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Abstract

In this study, for conducting a static load test of an external fuel tank used for an aircraft, the flight load
acting on the external fuel tank was converted to the test load and the suitability of the converted test loads
was confirmed. In order to calculate the test load from the flight load, the external fuel tank was divided
into several sections. Shear load, moment by unit shear load, and unit moment were calculated for each
section. Test loads for each section were then calculated by computing the shear load, the moment of each
section, and flight load condition. In actual static load tests, it might not be possible to impose the test load
in the calculated position due to physical constraints. Therefore, after determining positions in which the load
could be imposed in the actual test, the test load calculated for each section was redistributed to selected
positions. Finally, a test load plan was established by applying a whiffle tree to enhance the efficiency of the
test performance while making it easier to operate the actuator. The reliability of the test load plan was
verified by comparing it with flight load conditions.
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Fig. 1 Tangential Inertial Load by the
Pitching Moment
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Fig. 2 Sections of External Fuel Tank for Static
Load Test
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Table 1 Shear Force and Moment in Each
Section by Unit Load (1000 [bf)

Section | m(Ibf)| F, (1bf) | © Vi.(ibf) | D M, (Ibfin)

S 40 15.7 15.7 157.2

Nose | S, 135 53.0 68.8 1,002.0
S3 202 79.4 148.1 3,170.9

' S4 294 | 1155 263.7 7,288.8
CG | Ss 312 | 122.6 386.2 13,787.8
Se 312 | 122.6 508.2 21,522.8

S; 315 | 123.8 491.2 20,958.7

cG Sg 305 | 119.8 367.4 12,373.3
1 So 285 | 112.0 247.5 6,224.0
Tail S| 213 83.7 135.6 3,229.9
S 132 51.9 51.9 518.7

Table 2 Shear Force and Moment in Each
Section by unit moment (1000 /bf'in)

Section EUbpy | CVibh | DM, (Ibfin)

S 0.64 0.64 6.42

Nose | S, 1.77 2.41 36.93

S 2.04 4.45 105.55

l S, 2.10 6.55 215.62

CG | Ss 1.30 7.86 359.75

Se 0.38 8.24 520.71

oG LS -0.55 -8.26 -479.25

Sg -1.44 -7.70 -319.66

1 S 2.19 -6.26 -180.00

| Si 2.27 -4.07 -76.68
Tail

Si -1.80 -1.80 -17.99
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Table 4 Shear Force and Moment in Each Section
Table 13 20 uEpd AGF5x7E APEW by Flight Condition
vl 299 daks B AlFstES AtE & ‘ ® 1z, © My, D vy, ® Mz,
Section - .
Atk E=Rol A AMESE vgstE 271 Table 37 (6/) (bfin) (Bf) (bf'in)
e o Malals = Ao 1ol A S -385 -3,855 309 3,093
A oHe -
€. A2, Table 39 HiRsts 242 weld A Nose | So| -1721| -24916 | 1317 19355
vl gstso] obd qleje] & AREEITh . Si| -3,769 | -79,814 2,771 60,234
Sy | -6,825 | -185,759 4,808 | 136,026
. . . CG | Ss| -10,147 | -355,480 6,887 | 252,983
Table 3 Modified Flight Load Condition for 2 . . : :
Caleulation of Test Load Se | -13,547 | -558377 8,883 | 391,229
G S, | -14,454 | -627,581 7,115 | 292207
Fp Fs F, Mp Mp My Sg | -10,942 | -373,623 5185 | 169,203
() I))] (b (Ibfin) | (Ibfin) | (Ibfin) 1 So | 7,464 | -189,571 3,397 83,383
5,000 | 16,000 | -28,000 | -4,000 | 85,000 | -90,000 Tail LS| 4142 | -96,954 1,803 44,777
o o i S -1,605 | -16,052 668 6,679
A7 M, Fpe vk 3%, By 813, s o0 -
3, Mpe EYEWE  (rolling moment), Mpe
NHWWE  (pitching moment), My Qe Table 5 Test Loads in Each Section
(yawing moment)E 2] 7] g}, Section Tz, (Ibf) Ty, (Ibf)
Table 4% Table 1 ¥} 29] AEg1 9} Table 302 Si -385 309
= - Nose S -1,335 1,008
Folxl wlaAstE xaAde A Fa AR 7 ’ ’
- 13 3t< 31} 3l 2 S, 2,049 1454
T Hddega mHE Aol Table 40 A] l S, 23,056 2,038
vebd ZF 2o ddskEy EWEE Eqo (1007 CG Ss 3,322 2,079
ol AtdEt. Fn, Vzek Myt WEF Se -3,400 1,996
o ] i S 3,513 1,931
Z:Zjoﬂ/ﬂ ZHO]'E‘;}: ’6]-%—3’,]— T‘]ZJE?HEQ] Oé‘H %}‘gs}\f‘ CG SS -3,478 1,788
AR Fel 23 Agsted pE EulEo|H, 1 So 3,322 1,594
Vg S Mz vlREE 2elM yud shE 2o Tail |0 2,536 1,135
= S \y W Fo e Sii -1,605 668
=] 3l M= 3.
wRlEdefs wAskE e Rtel Y sum 228,001 16,000
Aestsa 25 RdlEe|t)
vz = (Y- By + OV, - M) /1000 o= ) N
0y, = (204, - FV+‘4)M M,)/1000 0 2.4 3| & E2|(Whiffle Tree) T
vy, = (Y, - By OV, - My)/1000 (10) 2348l M= IFdR"AE 1 FYgeR
1z, = (2, Fy =20, - 38,/ 1000 Fasta vy 32 o8 2 FelA Bshs
Table 4=%-E 7 31 248 Algstsyt i Adstsy RUEES Axtsigic. ga, dAdsksa
A Eetse Eq. (1)l o3l Axbsar, 2 Z3}= Table EAE Aag FE gGstsAdel Ae&He 4
59 Ak At AFstEe] AdAde vdsts Agetss Atsalth shAIRE AlLtE AldetEsES
27191 Table 39 Fs, Fyot Table 59 Ty, 7%,9 287 At Eom  AA AFHoA  FFEHI
FZx3o] 79 AAd= Aoz Fols 4 9} of#gol As F AUk webA, AA APl A-8317]
{Tzk Vo= Ve, 1< k<6 M= Table 59 stEES HA APs}FT AAZ
;Zk II;Zk ?H’ Ii:iél (an AL AAF Frh Figure 33 Fig. 4% 7 F3Ee]
Yy Ype = VYp—1, L=k = AlEl=E o) % A N = =5
{Tyk V- Vi, T< k=11 Axtsts 1x1e AAl AFets fAE HAFL
Atk G AAl Adeks A= 1340, e
AN A aF L Lz~Lz; o2 XA ST 18
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W Positions for Static Load Test (Lz,~Lz,;)

» ¢ @ Inertia Load of Each Section (Wz,~Wz,,)

Fig. 3 Positions of Test Load and Inertia Load of
Each Section in z Direction
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Fig. 4 Positions of Test Load and Inertia Load of
Each Section in y Direction

Table 6 Test Loads at the Actual Loading
Positions for Static Load Test

Plflzl't(‘]?)“ Lz (Ibf) Lye (b))
1 2956 3.887
2 2765 2273
3 2113 1,419
4 2.992 1,574
5 3,176 1,661
6 3463 2344
7 2,506 2,841
8 2,690
9 1878
10 3,264 i
1 1293
12 1718
13 21,188
sum 228,002 15,999
b s s Lz, Lz L Loy Lo Lo Liwloy 1, o,

v

Fz, Fz, Fzy Fz, Fzs Fzg Fz,

Fig. 5 Whiffle Tree Plan in the z Direction
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Fig. 6 Whiffle Tree Plan in the y Direction
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Lz, HRES  2Fste]l 7t A APEES
uf{agﬁiﬁL Askgier, aelm, AdAdel asds golw
o 457 ¢4 93 FBELE Pt HFHQ
LXZ:(sz+sz+1) spdada AisAdes A% Asts v
Fig. 7 Calculation of Loading Position AfS R, Hdsts 2ddte) Wag S
for Whiffle Tree Load HEE AlFstEe B S sl

Table 7 Whiffle Tree Load and Positions in

the z Direction

Pﬁi"t(‘l?)“ Fz (bf) | L1 Gn) | L2 (in)
1 1,721 8.7 10.9
2 5,105 13.1 9.3
3 6,639 10.4 9.6
4 -5,196 5.6 5.2
5 5,142 52 3.0
6 3,011 7.8 10.3
7 41,188
sum -28,002

Table 8 Whiffle Tree Load and Positions in

the y Direction

PNOZI?]S)“ Fyi (bf) | L1 (in) | L2 (in)
1 6,160 9.2 15.8
2 2,993 6.8 6.1
3 4,005 8.7 6.2
4 2,841
sum 15,999
3.8 £
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