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Thermo-mechanical Coupled Calculation and Failure Cause Analysis of
Yaw Brake Friction Plate
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ABSTRACT: The work aims to analyze force conditions on contact surface of yaw brake friction plate by referring to failure
reason of the friction plate. Thermo-mechanical coupled contact model of brake disc and brake friction plate was established in
finite element method. Parameters and material performance of the friction disc and brake disc were set. Stress and temperature
distribution of the brake friction plate was studied provided with different pressure, sliding speed, friction coefficient and am-
bient temperature. Equivalent Mises stress and temperature distribution curves of the contact surface on the brake friction plate
were obtained provided with yaw pressure, sliding speed, friction coefficient and ambient temperature. Both sides of the friction
plate belonged to an alternating stress concentration zone of equivalent stress and temperature distribution, but were near edges,
and equivalent stress and temperature values decreased slightly. Reducing pressure, increasing sliding speed and reducing fric-
tion coefficient helped reducing the equivalent Mises stress distribution of contact surface on friction plate. Temperature had no
effect on the equivalent Mises stress distribution of contact surface on friction plate. Gauss distribution curve equation involving

the equivalent Mises stress & temperature field and contact surface position of contact surface on friction plate was obtained.
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Correctness of finite element analysis was verified by comparing wear failure photos of the brake friction plate with calculating

data in this paper. By choosing reasonable yaw pressure, sliding speed and friction coefficient, an alternating stress concentration

zone of equivalent stress and temperature distribution can be effectively relieved for yaw brake friction plate, and service life of

the friction plate can be prolonged.
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Fig.1 Contact model of yaw brake device: a) 3D model, b) 2D
simplified mode
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Tab.1 Calculation parameters of brake disc and friction

plate
Parameter t/'C v/(mm-s ") p/MPa u
Value 1 15 4 3 0.3
Value 2 20 5 4 0.4
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Tab.2 Material parameters of brake disc and friction plate

Parameter E/GPa e MW-m K plkg- m ™" C/Jkg K a/(x10° K™
Disc 175 0.3 48.46 7228 419 1.1
Friction plate 2.2 0.25 0.9 1550 1200 1
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Fig.2 Equivalent stress and temperature distribution nepho-
gram of braking system: a) equivalent Mises stress distribu-

tion nephogram, b) temperature distribution nephogram
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Fig.3 Equivalent Mises stress and temperature curves of con-
tact surface under different pressure: a) equivalent Mises
stress distribution nephogram, b) temperature distribution

nephogram
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Fig.4 Equivalent Mises stress and temperature distribution
curves of contact surface at different speed: a) equivalent
Mises stress distribution nephogram, b) temperature distribu-
tion nephogram
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Fig.5 Equivalent Mises stress and temperature distribution

curves of contact surface at different friction coefficient: a)

equivalent Mises stress distribution nephogram, b) tempera-
ture distribution nephogram
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Fig.6 Equivalent Mises stress and temperature distribution curves of contact surface at different temperature: a) equivalent Mises
stress distribution nephogram, b) temperature distribution nephogram
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3 it

1) A5 TRATE S p WS v, BEEER R .
PRBTILFE ¢ 0T 1l Sy 745 B 458 A2 i T ) S5 280K 2380 1
AL B A £k, R 45 A 00 IX 3ol s 25 20 0 Al
FER AT AL AL X, BEEIT IS, SER0N T AR
L% Bl

2) & W MRAUE T p, HER BRI v, B
PEVE AR o, A BTN 52 R 4 il i ) 25 00K 263

JO7 3 A LT R R kTR F) S5 580K B I g A
ARTCFEM o

3 ) e fk T 245 00K ZE I 0 3 R B2 e DA v 4 A
TR 0T B4 25 2500 3 R B (R4 AT 8L i 2
TR AR

4) MRYEA FRICHTEER, il sha% B4 A i
B 08 2 2005 P A e T AU ) 58 72 S A58 R g Rl R o 2
PSS

5 )EE 5 5 v () I A AR B 5 SR [ 16] P 2 — 2K



< 116 - #F om #H K 2018 4E2 A
(4, WESE T ARSCRTT R HTE IR A, (A0 T4l [8]  ZAGRODZKI P, LAM K B, BAHKALI E A, et al. Non-
2%, IR, %55 %m%%fﬁ(ﬁk[lﬂqﬂ A I B linear Transient Behavior of a Sliding System with Fric-
AR REHEAT T R R IE IE . tionally Excited Thermoelastic Instability[J]. Journal of

Tribology, 2001, 123(4): 699-708.
[97 GAOIJQ,LEESC, Al XL, et al. An FFT-based Tran-
- ient Flash T ture Model for G 1 Three-di-

B2 sien ‘ ash Temperature Model for General Three 1

mensional Rough Surface Contacts[J]. Journal of Tri-

[ T, SR, 2T, 4. B shit Bl bology, 2000, 122(4): 876.

FEA D EL[T]. HUB T4, 2010, 46(2): 88-92. [10] SSTANLEY H M, KATO T. An FFT-based Method for
YANG Zhi-yong, HAN Jian-min, LI Wei-jing, et al. Rough Surface Contact[J]. Journal of Tribology, 1997,
Thermo-mechanical Coupling Simulation of Braking 119(3): 481-485.

Process of Brake Disc[J]. Chinese Journal of Mechan- [11] CHOIJH, LEE L. Finite Element Analysis of Transient
ical Engineering, 2010, 46(2): 88-92. Thermoelastic Behaviors in Disk Brakes[J]. Wear,

[2] EVTUSHENKO O O, IVANYK E H, HORBACHOVA 2004, 257(1-2): 47-58.

N V. Analytic Methods for Thermal Calculation of [12] Xz, JAJR 2%, 3] 2 a5 e 4530 5 7 i K (A4
Brake[J]. Materials Science, 2000, 36(6): 857-862. D], BB KA CTRHR), 2012, 34(3): 258-263.

[3] DRAGANIS A. Finite Element Modeling of Transient LIU Ying, ZHOU Qi-xing. Simulation of the Friction
Thermomechanical Rolling Contact Featuring Mixed Temperature Field for Disc Brake[J]. Journal of Nan-
Control of the Rigid Body Motion[J]. Journal of Tri- chang University (Engineering & Technology), 2012,
bology, 2016, 139(1): 503-520. 34(3): 258-263.

[4]  BEEE, SO, BEE, . SatH S m gk [13] KRG, SIASE, BIWE, 4. sShEEEM R AMBIES
B4 ORI BB 5 40 BT 0. LB T 2241, 2008, 44 KRIVIRD]. I A, 2016, 45(11): 32-40.

(2): 145-151. ZHANG Qing-jin, BAO Jiu-sheng, YIN Yan, et al.
HUANG Jian-meng, GAO Cheng-hui, TANG Xu- Research and Development of Brake Friction Materials
sheng, et al. Numerical Modeling and Analysis of the [J]. Surface Technology, 2016, 45(11): 32-40.
Thermal-structure Coupling of the Disc Brake[J]. Chi- [14] 2, WabHn, P . OB XS VR 4 il 2h BE b Al
nese Journal of Mechanical Engineering, 2008, 44 (2): PERERYSEMI[T]. RIEEIAR, 2016, 45(2): 97-102.
145-151. LUO Ling, YAO Guan-xin, TAO Fei. Effect of Filler

[5] FLOQUET A, DUBOURG M C. Realistic Braking Size on Performance of Automotive Brake Friction
Operation Simulation of Ventilated Disk Brake[J]. Materials[J]. Surface Technology, 2016, 45(2): 97-102.
Journal of Tribology, 1996, 118(3): 152-176. [15] X3, #J9W], 4RURAR, 4. ek MRkl BE -2 1T

[6] BOSMAN R, ROOIJ D M B. Transient Thermal Ef- IR TS BT SEBAR (D], R TEECAR, 2016, 45(5):
fects and Heat Partition in Sliding Contacts[J]. Journal 41-50.
of Tribology, 2010, 132(3): 401-410. LIU Qiang, LIN Nai-ming, ZOU Jiao-juan, et al. Re-

[7] @, FEE, Mo, 45 & MBS IR 2 4308 11 cent Developments in Improving Tribological Beha-
WA BRITAHT[I]. HLAE T FR23, 2011, 47(15): 101- viors of Iron and Steel via Surface Texturing[J]. Sur-
106. face Technology, 2016, 45(5): 41-50.

XU Zhong, WANG Yue-feng, ZHONG Qiang, et al. [16] ZHU Zhen-cai, PENG Yu-xing, SHI Zhi-yuan, et al.

Finite Element Analysis for the Equivalent Stress on
Multi-asperity Coating[J]. Chinese Journal of Mch-
anical Engineering, 2011, 47(15): 101-106.

Three Dimensional Transient Temperature Field of
Brake Shoe during Hoist’s Emergency Braking[J]. Ap-
plied Thermal Engineering, 2009, 29(5): 932-937.




<<
  /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 /LeaveColorUnchanged
  /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 600
  /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 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [612.284 841.890]
>> setpagedevice


