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Evaluation of Structural Robustness of External Fuel Tank and Pylon
for Military Aircraft under Random Vibration
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Abstract Aircraft are affected by various vibrations during maneuvering. These vibrations may have a
fatal effect on the survival of aircraft in some cases, so the safety of components applied to the aircraft
should be proven against various vibrations through random vibration analysis. In this study, the
structural robustness of an external fuel tank and pylon for military aircraft was evaluated under random
vibration conditions using commercial software, MSC Random. In the random vibration analysis, a
frequency response analysis was performed by imposing a unit load on the boundary condition point,
and then excitation was performed with a PSD profile. In this process, the required mode data was
extracted through a modal analysis method. In addition, the random vibration profile specified in the
US Defense Environment Standard was applied as random vibration conditions, and the PSD profile given
in units of G's was converted into units of gravitational acceleration. As a result of the numerical
analysis, we evaluated the structural robustness of the external fuel tank and pylon by identifying the
safety margins of beam elements, shell elements, and solid elements in a numerical model for random

vibration in the x, y, and z directions.
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Fig. 1. Configuration of External Fuel Tank and
Mounting Locations
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Fig. 2. Configuration of Pylon and Mounting
Locations

FWD In-board

‘ AFT
°
FWD Out-board
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Table 1. Parameters Results of PSD profile for
External Fuel Tank

Hz Octave AdB dB PSD PSD
(Hz)  (Ho) [G/Hzl  [(mm/sec??/Hz]

15 -20.0 0.01 960,400
495 1.72 5.17 -20.0 0.01 960,400
100 1.02 3.05 -16.95 0.02 1,920,800
200 1.00 3.00 -13.95 0.04 3,841,600
300 0.58 1.75 -12.20 0.06 5,762,400
400 0.42 1.25 -10.95 0.08 7,683,200
500 0.32 0.97 -9.99 0.10 9,604,000
600 0.26 0.79 -9.21 0.12 11,524,800
2000 -9.21 0.12 11,524,800
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Fig. 7. PSD Profile based on Gravity Acceleration
Unit for External Fuel Tank
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Table 2. Parameters Results of PSD profile for Pylon

Hy Octave AdB dB PZSD PSDZ ,
(Hz2) (Hz) [G°/Hz]l  [(mm/sec”)”/Hzl

15 -20.0 0.01 960,400

39.6 -20.0 0.01 960,400

100 1.34 401 -15.99 0.025 2,415,765

200 1.00 3.00 -12.99 0.050 4,820,085

300 0.58 1.75 -11.24 0.075 7,220,103

400 0.42 1.25 -9.99 0.100 9,617,333

500 0.32 0.97 -9.03 0.125 12,012,491

600 -8.24 0.15 14,406,000

2000 -8.24 0.15 14,406,000
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Fig. 9. PSD Profile based on Gravity Acceleration
Unit for Pylon
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Fig. 10. Minimum Margin of Safety by x-axis
Random Analysis for External Fuel Tank
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Fig. 11. Minimum Margin of Safety by y-axis
Random Analysis for External Fuel Tank
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Fig. 12. Minimum Margin of Safety by z-axis
Random Analysis for External Fuel Tank

Table 3. Result of Random Vibration in External Fuel
Tank

Margin of
Safety (MS)
2.18

8.06
3.68
6.07
15.11
10.05

Type Axis Note

X

Shell

Criterion
CMS)> 0

Solid

N[N =N s

4.2 TUZ(Pylon)

Fig. 13~15% wtddo] digt x5, y% E ‘ﬂ}ﬁc} Rl
H 7Rlez sk Fa PdARE HojFEal qlth
TP ¥ 94 A 94 J83 s QAR ?L*éEl
ded, ¥ 84E 5 WY 7R, 4 84 & Y 7
A, &9 84E y5 A9 70 o) 7Hg 2 9%
e A0 meEQnt. Ha PdAfe & Hd 7R
of o8 & 8404 0.3°= AREAL, P FHe
Fig. 150 Yetd 9 s om mhefw et

Table 4= mHd#9] Sy Z‘J% sfiAfel ot bl

14734—7‘4?4? ZQ1d), J 84, 4 94 T2 &
2= g4 HF J’@quﬂ’ 0g ESUS S A
oF= At

Min. M-S : 1.32

<beam elemem>

Fig. 13. Minimum Margin of Safety by x-axis
Random Analysis for Pylon
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Fig. 14. Minimum Margin of Safety by y-axis
Random Analysis for Pylon
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Fig. 15. Minimum Margin of Safety by z-axis

Random Analysis for Pylon

Table 4. Result of Random Analysis in Pylon

Type Axis SI\;[?J [g;n(N([)Sf) Note
X 1.32
Beam v 0.92
z 2.97
X 1.51
Criterion
Shell Vv 1.18 CMS)>O0
z 0.30
X 1.26
Solid v 0.99
z 3.03
5. 2=
2 =RoAEs & 337100 AEEE gRARga
oF mpAd=of| ofst e dgkog MSC.Randome At
Balo] By Aol et T AL B,
AN zACR vIRATAN FASH
PSD BEAE AU, 1%, 5 L & % 4T
AWE 74 sl A REE stk 1 84, 4 84
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