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Fig.1 Deformation zone of cold roll bonding of embedded aluminum-steel (Al-Fe) composite strip
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cold roll bonding reductions
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Fig. 6 Calculation results of stress distribution in deformation zone (shear stress is positive with axis x): (a) Rolling pressure
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of 40% under different initial thicknesses of aluminum; (c) Shear stress distribution with initial thickness of aluminum of 0.5 mm

under different reductions in zone Il and III; (d) Shear stress distribution with reduction of 40% under different initial thicknesses of

aluminum in zone Il and III
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Fig. 7 Tensile fracture morphologies of aluminum-steel composite strip at initial aluminum thickness of 0.5 mm: (a) Delamination

of aluminum layer and steel layer (reduction 40%); (b) Delamination of aluminum layer and steel layer (reduction 45%); (c) Without

delamination of aluminum layer and steel layer (reduction 50%); (d) Relationship between delamination of aluminum layer and steel

layer with different initial aluminum strip thicknesses



27 G5 4 W)

FARR, S5 N U/ AL 1 51 B2 R 2 5 B AR A A 773

XTECEE 4 FIEE 7(d)yrT 50, BEAE N, A
LRI T RIALHI 1, Ras SILSEHUN GG SEok
N JEFEARLRFFAAR  SEI8N G G N R AS [ AR A R A
RN ENT roon I, FLHIE R o S8 D) ) AR
ES5MERAEMNIES), SEWMEAETEREL, fr
RS RE S MED 3 E . MR NERT re I
ST BY DI 73k B T 48 2 14 85 D) s B2 (WS s )
LRI 0.50 mm, KRR 50%, WK 6(c)), Fimkbin
RSO, )2 582 KRS RS,
R E 5 E I S 85 B RS BT, R 8
JZHMEARHE S ZIF IR E RS .

24 ETENESHEMREFNEERE LTI

K 8 Bl A B MR 5 0.50 mm FLHIR & 5 ik
NN R G s AR R A S (ra)~ PRI B (reer)
A2 50 J2 A B 8] 1) 22 5 (rgee—re) B IS B 1K)
KA. HIE 8 WA, BEIS NN, B2
AN EL I I LRGN, AR 1A e R 2
e AN, MR FREAE T, MR R
KTMIRNAS R, HBE R, RS
JRAR N2 ) 22 57 S SC G AR N JE g B 1) 224K
s, ANFRHYIGIEESM T, amMmzr
RN AR R N R KR MM EE R MR 2 o
Bl Horp, BRMARL N R E KR

IR ar’ +br (13)

AHF: o b WS EFEELEESE FERHERA

WIS r NELHIE R,

HESWERREL
H(1-ry)

Rys = (14)
(H, + Hy)(1=r)-H,(1-ry)
80 40
70k ra=1.2172+1.83r
o X
= | 23
5 6or 30 3
= 50t 5
G G
15) I 120 5
e E
S 30t B
= =
s 110 ©
& 20} 10 =
10
1 1 ! 1 1 1 O
10 20 30 40 50 60 70 80

Reduction/%
8 BRI EE 0.50 mm £ R S M AR A S
WML ESE FRIKR
Fig. 8 Relationships between reductions of aluminum layer
and steel layer and cold roll bonding reduction with initial
thickness of aluminum of 0.5 mm
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Table 2 Fitting result of reduction of aluminum layer and

steel layer with rolling reduction ratio

Initial thickness Fitting result of Fitting result of
of aluminum/ reduction of aluminum reduction of steel
mm layer layer
0.50 ra=—1.21/7+1.83r Fiee=0.967
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0.10 ra=—0.43/%+1.26r Fiee=0.997
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Fig. 9 Effect of reduction on relative thickness ratio of

aluminum-steel (calculation results of formula (16) shown as
lines, experiment results shown as dots)
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Thickness variation of aluminum layer-steel layer of embedded
aluminum-steel composite strip during cold roll bonding
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Abstract: The embedded aluminum-steel composite sheet was prepared by cold roll bonding (CRB) process. The

influences of rolling reduction and initial thickness of aluminum strip on the thickness ratio of aluminum-steel in the

deformation zone were investigated. The interfacial shear stress distribution in the deformation zone was calculated and

the thickness variation of aluminum layer and steel layer was explained. The results show that the thickness ratio of

aluminum-steel (Ra/s) in the deformation zone from entrance to exit initially decreases and then remains unchanged under

certain reduction r.,,. While the reduction is higher or lower than r.,,, Rass initially decreases, and then increases. When

the initial thickness of aluminum strip reduces from 0.50 mm to 0.10 mm, r.,, decreases from 45% to 35%. With the

increase of reduction, the interfacial shear stress increases, resulting in that relative sliding (reduction<<r,,), non-relative

sliding (reduction=r,,) and adhesive shearing (reduction>r,,) occur successively on the interface of the aluminum and

steel layer. The composite strip has a good interfacial bonding quality, and there are no delamination of aluminum layer

and steel layer on the tensile fracture when the reduction is higher than 7.

Key words: embedded aluminum-steel composite sheets; cold roll bonding; thickness ratio; bonding property

Foundation item: Project(2013AA031301) supported by the National High Research Development Program of China;
Project(BM2014006) supported by Key Laboratory for Clad Materials of Jiangsu Province, China

Received date: 2016-02-24; Accepted date: 2016-05-27

Corresponding author: XIE Jian-xin; Tel: +86-10-62332254; E-mail: jxxie@mater.ustb.edu.cn

(RiE  ZFLD)




<<
  /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


