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Numerical Analysis of Crash Impact Test for External Auxiliary Fuel
Tank of Rotorcraft
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Korea Aerospace Research Institute

2 & Y78 dudAd T8 de T ] WA T2 FESANT S B AsEn SESAMNES
2HE-8hs shgol vy 7] wistoll A f13o] 2 ARl kel AR AT WA e 2iE wvEsl Hd )
A M AR A AEE & 5 vk whehA, 27] AN ARl FESAA i FAH4S st
AEA M A 7S H A stele wmEo] FRH Stk A, S s fdEr]e] 5 E 71717
9 HHow o REdgra sge] IPHIL vk & AFeME Y o REdrae] Wed A HES
St @A7HA APHo] & SFEFAA A F FA A ZHE A A B erE FA-TE AN T
A AP AEaolaL, v ARTAA sl 9l Al RS e R sigit B, AE ARRA 2
o AHARE Fell 7] Fud v Qe SAvOlEE Ao HEeoirt. 1 AvtE Anwa o)v] % 9d 7919 57}
SES AXEl N FRE Ay 28 S-S BAgezN o nxdgdae) YEAA AAE 913 deoly Fu
7Fs/dS sttt

Abstract The crashworthiness of the fuel tank of a rotorcraft is verified through the crash impact test. The crash
impact test has a high risk of failure due to the application of an excessive load, which can seriously affect the overall
development schedule of the aircraft. Therefore, a lot of effort has been made to minimize the possibility of failure
in the actual test by carrying out a numerical analysis of the crash impact test of the fuel tank in the initial design
stage. Recently, an external auxiliary fuel tank was added to increase the cruising distance. In this study, the numerical
analysis results of the crash impact test based on several different shapes of the external auxiliary fuel tank are
presented, in order to evaluate its crashworthiness. For the numerical analysis, smoothed particle hydrodynamics
(SPH), which is one of the fluid-structure coupled analysis methods, is applied and the test conditions prescribed by
US military standards are reflected in the analysis conditions. In addition, the material property data previously
obtained by the specimen test of the actual fuel tank is applied to the numerical analysis. As a result, the equivalent
stress of the fuel tank material itself and the metal fitting is provided and the possibility of acquiring data for
designing the crash-worthiness of the external auxiliary fuel tank is evaluated by examining the behavior and working
load of the internal mounted components.

Keywords : Auxiliary Fuel Tank, Crashworthiness, Fluid-Structural Interaction(FSI), MIL-DTL-27422D, Smoothed
Particle Hydrodynamic(SPH)
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Fig. 1. ALE and SPH in the Fluid-Structure Interaction
Method
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Fig. 2. Finite Element Models for External Auxiliary
Fuel Tank
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Fig. 6. Maximum Equivalent Stress of Metal Fitting
in Fuel Tank Concept 2



A7 £33 =R2 A A8 A3E, 2017

Har¢ax 10]

d], Concept 314
o] JHd=A] eFof
o] WAEHA] %7l
Concept 3914 % ¥

[¢]
HHd g Al o]

=

=

Time(ms) Behavior of Fluid Behavior of Skin
0
10
Fig. 7. Load Applied on Internal Component in Fuel
Tank Concept 2
25
3.4 H2E43 Concept 3
ASE A Concept 39 FAA Bl AREYA 9
o), A% W oy F4uY, A9z 4w ok -
=82 Concept 39| €3] ¥ w4 F€HH= F 7,141
7Ne] A(shell) 242 74 3k51aL, WA= 308,40071
o Aaz mAET. F4Es A9 2FlE
75

EA7E AMSka, FAE 10t 8319t dsdga
Concept 39| & F %2 340kglul, WHF-A17} 304kg,
Agel= 9y, I8, Y= F 36.5kg o]t} Fig.8
2 A= 8= Concept 390 tjgh 4|34 Aot} S&

7 0~25ms= ARHATE vigia} HEeA Fe

TReIER, 8w 9y A 22RE 25ms7HA]
FAshE, A 1o s Qlste] Aol EE= Y
& 478mm= AIEQICE 25ms o] F THE AuwA
7} Hole2+= AFS Hol=dl, Concept 29 &
Concept 3 A Fx0]7] wje] nietwo] 422 vk
oF HoeEE Qo HAEL.

Fig.9% S8 Concept 3904 At o) 5718
S vepla gtk 999 Hof S7FSE 2 nieol
A AE, 1w o] 32 38MPa(@20ms)E AlAFE S
vl A5 A Concept 39| At 5783 A7 99
Aol A dAsIT) g T HL ASEAT} HE e 2H
A WEFAZE R 99 w3sss 7hshAl dch o
ohA, A" YudA Ao T7HHe] BAEE Al
ZH20ms) Kt} oFzE A" AIZF] 25msol A -3l
o Adj s7ks-Ho] sk, 1 wje] ghe 284MPa
Axk= L) o] 3k Concept 20014 A4 &3] E] A

ek Al 57heY 79 2 AelE wolw gl

>,

o nZ rir

728

Fig. 8. Behavior of Internal Fluid and Skin in Fuel
Tank Concept 3

Skin

°

Metal Fitting

Max. 284MPa @25ms

Max. 38MPa @20ms

Fig. 9. Maximum Equivalent Stress of Skin and Metal
Fitting in Fuel Tank Concept 3

2 Bahglo.
W, 3 Ave 2 AN el shetl Fa Ak

- B A7 Conceptell Al o #1342 470~480mm



FAART7E IF HxARI FESTHAE FAHY

Z
B0z @) 4
AR Qov], FF
A8
AAEAE FE

AlzFstaL 15

1

[2

3

]

—

]

(4]

[5

[6

[7

[t}

]

—

=] 22 Concept 13} Concept
Ad] 57H&H 0] 38~39MPaz 7]
3L, F&v g el Al 284MPa

=
[e]

ZrlgeEe

[e] o

22}

-2 57MPa,

23] Ay
01MPaZ AALE

Fo] vk = Concept 204 &

T4

1=
[e]
€]

—-

4

=)}
=

FH3 Concept Z2of tf

FEud gs 4

[N

BRE

o

=
2 oR X

o rlr rot N

i

Ao

o 8

R

[TA

O

2

ol

>~
o2
o

|

References

Hyun-Gi Kim, Sung Chan Kim, Jong-Won Lee, In-Hee
Hwang, Jang Wook Hue, Dong Woo Shin, Pil Sun Jun,
Tae Kyung Jung, Byung Kun Ha, “Assessment of
crashworthiness performance for fuel tank of rotorcraft”,
Journal of the Korean Society for Aeronautical and
Space Sciences, vol. 38, no. 5, pp. 806-812, 2010.
DOI: https://doi.org/10.5139/JKSAS.2010.38.5.477

Ugone, Mary L., “Meling, John E., Snider, Jack D.,
Gause, Neal J., Carey, Alice F., Acquisition: Fuel Cells
of the V-22 Osprey Joint Advanced Vertical Aircraft”,
D-2003-013, 2002.

Hyun-Gi Kim, Sung Chan Kim, Jong Won Lee, In Hee
Hwang, Kyung-Soo Kim, “Numerical Simulation of
Crash Impact Test for Fuel Tank of Rotorcraft”, Journal
of Computational Structural Engineering Institute of
Korea, vol. 24, no. 5, pp. 521-530, 2011.

Hyun-Gi Kim, Sung Chan Kim, Jong Won Lee, In Hee
Hwang, “A Study on Configuration Optimization for
Rotorcraft Fuel Cells Based on Neural Network”,
Journal of Computational  Structural — Engineering
Institute of Korea, vol. 25, no. 1, pp. 51-56, 2012.
DOI: https://doi.org/10.7734/COSEIK.2012.25.1.051

Cheng Luo, Hua Liu, Jia-ling Yang, “Simulation and
analysis of crashworthiness of fuel tank for helicopters”,
Chinese journal of aeronautics, vol. 20, no. 3, pp.
230-235, 2007.

DOI: https://doi.org/10.1016/S1000-9361(07)60037-5

U.S.Army Aviation and Missile Command, “Detail
Specification for the Tank, Fuel, Crash-Resistant,
Ballistic-Tolerant, Aircraft, MIL-DTL-27422D”, 2007.

JJ. Monaghan, “Smoothed Particle Hydrodynamics”,
Annual Review of Astronomy and Astrophysics, vol. 30,
pp. 543-574, 1992.

DOI: https://doi.org/10.1146/annurev.astro.30.1.543

729

[8] J.J. Monaghan, R.A. Gingold, “Shock Simulation by the
Particle Method SPH”, Journal of Computational
Physics, vol. 52, no. 2, pp. 374-389, 1983.

DOI: https://doi.org/10.1016/0021-9991(83)90036-0

[9] Philipp Hahn, “On the Use of Meshless Methods in
Acoustic Simulations”, University of Wisconsin-Madison,
Thesis of Master, 2009.

[10] Hyun-Gi Kim, Sung Chan Kim, “Analysis of Crash
Load in Crash Impact Test for Fuel Tank of Rotorcraft”,
Journal of the Korean Academia-Industrial Cooperation
Society, vol. 16, no. 6, pp. 3736-3741, 2015.

DOI: https://doi.org/10.5762/KAIS.2015.16.6.3736
2 3 7|HyunGi Kim) EEE)
20001 29 : A& A
S (3D
02002 29 : MEUEn A
FIHHAAD
*2006d 29 : A& A
S SHE(HAD
©2006'd 29 ~ 2007+ 12¢ : &
F29 AgaTe

~ @A .

e N e L L R
<Alitok>
87 FE, A4, S
Z 4 ZkSungchan Kim) [H3]H]
-1988Lﬂ 24 S diEtal &
16]—4,].(6’]—}\]_)
01998%3 8 : sk dstul I
71 A1 E (A Ah
©2009 2¢ : FHdigtul I+
& 8HH(bAD
©1991d 39 ~ 19949 129 : ()
@9 g
©1995'd 29 ~ 20009 7€ : FHFTHFAIY dddT
02000 9€ ~ A : FdGFETATY AdATY
<ok
FE7) T4 D AFAS




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


