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Optimal Design of Air Bag for the Second Generation of Airborne Vehicle

XU Peng-wei, ZHANG Hong-ying, CHEN Jian-ping, TONG Ming-bo
(College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

ABSTRACT: The work aims to optimize the air bag of the first generation of airborne vehicle and design the air bag for
the safe landing of the second generation of airborne vehicle. Based on the existing air bag and combined with the finite
element simulation and experiment design, the support vector regression (SVR) model with the air bag parameters as de-
sign variables and the impact acceleration peak value for vehicle landing as objective function was established. Genetic
algorithm was used to optimize the parameters of the existing air bag, including its width, height, exhaust vent area and
burst pressure of exhaust vent. The optimized air bag reduced the impact acceleration peak of the second generation of
airborne vehicle by 73.4% and made the deceleration process of landing smoother. Parameters of the current air bag have
been optimized and improved successfully to get the air bag suitable for the second generation of airborne vehicle. In ad-

dition, lots of air bag design schemes have been provided for the decision-maker.
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Fig.1 The current air bag model and parameters
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Fig.2 The simplified airborne vehicle II FEA model
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Fig.3 Comparison results of impact acceleration

2 SESHMU

SRBEIGTHRELK 4. B, BiE bk
TR BETTE B LA AR AR AR i AR AR A AR A R
St AR DL SRR W R G R RS R
TR B i E R e B L HER AL AR

Gt —RR A Rt S Rk
[t fn s WA £ |

T BER
SR ek
S
NSGA-II MM EZR
e S I A= e
| Paretofft |
Ttz

B4 BB
Fig.4 The design process of air bag parameters

HESFLIRME 58 o A A28 h e BR fok % ot 2 P ) ik
A e R T s A v

X UK A = AR oA s o, 2 R A A X
77 AT DA RR ] % s B O BRI o T H R
FEEWARRE, i EITAE R, EMITA B8
SR, BlE R SCR R ETE In, E E A TO R K
Ko, (HIXIFA R A BE Y o 1 B TG R 34 K 1% (] Asf -, 2
SR A I R A B AR PR, DR b 5 SR 1)
e BT —E BRI, R 2 BRI AT AT LUAR AT
b fifp Rk AN TR, S = FEAE I — b AE o, SR
FHZ H bR A S8 % i sk B e {5 v B A TR AR
T PAASE)AH N B Pareto Fij#, 7E Pareto AiiE I, H—
FARAR (x,y v, ) ATLUEAE Y BT A B2 04 ook B e
Hox, B, N R RNE Ry, HE, X
SR FH L e o 3 R 0 (R AN S v R Ak BRI 2
Hirim e b Bk, SRS

AT BT, ARPEEE 1 e iy 4 M
R BEBCRAE AT o SCH R AR S0 5 1 H7 i JE br R 1
it CRI R0 g ik it ), SR X EURAR 507 22 1 <
Y2 % 4 25 Bl S 50 A o B DA R T AR S B 7 O
M. WIHER 4 4, SR REEE (3 KF),
SEFE (4KF), HRALE (10 KF), HESAL
RS (10 KK ), Bt 1200 A~ RAE

T FEA 1 m FSRFES LA S, 35 400 4 FIFERY,
FEREEA 1.2 m 5 1.4 m B, HA 3 AR AKEAE
HE SHF, 4T 1200 4 RAES

< 5’
e

=
M 3L
=

B o2r
=

g or
"o

'ﬁﬁo.m —— 138 20
e - 14
Ly B2 0o 12 g

K5 A RBRAE A
Fig.5 Sampling point of factorial design

e SRR RS, TR AR, R TR
A TECRIEAL, MRS 4 b, A58
JIE— 5 A SIS TR O FE A 25 AN R o HIE b S
LM, RO AS A T7 REEA SR g 4]
170 SEPRAEh R 2R — 2L TR S PR T T 19 % &
P ZERTA BT, Sl RS T DUE 28 A i ik
KT, Z M Tk,

X HLS A AR BR TR R T S 5 A Y
Jiid, [ Python i H HEH K —EFTF. BIFLH
TAASME, TR AR 1200 4 RAE G S,



F39FE F1Y

VMGAESE . AR G U RSB BT 27~

P IR b SCT A BROT B ik, A sl s AR A
FROCHR, 3038 LS-DYNA #4715, A shizH
TS5 SR B A A

22 HMEZHFEEMEFAEE

FHEEEAL(SVM) G HLER 27 > AR R T3
AR, Ee) A BEAR R0 ) A, il i 4 T ) e e ]
VA RN S RE R S (SVR ) AR S B )
WAF frik .

Zﬁ%#?ﬂl}”é’fﬂ‘ij—‘% {(xh yl)---(xis J/i)---(xl, yz)} ,
Hdri=1, 2.1, TEIUSMIREEEEIA N y=f(x),
e-SVR R & NHUBIR K sREL, o AU 2K sRAL
WS, HAERE IR IR Z/NT ¢ BRI pRECH
0, MIRZERT e BBIRISAEAR At A8 v E 47 A0 B A9
TEYIZ0H . e-SVR H Sl i WLt pR 4L @ B X w5
FEAEAS 0] H, 3R o] S A 46 A RRAE 25 (1) b 54k —
ALPED TR R

y=w-@Kx)+b (4)

A p PR R A w T T Y )
iy ox MEIASERE; b NEBIM(E.

SBUR O RN N L - M= WA I
By=r(x).

e-SVR AR HEIE (Jrml @l ) Hy .

H)= min Ll + €3G 4D 5)

B b 38 T bR

B

yi—w-@k)-b<e+¢
w-Okx,)+b—y, <e+&
£, 20,i=12.1

K. C, e HFFM BRI S5 S5, &
RRAsAR R s &5 & 3 i R SR ) B R ST 1A Y
2 MRASAS sy, AR AR R R EUE ;. x,
iy AFE R

3 A S AR ] R A B 454 S8 e T C Y
KN, AT LIAH R M4 AR g4 2 A RE T o e 2B
TR RN R W TEE, & BN 52 2570
BB, AN Hb SRR B RS &2, BOTE I R
A F RN, AR AR I IS A .
TR U7 T 18 22 A1 B AR ) B H0BR /D, BEALAE I
AR LR ZE SR, AT AT 4 B R L
Go B (5) iy Bhs RS A FIE R

. 1 2 .
M) = min Ol + 206 +670) (6)

28 C LB — M IENAE S8 B T
PERBIA R 2. C ok, WK (6) W5 1 TAYAL
HOUN, R S I B UG A, Ch,
VUL IR w5 A Sy o T faT B B ABLAS , BATT  Ae
RUZ AL RE T HY AR

AR FA% (9) H 3fe1, SR AR e B0nT LA 21 i [o]

AR N -

I PR
f(x)zi(ai—ai*)K(x,.,x)+b (7

X o Mo, MR HFT; K(x,x) N%H
B, SR E x M x FERFEZS RPN R, SVM e
FEARKAR B 32 % R B S S Bk B s, o+ Y
R RBOR 2R A% pR B L 2210 2R pR B L A ) SR A R B
Sigmoid A% FREL&E ., W SVM RHLtrm%,
e u sy NG I A TS VR A T S E TS i)
REIABR; W R A2 R gk, BRI EIHEE
S, [H A AR R TR N . AR 1) L PR ( RBF )
mH fig ) AR T 250 A% sRECRT Sigmoid #% pREL, T
FLAT AR A% pR IR HARIR I Ol . SR RBF %R
Bk, SVM ] LATEE & 817 B PR B Hh BE BRI 1Y)
PREL, RBF M5 — Mt T8 A — M358, W
UL SCH ST R RBF A% BR AL

K(x,x') = exp[—_"x —Zx'||2 (8)
o

X UK AR P R AT B A B . e-SVR AR
R, SEMGERE . mE L HERFLE R, HE LR R
SERAE AR Y (R A A e o R O R Ry PR AR
A PRBR S, BT v A R A ) SE B Lk
PR, AT X oo Jon s B e (i A 7 P AR 40

I S A S e ) R [ A R 0 S B
9 1.25m, BN 1.58 m, HESALIAN 0.02 m? i},
Tl S R i (I LR R R 1) A Ak it 2k L T
6a. WA S RESERE R 112 m, &N 1.71 m,
HES FLAR RS s R 2.5 kPa IF, i Jon s s s {1 o 1
AL R AR TR il £k LA 6b.

?__\\//\\\\///

Dl )
S srpesao

i p) 3 7 5
HES AL HE5/kPa

40

30f

20f

it i BE A (g)

0 0.01 0.02 0.03 0.04  0.05
HEFL A /m?
b

Pl 6 vl o e e LR e T 5
TR AL it 26
Fig.6 The curve of peak value of impact acceleration varying
with the burst pressure and area of exhaust vent
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Fig.7 The comparison of simulation results before and after
optimization

rhi i (g)

3.054g, HIHEGT B 4 PRI, £F &I R4
(I R SR

3 4k

A T AR E - R S E G i R
A BRICARTY I 25 A SCRRXT R R IR AT T AS S . R AT
Rk, BT 1200 45 AHH R AGIRES, XX 2ei 58
AT T B IR BT B2 R NG ) B
WA FEEEAR — MmN, E T T
JOI S JE W (%) S e ) e [ A A R G DA
FIF NSGA-II istfE5 sk, fEHA LRI B
Wl e HERALI A HES LR R SR T T
Ak DAk B AR At R 2 ol o i R 0 £ o
KT 73.4%, [FIEF3R15H Pareto Sl dEth J k3 &
AL T 2R

EEBEE

[1] WANGJ T, NEFSKE D J. A New CAL3D Airbag In-
flation Model[C]// SAE International Congress and
Exposition, 1988.

[2]  5keA%E, XURK, BVLS, 4%, 2T CFD 4 R IT L

AR EE T3 HTI]. B2EE AR 5 TR, 2015, 15(15):
209—213.
ZHANG Xue-rong, LIU Qiu, HUANG Jiang-yin, et al.
Simulation of Airbag Deployment and Pressure Analy-
sis Based on CFDI[J]. Science Technology and Engi-
neering, 2015, 15(15): 209—213.

[3] SHOOK L, TIMMERS R, HINKLE J. Second Genera-
tion Airbag Landing System for the Orion Crew Mod-
ule[C]// 20th ATAA Aerodynamic Decelerator Systems
Technology Conference and Seminar, 2009.

[4] TIMMERS R, HARDY R, WELCH J. Modeling and
Simulation of the Second-generation Orion Crew
Module Airbag Landing System[C]/ AIAA SPACE
2009 Conference & Exposition, 2009.

[5]  fufpld, BRESE, fiwk, 4. SEE RS R b

1% 2 B IiAe[I]. AiRiR M5 @k, 2012, 33(5):
1—8.
HE Cheng, CHEN Guo-ping, HE Huan, et al. Mul-
ti-objective Optimization of Impact Dynamics for Air-
bag Cushion Landing System[J]. Spacecraft Recovery
& Remote Sensing, 2012, 33(5): 1—S8.

[6] LIU Xin, ZHANG Zhi-yong, ZHAO Zi-heng. The Un-
certain Optimization of Buffering Characteristics of
Landing Airbag in Manned Airdrop[J]. International
Journal of Crashworthiness, 2013, 18(3): 225—236.

[7] LEEJ K, AHN B J, YE R H. Curtain Airbag Linear
Impact Simulation Method for FMVSS 226 and NCAP
Side Impact[J]. Indian Journal of Pure & Applied Ma-
thematics, 2014, 47(2): 301—328.

[8] XEH, W, XUV, 5. FEZ & 4 I Al R R



F39FE F1Y

VMGAESE . AR G U RSB BT 29 -

[11]

[12]

Mg B etk [d]. BleEEiAR 5 T8, 2016, 36(16):
243—248.

LUO Qin-yue, PAN Hua, LIU Xi, et al. Chest Injury
Optimization of Passenger Side for a Certain MPV in
Frontal Impact Test[J]. Science Technology and Engi-
neering, 2016, 36(16): 243—248.

TrOUEE, SCHEAR, #0258 Bk & 25 wh I 1L ik
0. BRGATEFR, 2008, 20(5): 1325—1327.
YIN Han-feng, WEN Gui-lin, HAN Xu. Optimal De-
sign of Airbag Impact Attenuation System for Airdrop-
ping Equipment[J]. Journal of System Simulation,
2008, 20(5): 1325—1327.

UL, BLLA, AR, 55 TR 1A 4
HERSAEEWRGEZ A D]. R3S b,
2015(3): 215—220.

HONG Huang-jie, WANG Hong-yan, LI Jian-yang, et
al. Multi-objective Optimization of an Airbag Cushion
System for Airdropping Equipment Based on Surrogate
Model[J]. Journal of Vibration and Shock, 2015(3):
215—220.

HIRTH A, HAUFE A, OLOVSSON L. Airbag Simula-
tion with LS-DYNA: Past-Present-Future[C]// Euro-
pean LS-DYNA Conference, 2007.

FLLA, BEA, FEM, 5 SEEEWIERS

[13]

[14]

[15]

[16]

e W 01 B B G 2 AL AL O 12 F 5 D).
2012, 33(12): 1461—1466.

WANG Hong-yan, HONG Huang-jie, LI Jian-yang, et
al. Research on Simulation and Optimization of Cu-

K TR,

shion Characteristic of Airbags for Airborne Vehicle[J].
Acta Armamentarii, 2012, 33(12): 1461—1466.
WANG H, HONG H, HAO G, et al. Characteristic Ve-
rification and Parameter Optimization of Airbags Cu-
shion System for Airborne Vehicle[J]. Chinese Journal
of Mechanical Engineering, 2014, 27(1): 50—57.
FLA. BREA PR ARG/ M]. Jbat:
FE B Tl L, 2014,

WANG Hong-yan. Modeling and Analysis of Recovery
System for Airdrop[M]. Beijing: National Defense In-
dustry Press, 2014.

BALABIN R M, LOMAKINA E I. Support Vector
Machine Regression (SVR/LS-SVM): an Alternative to
Neural Networks (ANN) for Analytical Chemistry Com-
parison of Nonlinear Methods on near Infrared (NIR)
Spectroscopy Data[J]. Analyst, 2011, 136(8): 1703.
RAMESH S, KANNAN S, BASKAR S. Application of
Modified NSGA-II Algorithm to Multi-objective Reac-
tive Power Planning[J]. Applied Soft Computing, 2012,
12(2): 741—753.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


