integrity of the test fixture fixing the test specimen is verified through
vibration analysis. During the test, the internal pressure of the test specimen and excitation frequency
are monitored to check whether the test conditions are satisfied. From the test results, the satisfaction
of the test requirements is confirmed through the analysis of the accelerometer data, the leakage
check through the pressure test, and the disassembly inspection.
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Fig. 1 Test equipment for the S&V test
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Fig. 2 Test fixture to install the test specimen
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Fig. 4 Results of vibration analysis of test fixture
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Fig. 5 Test specimen and locations of accelerometer
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Fig. 6 Test specimen installed on the test equipment

Table 1 Requirement for amplitude and frequency

Test condition | Bulkhead | Lug Note
Amplitude [mm] 0.81 0.50
Frequency [Hz] 33.3(+0/-1) 2000(+0/-60) r/min

[unit: g]
3
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Fig. 7 Measurement of acceleration in the S&V test

AZ3} Fool] Bt AW R FEDL Table 1] F
o4 3

41 £33 A TSAMH
Ago] A 4§ 14} AL A (1)2]
g 23 9]
A
D= 1
(27rf)2 M

71, A= 7FEE(mm/s?), DE
7 FIEHZ)E 9 n s

Fig. 7% 99 % WA

AF(mm), = 7}

B AN AS



Hyun-gi Kim et al.; Slosh and Vibration Test for Aircraft External Fuel Tank

0.5

Bulkhead
Lug

0
o

0 33140 60 0 20 334 40 60

Frequency(Hz) Frequency(Hz)

Fig. 8 FFT of accelerometer data

Table 2 Acceleration measured at lug and bulkhead

[unit: g]

Time *Bulkhead Lug
(hour) Front Rear Front Rear
1.0 1.30 1.30 1.30 1.10
4.0 1.65 1.40 1.40 1.30
7.0 1.75 1.45 1.40 1.30
10.0 1.70 1.45 1.50 1.30
13.0 1.75 1.45 1.50 1.60
16.0 1.70 1.40 1.50 1.30
19.0 1.70 1.35 1.40 1.30
22.0 1.65 1.35 1.30 1.30
25.0 1.65 1.30 1.50 1.30

*Average of up/down accelerometer

LN

(b) Slosh angle (+15°)

Fig.9 One cycle motion of the S&V test

0
. ]
Table 3 Amplitude of the S&V test :
[unit: mm)] 2
%(Q: AAAAA AAAAA AA AA
Location Average Maximum %
Front 1.06 1.12 a
*Bulkhead 5
Rear 0.89 0.93 9:00 Time(m:s) 13:00
Front 0.91 0.96
Lug - .
Rear 0.84 1.03 Fig. 10 Internal pressure check of test specimen

*Average of up/down accelerometer
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Table 4 Acceleration and amplitude in the vibration test

Location Acceleration [g]| Amplitude [mm]
Front 1.4 0.89
*Bulkhead
Rear 1.35 0.87
Front 1.4 0.89
Lug
Rear 1.4 0.89

*Average of up/down accelerometer

Pressure
2151 27.0 psig

Pressure
27.0 psig

Pressure(psi)

0:0 01:00 02:00 03:00 04:00 05:00
Time(m:s)

Fig. 11 Internal pressure check of test specimen
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