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Knocking Noise Reduction Technology of SKYACTIV-D
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Summary

A new generation clean diesel engine, SKYACTIV-D 2.2L, was developed and applied to the New Maz-
da Axela. In addition to an excellent output, fuel economy and emission performance, the engine has less
knocking noise than that of the previous diesel engine. This report describes the outline of the new de-

velopment process focusing on the engine-to-vehicle pathway of the noise and adopted technology for the

noise reduction.
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Table 1 Specifications of MZR-CD and SKYACTIV-D
. NZRCD SKYACTV-D $ 2dB(A) 1500rpm BMEP=300kPa

Engine (Previous model) (New model) =
Max. power 136kW / 3500rpm 129kW _/4500rpm <
Max. torque 400Nm / 2000rpm 420Nm / 2000rpm %
Emission standard EURO5 Eies T

JPN PNLT )
Displacement (cm3) 2184 2184 2
Bore X Stroke (mm) 986 X 94 86 X 94 2
Compression ratio 16.3 14 w
Peak firing pressure (Mpa) 17.5 13.5 10g/kw-h
Fuel iniection system common rail system | common rail system ‘ ‘
J Y solenoid type(200MPa) | piezo type(200MPa) <— Good Brake specific fuel consumption(g/kw*h)
Nozzle 10hole 900cc/min. 10hole 1112cc/min. . .
variable geometry serial sequential Fig. 2 Tradeoff between SPL and Fuel Consumption
Turbocharger
turbocharger 2 stage turbocharger
Crankshaft main / 960 /¢ 51 952/ 952
Pin journal dia. (mm)
2000rpm BMEP900kPa |
DOC+DPF DOC+DPF ~
Aftertreatment system . ) 1~4kHzO.A
under foot type with engine type
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Fig. 3 Knocking Noise Level of New Axela
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Frequency (Hz)
Fig. 1 Knocking Noise Frequency of SKYACTIV-D
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% ROHR(Rate of heat release)

1dB

ROHR in max slope and height (J/deg?, J/deg)
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Fig. 4 Relation between CPL and ROHR
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Fig. 5 Multi-Injection Pattern of SKYACTIV-D
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Fig. 6 Acceleration Control by Multi-Injection
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Fig. 8 CPL Performance of Acceleration
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Fig. 9 Major Transfer Pass and Contribution Ratio in
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Fig. 10 Major Transfer Pass and Contribution Ratio
in Vehicle

INBRIEENS =P OKEL, F L CEmICE
% DE / v 7 EOFEBLEERKICES X, K EakiE
O OHIBEIR T O AT > 72 (Fig. 11)

r
dopmd

SKYACTIV-D IZBHFEDOHIMIBRE T, T HOEE

DO L, AHATHRATRBERED = > b — T2 ¢,
BEERIIT LB O®WY T 07 % 7 Mlisc iR

P —

BERFE, HEERENASOREREIE R LS ziT) 28T

BNRANS /w7 BRI 5 Z L TE T,

43 Y3520 % 7 FOREEEZER
JyrFEasbn—LOEERETHIZ UV UA
KOGERMEEZLET D, AME Y2 AN
ALY, arvay N, 7707 v% 7 MNrEDEE
R R LT Y F T r v 7 HY O E N

WREHANC L v #IET 22 LT, ZhoORptEE /v 7
FEIZEWHEBENSH B Z Enbrote (Fig. 12) &
IEDdB Transfer
o Connecting rod , function
g ’l\ /‘ R W N {/J ‘:‘r “'_k-a,,’ir.gh_
S S e S
N AT
2 Crankshaft

Main bearing cap

IlUdB

Knocking noise

SPL (dB)

1,000 2,000 3,000 4,000 5,000

Frequency (Hz)
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Fig. 15 Improved Design Effect on Knocking Noise
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Fig. 17 Insulation Cover of Vehicle Components

5. F&H

<YM, BREE, T3 vy a UHEREE EIROT T
T U AIEDD, (A E RS R R L
K7V —rF —FLrx= Py, SKYACTIV-D 2.2L %
LT 72T 2R L,

O BIRFHEY, /v EOEERKICESW-ZEE
HEREDK VA &, ZOMEER CAE & IHEMGEIZ L v o8
BT 2B T AR BATL, ik v 2hi ek
KIREATV, BOBRBEMERE L WS LoD KIER /) v 7 3%
DR FEH LT,

Q) v=VA Y= FITK DB RERE I,
EKREETHET VICL Y, EFZTTiE < HmERFO
BIgAEgEa L br—LbITH 2 LT, Y — 2 TOHE
U725 2 & &4T 572,

(8 FEARMEERBNTZ YV - BHIK b—Z NV TaE
BSOS 2 kT 5 2 & C, EEPaAMED
ERICIR N EAT 272,

Lk, BEEEOETN_R—ARREZINHSE, B%
BRICE DO L m O BRBEERE - Ptk 2Rt c& B L D,
SKYACTIV-D O% /2 Ai{ba HIE L T <,



TV R

No.31 (2013)

SEH

(1) KBHEt . 7 4 — BV O U U EIETOIR
WFE, BB RS RIS ARISE 20055143
(2005)

(2) Sakono, et al. : Mazda SKYACTIV-D 2.2L Diesel
Engine, AACHEN COLLOQUIUM 2011, p.943
(2011)

(3)  AKE—IED : SKYACTIV-D =Y DfEN, <
i, No.30, pp.9-13 (2012)

(4) ERFEIID  HFT 4 —BIVREE DR R A L EA,
H BB H TSR SCE Vol.67, No.7 (2013)

BTl 73]

w
>

M 5] HH B


http://www.mazda.com/contentassets/c9c12efa86a64ebab4353fb441ff3b9c/files/2012_no003.pdf


<<
  /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 <<

    /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


