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Abstract. The automobile industry has shown increased interest in the use of composite leaf 
spring due to its high strength to weight ratio. The introduction of composite materials has made 
it possible to reduce the weight of the leaf spring without any reduction in load carrying capacity 
and stiffness. In this paper, results of research on vibration suppression in steel and composite 
(Glass Fibre Reinforced plastic – GFRP) leaf springs are presented. Polymeric composite leaf 
springs and steel springs are studied. Composite springs were designed in such a way that they 
could replace steel springs in a van. The amplitude of vibrations and the reaction of props were 
measured and recorded. These parameters rendered it possible to calculate the coefficient of 
vibration suppression for steel and composite leaf springs. It is concluded that composite leaf 
springs in comparison to steel springs about three times better suppress vibrations, they are about 
five times lighter and generate smaller dynamic burdens to vehicle bodies. 
Keywords: leaf spring, composite, glass fibre reinforced plastic (GFRP). 

1. Introduction 

The aim of this research is to study the ability of composite spring leafs to suppress vibrations. 
The composite spring was designed in such a way that it could replace steel springs in a delivery 
van. A comparison of the properties of the steel and composite spring was made. 

Composite materials allow any formation of transverse sections of elements being produced, 
at the same time affecting the stiffness of such elements. Thus, it is possible to construct 
suspensions with the prescribed characteristics as well as integrated elements of suspensions 
which work as springy and leading elements. Due to the above it has been possible to simplify the 
construction of vehicle suspension and to lower considerably its weight and costs of production. 
Moreover, a greater capacity of composite materials to accumulate springy energy may allow the 
use of smaller and simpler dampers. Numerous researchers [1-6] prove that springy elements 
constructed from composites materials in comparison with steel springs are characterized by 
higher fatigue durability, they are resistant to corrosion and they are many times lighter. A great 
advantage of composite materials is the way they get damaged under fatigue loading. Elements 
made of these materials, as opposed to steel elements, do not break or get damaged rapidly. This 
in turn increases considerably the safety of vehicle operation. The above mentioned properties of 
composite materials will decide about their wider application in the construction of vehicles, 
including also the construction of springy elements of suspensions. Increasing competition and 
innovation in automobile sector tends to modify the existing products by usage new and advanced 
material – polymer composites. The leaf spring absorb the vertical vibrations by means of 
vibrations in the spring and the energy absorbed is stored in spring as strain energy and then 
released slowly. The strain energy of composite material used for spring is the very important 
property. In next part of article the study of vibration damping ability will become proven. 

2. Experimental researches 

In order to carry out the research it was necessary to produce composite springs of the same 
properties as the steel ones. Many technical problems had to be overcome in order to obtain 
repeatability of properties. This problems was described in [4]. The composite springs were of the 
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same dimensions as the steel springs and were installed in the same way as the steel springs. Fig. 1 
presents the composite leaf spring. The springs have a constant width and a changing thickness. 
The shape of the leaf spring is parabolic. Every layer was made of an epoxy composite which was 
strengthened with continuous glass fibre. Such a structure of the leaf spring resulted from the 
necessity to assure sufficient shear strength of the central layers and the required flexibility. A 
detailed description of constructing such a spring is presented in [4]. 

 
Fig. 1. Composite leaf spring 

Table 1. Basic dimensions of leaf spring 

Parameter Leaf spring 
Composite Steel 

Spring’s width [mm] 80 80 
Spring’s length [mm] 1305 1305 

Spring’s mass [kg] 12 50 
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Fig. 2. Diagram of the research device:  

1 – leaf spring; 2 – sensor of force; 3 – sensor of dislocations; 4 – amplifier; 5 – PC computer;  
6 – striking part; 7 – runners; 8, 9 – steering components; 10 – body of the device 

The device on which the research was carried out is shown in Fig. 2. It includes two principle 
components: the loading component and the measurement – registering component. The loading 
unit comprises a striking part – 6 and the steering component – 8. The measurement and registering 
component includes the sensor of force – 2, sensor of perpendicular dislocations of the centre of 
the spring – 3, sensor of horizontal dislocations of the ends of the spring – 3. The device made 
possible both the static and dynamic loading of the leaf spring. Loading has been carried out by 
free lowering of the striking part of 350 kg, which was hung on a rope and placed in runners. The 
strength of props was measured by the sensor of force, whereas perpendicular and horizontal 
dislocations of the central part of the spring as well as those of its movable end were measured by 
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the sensors of dislocations. Signals from the sensors were transmitted to a PC where they were 
recorded in textual files. Steel and composite leaf springs were investigated. 

Data from the sensors were recorded in textual files in a PC. Using these data, for each test 
graphs were made which showed the radial diffraction and the sum of perpendicular reactions of 
props as a function of time. Also, for each test the coefficient of vibration suppression was 
calculated. Fig. 3 present measurement data for the composite leaf spring, whereas Fig. 4 show 
the data for the steel leaf spring. 

  
Fig. 3. Diffraction and total perpendicular reaction of props in function of time composite leaf spring 

 
Fig. 4. Diffraction and total perpendicular reaction of props in function of time steel leaf spring 

3. Recapitulation 

Data from the sensors were recorded in textual files in a PC. Using these data, for each test 
graphs were made which showed the radial diffraction and the sum of perpendicular reactions of 
props as a function of time. Also, for each test the coefficient of vibration suppression was 
calculated. 

Table 2 shows the coefficient of vibration suppression in steel and composite leaf springs. The 
coefficients of vibration suppression were calculated using the research results and the following 
equation: 

ߩ = ln ቀ ܽܽାଵቁܶ ܦ(1) , = ln ൬ ܽܽାଵ൰, (2)

where: ܦ – logarithmic decrement of suppression; ܶ – period of vibrations [s]; ܽ – first (larger) 
inclination; ܽାଵ – next inclination. 
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Fig. 5. Diffraction and total perpendicular reaction of props in function of time steel leaf spring 

Table 2. Suppression coefficients of vibrations composite and steel leaf springs 

Test No. Energy of hitting Leaf spring coefficients of vibrations 
Composite Steel 

1 Static load, ܳ = 3500 N 2.77 1.12 
2 Static load, ܳ = 3500 N 3.30 1.18 
3 Static load, ܳ = 3500 N 3.07 1.18 
4 1400 J 2.53 1.05 
5 1400 J 3.53 1.06 
6 1400 J 3.63 1.00 
7 1750 J 2.91 0.83 
8 1750 J 1.95 0.68 
9 1750 J 1.84 0.81 

A comparison of the property of vibration suppression of some composite leaf springs and 
steel leaf springs is shown in Fig. 6. 

 
Fig. 6. Suppression coefficients of vibrations composite and steel leaf springs 

Coefficients of vibration suppression of leaf springs are very different. In the case of composite 
springs this value ranges from 1.65 to 3.63. The coefficients for steel springs do not reach such 
different values. The values are from 0.68 to 1.18 (Table 2). 

Coefficients of vibration suppression of steel leaf springs are in the range of 1, they are about 
three times smaller than the coefficients for composite springs (Fig. 6). 

Not only the value of vibration suppression coefficients of steel leaf spring is smaller, but also 
their sensibility to a change of loading. The coefficients of composite leaf springs clearly decrease 
when load is increased. At the same dynamic load, reactions of steel springs are larger than the 
reactions of composite springs. The difference is about 20 %. 
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4. Conclusions 

1) Leaf springs made of a glass-epoxy composite have a greater ability to suppress vibrations 
than steel springs. 

2) Composite materials offer a possibility of forming any shape of vehicle suspension 
components. Therefore, it is possible to obtain the desired stiffness, elasticity and vibration 
suppression in components made of these materials. 

3) Vehicle components made of glass-epoxy composites are about 5 times lighter than made 
of steel. 

4) The use of composite materials for the construction of vehicle components is a good way to 
reduce emissions of greenhouse gases. 

References 

[1] Pozhilarasu V., Parameshwaran T. Pillai performance comparison of conventional and composite 
leaf spring. International Journal of Engineering Science and Technology, Vol. 4, Issue 12, 2012, 
p. 4827-4831. 

[2] Abdul Rahim, et al. Developing a composite based elliptic spring for automotive applications. Journal 
of Materials and Design, 2010, p. 475-484. 

[3] Al–Qureshi H. A. Automobile leaf springs from composite materials. Journal of Materials Processing 
Technology, 2001, p. 58-61. 

[4] Romanów Fr., Maćkiewicz J., Papacz Wł. Wybrane parametry wytrzymałościowe belek 
kompozytowych w aspekcie zastosowania na resory samochodowe. Konferencja KBN Zielona Góra, 
2000. 

[5] Dave R. Automotive suspension systems benefit from composites. Journal of Reinforced Plastics, 
2003, p. 18-21. 

[6] Deshmukh B., Jaju S. B. Design and analysis of glass fibre reinforced polymer (GFRP) leaf spring. 
Emerging, Trends in Engineering and Technology, 2011, p. 82-87. 



<<
  /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 /UseDeviceIndependentColor
  /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


