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Tribology of Composite Materials on The
Basis of Magnesium Alloy with Powder

Filler of SiC

RESEARCH

The work presents the investigation results of the contact tribological parameters of a tool steel
with a metal composite material on the basis of magnesium containing a fine-dispersed powder
filler of SiC. It was determined that the friction coefficient has lower values at a higher normal
load. That can be explained by a decrease in the molecular component of the friction coefficient
due to advanced normal pressure in relation to tangential stresses in a contact zone. During the
examination of wear rate it was noted that the smallest wearing of composite materials is
observed at lower normal loads on the contact surface. At the same time there is a general
tendency towards a decrease in the magnitude of wear both with increasing the particle size of
the powder filler of SiC and the volume of the powder filler.

Keywords: metal composite material; powder filler,; silicone carbide; friction coefficient;
frictional constraint, strength of adhesive shear bonds, wear rate.

1. INTRODUCTION

In modern engineering, in particular, in tribology
application, the use of light alloys with a high
complex of mechanical properties is one of the
methods for reducing machine weight. The use of
magnesium as a structural material is a good
method and it is determined by an excellent
correlation as strength/weight that is better than Al
and many other light metals and alloys [1-3]. The
magnesium strength can be increased without a
significant change of density because of adding
into it a small amount of the dispersed powder
filler of silicone carbide. During this process there
were obtained satisfactory results [3-5]. High
damping capacity of the magnesium alloys make it
possible to use them efficiently for producing
wheels, various products of automotive and
aerospace engineering, rollers of load tracks [6],
etc. However, these materials have low wear
resistance [7].

Wear resistance can be increased by means of an
enhancement in the material strength because of
adding the dispersed powder fillers in the
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magnesium alloys. In recent years, there has been
conducted intensive research of matrix composite
materials on the basis of magnesium [§8, 9]
containing micro-particles of silicone carbide.
These investigations are of great interest for
tribology as a subject of research with a view to
producing friction units out of the composite
materials.

The given investigation presents the results of
determination of wear rate, integral quantity of the
friction coefficient, and also its molecular
components depending on the content of the
powder filler of silicone carbide.

2. METHODS AND MATERIALS

The magnesium alloy A4Z91/D composed of:
89.89%Mg — 9.0%A4] — 0.68%Zn — 0.13%Mn was
used as a basic material in the investigations. In
comparison tests there were used matrix composite
materials containing a dispersed powder filler of
SiC. Table 1 presents the versions of the composite
materials distinguished by a degree of dispersion
and a quantity of the added powder of SiC.

All the tests were carried out at normal loads /0N
and 50N and at numbers of the disc revolutions
250 rpm and 1000 rpm according to the plan of an
experiment shown in table 2.
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Table 1. Versions of composite materials used in
the research

Mean size of Amount of
Composition SiC particles, | powder in the
um volume of
alloy, % by wt
AZ91D - -
AZ91D + SiC 5 3
AZ91D + SiC 11 3
AZ91D + SiC 11 6
AZ91D + SiC 15 3

Fig. 1 Test pattern is shown.

Figure 1. Test pattern: 1 — test specimen, 2 —
revolving steel disc

Table 2. Plan of carrying out the experiment for
each version of test materials

Number of
Normal load, disc. Test period,
N revolutions, min'
rpm
50 1000 7.5
10 1000 7.5
50 250 30.0
10 250 30.0

" The test period was determined from the equality
condition of slip distance.

In the process of carrying out the tests there were
recorded a frictional force (F), mean bulk
temperature of the composite element of the
friction couple (7)) and a magnitude of the linear
wear of the composite sample (44).

The wear of the discs produced out of tool steel
SKDI11 (85.21% Fe - 11.6% Cr - 1.48% C) that are
tempered to the hardness of HRC5S8...65 was
ignored because of its small quantity as compared
to the wear of the test samples.

After the tests there was made a calculation of the
friction coefficient (1) by the formulation:
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u=F/P, (2)
where: F — frictional force, NV; P — normal load, N.

According to the formulation (4) there was
determined the magnitude of the wear rate (J):

J=ANL, 3)

where: Ah — wear rate, (linear wear) or height of
the layer removed, m; L — slip distance, m.

The investigations estimating the molecular
component of the friction coefficient were carried
out according to the scheme that is presented in
Fig. 2 [10].

Figure 2. Test pattern for determing the molecular
component of the friction coefficient: 1 — indenter;
2 — test specimens

Shear strength 7, is determined from the

correlation:

T, = 0’75.L 4)

3 9
d1,2
71' . [
2
where d;, — diameters of imprints on the test

specimens.

Adhesive component of the friction coefficient is
determined as follows:

fM: n’ (5)

where

3. COMPARATIVE EVALUATION OF
THE FRICTION COEFFICIENT
«A4Z91D + SIC - SKD11»

The diagrams with the results of tribological tests
are presented in Fig. 3 and 4.
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The analysis of the diagrams of dependences
«Friction coefficient — filler particles size» (Fig. 3)
and «friction coefficient — a filler volume» (Fig. 4)
shows the fact that under other equal conditions a
normal load in a contact zone influences mostly the
change of the friction coefficient. Moreover, the
friction coefficient increases while the normal load
decreases. The diagrams show that the particles
size of SiC influences the change of the friction
coefficient in the conditions of smaller normal load
more than at great values of the load.
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Figure 3. Friction coefficient dependence on
particle size of silicone carbide
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Figure 4. Friction coefficient dependence on the
volume of powder filler

Lower values of the friction coefficient are
observed with increasing the rate of the relative
slip. That can be explained by failure of adhesive
bridge bonds (molecular interaction) in the
investigated friction couple.

The reduction of the friction coefficient with
increasing the normal load can be explained by the
results of estimation of the adhesive shear bonds
strength. Fig. 5 presents the dependence 7, = f(p,)
that indicates the fact that an increase of the
normal pressure considerably advance an increase
of the adhesive shear bonds strength. That
indicates the fact that the molecular component of
the friction coefficient decreases [11]. Besides, an
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additive effect of the friction coefficient decrease
can be obtained due to temperature growth and
localized formation of fusible eutectics (Mg — Al).
Moreover, judging by the nature of the curves
change on the diagrams (Fig. 3 and 4), the powder
filler of SiC doesn’t influence considerably the
friction coefficient decrease.
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Figure 5 Dependence of adhesive shear bonds
strength on normal pressure on the contact: 1) -
AZ91D - SKD11; 2) - AZ91D + SiC (S = 5 mem; V
=3%)-SKDI11,; 3) - AZ91D + SiC (S = 11 mcm;
V=3%)-SKDII;4)-AZ91D + SiC (S =11
mem; V=:6%)-SKDI1; 5)-AZ91D + SiC (S =
15 mem; V =3%)-SKDI1

At the same time an increase of the normal
pressure and the presence of the dispersed particles
of the abrasive powder of SiC can make for the
temperature growth in the contact zone.

It is known that an increase in the speed of the
relative slip results in a considerable enhancement
of the contact temperature due to the
transformation of the friction power into heat
energy [12].

4. WEAR EXAMINATION

The results of the composite materials wear on the
basis of the magnesium alloy AZ9/D with the
powder filler of SiC are presented in Fig. 6 and 7.
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Figure 6. Dependence of wear rate on the particles
size of SiC
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Figure 7. Dependence of wear rate on the volume
of the powder filler

The presented diagrams show a complex behavior
of the wear rate depending on the particles size and
volume of the powder filler of SiC and also the
conditions of the test operations.

As it is shown in the presented diagrams, the
smaller wear of the composite materials is
observed on the contact surface at low normal
loads. Moreover, there is a general tendency for the
wear rate decrease both with increasing the
particles size of the filler of SiC and with
increasing the volume of the powder filler. That
can be explained by the fact that the particles of the
filler of SiC have higher hardness as compared to
the steel and they make for glazing the contact
surface of the steel disc because of an abrasive
effect.

One can suppose that the wear rate decrease also
deals with an increase of the composite materials
hardness on the contact surface. That can occur as
a result of dispersed and strain strengthening of the
composite materials surface coatings.

5. CONCLUSION

On the basis of the conducted investigations in the
friction couples «composite materials — steel» it
was determined the following:

1. There was determined a decrease in the friction
coefficient with increasing the normal load and the
speed of the relative slip. That occurs because of
the reduction of the molecular component of the
friction coefficient and the possible appearance of
a liquid phase during the melting of the fusible
eutectics composing of Mg - Al as a result of
frictional heating. In this case the boundary friction
is close to the hydrodynamic one;

2. The wear rate value has a general tendency for
reduction with increasing the particles size and the
amount of the powder filler of SiC. The wear
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decrease can be explained by an increase in the
hardness of the composite materials. That takes
place as a result of dispersed and strain
strengthening of the composite materials surface
coatings.

REFERENCES

[1.] W.C. Harrington Metal matrix composites
applications. In: Ochiai S, editor. Mechanical
properties of metallic composites. New York:
Mercel-Dekker; 1994. 759-73.

[2.]J.W Kaczmar, K Pietrzak, W. Wlosinski The
production and application of metal matrix
composite materials/ J Mater Process
Technol — 2000. V. 106: 58-67.

[3.]W.M. Yeong Influence of types of
reinforcements on properties of magnesium
alloy.// Eng. Thesis, National University of
Singapore; 2000.

[4.] S.U. Reddy, N. Srikanth, M Gupta, S.K. Sinha
Enhancing the properties of magnesium using
SiC particulates in sub-micron length scale//
Adv Eng Mater 2004. V. 6. (12):957-64.

[5.] R.A Saravanan, M.K. Surappa Fabrication and
characterization of pure magnesium K30
vol.% SiC particle composite// Mater Sci. Eng
—2000. V. 276. 108-16.

[6.] N.M. Galdin Color Casting: Reference Book -
M.: Mashinostroenie. - 1989.

[7.]1 D.N. Reshetov Machine building. Machine
elements. Structural strength. Friction, wear,
lubricant. V. IV-1- M.: Mashinostroenie. -
1995.

[8.] S.-J. Huang and H.-W. Liu, 2003, Viscoelastic
Analysis for Adhesive Layer of Composite
Sandwich Plates//The Chinese Journal of
Mechanics. - 2003. Vol. 19. No. 2. pp. 57-68.

[9.]1S.K Sinha, S.U. Reddy, M. Gupta Scratch
Hardness and  Mechanical  Property
Correlation for Mg/SiC and Mg/SiC/Ti
Metal-Matrix Composites//Tribology
International, 39 (2006), pp.184-189

[10.]L.Sh. Shuster Adhesive Interaction of Solid
metallic Bodies. — Ufa: Gilem. 1999.- 198 p.

[11.]V.I  .Semenov, L.Sh  Shuster., S.V
Chertovskikh., G.I. Raab The Effect of the
Complex Parameter of the Plastic Friction
Contact and the Material Structure on the
Strength of Adhesive Bonds//Friction and
Wear. 2005. Vol. 26. Ne 1. pp. 74 — 79.

Tribology in industry, Volume 29, No. 1&2, 2007.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


