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Abstract. The objective of this paper is to study behaviors of detention made by AISI4340 in high
temperature environment. The detention is used to hold the rocket until the rocket launched. The
rocket launched with salvo type. Therefore detentions get high temperature from exhaust gas at
1,200 Celsius blow from rockets. There are the criteria are selection and evaluation, the initial
torque for tightening the detention arm. In addition to avoid the failure of material and
initially-tightened torque, the understanding of the structural load on the detention is significant.
As the initial investigation, this paper presents the experiment test of detention including load
behavior on guide knob and on the detention arm. The initially-tightening torques for the
detentions were varied from 25-40 Nm. The results showed that detention made by AISI4340 with
initial-tightened torque 40 Nm maintain the rocket with force greater than 17,500 N.
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1. Introduction

The Defense Technology Institute (DTI) is initiating a number of research activities in defense
industry. One of research projects is development of the rocket and the one important part of the
rocket is “Detention”. The detention is attached on the launch tube and the “Guide Knob” on the
Rocket is inserted in the detention to hold the rocket until the holding force is sufficient to launch
the missile. In this case, the holding forces greater than 17,500 N. To protect the unexpected
situations, the process was developed, designed, and investigated using the design of experiment
test compared to numerical validation. However in the proposed design process, the detention
force is important. In this experiment test and numerical simulation, we selected the controllable
parameter as the main factors, size of guide knob, speed of guide knob, and condition of annealed.
In this present work, the materials of detention are made by AISI4340 and diameter of guide knob
is 12 mm.

Thasin Suansakaew [1], Parametric Study of Detention Behaviors, The results showed
optimum material and torque for the detention are AISI4340 and torque 25 Nm.

Achirakris Julniphitwong and Thasin Suansakaew [2], Validation numerical of rocket
detention against the tested data. Based on the analysis, the maximum pulling force from finite
element is different from test 4.28 %, at the beginning, tension stress occurred on the detention is
greater than compression stress because tension stress includes stress from tension and moment
but compression stress is from moment that is subtracted by tension. While guide knob pass
through detention, tension stress and compression stress is slightly different.

2. Detention design

Fig. 1. Shows the geometry of the detention

Fig. 1 shows the geometry of the detention. Detention is designed in order to hold the guide
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knob, attached to the rocket. The configuration of guide knob is cylinder with diameters of 12 mm.
The guide knob is inserted in middle of detention.

3. AISI4340 material properties

For the mechanical properties of AISI4340, as temperature is increases the yield stress, tensile
stress, hardness decreases below 50 %. As shown in Fig. 2.
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Fig. 2. AISI4340 material properties [3]
4. Equipment
4.1. Soak in high temp

In this paper, Caldera-XL soak chamber is used to soak the detention as shown in Fig. 3. The
operated on 120 volt household current and draws 15 amps.

4.2. Tensile Test

The test process is done using the Universal Tensile Machine Model: AG-100KNI M2 with
reference tensile force based on the AWS D1.1/D1.1 M: 2010 standard test. The type of this
experiment is tension test. The force is applied by equipment capacity of 10 tons until the
distention cannot hold the guide knob and the maximum force is then measured as shown is Fig. 4.

Fig. 3. Caldera-XL soak hamber for soak the detention [4] Fig. 4. Experiment test
5. Experiment
5.1. Experiment test
Begin with tightened-initial torque 25 Nm [1]. We soak detention in soak chamber for 20
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seconds with 1,200 Celsius [5]. Assumptions of the Launch rocket full pod. 1 Pod has 20 launch
tubes. The rocket launch 1 second per rocket, Therefore the last detention that attached to the
launch tube will get of thermal rocket earlier long 20 seconds. Then put detention into a tensile
testing machine by pulling on the guide knob with speeds of 10 mm/min [1] and increase initial
tightened torque until pulling force more than 17,500 N.

5.2. Experiment result

Results show after detention has been soak in chamber with 1,200 Celsius heat, when pull
through with traction Tensile Detention lower than room temperature [1]. Obviously, the result
detention pulling force is reduced due to the heat. We also found that the initial tightened torque
need to pull force over 17,500 N is initial-tightened torque 40 Nm as shown in Fig. 5.
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Fig. 5. Pulling force for initial-tightened torque 25-40 Nm at 1,200 Celsius
6. Finite element
6.1. Detention and guide knob model
2D plane analysis is used in finite element analysis. The 2D model is shown in Fig. 6.
6.2. Boundary condition

Fig. 7. shows boundary condition of detention and guild knob. The pulling speed is 10 mm/min.

1
Fig. 6. The 2D model of detention Fig. 7. Boundary condition of detention and guild knob
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Fig. 8. Shows comparison between experimental pulling force and finite element
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6.3. Finite element results

The experiment results shown when soak detention is soak at 1,200 Celsius for 20 second.
Only initially-tightened torque 40 Nm archive force over 17,500 N. Therefore finite element
simulates the pull detention only the initial-tightened torque 40 Nm. Fig. 8. Shows comparison
between experimental pulling force and finite element. The maximum force pulling from finite
element is 18,267 N. While from experiment test results are 17,861 N, 18,129 N, 18,283 N and
18,473 N. The average pulling force from experiment testing is 18,186 N, The difference between
numerical and experimental force is 81 N or 0.45 %.

7. Conclusions

This paper applied finite element analysis and analytical model to describe the behaviors of
detention. The results were validated against the tested data. Based on the analysis, we summarize
that:

1) Detention properties that made by AISI4340 when temperature is increase, we found that
Yield stress, tensile stress, hardness decreases below 50 %.

2) The initial-tightened torque for detention is 40 Nm for detention used for salvo launch with
1,200 Celsius.

3) The maximum pulling force from finite element is different 81 N (0.45 %) from experiment
test.

References

[1] Suansakaew T., Ridluan A. Parametric study of distension behaviors using design of experiment
(DOE). Proceedings of Annual Conference on Engineering and Information Technology, South Korea,
2013.

[2] Julniphitwong A., Suansakaew T. Numerical validation of rocket detention. Proceeding of
International Congress on Natural Sciences and Engineering, Japan, 2014.

[3] Joseph R. Davis ASM Specialty Handbook: Tool Materials. p. 148.

[4] https://www.baileypottery.com/kilns/testkilns.htm

[S]1 Yanga D., et al. Temperature measurement of solid rocket motor exhaust plume by
absorption-emission spectroscopy. International Journal for Rapid Communication, Vol. 34, Issue 2,
2001

116 © JVE INTERNATIONAL LTD. VIBROENGINEERING PROCEDIA. SEP 2015, VOLUME 5. ISSN 2345-0533




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 (None)
  /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


