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Assessment of Structural Soundness and Joint Load of the Rotorcraft
External Fuel Tank by Sloshing Movement
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Abstract The fuel sloshing due to the rapid manoeuvre of the aircraft causes significant loads on internal
components, which may break components or piping. In particular, a significant load is applied to the
joint of the external fuel tank by sloshing movement, which may affect the safety of the aircraft when
the joint of the external fuel tank is damaged. Therefore, in order to improve the survivability of aircraft
and crew members, the design of external fuel tanks, and joints should be performed after evaluating
the sloshing load through a numerical analysis of the fuel sloshing conditions. In this paper, a numerical
analysis was performed on the sloshing test of the external fuel tank for rotorcraft. ALE (Arbitrary
Lagrangian FBulerian) technique was used, and the test conditions specified in the U.S. Military
Specification (MIL-DTL-27422D) was applied as the conditions for numerical analysis. As a result of the
numerical analysis, the load on the joint of the external fuel tank was calculated. Moreover, the effects
of sloshing movement on structural soundness were assessed through analysis of stress levels and margin

of safety on metal fittings and composite containers.
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(a) General concept of slosh test (b) Example of external auxiliary
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Fig. 1. General concept of slosh test and external
fuel tank
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(a) Front view

(b) Side view

Fig. 2. Concept of sloshing test for external fuel tank

22 £x[oH 2

Fig. 32 =ta#AQNlagrangian) 2@ 24
(Fulerian) 2El&2 1AE x84 mdo|th odd
9o 112320719 &E=es, Ot mEe
15,1857]9] a4z LA=o] 9t}

Euler model

Lagrangian model

Fig. 3. Euler and lagrangian model for external fuel
tank system
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Table 1. Material data for composite

Title Title Units ~ Value

Young’s Modulus 0°, E1 GPa 63
Young’s Modulus 90°, E2 GPa 62
In—plane Shear Modulus, G12 GPa 4.5
Poisson’s Ratio, v12 - 0.053

Composite 17 ; o

Material UL, Temsle Strength 90, ve  MPA 800
I, Comp. Sength 007, ve  MPa 700
Ult. In—plane Shear Strength, S MPa 111
Density kg/m® 1,650
Young's Modulus 0°, E1 MPa 68.9
Poisson’s Ratio, v12 - 0.33

Al=7050
Density kg/m® 2,700
Yield Strength MPa 469
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(a) Setting of the amount of internal fluid

(b) Internal air and fluid in fuel tank

Fig. 6. Internal fluid inside of fuel tank

254 YoM AR ZHA|, HA o]
y 2g4 123 YWERA 5ol AR HESH e,
o] W FXEZMY TEolvt fAIS FH7F DAYSHA] &
L& HEx70] HHEs] ZE&Eojof gt} ol& ol &
593 YAt B AdHold ™A Alelol=
single surface, surface to surface £71& A-&s3

T2EL WERA 1t HE2  constrained
lagrange in solid edge keyword& %25ttt 2bof
Al AFEE viel Zo] Qi dAsga= FF7] SHo F
B R, AFAS SHo|| AFE HAsto] A= ofof
gith. o] 1 A BEL Fig. 73 Atk 98
B9} AEolHq A= AEAFL v XA EE
1oz A=, EE AZEE nodal rigid body
E AREslo] | 949} spotweld B4 Z-8&5t0] =9
g =t olet LA B2 Fig. 89 HEIHAT

i,

Metal fitting

Fig. 7. Numerical model of external fuel tank
system and test fixture
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joint
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Fig. 13. Behavior of internal fluid by sloshing

movement

Fig. 14+ S50gRolA Stk HN57HeES
HolF1 Qlrt. F&u oA dAchs Hd 57HEL
98.6 MPaclil, & QFd A/ 3.758 AL
Fig. 15~172 B3R Zgo|uollA] z} BggolA] Aat
H S BolFa ok FaE, B3R 74
FE HGYGEE Table 19] F9A4 o} x W
fiber WS 9Julsk=d, A S AFHF 109.3
MPa, &=93F 132.9 MPag A4} QkdolqE
AlAFsHE Qo) tisiAe 6.31, YTl thsiA
£ 42602 A=A vy WA s I H S
g2 186 MPa, 45 322 190 MPa& A4t
T, 4 FHl8-L 2,688 Tt Qi) AckslEo]
dalAde G H-3Fo] 30.5 MPaZ mel=|gl,
QA= 2.642 AXEEQIE S58B4 2|
ojfol gt SEHEA A}, A4 2.6 ol 7= kA
RE FHol= A0 TotE|la 3.2.1 Ho| AEE
FAANAE 19.001/39] FAIRE Z2H= ZAo=E AAlH
Utk 023t At Bl 2 AlE FHA &2
2ol ot F2E9| o2 WAEHA] g AoRE o

e},

5

-



AR &85 =5 4] 41208 A5%, 2019

Max. equivalent stress

: 98.6MPa ‘

Fig. 14. Max. equivalent stress on metal fitting

Effective Stress (v-m)
9.858e+01
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4.998e+01
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Max. stress in compression
1 132.9MPa
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-6.048e+00 :I
-2.014e+01 _|
-3.424e+01 _
-4.833e+01 _
-6.243e+01 _|
-7.652e+01 _| ‘
-9.062e+01 _|
-1.047e+02
-1.188e+02 :I
-1.329e+02

Fig. 15. Max. stress of compression in x-dir
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-8.568+01 _|
1.065e+02 _
1.274e+02 _
-1.483e+02
-1.691e+02 :I
-1.900e+02 _|

Fig. 16. Max. stress of compression in y-dir
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Fig. 17. Max. stress of compression in xy-dir
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1.656e+01
1.133e+01 _|
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