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Application of Titanium Alloy in Muzzle Brake

Liu Kai, Zhao Junli, Guo Liqiang, Zhao Fan, Liu Guozhi
(School of Mechatronic Engineering, North University of China, Taiyuan 030051, China)

Abstract: In order to reduce the mass of muzzle brake and improve firing accuracy and density, the application of
titanium alloy in muzzle brake was researched. Based on the theory of computational fluid dynamics and the finite element
theory and the application of computational fluid dynamics (CFD) numerical simulation and finite element analysis method,
the entire process of the three-dimensional numerical simulation flow field of the muzzle brake and finite element analysis
was accomplished. Stress distribution and deformation results of TC4 and gun-steel material of muzzle brake were obtained.
The result shows that the using of TC4 can reduce the mass of muzzle brake in service conditions, then it can reduce design

complexity of other components.
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B: TC4
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Unit: Mpa
Time: 1

725.67 max

671.06
619.45
567.84
516.22
464.61
413

361.39
309.78
258.17
206.56
154.95
10333
51.723
0.111 96 min

L

0.00 150.00 300.00 (mm)
75.00 225.00

(d) TC4 #AHi v 4 iE 5 H = A
B2 2#ailmOsRENTTE

SRR 28 N ) 2 EAH B nT R L. de K
HELAE O FLAR) 1 Ak, TCA R4 BT B 1R 2% 5 K
. Jj 722.67 MPa, CHIENHE LT 5 KW ) 725.65
MPa F /N, HBI A2 A K o P B ) 43 A A ]
HANPIRCZ Dy R, IR R AR

A: paogang
Total deformation
Type: Total Deformation
Unit: mm
Time: 1
0.225 87 max "~

i 8183{2 2 000 100.00 _ 200.00 (mm) IT’
— —)
0 min 50.00  150.00 z
(a) MARMAE T H R EEN B
A: paogang
Total deformation
Type: Total Deformation
Unit: mm ™"
Time: 1

0.225 87 max

Ll 003226 0.00 100.00 200.00 (mm)
90167133 5000  150.00
0 min

(b) MM AIE T HEE T = H

B: TC4
Total deformation

Type: Total Deformation
Unit: mm

Time: 1

0.412 41 max

0.382 95

Ll 0.058915 0.00 100.00

200.00 (mm)

I O
0.029 458 50.00 150.00 z
0 min

(c) TCA H A4l o 4l B % % % B

B: TC4
Total deformation
Type: Total Deformation
Unit: mm
Time: 1
0.412 41 max
038295
[] 035349
[ 0.324 03
i} 0.294 58
0 0.265 12
i 0.235 66
i 0.206 2
i 0.176 75
0.147 29
H 011783
H 0.088373 .
L 0058915 0.00 100.00 200.00 (mm)

0.029 458 50.00 150.00 z
0 min

X

(d) TC4 M Hte o 42 2 % %= B
B3 2fimOsRETHEE

Wk 3 AHEE v R, AR R B KA T
BN 0.225 87 mm, TC4 ¥ E T & KA & A
0.412 41 mm, WEATEIAEAE . Wik 2 o, 18
ENAERL N A R S A Ol 92.468 kg, K
TC4 Bk & &M EHE, HE AN 53.008 kg, it & />
T 39.46 kg, I [ 53 HLIL 42.67%.

F2 2MMRHEORRESRTITESE R

A & KX E 7 /MPa ®R K EF Z/mm i & /kg
Yo 4R A A+ 725.65 0.225 87 92.468
TC4 722.67 0.412 41 53.008
:|: +
3 Zn 'lo/t\.

Wk 2 PR RN ) 2 B B R B, P K
R JJAHZEAN K, I H LR Ty 43 A AR — 8. X
WIZEA BRIGCER J1 2 0 Fr v, 61 4% 1 ) 2 2 ek
MR, BTN S LR AR . 154 1 DL K Y
KSR RIS, PRI AN 5] A ) 45 74 1R 3. ) 43 A
K E Rey NUNL B A P A RS >y VAR K S

T TC4 WS PERIE RN, FrLh TC4 #EF
(1) 11 71 3 85 1) B K7 T R 1) LA AN A B K

BT Ao & 1% B LU AN 3 /N %2, BT DAL
A (S N1 A N X (R C R

SE -

[1] # AR, RAE K, Fak, F. KB LM]. Lxw: it
T I K AL, 2005: 75-78.

[2] &oedt, 2K, REERRBESB IO TR L M
HI]. A4 T K, 2007(35): 12-15.

[3] FR#E. B A ME 7 kAR A 0 H] R 55K P
A R[D]. B F%: HRE LK, 2009: 71-72.

[4] 3. Yoo iR BRI LS FEAR[D]. Hw:
B WE L K, 2007: 12-16.

[5] #Ruesds, A%, £2E, F BoXE ZfAHGK
18 AL D0 B ) 2B 2R L [T]. B T F AR, 2011, 32(5):
513-519.




<<
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


