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Summary

The new gasoline engine series, “SKYACTIV-G”, was developed under Mazda’s long-term
vision for technology development, “Sustainable Zoom-Zoom”, and achieved high levels of
driving pleasure and environmental performance. With these characteristics, the series has
received a favorable reception from the market. Recently, Mazda has developed “New
SKYACTIV-G 2.5” and installed it in the new CX-5. Features further enhanced for the new
engine are output performance that enables highly responsive driving, good fuel economy over
a wide operating range and clean emissions. The engine also has potential to comply with Euro
6d to which particle number (PN) standards have been added.

This paper introduces the combustion concept and new breakthrough technologies of the
engine with a focus on PN-reducing combustion technologies.
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PN Emission Factor Countermeasure Issue

Optimize injection Difficulty in achieving 1)-Improve equivalence ratio

Inhomogeneity direction both combustion of spray
stability and PN -raise fuel pressure
Initnat‘:a\éﬁg/r? Optimize penetration reduction during -perform multiple injection

—Fuel pressure AWS
—Injection hole spec
—NMultiple injection

2)Expand dynamic range of

Cylinder head penetration

wetting Difficulty in achieving

PN reduction both
at high load and
light load

Optimize injection pattern
—NMultiple injection
—Injection timing

Piston wetting

3)Control spray change

Liner wetting Combustion chamber caused by injector deposit

wall temp decreased
by i-stop or fuel cut

Raise combustion
chamber wall temp

Injector tip
wetting 4)Optimize injection
Optimize injection control

hole spec

Fig. 5 Breakthrough Technologies

b OB E BRI S oD, ERBNEA D 2%

3. TL—9 RIL—Hfl

AR &R0, FATIIPNIEBO 729D, BRPE==EREm
S OPREHS S B O & RN E MR BI2ES Lz, PN

— 2 75 EOAFEHER LT,
INHIZEY, Fig. 1012737 & 9 ICAWSO E & iEiR Sk
2T, PNZ&EKRIEICIEKRT 5 2 & 2RE L,

FEAETER & RIS, FAUTHED FRE & B CRR L
7o 7 L= 20— OBER & Fig. 512777

3.1 TIZAWSH ORBEZ EM: & PNRB O, 8.2°T
EEATRDE S & A fRERE TOPNIK O N, 3.3 Tl
~2% HALRET b AL S F D EFEOL AT OV,
ZFLT34TIE, (1) MEHHIEEEE L 72 6 D fe/ NE
BRBHAT S (2) WEH X 1 I v Ul L 5PN
IZOWTHENT B,

Previous New

| T

3.1 AWSHhO#EREM & PNER O™

AWSTIE, BABINHC R B R TRPELT B 720,

(O]
o
KR I A L ORI X RIS Fb SR AT T 8 & 10
WD, SMKEEAILE, BECERICE LCRRIR% 38 Improved
TLipnlodh, ANy BT 0 —~RBHEZEE T ";'“6
YT, AR TG T KR D, BEE g2
RS 5 2 LIC kD, PEREMA IR L TV 5@, L 2=
LA G, BEARCFyET 4 —ITREIEEEZ BT T
THHER, EA N ORREHTAED, PNREADEIN L 72 £ 50 Improved
%6, g
2 TEMTI, BERIRD T8 b AT A M g
Lo, A ¥ Y=y & — WAL T O R L & TR O s [
B L= TORMIC LD, WS R b .
BAEUE L, 1ERBEFMOA Y=y ¥ — DL Previous New

s R4 Fig. 612,
F£7-Fig. T~9ITRT L9, WEOUHELADLET,
PRENE ST E OB EAL, RSB OR#EbIcE Y, BR

Fig. 6 Comparison of Spray Characteristic




EQVA B 'l No.34 (2017)

Previous

OQZ"_I_ | |

f Optimization of Spra
\( k p pray
<

and Multiple Injection

<
(Fuel Rich)  A/F around Spark Plug [-]

Mass of Fuel Film [mg]

Fig. 7 Effect of Spray and Injection Strategy

Liquid Film
Thickness Previous New

Fig. 8 Comparison of Fuel Film on Piston at AWS

Air-Fuel Ratio

Fig. 9 Comparison of A/F in cylinder at Ignition Timing

PN Emissions [#/cc]

Lean

Previous New

during AWS

1E+6 850 rpm
Ce:0.7

B

Previous New

Fig. 10 Comparison of PN Emissions at AWS

/ / Injection Pressure UP )

3.2 BAEMER L BATMEROPNER DML

EARNERS TIISROIRENC L W EEN S h D 2 & T,
PR U v FIREKDR S, PNARET 5,
FOI, NI BHL, WEEOBWIRAS R[N Hi%
FNICERT 272012, L0 ROWERDOEEE R
LUENDH D,

—7F, BARNELR CIIEK[ENDRND, 550 RE)
WCHEBENFT B Z LIT LY, BEBESENERCT A F—
DOREHMEBEABINSE, PNOB#EINT &8 H 5, Z
DIz, B ZE LIS W, W B ORE A EE
Thb,

IS EMST D012, SRR Cldand ok
TR, BRBRESE O @ Al &S EE R I &
v, BEROXAFIvILVRIERLE (Fig 11)

ZORER L LT, Fig. 12~14T7TEBY, mAREEG
WMoY vy FRERE S, BAMRBEIRORETEEOM
05 OAR A FEH L T=,

>
3

£ MAX
= MAX
c
K}
S Expansion
[0 _—
[
(0]
o
Minimum
Minimum
Previous New

Fig. 11 Comparison of Dynamic Range of Spray

Penetration
Previous
£ T Optimization
= £ /k of Spray
° R A
5 = j
g 2 [ Injection
©
S - \ Pressure UP
arget Multiple Injection '
¥

A/F Rich Mass
at High Load [mg]

New

Fig. 12 Effect of Spray and Injection Strategy



No.34 (2017)

EVE R E

Air-Fuel Ratio Previous New
“ Lean . 4 > | .
S = Tume
-— S -
" Rich
= Previous
New
= { 02
&
Y
c
[14]
3
o
o
[T
Fuel Rich
4(<7) A/F [-]
Fig.13 Comparison of A/F in cylinder at Ignition Timing

during High Load

Previous

Liquid Film
Thickness
" Thick

== Previous

New
g 2
Ea
L g S
zg / \
gi I e
=

L~

Crank Angle [deg]

Fig. 14 Comparison of Fuel Film at Light Load

3.3 EFEDSHILIME

BT, AR OPEEE OUGEIZ X D PNIKRIZ1T - 7223,
{2V x5 —SEROWILERC TR Y v haET S L,
WEFHE O TOMEZEOE MR Z Y, TofERE LTPN
e RS ITS 5 Ea  B,

DAYy Z—WHET AR Yy M, W LR
BIRA Vs F—RRCTE L, EOBREIRT Y
DOBBEC L > TREXED BN D Z Lick v AEREh 5,

ZZ T, Type A:Type B, 2RO LD A P
7 X —IZBWT, BILEIZT Ry hEfESEDLT
VYT A MR OEZEHRGEL (Fig. 15) , »O7T A
v MEET A FEi% OPNYE &2 #MEE L7 (Fig.
16) , Type AidType BEL#EIL T, TAHRY v M3t
L7IRRET Y, EBEZEOELBI AL TEY, ZOLT
ATy MIET A MMEOPNYEHEOHINZ MK T X /=7
b, FHICIEType AZEH LT,

Before After

Type A

Type B

Fig. 15 Comparison of Spray Shape

Before Deposit Test

= M After Deposit Test
4
e 2E+11
[2]
[
Re)
[}
i)
IS
L
Z F
o
Type A Type B

Fig. 16 Comparison of PN Emissions in NEDC

3.4 SREESHEOREL

(1) SEESHFEEHOTEK & F/NESHEET

Fig. 17123 X 212, B CIpekB o i K25y Fing
BRI L, feR3mEMEF & L, FIT/0EINES oE s
PR LTz, ZHUTHEV, EIRGEK Z & DR 72 5 FENIR
AR ER % BT 2EHEHIEOA x—T T —L L



EAVEC RS E

No.34 (2017)

T, R/NEHEOREE N— e Y 7 MlEmE» SR L
7o

Ao =%, TIAN~ODBRBIZIV=—F L%
l& ki, MEMRMICIVEREZ a2 br—L LT

% (Fig. 18) o LLZARRS, =— FARERKRY 7 R,

AT NIRRT B —EGET DEREIZL D ST AR
D, ZAHNFETEREDNT Y XNIAL, FrICEH
BANSUVER CZDONRF Y ERKREL 725,
FDOIHHRTIE, NU U AERKETE 2HHEEA v
VIl B—ERATHLELBIL, AV X —FEE
Tt 2 AIE S E NS U TRk 3 AR L 0, F/hE
FEAZMECRALE, F916% KB L7,

Previous New

Double

Single Double Slngle

Load [Nm]
Load [NmI

Engine Speed [rpm] Engine Speed [rpm]

Fig. 17 Injection Strategy

Core

Connector

Needle

Coil

Fig. 18 New Injector Schematic

(2) MiEEERHETE(C & S PNHNHHIE

AR OMEREEOUEEITIMZ, H 7322 PNYEL #ARIE D 72
DIT, BRBESEERHEE I X 2 PNIHIHIE 2 0 A AT,
BIZIE, WAEEFOPREL T~ b Roi-stopDHIEIZNEB) L 72
Brer, Tl ERRRE & L LT, PRBEE N O BEIREE DMK T
T 5, TOIZ0, BER~OBEHSERRF—TH->TH
EIEIE LS55 <, PNYRHEIIMOREN H D, €2
T, BRBEENOIREZHEE L, ox OEFZ A I 7K
D, HEEREIDS U CHICEH 2 A I V2 BASED
IS LT, EA b~ OB B 2406 L TPNE
H B2 (R L 7,

4. BEHYIC

SKYACTIV-G 2.50{khik & LT, #MSKYACTIV-
G 2.5DBERAT 247 Lz, BARONBERIE ST 5
ZET, BEMREOM ELEBEOEEDEY OWE B
L7z, BERRIZLE T, B<RUFTHZLDTED—
B ERNUTFEETH D,

SHBELVHERE Tt BIcRE D X911, B
RIEMERED M LT, Fefkie%d His L TRz & it
DTV PFIETH D,

SE X

(1) BRI JRF I F0 o DU, ~ Y X R,
No.29, pp.8-13(2011)

2 EBNED : CX-5 SKYACTIV-GD = > 3 L Hif,
Y Z R, No.30, pp.3-8(2012)

(3) BHNED : FH VY Py [SKYACTIV-G
2.5 MERIE] OBA%E, ~ YV #HH, No.34, pp.35-40
(2017)

@) B)NEH  EFEMLT Y U o Vv ofR bt E
& b IR S 0D 72 b DBRBEE B, B Bh LRl
LFaSrsE, Vol.43, No.2, pp.351-356(2012)

(B) FHHEIED : YV VEMET Y AR D Al K
i O PEH SR T RUR BRI O B %, B Ei e
il PRa4E, No.447, pp.2450-2455, 2017
5447(2017)

B i

BPAS SERHR

AR Tt


http://www.mazda.com/contentassets/47ee2eee71074235b39ec78d6e514d28/files/2011_no003.pdf
http://www.mazda.com/contentassets/47ee2eee71074235b39ec78d6e514d28/files/2011_no003.pdf
http://www.mazda.com/contentassets/c9c12efa86a64ebab4353fb441ff3b9c/files/2012_no002.pdf
http://www.mazda.com/globalassets/ja/assets/innovation/technology/gihou/2017/2017_07.pdf
http://www.mazda.com/globalassets/ja/assets/innovation/technology/gihou/2017/2017_07.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 /sRGB
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
  ]
  /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 (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 <>
    /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.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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


