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Structural Static Test for Verification of Structural Soundness of External Fuel
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Hyun-gi Kim"", Sungchan Kim', Su-hong An?, Byoung-geon Ha’
'Korea Aerospace Research Institute

’Hanwha Aerospace Corporation

Abstract

Aircraft components can only be mounted on an aircraft if they have been proven to have structural
soundness under flight load conditions. Among main components of the aircraft, external fuel tank is a
component that extends the range of an aircraft. It should be able to be separated from the aircraft in
emergency situations. This study presents results of structural static test performed to verify the structural
soundness of an external fuel tank for aircraft under all loading conditions. In the main text, a structural test
set-up diagram consisting of test fixture, hydraulic supply unit, load control system, data acquisition system,
and pressure supply device is presented. Test profile for each test load condition is provided. As a result of
the structural static test, it was found that the load applying device was properly controlled within the
allowable range of error between load input value and load output values during test with internal pressure of
test specimen maintained well without leakage. In addition, it was confirmed that no damage or buckling
causing serious structural defects in the specimen under the required load condition occurred. In conclusion,
the developed external fuel tank has sufficient static strength under the required load condition.
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Table 1 Required flight load conditions (@150%DLL)

Test Condition

Component
TC-01 TC-02 TC-03
Fukgf) 2,261 1,412 3,008
F.(kgf) 8,455 3,308 -244
F.(kgf) -14,500 -17,106 -17,633
Mgp(kgfmm)  -115,652 -213,391 -290,016
Mp(kgf-mm) 1,055,958 1,144,012 -1,071,086
My(kgf-mm) -1,270,029 -1,416,241  -2,290,187
L Lo Lz, Lz Lzg Lz Lzg Lzy Lz, 14,

Ly, Ly, Ly; Ly,  Lys Ly Ly,
l Whiffle-tree for z-direction
B Whiffle-tree for y-direction

Fig. 1 Loading positions of z and y directions

Table 2 Test loads for TC-01

(unit: kgf)
Load No. z-direction y-direction
1 -517 2,284
2 -641 1,179
3 914 860
4 -1,589 793
5 -1,619 836
6 -1,615 1,239
7 -1,272 1,264
8 -1,508
9 -1,473
10 -800
11 -1,383 N/A
12 -1,036
13(weight) -133
Sum of Load -14,500 8,455
Requirement -14,500 8,455
Error(%) 0.0 0.0

Table 3 Verification of pitch and yaw moment

Mp My
Test Moment(kgf-mm) 1,078,504  -1,259,829
Requirement(kgf-mm) 1,055,958  -1,270,029
Error(%) 2.1 0.8

SYn

Sy,

2 —»
(a) device for loading of (b) direction of load for
roll moment roll moment

Fig. 3 Loading of the roll moment

Table 4 Verification of test loads for roll moment

TC No. TC-01
Syn(kgf) 171.82
Sy (kgf) -171.82
Test Moment(kgf*mm) -115,652
Requirement(kgf:mm) -115,652
Error (%) 0.0
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Fig. 4 Plan of whiffle-tree loads for TC-01

Table 5 Verification of whiffle-tree load

(unit: kgf)

WL No. F. WL No. F,

WL, -3,661 WL, 5,116

WL, -6,014 WL,, 3,338

WL, -4,693

Sum -14,368 Sum 8,454
Reference -14,367 Reference 8,455
Error(%) 0.01 Error(%) 0.01

- On/off
- HSMlow
- HSM high

feed-back

output, I oy K
feed-back

on/off

@ I power supply

monitoring computer

Fig. 6 Test Set-up diagram for EFT
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Table 6 Test loads of each channel (@150%DLL)

(unit: &N)
Test Channel Test Load Note
TCh-1 -35.90
TCh-2 -58.98 z-dir.
TCh-3 -46.02
TCh-4 32.73
y-dir.
TCh-5 50.17
TCh-6 22.17 x-dir.
TCh-7 1.68
y-dir.
TCh-8 -1.68
80
#TCh-1 -+TCh-2
-+-TCh-3 -+TCh-4 150%DLL
0 | o TCh-5 +~TCh-6 o=
11 5"/:DL/IT‘ _a

~TCh-7 +TCh-8 S GOADEE
40 s

20 30%DLL

Test Load (kN)

-20
0 200 400 600 800 1000 1250
Time (second)

Fig. 7 Test profile for TC-01 (@150%DLL)
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Fig. 8 Error of test load in 115%DLL condition
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Fig. 10 Internal pressure check during flight load test
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Fig. 11 Numerical analysis model for EFT
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Table 7 Material Property of FEM

Material Mod]illisst(igapa) (E;m)
17-4PH 196,500 7.833x10°¢
Al7050-T7451 71,016 2.823x10°
Al6061-T6 68,258 2.712x10°
Steel 196,500 7.805%107
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Fig. 12 Positions of LVDT and displacement comparison
between the numerical analysis and test
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