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Summary

In pursuit of an ideal internal combustion engine capable of significant reduction in COz2 emission, Mazda
developed the next generation gasoline engine, Skyactiv-X with improved thermal efficiency, thanks to the
lean compression ignition.

To reduce combustion noise caused by the compression ignition, "combustion force", "piston-to-engine
surface vibration transmission characteristics", "acoustic absorption and insulation characteristic of air
vibration at the engine surface” were controlled optimally based on our understanding of the combustion
noise mechanism and reduced the noise in the engine room to Skyactiv-G level, the flame propagation

combustion engine with low heat release rate.
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1. [E oI HELDOD, 20%RELEL TS,
) = AFETIE, SKYACTIV-X @ SPCCILIZ £ 5 #RIEER & |

~ YAV, BEONBEEEROn— K~y 7L LT, *I9 2 NVHEHHZ DWW TR T 5,

Fig. LIRT L 2B Rm L=, BEM & bt - OISTANCE TO IDEAL STATE -

UEEZAEL, ZOFEAFEL LT, U—VERE AKX
e (Compression Ignition LA TFCI) (ZH Y #ATS,
L2sL, CURBEIZANLT DRI SR RER <,
AREZREER Y — B IRIERY & 22 %, SKYACTIV-X(3,
AV VIR S — T b CIRBEZ EHL S 57201, 71—
7 ZAN—H a0 AT, FhuE, SKYACTIV-D T -
T & 7= Pre-MiHZ X 5 18 IR I O B RE 2 KBk T
HL, KRBIXTEMARCUREEY A IV 7HIAIED
(Spark Controlled Compression Ignition LLFSPCCI)
ZEThDH, THICLY, RO KREITRSE (Spark
Ignition Combustion LA NSI#ABE) 1Zxt LT, 10% ~v2 Fig. 1 Road Map of Petroleum Engine

IF========

-
[

¥1,3~7 T2V UVEREBIFED
Engine Performance Development Dept.
2 N — kLA CBAFEAES

Powertrain Development Div.



No.36 (2019)

EVE R E

2. SPCCINAREZ DR

21 SPCCIRBD RS

1€k D ST BE & SPCCTABEIZ L DB AR D i %
Fig. 212787, SPCCURBEDRHEMITIREEIM NE L, B3
EROMEENRERZ L THD, — RN O LD IRiE
L, R BMAZA OV RBRATE R 5 2, Wikiny 72k bE
B e eSO,

j:; 10J/deg

rapidly increased
than flame propagation SI

SPCCI

flame propagation S|

RHR [J/deg]

30 20 .10 O 10 20 30 40 50 60
Crank Angle [deg]
Fig. 2 Comparison of Release Heat Ratio between S| and
SPCCI

Fig. 312”3 X 512, BIERNAIEIZ 7 51T ERENY
BRIIWET D, & DB OBRBERE b R 2,
WHBER LA CTE R 25720, BRENEERIIMT &
%, —HT, TNEMONVHRIEK G 7 7y 7 ORE
T o7 EEIN, Fig 4T LD ICERRITED
D, o T, HEXLIA MIMEEKRETCRWE D, KB
INR OBV SR A R S & A NVHES N BA% 21T o 7= (Fig. 3
Y DS .

IlOJ/deg

BSFC good

sound good

RHR [J/deg]

-30 -20 -10 0 10 20 30 40 50 60 70

CrankAngle [deg]

sound good

I 10g/kW * h

BSFC [g/kW h]

BSFC good

ARHR [J/degh2]
Fig. 3 Relationship between Release Heat Ratio and

Combustion Noise

Amount of Reduction

(Combustion Noise) [dB]

SKYACTIV-X

6gen.

0.2-0.3dB/kg

Engine Weight [kg]

Fig. 4 Relationship between Engine Weight and

Combustion Noise

22 ERREBREAHD=XLLHARER
BHPNRBEER T D A 71 = X L% Fig. BITTRT,

Engine/Room~Cabin

RHR [J/deg]

Cylinder Pressure
Level X Bore Area [N]

Engine Vibration Transfer
Characteristic [m/s2/N]

Body Sound Volume Acceleration
[m3/s?]

Insulation [Pa/m3/s2]

Interior Noise [Pa]

SPCCI
Rapid : v
Combustion

N

Crank Angle [deg.CA]
High Frequency
Combustion
Stimulation Power
Increase

/ SPCCI Cavity

Resonance
6.5kHz

Frequency [Hz]

Universal

4kHz Engine

’J\ Internal

Resonance
|:||:| Frequency [Hz]
4kHz  Engine Sound

wl

83 Frequency [Hz]

High Insulation
as a High
Frequency

Frequency [Hz]

il

Road Noise

Combustion Noise

Frequency [Hz]

Fig. 5 Mechanism of Interior Combustion Noise



EQVE R

No.36 (2019)

SPCCUAKBED & 5 IZEE RN 2RI/ 5 &, RINOBK
BEfII% 71 (Cylinder Pressure Level :LLFCPL) (3kkE=
DOZEJAIENE (6000~7000Hz) £ THARE kgL, =
U VRS E T OREERREE CREE B B OIREN S K & < 7p
D, B END, SN EEROERITT Y L— A
DHENEIEL, EITERET L0 bR WA ICENREE
EE L LCRmsnG,

o T, HEPRBERR S ORI #EZITE Lz,

Q= v VUAREHMECE U2 ERE RO KR E R HES
WHlTH 2T, BHLUERES VLR ERB S5,
QW FERE CARB IR A — KUK T 5, FFlC, &
JEW CUEF DR A RIETE B 2 LD, BRIEE DRI
& % R AR S %

@CPL% HHIZ L » TELT D ETERT LML LT
g4 2,

221 T U AREREOBI%

Fig. 612, SKYACTIV-X®OCPL & = ¥ U REH O JE %k
FEI O FERFE R A/~ T, CPLIZHN 72— 7 ZFF= 720
D, T2V AREREIZI38500~4500Hz2 22 L B — 2
b, ZOE—71%, [FESBEEACIEREN 2R TH
D, BRBEREHIINO TR & 2o TV BQ,

°

>

3

@ .

E without Peak

o'

Y a

=)

o

©

£

6. T T T T T 1

2000 2500 3000 3500 4000 4500 5000

Frequency [Hz]

g

E

<

2

o

2

S

Y]

£

o0

o

w

2000 2500 3000 3500 4000 4500 5000

Frequency [Hz]

Fig. 6 Frequency Characteristics of CPL and Engine
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