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ABSTRACT: The work aims to study the recycling characteristics of the air bag in the recycling process, which is of
important significance for the acceleration of development progress and improvement of recycling quality of the un-
manned aerial vehicle, regarding the fact that the parachute-air bag is currently the main recycling way of unmanned aerial
vehicle, and the air bag can play a very good role in reducing the overload, limiting the rebound and protecting the
equipment in the recycling process. The damping characteristics of air bag in the recycling process of unmanned aerial
vehicle were studied in the finite element simulation method. With the single air bag as the study object, the effects of in-
flation pressure, vent area and deflation pressure of air bag on its damping characteristics were analyzed, and the air bag
parameters were optimized. The optimized air bag was applied to some high subsonic unmanned aerial vehicle, and its
damping characteristics were verified. Parameters of air bag, such as inflation pressure, vent area and deflation pressure
(no matter whether they were large or small) would affect the damping characteristics. A group of reasonable air bag pa-
rameters should be determined according to the specific circumstances of the object in kind in the practical application.
After the optimization of air bag parameters, for some high subsonic unmanned aerial vehicle with the damping scheme of
double air bags, the acceleration at its center of gravity was significantly reduced during the recycling, and its rebound
velocity and residual velocity were also remarkably improved, which met the requirements with respect to the overloaded
recycling of the airframe and airborne equipment. The analysis and optimization of air bag in the finite element method
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play a very important role in guiding the design of air bag.
KEY WORDS: unmanned aerial vehicle, air bag, damping, FE simulation
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8398 A 11

HELE . TAMLEIR

PP R E A BROT S U B * 71

013 0.I4 OI.S 0.I6 OI.7 0.8
A R]/s
SRVEEPYEE AT 4R
Fig.11 Velocity curve of recycling with double air bags

AR, JEAMUAE JC AR 3 i P A s J3E i 8 . [l
SH AR, T i eV 8l 150 nvs®s SR
KU S I S O ) 0 38 i 8 T S s/, KL
e 5o R % e A o A 3 Tk, I RS R B
X ORI B FROR I B | S R AR K
JIr A B A 45 R 5 SCRR (1S TR 25 R A

-6 L
0.0 01 02

5 H£5iF

B <pr -k 2 7 T T RABLE [, REE
BRI IBRE AR o e LA L S HO0 A [ i
L FREIPUARRC PRI P A W R RICR

SRR RACR 5 B 2R 6, A e Un
STy HEAL I BRI, XL SR <
(2 phist ] | HE L MR Bl 2 A AR

AHA BROCTT EE AT FE AR AR PR RE , N
BCE F R SR, BB N B HR Bt —E i
S, JFE SRR, AR R, BRSO AR

ST -

(1] SFMOE, Ehfh, skt TTANLA ShI RS
[J]. "®ATSLER, 2003, 19(2): 1—S5.

QI Zhao-hui, WANG Zhong-wei, ZHANG Wei-hua.
UAV Automatic Recovery Scheme Research[J]. Flight
Experiment, 2003, 19(2): 1—S5.

[2] TURNER C T, GIRARD JR LA. Air Bag Impact At-
tenuation System for the AQM-34V Remote Piloted
Vehicle[J]. ATAA 81-1917R, 1981: 1—2.

(3]  SKICHA. Jo ALl s s < i BRIE BE AL ()], WUE
553}, 2005(1): 7—9.

ZHANG Wu-ming. Theoretical Study on Air Bag Recovery
from UAVs[J]. Hydraulic and Pneumatic, 2005(1): 7—9.

[4] AP FRde, JEdmAe. A U Rl 2w U Y T B A
SRS R O E]. FE R ATR R 4R, 2000,
41(S2): 97—102.

DENG Chun-yan, PEI Jin-hua. Folding Modeling and
Inflatable Process
Landing Buffer Airbags[J]. Journal of Nanjing University

Simulation of Omnidirectional

[10]

[11]

[13]

[14]

[15]

of Aeronautics & Astronautics, 2009, 41(S2): 97—102.
TEUE, HEE, T, . S ERIT S %
A Bl 3k B O AR A 0], KGR Il 5 3R R, 2010,
31(5): 1—S8.

WEI Jian-zheng, TAN Hui-feng, WAN Zhi-min, et al.
Simulation Analysis of Buffer Airbag Deployment and
Buffer Landing Process[J]. Aerospace Return and Re-
mote Sensing, 2010, 31(5): 1—S8.

KURT M, LAKSARI K, KUO C, et al. Modeling and
Optimization of Airbag Helmets for Preventing Head
Injuries in Bicycling[J]. Annals of Biomedical Engi-
neering, 2016, 45(4): 1—13.

DU, ELA, BRI, 5F ER RGN IES
R R TT]. PR30S ik, 2012, 31(10): 74—78.
NIU Si-bo, WANG Hong-yan, CHI Bao-shan, et al.
Cushioning Characteristics of Double-chamber Airbag
for Heavy Equipment Recovery System[J]. Journal of
Vibration and Shock, 2012, 31(10): 74—78.

INT I, BRF. S HE RS AT AR ].
3¢ THE, 2017, 38(11): 97—101.

SUN Ning-guo, LI Liang-chun. Research Status of
Airdrop Landing Buffer Airbags[J]. Packaging Engi-
neering, 2017, 38(11): 97—101.

DOLLAH N A, SAAD M R, CHEIDRIS A. Inflatable
Structure for Aerospace Application: Historical Per-
spective and Future Outlook[J]. 2017, 9: 317.
TIMMERS R, HARDY R, WELCH J. Modeling and
Simulation of the Second-Generation Orion Crew
Module Airbag Landing System[J]. Aiaa Journal, 2013,
092407: 6—S8.

MASOUD A, AHMAD A, EBRAHIM K. Shape and
Orifice Optimization of Airbag Systems for UAV Par-
achute Landing[J]. International Journal of Aeronauti-
cal and Space Sciences, 2014, 15(3): 335—343.

s AR o AL RIS =34 R P RE Y 3323 M (0]
JES553h, 2004(2): 28—31.

ZHANG Zhong-wei. Calculation and Analysis of
Damping Capacity of Unmanned Air Vehicle Recovery
Air Bag[J]. Hydraulic and Pneumatic, 2004(2): 28—31.
NS, 8, EB%E, % IR IRRITER oV
1 ALE BUEALI I X L WFE[T]. 1% TR, 2008,
30(8): 676—680.

DAI Xiao-fang, ZONG Zhi, WANG Xi-jun, et al.
Comparative Study of CV and ALE Numerical Simula-
tion Methods for Folding Balloon Deployment[J]. Au-
tomotive Engineering, 2008, 30(8): 676—680.

et i, B A, T AL G2 e R RIS D).
P2 R K244, 1999, 31(4): 458—462.

GE Si-Cheng, SHI Yun-Tao. Study on the Cushioning
Characteristics of UAV Recovery Airbags[J]. Journal
of Nanjing University of Aeronautics & Astronautics,
1999, 31(4): 458—462.

PR, ELLE, wm, . AU g bR
W5, PR3h5ahids, 2014, 33(4): 119—123.
LI Jian-yang, WANG Hong-yan, RUI Qiang, et al. Ex-
perimental Study on Buffering Characteristics of Self
Inflating Air Bag[J]. Vibration and Shock, 2014, 33(4):
119—123.




<<
  /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


