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MAZDA CX-30 D37+
Introduction of Mazda CX-30

B8 EAT LA BEERT ONE ENT
Naohito Saga Masahiro Yamada Shusuke Kobiki
#E BN @A BT

Ryosuke Morishige  Hirokazu Nishikado

CX-30 IS ABFODFRETBRDOT, VNI MIARF—N—2 LTOFEVWEFO &L I ERENICES £,
2LFHLVWERBE LTEAL, BAALETHLKDA3TLHNS, AOVI RS THRBIECES, OHMi&
W D ERIFLAEERNZTH, SEFIFR— VP —XICX ML ABLBASNZBEEFELNRCT I HED
BRTST YIS AR—=R, RSAEVIRI D aIUNPEa—IY IV AVE—T 1 ARE, DA
REEMERDAATEN S IEGRIEZTIRME Lo CX30IFRBLEVWS A 7 AZAILEYR—KTBH
12, COUIRCESTHREZEIDENMIRLOEND LS, MEETTRIZEDIAAT,

Summary

Under the human centric design approach, CX-30 is introduced as a completely new product which thoroughly
realizes the value of the convenience as a compact crossover. The interior realizes the all passengers can spend a
long drive comfortably while relaxing. The luggage space realizes the capacity and the usability which can respond
to the various scene and needs without a stress. Technologies were interwoven with the latest knowledge such as
driving position and Human-machine interface (HMI) and the evolved driving circumstance. CX-30 made

politely to the detail and was crowded in order to support a wide lifestyle above up to now as well as feel this car

and create a radiant life.

Key words : Vehicle development, Design, Vehicle dynamics, Body shell
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Fig. 1 Tire Diameter vs. Turning Radius

(2) MERAR—R

AEL, PEROFEVEFZEEL, AEIXR—ZD
HRZIT o7

B—=y NAREI—THBD VI T77I)—H,
HUTRERY, ASKEWVWEBALTELERS > —
VISEIL, JRAEERES L LY TVE, FERO
DEI/BICCTEboT, i, HAES GtEs) ICF
LT, HABELHZH, BEF—LOZDIILTICH
TREBWVEWANZERILIRLS, STHELTIEYY
Ty TEED, HETIEFOISBRVWRENARFFIEFTIED
h, BRETREAEIEZ—T v L. HEEAL
DIEECB32HO05IZEZEETTF 37180, BEIEX
2H00ORO0KRT + —MiEZILALERLR (Fig. 2)o
B, FHROBEELZZVVT 773 )—I2IZRT
KRB THBIRE—H—ICD2WTHFEH Lo ERNT
KRG ABZTTRLS, AFO ML Y FZRML, K
IR VHEEOBANE —H—HED 31k, BRETIC
ANfce FEBZENRITRRETIE, NE—H—&
—HEICR—=YT—RPBLTEL VTP ERT LI
Bd. TNSEYTHER, RENATVONRY T+
F—hbILTHZ. BEHTHOEBICTFSHLTHES
BUWRRZ LI HZ3ABZVWEEEEL, 1

_4_



No.37 (2020)

TYAER

EIHERWVED, THAVHETAATEDEATR, 4
WREESFE LTI eHIC M) AEOFRE X
L, BEMEICH LoD H2321—FTo)T1D
BWIAR—XEZREF LT (Fig. 2)o

Trim shape that

~
doesn't interfere | CX-30 Se:

with luggage

that the crossssection// st |

el

P 4

N[ Extend without
changing height/length

Important
for stiffness

=—=\Q
B x ATANY 1
&

of the loon s A ]

{

Fig. 2 Body & Trim Structure at Luggage Space

(3) ERWRR—2R

REHZSHLOMECBIES, RrOHZIERNERM
THOHHHS, FERTMEBTFFEBETY, I3a2=
T=2a hEO L 7Y hOXRREZBIEL TEERE,
BERBERDT

9, BIEREIF, 1 V5 XA LOEARERERERL,
CDRNREBTHRHZELDEZIDEDHEZAR—R%E
ED EiF . BIEEREDERS, CX-3 Lk 26mm ik
LD, BEZERMIE Co-XO & C-HB BDHT Top LARIL
ERERLT (Fig. 3). BEDBEZHAL, RIERKICA
RMOBARLBEBORTHS S FOEBHLEN, HOLE
REEAIEN B ERICERET L T

o, 7750 MIESTAREI®RGICHLT, &
HEHZED R T WMERICHD, BEBAR-D THRZEZX
FO5rTBN, COTMMEFICOHEN>TL S, £C
T, Btz LREOICHBE EIFTHABRD T T3
T, MIBICHRLYT<AD, TRIFUSYIRLE
RETHEIITENTES, B, VTYTFIT TS
ETT7ARI>V b EBRCL, RES LERICEHKLT
W3, COBEZREEZMBZ LT, AEREBRLAN
5, 2K 4400mm U FICINOB ZeH TS T,

o
CX-5
CX-30

g

-
3
a

-
a
a

£

<

o

o

2

@ o
© CarE
&

£ 180 @cCarD
=

® ®
g ° CarC
5 175 CX-3
2 oCarB
b

a

& 17 @ CarA

S

=}

=

g

<

a
3

700 750 800 850

Luggage Length (mm)

900 950 1000

Fig. 3 Available Passenger Height in Rear Space vs.
Luggage Length

3.3 44FSyINT+—IVR

ABDONZ Y RIFHFEAE I ILTICE > TWVBR L EIC
DERARICKIETEZ e B LIt EmESER
it TSKYACTIV-VEHICLE ARCHITECTURE] % MAZDA3
ICHELVT CX-30 TIHRALTW3, SUV OEEM#IBIRT
BPABRRAAVDES, CIATHEHAICITITZRESE
EAHTEVEE (MAZDA3 tt) #ALTULWAEDS,
MAZDA3 E &R RS T 74— ILERBEL TV,
BROATLEDS TULIRLEDOI—T1 1M %
BT B TSKYACTIV-VEHICLE ARCHITECTURE] A2 > 5
Ty ADEZY =D SRTr—-HIRVI 7Y -4
1V ETOETOBMRD, BEESHTERNICEELTH
CTETHRALTWVWS,

(1) RFTUDT - NYRYYT « SAR

O— L% - Ew FiES) - I —ESREZHIEL,
MAZDA3 L &R RS1 7714 —)L (BAE) #RHTEL
TW3, (AFE T5. MAZDA CX-30 DE—Z LA 1+ =
o ZMRERR ICEEEHD)

(2) #i-ACTIVAWD

BUBREIT TR, RITE - ERTHREEHICERS)
HxEIAVrO-ILL, BRDEEICHITS IREe - iy
CABSEICT Yy FLI-EmEESZEIIL, FiEmEFE
BRRAMETRELTWVWS, (B Te. FHAI-ACTIV
AWD DB ICFEMEH D)

(3) =Ah

MAZDA3 TEXD A TE L EBAETEORARNDOREL
ICIZ T, FfiZ2 1Y ED ORANHEEMTZE DA
#, VSARYTLANILDCAERELTWS, (BlFE 4.
24V E D ORRNEIER M Z @A L 7« MAZDA CX-30
DEFEE) ICFHEDHD)

(4) PT

MAZDA3 YELI1=Zv hERW, 21V BHE |G
ZEHDEVREDELRZ, EEFXvUIL—23 0%
FVYHETHIEL, EREIEEE LTLWS,

4. 5HDHIC

CX-30 IRV AHDFRA—LTIL—+THB, TF
TEBRSUVHBIZTZH, ZOEML BEROEVEF
ZRAMRSITHT D, AREEEREICSVWTIE, OV
T REFTIRERLS, TR EBETOREICK
IRNEZTEV,

HETHE> TWRIFZHT, THAIUREAFIy
IMEERITTIZRL, —D2—2 DI hERLTLE
EIFNIEEWTH B, LT, TDUILIEBIT—A
THEZKDOBBEROBECANEILDNDPESTERLT
WIeRRIT3ZEZBE>o>TWS,



IYAEER No.37 (2020)

a

INR AT

ARE BN ichz= Qe



No.37 (2020) IV AR

HHEE I MAZDA CX-30

02 MAZDA CX-30 DFH A >
Design of Mazda CX-30

ez =

Ryo Yanagisawa

C: 2

E<HLVWIANI L - oOXF—N— SUV E LTHEL CX-30 1%, BEADEE#R=ZR LiFMELEET
VADTHA Y« T—< T5E) (2 5)—SOUL of MOTIONJ Z3RA LT-HttRERDE 2 ¥ TH B, 3|
BHOEZ) Oobr, HIFEFINBVEMRETRE LT

ZLOBEBERICZRFINZ S SFVRAREFE AL S D, MEBRTHRHELVLWIORA—/V— SUV] W
SHVWRTZEVWBEIEZEEEBIF, BEOIL—IXI—IC&DENSsExm5VWATTTHILLE, 71> OVt
7 b TSleek & Boldy (RU—2 « PR «R—JLR) L, BUPHARELIL, SUV S5 LWLWIREIHFHE
Lic7OR—yarzalEL T

ZAE TAE—& - ABFOOBEY, BERDOGIHRNGERICHERESND M1 OFEXFICEDE, R34
N—-AvoEY bD TEENK &, BIFFED TRITE ZXEI B, FMEBICEZRENRE DA
ICEZBVWERICIZ, REBIZ4DDI—FT s X—MILD, BEIFOEVEZ17T - RZ1ILEHR—
b9 3.

Summary

Mazda CX-30, which is an entirely new entrant in the compact crossover SUV category, is the second model in
Mazda’s new-generation product lineup to feature the further-matured Kodo — Soul of Motion design concept, a
concept rooted in traditional Japanese aesthetics. Inspired by the ‘aesthetics of subtraction’, an approach that
lets beauty emerge by reducing elements rather than adding new ones, CX-30 has achieved styling with a finely-
honed, powerful sense of dynamism.

CX-30’s styling has raised the car design to a higher level to satisfy two contradictory demands: the enhanced
utility to win over a broad range of customers and the ‘world’s most beautiful crossover SUV’ as a work of art.
Based on the ‘Sleek & Bold’ design concept, its proportions combine the toughness of an SUV with a supple,
flowing beauty that transcends the category.

Design of CX-30’s cabin is based on Mazda’s ‘Jinba-Ittai’, human-centered design philosophy and traditional
Japanese architecture with its use of Ma or empty space. The basic layout revolves around two areas with
contrasting characteristics: a snug and condensed cockpit area for the driver, and a clean, airy open space
around the front passenger. In addition to a genuinely refined, top-quality interior space achieved by great
attention paid to every detail for improved fit and finish, four interior color schemes are offered to bring joy to

customers and suit their different lifestyles.

Key words : Vehicle development, Design, Exterior/Interior, Color, Kodo
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Fig. 1 Three Factors of Japanese Beauty
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Fig. 4 Wide Stance from Back View
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Fig. 5 Design Theme “Charge and Release”
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Fig. 6 Body Surface
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Fig. 7 Front and Rear Details
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Fig. 8 Driver Cockpit
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Fig. 9 Front Passenger Space
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Fig. 10 Front Console
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Fig. 11 Interior Color
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@E #H CEJ XY AT TSKYACTIV-G 2.5T1 DB

“Skyactiv-G 2.5T” for the New Generation C-segment Cars

A BAERT mE —ERC Bl gt

Ryotaro Nishida Jiro Kato Tomoaki Fujiyama
EE S¥ FH BE” BE £X"
Takafumi Nishio Hiroki Hirata Hirofumi Shinohara

IVAIE TEZEU] 2BLT, K- #HE - A TNZFNOBRERAREZBEILE HXT14F+TL
“Zoom-Zoom” EE 2030] D TR LT SKYACTIV-G 2.5T I, CX-9 % CX-8, CX-5, MAZDA6 ¥ \>T:
HBEHABOERICEHIN, SV MLIMEERIEL R Y AMREEFHMIC, EFEUFIRMEL THIETH
SERBTET, 5B, Hi-IICAbKAIT CX-30 ° MAZDA3 BE CEI XY FEICAIV S VEEHLT, B0
FEDTBVWEDERMT B, KM VEF—0U—F—%FVWAHMRTERTZ LT, IVIVOAEARD
YN MEZRER LT AT TEZEV) 2L DELOBERICRBIIHERC LI XY bEirHAV Y
VR —RI > SKYACTIV-G 2.5T DEAHBNZ1T S,

Summary

Mazda announced its long-term vision for technology development “Sustainable Zoom-Zoom 2030” and
launched a new initiative in helping solve a variety of issues facing the earth, society and people through driving
pleasure. Skyactiv-G 2.5T has been installed on relatively large vehicle models, such as the CX-9, the CX-8, the
CX-5 and the Mazda6, to provide customers with driving pleasure, and has earned a good reputation for its high
torque and acceleration response performance. This engine is now going to be installed on C-segment cars such
as the CX-30 and the Mazda3 for North American market to offer customers responsive and torqueful driving. A
water-cooled intercooler is used at maximum efficiency, and the engine has been significantly reduced in size.
This paper introduces technologies employed for the new generation C-segment gasoline turbocharged

Skyactiv-G 2.5T, which offers driving pleasure to many customers.

Key words : Heat engine, Spark ignition engine, Design/Control, Intake and exhaust, Turbocharging
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Fig. 1

SKYACTIV-G 2.5T
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Table 1 IZ#7T SKYACTIV-G 2.5T (New, 2020, US) & fiE
kx> (Previous, 2016, US) DEERTE TR T, £
TeFig. 2ICHIVO VDY RTLR%ZRT, ITVIY
TlE, CNETHRALTEEESARTI V-0 —F—%
BUWY, EXR—IAFICBAETZHR—)L FRBER DK
BARAVEZ—0—F—%FB LT 108—0—5—I&
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Table 1

Dimension and Specification

SKYACTIV-G 2.5T

SKYACTIV-G 2.5T

Engine | (previous: US, 2016)| (New: US, 2020)
Engine Type In-line4 In-line4
Displacement 2488cm’ «
Bore X Stroke  [89.0mm X 100.0mm “—
Compression ratio 10.5 “—
Turbocharger | Dynamic pressure -
System turbo system
Intercooler Air-cooled Water-cooled
ETBL/O after Inter-cooler | before Inter-cooler

Intake Volume

After Compressor 10.8L 6.6L
169kW (230PS)*'/
5000rpm
Max Power 186kW (253PS)*2/ -
5000rpm
*1
Max Torque | 420Nm/2000rpm 420Nm™ /2000rpm

434Nm**/2500rpm

*1: Regular gasoline

T-Map Sensor

*2: Premium gasoline

Intake System with Improved EGR Distribution
High Pressure EGR System

:G@D}Nahaust gas

Dynamic Pressure Turbo

| L= Fresh air
<

Water-cooled Intercooler

Air Cleaner

Low-temperature Radiator System
Sensor-Water Temp.

Fig. 2 System Diagram at Skyactiv-G 2.5T

FYVADED AL NI OB RN EF ICHIT o
B D#AHICR > T, Cooled EGR OF)EEEILE L HER
SVTEFIBDILK, 41T vy - TLydv—- Z—
ROIEIEZNILTHELY fORBIEEITL, RoE
VUBKRC B OFRIHETER L (Fig. 3)

Distancetoideal (jgge

Far
] [ |
Control Conventional |SKYAC)
Factor Engine TIV-G
Compression  \ [ ]
Aot D High CR
Specific Cooled
Heat Ratio EGR Charged
Air Lean
Combustion Combustion
| Period o Cavity Ch:,:ge
ombustion
Combustion Chamber ng‘;d Goal
Tirnin
Pressure Diff Variable
btw IN.&EX. valves EGR
Mechanical i :
Friction reduction reduction reduction
Heat Transfer Water Jacke) Heat lnsu:mon)
to Wall Spacer Technology

[ improvement point at 7gen.SKYACTIV-G 25T |

Fig. 3 Vision for Evolution of Internal Combustion Engine



TR

No.37 (2020)

4. NTA—IV R

4.1 Wt
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T, MR FEL 420Nm/2000rpm, 169kW (230PS) /
5000rpm (F L S 7 LHY ) > EBEIL434Nm/
2500rpm, 186kW (253PS) /5000rpm) % Z B L 7=
(Fig. 4)o eV NXT MEIZHES OV TL v HEBROTRST
REBBEEABICERLEZCCICED, RERARICHLT
1500rpm £BIMNRDIBIE L XK > AMEEICE W THTEED
BEEITHEL DD, Boost ERKFE% 30%%EHE L /=0
ZOMRER, FEROIEI ERAETO Y Z 7 TERA
Kit, €L TEREF TOBRPRHBINRICED—BE
EEMFITVWS (Fig. 5),

450
T 400 Premium
Z 350 /
Y 300 Max. Torque
g 250 420Nm@2000rpm(Regular) )
= 434Nm@2500rpm(Premium)
Regular
280
250 —
%]
220 &
Max. Power 190 %
230PS@5000rpm(Regular) - 160 &
253PS@5000rpm(Premium) 130
500 1500 2500 3500 4500 5500 6500
Engine Speed [rpm]
Fig. 4 Engine Performance
90% Boost
=2 i
& | New SKYACTIV-G 2.5T q i
i 1
§ N o
E | :
= ! 1
1) e
IS Previous 30% ment
o

Time [sec]

Fig. 5 Transient Response Performance

4.2 HpRUE

#T SKYACTIV-G 2.5T Tl&, ERAHRD SHARERZRE
T30, OkBLD ER%BERIC EGREABH DL
K, QRVEVTERZHET 3 -OHR S-VT OIEEIS
LK, TEVENILVTREEY FRBEtZET T, R,
BNREWRETZCHTE, 2=y b LTRAEE
DOREZHELT (Fig. 6)o

1500rpm

Driving Frequency
N /

/'

<

E . Previous 2.3L T/C

= \ /o,
5 .

[T

[}

[5a]

Driving Frequency [%]

New SKYACTIV-G 2.5T

BMEP [kPa]

Fig. 6 Fuel Consumption Characteristic
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TWEB—ATERDH D, IT7ORARICEENTE S
&, —EOEBRAXNATZES T FRADUERIT (N
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Fig. 7 Intercooler with Intake Manifold Integrated
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Bypass seal

Section view Shape

Cross-section

Fig. 8 Bypass Seal Layout and Shape

after optimization

before optimization
11pt

Intercooler Efficiency[%)]

0 5 10 15 20 25
Bypass Flow Rate[%]

Fig. 9 Bypass Flow Rate vs Intercooler Efficiency

(2) 12— —5—a7ADHRY D RBEL
AVBR—=D—=5—aAF7ADHRYEDICLS (BH)
NET R, BHBRIETT 5. SE, RSN
DHTEHEEHZEERT DL, 1V2—07—>— A0
AV UEHRIFRIRE 155, L, Rahsa< HTui
M, BEREZHRET 2R CEBERMTOIXREZITVL, O7
ANDARY O MRBECERE LT, BEHIZHBLT, A
ZHTDEICL ZAHMRNE L ENBEOBEED S D
BB EITRSIER, RBLANICH LT 1.6pt DBH)
shEEZER L (Fig. 10,11), BREH XY DIEE
ELTESEIRWEI7ZAOBICHTEHAREDIZER
ZxR (ISR Y,

(G —G)?
n

(1)

Flow Deviation=
G=pXVXS

G:tll “PICHBITRIHARRE
G WRETEICH T B FHEHIRE
n:WREEICE T2 ZILE
Vi HRFE

p:EE

S mH

i REEOEILES

Low gas flow area
= Baffle added

(a) Before Optimaization

N\

/—

High gas flow area
= How path reduce:

\\

Fig. 10 Optimized Structure for Gas Exposure

after optimization
(Fig.10(b))

1.6pt
before optimization
(Fig.10(a))

Intercooler Efficiency[%]

w
o

60 90 120 150
Flow Deviation [g/s]
Fig. 11 Flow Deviation vs Intercooler Efficiency

5.2 KAV E2—=U—=5—BEHOXAT L

YIR—ILRABE TR W T3 584REZESN
3L, IV VEITOKST VE—0—F—5H]
SRATFLEEELRE (Fig. 12). EFBICIFLTEAD
NTWB SKYACTIV-X RED CEI XY NEER—ZXIZ,
1A= —F—TOANDRZFEABREHIN, K
HEEER DAL Z 5RE L 1.

SKYACTIV-X ICH LEER CTaRHAZYR— T3k
&, SPI—FHERFTHZSHKRE BREDSS
BIEEEICH T A3RBMENKRTVIKREZELL (B
BUr—2—ROTRE 15W— 70W) L, BscHatse
FERARER L (Fig. 13),
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Subtank

Water-cooled Intercooler Water Pump

Sensor-Water Temp.

Radiator

Fig. 12 Low-Temperature Water Cooling System

Heat radiation improved by 70% when
electric WP motor capacity is increased

from 15Wto 70 W
Enhanced
function

New SKYACTIV-G 2.5T

SKYACTIV-X

Heat radiaon [kW]

Vehicle speed [kph]

Fig. 13 Vehicle Speed vs Heat Radiation

—F, BKEZEPIFRELTESV+—F2—KY
TEAREM LD, MAXBKEDORY JHEEH
SKYACTIV-X D 5 58 B o e A EITY — VI L=
OV MO ERRTZC THEFVACEAAE
72— 2Tl MAXGEKEED 1/4 LRILOAEEICIZ
BCEHHEERTWVS (Fig. 14).

>§< Average driving duty of electric water pump in USO6 mode: 27%

> Duty : 25%
Duty : 100%
Turbocharging Hg Q{,)éy °

Torque [Nm]

L.

Engine speed [rpm] MAX

Fig. 14 Driving Duty of Electric Water Pump (US06)
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Cp: I RADLEELE

W:Ar2—0—5—@BHh R
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ZAEBHS, Fig. 15 D1 U E—0—5—DEAESFE% B
WTRELRSHKREZRD, EOREZBEN T +—
=RV TTRET B, FREICODVWTRA>VE—T—
S—TROBREL>T—ZHAVWTEERSUREICHAEY
BE55HKREZ 74— RNv I T3,

#Constant Gas Temperature and Gas

composition and Coolant concentration

—— High gas flow rate

Cooling water flow rate
[L/min]

——— Low gas flow rate

| SRR

Q: Intercooler heat radiation [kW/K]
Fig. 15 Intercooler Characteristics
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Fig. 16 Intake Air Temperature Independent of Vehicle
Speed
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EGREIZENET D &, BREARPHRBELTEHOK B
ZIZDBHD, FMLVBETYREELCEEL, ZDD
28/ D EGR BHRF L B BHFIC, MRRERT LT
5E, EGROEEDRBLICHTD, H—J 2V IE
IO ECRIEBREICER LTco AEFATECGR EERD
FTRITRE > TLUE, BEREANRA TN EGR R
IF—E LD, EGROEEMREIFEF 5. 3RTCDICT
H—UH VBRI TORESmERRL, Q) TR
IVEZEDH D &S ICHREN ZED T, CDyfBEIF EGR
CESDOERESREZRTIEIZTHD, yEIFBWVWIFEE
BOEATREERT, EREANRE v=1.0)

N -CY-A

=1 u
) 2.C Ay (3)

Gl “” ICBITBBRAH EE

C ! RETEICH T 3 FHERAH XEE
ALl ¢ OFENIUT

A - RIRETEOBANT Y 7

i REEOEILES

REWVWETIRENREZER TN, ORKEAIC
EGREMFIZEAL, QFERE EGRAZIFS2ILPT
WERIBZE X /- (Fig. 17), BIEICEALT, ¥v=HK—I
Ry JEBICEAHEFICHE EGR ZANSD T, EGR
BAROILEEREERIL LT, BBICRAL T, EGREA
HERORTURIICARY RIEEEEIT, 2 RNICLS
BEEREZIToTz (Fig. 18)s ChBWIBICED, H—
TV BERIETOARE v BHREIV LETRE SN (Fig.
19), EETHIRITI VY VY RAFU LD EGR HEIEEED

B CTE7 (Fig. 20),

Surgetank

| (D Symmetrical EGR Branch ‘ | (@ Bend for secondary flow

Fig. 17 Intake Manifold

5000rpm, WOT

Fig. 18 Flow Field Involving Second Flow

EGRRatio
high
H low

Fig. 19 EGR Flow and EGR Ratio at Intake Manifold

Neck
2000rpm Pe=600KkPa (actual engine test) 5000rpm WOT (actual engine test)
£ S
= .—/_'/0\. ° ._\‘_\'/-
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©
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Fig. 20 EGR Ratio at Each Cylinder (Engine Test)
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HHEE I MAZDA CX-30

04 21 v D QR SIEEH% @R L1
MAZDA CX-30 DZEIRA%

Aerodynamic Development for Mazda CX-30 by
Using Flow Control Technology Around Tire

A B

Satoshi Okamoto

RE EET HII BN

Akihiro Nakata Yosuke Morikawa

C: 2

BEIED 5D CO, HIHEHIHD =D ICERBINOERBIIRI M E B, 7272 LESIRMIFEARRRICKET S
128, BRARICEVWTEIT YAV EEZENOMILNMELE B, Fhlcbid, ZAMEE 7H 1 VS XRITicHl
UFTBEHIC, SUVTFHAVDOEBERTIY FO—DOTHD, CAENDFSENATVEZCVYEADDARNIC
7B L, Computational fluid dynamics (CFD) #fii & BN GIEEMBERICERDEATS. £7, 21 VERD
BREC R, —IIEGEFECEEL, 2 VEADORARNORREZHATIT S CFD KMiZHEE LT, TL T
CFD ZAAWT, CdEICHEESET3RARNDESNIRILF—BEROREERZ O L, ERTMLET CdEZK
3%ERTESH L VWEARNSIERMZ I L. £ L THEM%E CX-30 OBEBARICERT 38T, T3
AYAVETRETTRAMYTLARILD CAdEOMIIZEEIRTE 10

Summary

Reducing the aerodynamic drag is essential for cutting CO, emissions. However, the aerodynamic drag
depends on the geometry of the vehicle, so both the aerodynamic performance and the design are necessary for
the product development. We studied the Computational Fluid Dynamics (CFD) technique and aerodynamic
drag reduction technology, focusing on the tire with rotation. First, we studied CFD validity of the flow around
the tire with rotation, focusing on the tire shape and wheel rotation method. Secondly, we studied factors
causing energy loss of flow by using the CFD, and achieved 3% Cd value reduction from the technology of
previous generation. And, we adopted these new technologies on the aerodynamic development of CX-30. As a
result, the vehicle achieved top level aerodynamic drag among the same class vehicles and realized the design

concept.

Key words : Aerodynamics, Design, CFD
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BODIE, ETERO—DTHZETERDERTH S,
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Vehicle Testing & Research Dept.
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TRTHAVIIRLTHINEEZ S ZCICE>TLES,
®-oT, BmMAROBEEREIZTH 1> EZmed L Lt
HEEC M TIAMREZEHRTZIcH B, KIFTIE
RWETH A D ERIETERESRTCHILSE 3728
ICERD $BATE CFD H1iiBER & 2 1 VA D D RmnSEsE;
B, RUChSEMEZAVWTT Y1 F—cHE|IL
CX-30 DZEAFFEDERIC DOV TR B,

2. $i{t SUV O ZEHBIRERRE

2.1 EiRh§EoZE x5
BIEINETOMRICED, CdEZERT D
DICIEERNDOEHN IR —BRERHNEETHD,
NERETEDMRIT, KSZDICKATERLER
tmo—oﬁu,%Wﬂ%@%%[&b%i?%“ﬂ%
A7, ZOBIREGBZANDSAERLTHET D “EGR",
=D2BIdFREBA T LETEADENZENORNIER
TRETZ “BAA" THhd, EARADOEKEHTELS
(Fig. 1) ThH5DA%ENI< T3 TRRANDEHNT
FIINF—EBREZNELLTBILHTE S,
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The vehicle tip
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3 3 Wake g
% | | rearend 5 9
’ \ I A 2 es
Vet ! (( |/ E
o - - ]
ot . Ul
e| ion
2 es

@ Mixture @® @ Mixture @ Separation
|[__Under floor Current Vehicle

Tire house Separation Engine room -
Fig. 1 Kinetic Energy Loss at Each Part of Vehicle®

gy |

Tire tunnel

2.2 CX-30ICHBITBEHETHA > OMILFE
ARRTIEZAVEAD TRETIZBERBLESRICE
BL, RiffIR%E1T o7z, ZOEBRISERSEDOFTH,
FAVEAD DBICERT ZEHTRILF —IBRDFSE
HPAREIVWEDTHZ, —BRNICHEMEAD THRETZZE
SERDS5, 20%~30%IFZ 1 VICERTZHDEL
EbNTHEDLY, SV B DESHBVERTIE, ¥
VYOBHENEBZ 3720, EOFENKEIHZ, BIZ,
CX-30 TIIAKREA SUV O Z#RBLIWTH >0
DTN ERBTZEHIC, AT —MINZAVYODE
HEBEILAT 2EMHARD 5N, COBHEREDIL
RIFFAVICHI-ZRAEZEBASE, 21 VADDBRZ
BICEOTLES, UELD, CX30DTHETHA Y
EWHIT3THODRAOFEIE, 21 VADORAZER
TE3FI-AHEEMERIL, TH1YEREOSWV
FRVHRE TEA L TH 1 VWML T 3EM % HE)
TR THoT

AFETIE, CORBEFERICHITTIRDBEATLZA VA
D DIMRMEBBICHER CFD HifDEE 2F), Zn%E
ROV IHIEEMfT ORI (3 ), CX-30 TOHEEE (4
B) ICDOWVWTHRET %,

3. 214 VRAD DIRKfEAZE Y R—F T3
CFD $5fi7

3.1 CFD il 7 7O0—F

CEZFHS XA VEADDRKRZHIRT 570D CFD %
M D2VWTIE, IEERAICHELTHN, 24 VYEADOD
BRNOBER CAEDOFRABEICOVWTERL TV
3“7, CFD il ELABELTVSY, BEEdS
BAVED ORIZICIFKIALE L TRENZ>THD,
EISELICH D, CFD DEEZEICTED, IRRMEAP
ERERICISA L TV e®ICid CFD E RANEDRICEE
ENELCZ2ERZHLCIERTZCNEEC RS, C
nig, IREOERLE > TLWNIE, CFD DREEZEH 3
T-HDRBEEREICTIZ IR, REERLCZD
BEZZRBICANIREOMETAC AR Y JREHNT
FZDTHD. £ T, AR TIE Cd EXADES
IRIF—BREDOBEERIEICNZ, EFHTR/ILE—18
KEBICHFST3RAFANOPREFEESE E&E LIBERTE
T2 T, CFD L RIRRDEWV=ZFHF L CIEfET 3,

CNETORRICED?Y, 21 VEDICIZLER L TER
ICENTNEFBNABAEET IR bh>TWVS
(Fig. 2)o #F=BIL, ZORE - HEBEEZIHTIL
T, CN5DBIF “FAVERBOENLERICED, A
DR —ILNTRREZAVRIBMBICHNZIRR” &
“Ra —ILBOBEY R« —IL 7 —FRRICEDLHRA « RET
BER” OZDICLDEHRINTVWBREEZ = (Fig. 3),
ZLT, M2 VEmEBOES & T2 VRAIEFEOSD
MAHE] ZEHIRIIF—BEREICTST2TPEEE
BrEE LTS

(a) Lower part of the tire (b) Upper part of the tire

Fig. 2 Flow Streamline around Tire

Result

= > Vorlice;ls of upper part
ire

A In front of =
the ?i[e Blue : Blow from the wheel arc
Pink : Blow from the wheel

Inlet flow [

'

Inside
the whee}

Vortices of lower part
of the tire

Green : Separation flow from the tire side
Red : Blow from the wheel arch

Fig. 3 Process of Causing Vortices around Tire
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3.2 CFD Df#thstt

AR D CFD IF AR RIEERFTY 7 ~TH B STAR-
CCM+@ Z FWVELRE T /)LIZIE Detached Eddy Simulation
(DES) Z@EAL, IEEBFZIToT. SEIFRHC, Z
AV EEBOEAICEENRZIVEEZIONZ X1V
ROBHE (WEFRENZ—2FR) ¢, 210 vAlE
FOSMOFAAHEADHEERAZTVWEBbNEET—IL
EIELFEDEBVICDOVWTIRINT %, TNENDOHEETE
R BOICUT 4 XEOETEERML 7 (Table 1),

Table 1 CFD Setup

Casel | Case2 | Case3 | Case4
Deformed | X O O O
Tire shape
Pattern X X O O
Rotation
wall O O O -
Wheel | 16 undary
rotation —
method Sliding
mesh — — O
method

s
~
=
~
~
~

(a)Case1

(Non-deformed)

(b)Case2
(deformed)

Fig. 4 Tire Shape

(c)Case3
(with pattern)

BA VY1 X 215/55R18 £ L, 3 @D DFRT —
2%BEL (Fig. 4)o Casel (F2 1Y DHIEL AED
BREBICIER LI-BZTERTH 5. FRIERICEEL T
FAAVDS A RBECHEORARIC DO VW TIFEBROH,
ROBIHEMIFEEL TULWARL, —HT, Case2, 3 [ZEA
HERICAWZ1Y% 3D XX v > LTEEBLEFEKRT
HBo Case2,3 L BHICEFTR FRFEOFTMICK ZENIL
BHRLTW3, Case2,3 DEWIZIVYDEBEOBHREE
THb. 1o, K —ILOEEHRFEICOVWTIE 2@
DOFEICODVWTHEE LTce —2IF, ERICEKr—ILD
RAR—=TZEEHES S E T, K — )L OEEE I CIERE
E%{t593F% (rotation wall boundary), 5—H®D
FEER—ILAR—UEBOXy > 21%ZBEIEZ &
T, R —ILORACIEEE BT 3FE (sliding
mesh technique) T# %,

3.3 RFAEERIC & BimhiBETA

BREERIES 2V y AL RIRKED FKFS ERIC
T, A VEER BEEEEZERLRETERL .
2AVAD ORNBHAICIE 4 FLE M —ExERL, 7
Ay k24 val, AEICTE 4 MEIC CREC E%ET
AL (Fig.5) €L T, FHAIL/IZERE - EADSUT
O (NN~ (B)ZAV, Ef5MEZzEH L

Side view

270mm 400mm

Front view

A _5........:::1’:50mm

Measurement Sections

== 3 1
P 1/2onc2 ( )
V,
VX Zi (2)
V,
va = i (3)
Protal — Pe
Cip = Lz (4)
1/2pUs
KE = Cip X Cix (5)

Py.ic: Static pressure at measurement sections

Pt total pressure at measurement sections

p: air density

V, direction: V€loCity component towards the X-axis at
measurement sections

V, girection: V€lOCity component towards the Y-axis at
measurement sections

U : testing wind speed

P : absolute pressure in the wind tunnel

3.4 BRCEE
(1) 2AVRARDFE

FAVYHROBEREEDEVD, () LDOROTEA
VYRIOENRBICOVWTRIFTEEICOWVWTHKRIEL £
(Fig. 6) 0 FTRULEPDIZENDBVWC L EZRKL, KD
BEIFENFRBOFHAMEOFEEZRL TWVWD, 41V
BHIOBEN O BORZEHIRT B 21 VEIOEAD
ETL, BAHBISESWVWTWS Z DN B, Case2 &
Casel ICHER, 24 VEIEADMEL. CHIEZ 1 ViEN
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ZBEITZCT, BBOmENRED, > aLFBO
HENMRKI Ao TRNAEIEICRITRINNT
Kot THB (Fig. 6,7)0o F7z, Case3 |& Case2
&DBIZ, FAVRIENIMES B >TWB, Thid& 1
YOMBCHEAOMOEREZREANERTZHTHD
(Fig. 6,7)e WINHEAVHROBREZEHZ LT
FRAMBISEDOWVWTED, PEFEO—DTHZ 21 Vil
EANOBIREEZ S 3 ICIE2 1 VEEOERAR L ,
21V OHEE L HEDOZEREBOBROBRIEETH D
EWZ %o

No data
el

Cpave=0'34
(a) Wind tunnel test

CpPaye=0.51 =
(b) CFD Case1 (Non-deformed)

Cp,,e=0.38 =
(c) CFD Case2 (deformed)

Cpave=0'36
(d) CFD Case3 (with pattern)

Fig. 6 Pressure in Front of Tire Measured

by WT Test and CFD

(i " A 3 ] N

(a) CFD Case1 (Non-deformed)

The Area of Contact Patch is Large

The Area of Contact Patch is Small

Flow through Treads

(c) CFD Case3 (with pattern)

Fig. 7 Image of Flow Structure and Flow Stream Line
Bottom of Tire

RICHS—DODHREFHETH S, XQB)LDOKROT
Ra — IO TRAE T ZRAUDODVTRIFTRHEZIE
SEL7: (Fig. 8)o FRWERD IR —ILEIOEH S DFREE
MREVWILZRL, BLVEBRIRRMISHRAENAIV
ERLTWS, R —IILEODLEEICEE TS L ART
DEADBEIFHRA —LADTRABBADFNDZENTH
3, CFD TR®TIHER Case1~3 OLWTNDHRHEHAAD
MNDLEWTHORRAEFETHD, COEhS, 21
YHEROBRBEZSH 27T TIIEEREZF S Rr — /LB
O0BRBEZRLTZCIF#HLVWEEZI SN,

[C,, ds=8.3x 103
only inward direction)

IC,, ds=6.6 x 10+
(X only inward direction)

‘‘‘‘‘

Wind tunnel test CFD(case1)

[C,, ds=1.1x103
(only inward direction

[C,, ds=2.2x 10+
(*only inward direction)

)

CFD(case2) CFD(case3d)

Fig. 8 Velocity Magnitude of Y Direction on
Wheel Opening
(Blue: Inward Direction, Red: Outward Direction)

(2) Ra—ILOEEGFEDZE

Ko —ILEEEFEDEVWHZAVEIESE K+ — /LB
OB TRAET IRNICKIFTHETER LIz, Rr—
JLOBREERES) % ZE L - Case4 X, Case3 I[CHEARA
IVYHEANERL (Fig. 9), RAMENS ORI AZ
{3, —HT, R —JLRAOLERRr—ILT7—FR
ADRAEICDOVTIF, RABISEDWTWS (Fig. 10,
1) CNOSECDERZIEET Z7-0DIC, CFD DR
Baot L (Fig. 12)o K1 —JLORMARIEEEEICK
D, Rqe—ILAR—UFORABEIAI<ELLTVSC
DD B, THUIHr —ILDEELEFHICKL D EFRHE
ATSNBT=DHTHD, EASINIERNO—EAFEO
RICHAATREEZS5ND. FRZFDRAICERLINT
A =T —FRIFEHDSDRADIBMY 3. CORAIE
BAVYNITIRADENZED, FISHRNI=ZAVHIES
DERIZDOBH>TWVWBEHER T2, UELD, H5—
DOHERIMETH B2 VRIERAOSORAZEDHIRE
EzmLd3ICI3Rr —LEEEBOBRIVEETH S
EWR B, 2L, Rr—ILBEOFEIC DWW TIERAEL
CFD #&RDENKEI <, BEMLIISEDOFREL 45,
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Cpay=0.34 Cpae=0.36 Cp,,e=0.3

- ==~

(a) Wind tunnel test (c) CFD case4

(b) CFD case3
(Rotation wall boundary) (Sliding mesh technique)

Fig. 9 Pressure in Front of Tire Measured
by WT Test and CFD

Ic,, ds=8.3x103 IC,y ds=2.2x 10 IC,, ds=1.8x103
(¥only inward direction) (3only inward direction) (only inward direction)

(c) CFD case4

(b) CFD case3
(Rotation wall boundary) (Sliding mesh technique)

(a )Wmd tunnel test

Fig. 10 Velocity Magnitude of Y Direction on
Wheel Openings
(Blue: Inward Direction, Red: Outward Direction)

ic,, ds=4.6x10°
(Xonly inward direction)

Ic,, ds=1.6x103 IC,, ds=2.9x103
(¥only inward direction) (3only inward direction)

(a) Wind tunnel test (b) CFD case3 (c) CFD case4

(Rotation wall boundary) (Sliding mesh technique)

Fig. 11 Velocity Magnitude of Y Direction on
Wheel arch Openings
(Blue: Inward Direction, Red: Outward Direction)

(b) CFD Case4
(Rotation wall boundary) (Sliding mesh technique)

Fig. 12 Flow Path Line around Front Wheel
(Blue: Inward Direction, Red: Outward Direction)

(a) CFD Case3

(3) EHTRILF KL CdEDQTFARE
FAVADDEBEHI I X —BRELRRTI L,
i F TICHRAR =D BIRBEN S L Cased Hix =E)
FAMBISEWMEZRL TWA Zehah 3 (Fig. 13).
COEREFE X, Casel & Cased DFEITEMHICT,
A VRED ORI EL B EHRAROBETZEREL, Cd
{EDFRFEEZIREE L 7= Case4 |F Casel |ZELRTHERS
H&E<, BHEOFAREDEWV. UELD, PRI
OBRBEZS® 3 L TREMEOBIREEDELT
TP EFR TS oo B3 CFD DIFER LD
HIFSHBBBRT BN, ARMARTHREEZRIE TS
PRI SZHIIREREZRMET S L TR VYADDRR
FREBCERBRED AR Y VREISTERT %o

JKEds=0.172  [KEds=0.151|[ [KEds=0.180 [KEds=0.165 |[ [KEds=0.180 JKEds=0.165

JKEds=0.036  JKEds=0.023
(c) CFD Case2

JKEds=0.039 [KEds=0.026|| [KEds=0.036 [KEds=0.023
(b) CFD Casel

(a) Wind tunnel test

JKEds=0.176 [KEds=0.159

JKEds=0.175  [KEds=0.159

W
[KEds=0.041 JKEds=0.030
(e) CFD Case4

Ny
JKEds=0.041 JKEds=0.035
(d) CFD Case3

Fig. 13 Kinetic Energy Beside Tire

Cd value measured
in the wind tunnel
Cd value measured
_in the wind tunnel

Cd value calculated
by CFD (case4)

Cd value calculated
by CFD (case1)

Fig. 14 Correlation Diagram of Cd Value between
CFD and Wind Tunnel Test

4. 21 YA D O R RN SIS TR R

4.1 HEEfgEticRirE770—-F
RAVREADDFRNBIEEAY, R —ILORIREFT
B, ZAOYRNYNR—RBREDRT « =K, ZLTE
EREZ 1V R —IILORELES 7% & DB DEFH
HETZ, TDEHTILE—VILDRNBHSZEFD
HEZERICIBEL, ER23EBICHERTIZ2HED
EZFCHEHRFERBETCAELL, £ TS
X, FTBRETILEZBVT, ERFHEZ2AVYADODB
t%httl?é:*»ﬁ—ﬁ%«&&?%g%@%t
BRTECT, flHOREBZR/EI 7 O0—Fz L o7
éwmku,E%E@%ﬁr%%&f?@ﬁtﬁ?«—
DEEDHEDHZENICFHETE2HRETILEIER
LS ZIT o7

4.2 BAAVEELSEDIRILE—IBKICRIFTHE
¥9, FAVEFOETILZRAVWTZAVYERs—I
DEEESHADEHN T RILF —ICRIEFTHELRAEL
7z (Fig. 15)0 BLEBRIITRILF—HDEVWCEEZRLT
BOIAAVORIEGEBRTZI LA VLEHTIEIIRIL
F—HETL, RAFICFZAVTFHTIEIRILF—HLER
TBHIENDN B, HPICRIBHETHRET IR/
F—ENS5DZOERAHINHERTT 5, NIFZ1 VT
TP AVEERLANEOEIN—HT S0, EmR
FEORENLAL, FBRAREZNFITEIZHTH S,
—7, ZAVEEIEEOHETHS (Fig. 16). 2T, ¥
IVRIOLETARDOANREBZGIEL, REEENFEEL
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IS WEA VP TIENREZERTNUUZAD T RILF—BK
ZERTIBZEEZIS5NB,

ey oty

e Section B
Section A

Section A

,[KEdS Cvx*Ctp
- 13

I 120

Upper

Lower h
)

Section A Section B

0.00

Section A Section B

Without rotation With rotation

Fig. 15 Flow Streamline and Kinetic Energy
Beside Tire

radius r

Angular velocity w

/v

Fig. 16 Image of Flow Structure around Tire with
Rotation

4.3 KT —DEFEEVADIRILF—IBRICKIFT
-2
RIS, BREAETILEZRBVTRT « —OEEHVAD
EBHIRINF—ICRIFTEEZRAE L. 21 VEAED
RREICEAR, KT —DEFEETZILT, 1 VHIEOD
IRILF—HIEFTTZHDnS (Fg. 17)e ZOERA
IR T 1 —ZBD T HEE, 21 VEIOANRBEDE
RIS L TR VMUlICED > THNZ ZCIZH S (Fig.
18)0 ANNRDHMMADHNKILLABZETEAVHART
&, ADEZAVvTaldnbRERIhBABEICHEND L
TRIBENFRIN, 20 VARATIEZ A VYEBICEANE
FRALLSITTHIND, TORER, X1 VETIIRTIYV
READRBENAZSCBRD A VYEERDORE BZRD
% (Fig. 19)o W2 T, Z VHIDERARED AR % HH
L, ERICHTZ2EOHND ZNSI LS TENUEEZ AV
MEEAEICEITIADIRILF—BREERTIZEE
BN,

IKeds=0.025
(a)Without body

JKeds=0.021
(b)With body

Fig. 17 Kinetic Energy Beside Tire

Wind direction Wind direction

0y=0.0[deg.] 0y=12.7[deg.]

Fig. 18 Flow Structure around Tire with Body

Outside air flow

Air flow behind tire

Inside air flow

Fig. 19 Image of Flow Structure around Tire with Body

4.4 ALV THROBZERTIFEI>ET A
FigE

HIEIE TIC, 21 VRIOANEEZEHT S TE
IVYADDIRIINF—EREEERITZI2EZAEZR LT
BEMICIIEGAAORDIA D Z&IMEL DD, 21
YoEEARE ANRAN—HT 221V FHICEEE
AThiELV, KEITIEFCNERTET S HDEMKIEE
ICDWTERT . THAUPERLA 7 MMIHEKIH
BIFNUL, N N—ONRMUBE R HERL C 7z FIHEEF &
LT, BoVWOABICEZEL CEIEAETH D, L
L, COFETREEZAVENYNN—DSBHTIEVLT
PAOAV T ERBETZICIEHLL, 22T, A
TeBIEN Y N=TEINS K BILTBVWTEYF A
e (F7Lo%) zBOMIFB e TRAZEEL,
THA VEHEEZRD WD BAAEIT o1,

It SUV B TIEFERBE DT 7 L U 218EZKAL,
RAVALEEZRERS LT, Ha—ILN\NTARADE
DORAZMFEITZ T, 21V EHOBEERLTW
2o LWL, COBETIEFT 7L I EARECTRBAESD
EREEHV, 2 VERTANMERICKE @A >TL
£S5, A VEITORAFIEIEL V. £ZT, FA
feBiE 3R 20— FiEEZz&E L, /N> /N—Tig
WERLICEZISFZ T, 25 LVOERFIHEHE R
TRMIRZEEE L7z (Fig. 20), BARZEMNEULD /=
ICT 7L BDOEAFREETTHRLS, AEFBLIEER
xR Lo BEMICIE, TTLIZRIC—ER%E
BDiAA, BEEmHSRSVOAREICAZHHTZ T,
BEARRZ/NEE L THRRGIEMEZHIFTIS WL
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SHDTHS (Fig. 21)e CTNHEDEEICELD, BEFHTR
ILE—BREBICHES T 321 VADATABEZR 6N
KTBIEHNTE (Fig. 22), LERDEICED TFHA
VEMILLABDSENEESDHZ N TE, it
T 3% CdEZERT 2 2 e TE T (Fig. 23),

(a)Previous deflector (b)New deflector

Fig. 20 Image of Flow around Deflector

Fig. 21 Deflector with Air Blow Structure

Wind direction
0y=-26.5[deg.]

Wind direction
0y=-32.7[deg.]

(b)New deflector

(a)Previous deflector

Fig. 22 Flow Streamline in Front of Tire

’ %eduction

Cd Value

New deflector

Previous deflector

Fig. 23 Drag Reduction Performance of
New Deflector

5.CX-30 DEHE TH A1 > DHEEES)

5.1 TAL®ICEIZ) HATOE RIS SFARERL
THADEENDT L= AN —DHEBZERBDIC
(&, WAL EILICAET IcERZ FVRED 51T 5 HEN
HB. €I THLBIFTREI ST ETE
DEMRICEDH B CICMA, RREWHBHE CFD 275
RAL, ZHORE - RAIL 4 ETHEANHFH L WEIHBOZE

APV ERRERABCT T T —ICHERLTHS
S DHERITHAER ZITofce TORENH ST,
BEWVMITL—IZI—DREZLHS EHTE, &
Rr L THEmAXZzRHANRIEDD, HLLERNE
M zEmIcCRMEE S N TS,

5.2 BEiRhoHEgeE e 791 > OmIigs

TEHETHAVOHATRE B> F-EBRITERD S
(Fig. 24) $%, $HIES UTEBALIEHT L LI AT Z $%8
LIcBAVRDDERTHD. ZAVERT—DEE
HEEEWTHA YAV T R ERETZ0HIC, 4F
TR Fc—ERZEDIAATZRZRSVWOARICHHT S
BEE 7O MNYN=CTITLIRICRATSLT,
THA YAV T R ERAVEADORDEHITRILF—
BREEEMKELZHEII TE2@8EEEH L (Fig. 25),

Rear spoiler

Rear deflector

Signiture A-pillar Mirror

Grill

g ==
J2
X |
(IA
% : b
- e |
\ Rear combi lamp

Front bumper Side gurnish

Rear bumper
Front deflector

Fig. 24 Aerodynamic Parts on Upper Body of CX-30

Fig. 25 Aerodynamic Optimization around Tire of
CX-30

5.3 ERMEEOZEZEDLE

L—EYIRI MIZRBICT, REMEEHIREm%Z
BUW-ERRIIZEMRL, ElED ORRNDZEE TR
JLE—IZDWT CFD & EARERDIEE R & LLEBIRAE L
Too R —IILFAOTFHORHICELHBH, ChIF2E
DR TRELHDTHDIEREDREICOVWTHE
E L TWERICINE > TUL e (Fig. 26), CdfEICDLY
Th, BELTWREDEHBERNTH D, CFD DFFERH
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S5FALTVWEISA MYy TLARILD CdEBIZEERE
e 3 ehTER (Fg 27),

w 1000

oo

(a) CFD (case4)

(Tire with pattern and deformed,

(b) Wind tunnel test

sliding mesh technique)

Fig. 26 Kinetic Energy around Vehicle

Cd value

0‘?
o o
O O ;?1’

Fig. 27 Aerodynamic Drag of CX-30 and Competitors
Measured in Wind Tunnel
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HHEE I MAZDA CX-30

@ MAZDA CX-30 DE—2 L4 13+ X U 1EaERR
Development of Vehicle Dynamics Performance for Mazda CX-30

e wIzT ') BT OEN B

Yuji Kashimura Takashi Oikawa Tadashi Yoshimura

wE mET WK BT

Hidetaka Goto Atsushi Matsumura

CX-30 & MAZDA3 IZFHRXE—IILESREC LT, OBV T7—FT7I9FvZHAVTHEEZXZ— ML T
FEOOHMERCBHREZEED TS Y b7 A —LBEREICEVTIE, ABFOOBRETRICESE, ADOBEOEF
FIEZESET, RELEDOHMELENADFROLSICELENS “AE—F HBEIELTEZIC %
B L7z ZNIIF- A EmBIERHT SKYACTIV-VEHICLE ARCHITECTURE ##R L/ TRE L. IN%E
BIRM L7 MAZDA3 IS, SUV TH2 CX-30 THRILUED DM MR EMEENR L SNE LS,
MAZDA3 h' S IEET ARSI BEZFME “BE”, CX-30 AIZ— IRV AT LEHICH L TEEEZMZ 3 TH
CHRENMESNZERRMZ ‘L8 LED, CO “BE” & “BEH” ZHAEHESZ LT, MAZDA3 L[
a8 (ALEFE) IELENZE1FI oA MRERTE L

Summary

CX-30 and Mazda3 were developed based on a common architecture as new generation vehicles. In the
development for better ride comfort and vehicle dynamics, we set a target with aim to achieve a driver’s stable
head motion and “Jinba-ittai” performance based on the human-centered development philosophy. This target
was achieved by newly-developed vehicle structural technology called Skyactiv-Vehicle Architecture. Following
Mazda3, which was developed as a leading model equipped with this new technology, CX-30 was also
developed with the adoption of the technology to realize the same characteristics in ride comfort and vehicle
dynamics as those of Mazda3. We defined part of newly-developed technology that sustained Mazda3
characteristics as “fixed factor” technology, and rest of the technology that was changed from Mazda3
characteristics as “variable factor” technology. With a combination of these “fixed factor” and “variable factor”
technology, we finally developed CX-30 in which a driver can feel same characteristics in ride comfort and

vehicle dynamics as in Mazda3.

Key words : Ride Comfort, Vehicle Dynamics, “Fixed factor”, “Variable factor”

N5 ZFRIRTIR/MICOVWTIHERSB,
2. SR O—ERE I OLX

1. IXL®IC

HE, IYAIZABFOORRERICEDS, BEY
Ot XZEETETVD, RERISEMEEZ BT
LTHIRWELEBIEL TSI, ADFHEICRET A3
ZHEDHDZET, ABHERRFo>TVLIEBNIEENZE
EHRICRIBETES L3I0, ERFEEZEEL TV,

ARETIECX-30 DRIV eEEIOER, £

2.1 HA4FSU XD —iERR

—ERRICBITEZ Ty b7+ —LD&KEIL, WD
hrotEI XY NTHEBEBERTE >N, BLAEE
(FFl%) 2RIBIIEBREMERRL T, TNSEEEL
T3, Z1 TV XMBEIIANOBEROEIELZESHE S

1~2 BRRIERERIRAR
Chassis Dynamics Development Dept.
‘4 R7—BIRE
Body Development Dept.

3 v —RHER
Chassis Development Dept.
5 WA E&T CAE Hff#EEER
Mazda E&T CAE Technology Promotion Dept.
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JIvETheehzBRIET aMzRFE LT

2.2 AOFEICETIEEIETH

—RRE9C, AIFEEZBOEISIHEZETNIE, RERED
DHIEREER L2 N TIZidHsnTWVWS, &
HIZEPRTHADESROHNIEREIE S ZRED
A>T e Lo BEADSDATTEETZ D, A
EANEH 3 F TORBODTHEIBODEE * FEFICT S
BREXAVEL, TNSZEGEMAESIICERLT, B
WoBIZRESES (Fig. 1)

Previous:-----

Propagate the input from the road surface
smoothly

............................

Gt Phase earty n s

== Smooth New ~ =%

S Qs :

’ NS H

o, Previous N, :

" & .y H

- \, H

’ \\ :

7 NN

H ' Time\\, .
H a b G d 0
i N ) ) \\‘E
14ad surface| Suspension | Tie | Arm Spring/Damper g
olojection+ | Surrort pringibampe :
i LA ) i

Fig. T Concept of Road Input Force Control

2.3 HAFSOXMBEORGE
ANEEFEZEICA A F IO XMEEDNRLC R 5N S
BHliFM T FmEES e N LEFTERE Lo

(1) TEESHICH T ZEIEEL
OIRAEHRFEICEE T 2E&R T, HEOETRGICHITS
BREADDOENET INUTTHZZERFEEL LT
QHEmREICETZIEERT, BRICHTII—ILEL
BAIMEEORERZI VI EZBYNCTEZICHEE
T, TOMBEENDOBEFRNAHZ—EUARATH D L %[E
w&BEr L7 (Fig. 2)

Vehicle Motion

Phase Differential
‘ /"4

~ - Constant

_____

Time Phase Lag

Steer and Response

—Steering Angle —Yaw —Lat.Acc.

Fig. 2 Yaw and Lateral G Phase Lag against Steer

(2) NxLEEHCHITBEIFEL

N2 EDEFIBEANICEDRET S ETES, £
fEICEDRETIE Y FESCPO—ILEBZRI T,
NoOEBHERT S5 —EDOERICOVTEIEBE .= EE
L7zo Bl LTREAIRRICBIT A Ey FEHrO—/LE
Bo&ERZRY (Fig. 3)o

Relation of Roll and Pitch Motion

Pitch Motion Before Roll

Response

————————— Time
—Steer —Roll(x10) —Pitch(x100)
Fig. 3 Pitch and Roll Relation

2.4 RFEEEEERT 35EEF
A4 F S ABREORFELICAT, §YXFL, 1
vy bOREERIEL,, SITHRFZBESHMIL T,
O EROBHSERESIEZ S — M
EERTHIMN (BT IO B3 &5 B8ETT:
BB, NTYRREFENDRIBETS B LS ERICH
R STEHA—THEFEHNEZ LT, RELANR LESE
ERICINBRTE 38N> — MEMARRTE 3, Ch
HSERE, — Ny IOREDHHY, AEOZIHE
HxEEEF E Ll
@ ANEEICBAD A IRBZ BERS € 38T 1 —54
TJOY RS ARSI VDASDODANEY THIRY
S 3 YAEBNA RET B BRI B EES RSN LIRS
IXLF—%ERABIE TRENGR SEEHEE FHIHRE
Fr Lo
@RIV OBIERESEZI Y ARV 3 V"
BENSDOIEFIERFAANOAAICHLT, OF
F—LEET vy ak Ry MELT, 21V OUER
DIEERRIL LTz 21 VABAREIRANAS LT,
FA T > am RN OT 7 — LN EESES T B X T,
EELIOYTSA TR RD, EMESHERTE
TtE3, CORMZHEIEREFL Lz (Fig. 4).

5 Front side
> bushing

Force bushing

Fig. 4 Stable Tire Position against Input Force

@ O—)L:BEr By FBEZRET 50— /L8

NxEoO—)LEEPEy FESHEO—ILEDFREIC
®ET D, O—ILEIET7OY FEUTOH IRV 7Y
DIV IBRBICEDRET BT, BEANSDAND
ARETCAHMEEHIET S, ColroEBrO—/LAME
ZHEHRF & L,
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CNSDFIERERFICMR, >avIT7IV—N—DF
=5, BEFNT—XTT7 U DHEIEIINT XA —2—4F
%, FAVEIEREZ&EST L7

2.5 [ExEEREE S X 5B

CAE i3I —E&AB C OFmESHDHITICMZ T,
O—ILEB By FESHOERRY, N EEBDDH
=itk L7,

C D CAE i, HEREREITY 7 MIC&B>Ial—
S avEMOBIbICEDERLE, 7oV b T +x—LFH
KBNS CAEET/ILOEER EICERD A, CX-30 BIF
FETIVRBECRIEE A LSBT, Z0—HlELT,
B ERzHEB LI =23 Y E—LR U 7HRRY
TaroO—/LEICEY 2RE%2Rs. BEDEME
Mz, RLOAIEOERE 2T 7 HEOESY DRI % @
LB 2B THRFAFE L 7= Smart Expand Beam (Fig.
5) |F, RROBHFETIIBERBAFTIHRVIL
h5, FEBETIVEEMABRETH 27 TV b
7+ —LFEREENS COFRICEDEA, MAZDA3 R
o) L—>aViEsER T, CX-30 BERIZERAL
DEREZ S5WURICIMZ 2 e TE, BIFEEEEL
TE7 (Fig. 6)o Z DFEATIFEABD /N LESD DG
ExELIET,

Fig. 5 Torsion Beam Axle (Smart Expand Beam)

Roll stiffness of New TBA
CAE analysis vs. Real value

1
mproved

10% Gap 5%
New TBA, New TBA, New Real
Old CAE model CAE model Stiffness

Fig. 6 Rear Roll Stiffness CAE Analysis vs. Vehicle’s

3.CX-30 DA A1 F = AEsERAE

CX-30 |3 MAZDA3 L EBEFETTHEAD, 41F3
ZHEICEEDEL DD, HIEHRFZBAWVWTREE S
R LT, ABTIE, CX-30 DH 13U AMERERR
ICHITZHERFDERICDWTIRR B,

3.1 EBRTCHIFT IV RMEEE
CX-30 & MAZDA3 I3 Z DEmDFFMEN 5 TEED & 5
HEWHH S (3% C.G.: Center of Gravity) .

Table 1 Difference of Vehicle Specification

MAZDA3 | New CX-30 | GAP
Vehicle height (mm) 1440 1540 +100
Ground height (mm) 140 175 +35
Weight (kg) 1360 1400 +40
C.G. height (mm)* — — +40
Tire Diameter (mm) 651 694 +43

(1) SUVIEL 7= CX-30 1%, BLEWS—>THEVLPT
WHEBRSCHAOSOLIZREL (Fg. 7).

' MAZDA3 “CX—38
Fig. 7 Back Door Open Area
AEROMNLL 45 CERBEROBMNE, FICRLD

AIMEIMET LT, ARV 3 Y ANDEEDRPIRE
IXILF—DRREEIMET TS (Fig. 8),

5 11% UF: =g 18% Down

£ v

&

=

L

o

L

2
Previous MAZDA3 CX-30
MAZDA3 (Initial examination)

Fig. 8 Body Torsional Stiffness

(2) KEL2AVERBEMERIEKRICED, 70> MO
TT7—LOBEEHEKRT 5. ZOBREBENSHRT 1 —
NEESNBEIR, ETFTADOUMBEIEL (Fig.9),
N2 EEFHET B

Disordered Input Force direction

To Up

To Back

Acceleration

Time

—Back and Forth —Ups and Downs
Fig. 9 Disordered Input Force Direction
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O7 7—LO@ESEMEIS vy E 7y THIEKRL, #
fERFD O—JLZZIE 7 A MERRERDZ HFEAZEL
9% (Fig. 10),

Front Roll Characteristics

Initial CX-30 1
Front Floating Roll

Stable feel

Roll Posture

MAZDA3
Front Sinking Roll 1

Time

—MAZDA3 —New CX-30 (Initial spec.)
Fig. 10 Lose Front Roll Balance (Jack Up)

(3) 25, EbE, BEDT7 Y TIZHEVE—XV D
EBMLT, O—JLEEY LY FEEDO/N\ X LEEHIEX
93 (Fig. 1),

i

Fig. 11 Increasing Roll and Pitch Motion

3.2 1&&, BEREERRTIATr—iEE
BEERBHRORLCDOREIEE MAZDA3 LBEILICT BRI
T, FMEBRT r —RHMEORRER > 7o BEERIE
MAZDA3 OEIRIBIEZEL, AL DAIMDOETIEV 7
AT+ —BRBROREEZDINLT, BRETEEXE
MNSIVEROEE - IREZRBE(L L7z (Fig. 12),

Effective Parts
(Representative)

REINF-HINGE

REINF-BRACE

REINF-R_END_MEMBER

Fig. 12 Sensitive Analysis of Rear Body Parts

ZTORR, BRBKROEEEMZR/NRICTZ,
MAZDA3 L AIEHBEARR L DRIMEEZRFE L (Fig. 13).

Torsional Stiffness

-

)

]
N
(-]
X
[=
o

Previous MAZDA3 CX-30 CX-30
MAZDA3 (Initial
examination)

Fig. 13 Improved Body Torsional Stiffness
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Fig. 16 Floor Acceleration against Road Input
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Roll and Pitch Motionat Turn In
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4L i-ACTIV AWD DB
Introduction of New Generation i-ACTIV AWD

IBA FTFR T MR AT S wE”
Katsutoshi Shimada  Daisuke Umetsu  Yasumasa Imamura
Bs #Z-"

Seiji Hidaka

IVAIE, REEY 3y X510+ T )L “Zoom-Zoom” BEE 2030 ICEDE, JIIYDHOMNTHS
TFEZEU ICk2T, MhER), THR1, TAI ZhZNOBRERRZEELTWVWS, AWD Y XFLTIE, A
DEENZFISHL, DEFEZERLIES TAE—F BROTS543ERL, EARETICHIT2REMED
N Z B TR ZIT o TE . ATBTIE, 2012 F COX-5 LIERQEM | EXRFES L TE7z Ti-ACTIV AWD
ZER—RELT, N—RIIT7/ VI RIITEHRBEN LT, CX-30 BEHD THHA i-ACTIVAWD] I
DVWTHENT .

Summary

Based on a long term vision, “Sustainable “Zoom-Zoom” 2030”, Mazda aims to solve a variety of issues facing
the “earth” “society” and “people” through “driving pleasure”. Mazda AWD system has been developed by
further pursuing “Jinba-ittai” to bring out human potential and boost the excitement of mind and body while
aiming for ideal handling and real-world fuel economy performance.

This article introduces “New generation i-ACTIV. AWD” for CX-30 supported by significantly improved
hardware and control system while sustaining the characteristics of the original “i-ACTIV AWD” mounted from
2012 CX-5.

Key words : Power transmission, All-wheel drive system, Drivetrain, Vehicle dynamics, Driving stability,

Vibration, noise, and ride comfort, Booming noise/vibration, Full-vehicle simulation
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Fig. T Evolution of AWD
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Fig. 2 AWD Torque Ratio at Acceleration
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Fig. 7 New Generation i-ACTIV AWD on Snowy Road
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Fig. 8 Operation SW and Meter Display
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Fig. 9 System Diagram of Off-Road Traction Assist
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Fig. 10 Off-Road Traction Assist
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Fig. 12 Summary of AWD Control Logic
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Application of Autonomous Driving Device
to Rough Road Durability Test

3 2 1 2 3
HE& BUE™ BEX BK’ e F°
Seiji Tanabe Mikihiro Miyamoto  Noboru Yamagami
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Akifumi Yamahiro Seiji Morimoto Harumi Kamimura
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COMAGEMERIE, RKTIAMRSAN—D, MABICRETIHETITONTE L. COEKIL, BR
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SORBICH LEMNRITHEC B3BBG EBICL 2 ERMARRAEZEZERLEALTZ N TE
ATBTIE, BEEGEBEZEALILEACSBROBEZBNT 2,

Summary

For the vehicle reliability evaluation, Mazda has two test methods. The first one is the rig test using vehicle
body or chassis part. The second one is the driving test using the actual vehicle. Both tests take important roles to
evaluate vehicle durability and reliability.

The driving test has been conducted by test-drivers who drive the test vehicle by day and night shifts, and there
are some problems to be solved, which include prevention of judgement errors by the driver, improvement of
labor environment, and shortening of evaluation period. We developed a rough-road durability test method

using the autonomous driving device which can be the effective solution for these problems and verified it. This

paper shows some application cases and the future prospects of the autonomous driving device.

Key words : Common Infrastructure, Durability Test, Test/Evaluation
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Fig. 2 Autonomous Driving Device
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Table 1 Autonomous Driving Device Comparison

Category Iltem Required Performance ComApany Comeany

Durability Using to the Rough Road A Unknown

Network Communication | Stability of Network Communication AN Unknown

Driving | Extensibility Running Simultaneously of Other Vehicles X Unknown

Applicable Road 4m Road Width, Sloping Road, Tkm/Lap X Unknown
Applicable Weather Bad Weather (Rain, Fog, Snow) AN X

Safety | Fail Safe Double or More Systems A Unknown

Support | Technical Support Ease of Maintenance and Care VAN Unknown
Comprehensive Evaluation 2 3
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Fig. 7 Monitoring of Autonomous Driving Condition
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Fig. 9 Example of Vehicle Speed Pattern
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Fig. 10 Speed Accuracy of Autonomous Driving Device
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Fig. 12 Track Accuracy of Autonomous Driving Device
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Summary

Aims of Mazda’s NVH performance development to enhance the value by realizing “quietness of good
quality”. That does not only reduce the sound pressure of the road noise from the road surface, and engine
sound to make it easy to listen to conversation and music in the car, but also to be able to recognize a
surrounding from those sounds to change while driving. In addition to “quietness realized from new Mazda3 of
good quality”, the sound paid its attention to being information to decide the next action for a person and
thought that | brought it close to a state to be able to handle a car in a beck and call more by utilizing engine
sound at the time of acceleration, the slowdown. We defined information, the timing to tell by a sound and built
the engine sound that reflected these elements. When this engine sound could control unevenness of the vehicle
speed, | hypothesized and proved it by the evaluation with the vehicle which implemented a simulator. We was

able to fix the new design that | contributed to for handling a car on will as value of the sound.

Key words : Sound quality evaluation, Evaluation technology, Cognitive reaction time, Driving act, Driver

behavior, Sense of hearing, Operational, Driving support
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NVH Performance Development Dept.
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Fig. T Sound Characteristic Change of Energy Nature
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Fig. 2 Contour Diagram of Sample Sound
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Table 1
(DFrequency Range

Sample Sound for Auditory Evaluation

Sample 1

Sample 2

Sample 3

1k to 2kHz for
the reference
sound

500 to TkHz for
the reference
sound

0 to 500kHz for
the reference
sound

@Number of different Frequencies

Sample 1

Sample 2

Sample 3

the 1st, 2nd, and
3rd harmonics of
reference sound

the 1st, 2nd,
3rd, and 4th
harmonics of
reference sound

the 1st, 2nd,
3rd, 4th, and 5th
harmonics of
reference sound

Sample 4

Sample 5

Sample 6

the 1st, 2nd, 3rd,
4th, 5th, and 6th
harmonics of
reference sound

the 1st, 2nd,
3rd, 4th, 5th,
6th, and 7th
harmonics of
reference sound

the 1st, 2nd,
3rd, 4th, 5th,
6th, 7th, and 8th
harmonics of
reference sound

(3S.P.L.

Sample 1

Sample 2

Sample 3

Reference sound

Each frequency
+6dB

Each frequency
+12dB

Wz 1 RET % 5 RIEFTHlTREZMIT 7,
ORISR, QB 2 3ERBDHK,
NETNOFOEFL, NOKRITDRLHICOVWTHEREE

RenthiLlc. €DFER,

BOKRES, £

BOEREFIMEWNFEICH

TRELREL D, QB R ZEARBOBIZ, 2WEENZ

RELREL B,

BOARITICOWVWTH, BNRIVEY

NERELELZEVWSHERD RSN (Fig. 3).
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Number of Different Frequencies

Fig. 3 Relationship between Number of Frequency and
How to feel Force
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BRAAZIITHD5 04BERDT (Fig. 4)0
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Table 2 Sample Sound for Multiple Correlation 5on % | o
Analysis Eo.s (N §os ¢
50_7 §07
x: MFrequency Range y: @Number of z: 3S.P.L. o 1 3 T

different Frequencies

Sample 1

Only 60 to 150Hz for
the reference sound

2 numbers (the Tst,

and 2nd harmonics of

reference sound)

Base

Sample 2

Only 60 to 210Hz for
the reference sound

3 numbers (the 1st to
3rd)

Base+4dB

Sample 3

Only 60 to 270Hz for
the reference sound

4 numbers (the 1st to
4th)

Base+9dB

Sample 4

Only 60 to 330Hz for
the reference sound

5 numbers (the 1st to
5th)

Base+13dB

Sample 5

Only 60 to 390Hz for
the reference sound

6 numbers (the 1st to
6th)

Base+15dB

Sample 6

Only 60 to 450Hz for
the reference sound

7 numbers (the 1st to
7th)

Base+17dB

Sample 7

Only 60 to 510Hz for
the reference sound

8 numbers (the 1st to
8th)

Base+18dB

Sample 8

Only 60 to 570Hz for
the reference sound

9 numbers (the 1st to
9th)

Base+19dB

Sample 9

Only 60 to 210Hz for
the reference sound

2 numbers (the 1st to
3rd)

Base+1dB

Sample 10

Only 60 to 330Hz for
the reference sound

3 numbers (the Tst,
3rd, and 5th)

Base+11dB

Sample 11

Only 60 to 450Hz for
the reference sound

4 numbers (the 1st,
3rd, 5th, and 7th)

Base+14dB

Sample 12

Only 60 to 570Hz for
the reference sound

5 numbers (the 1st,
3rd, 5th, 7th, and 9th)

Base+16dB

Pl
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Fig. 4 Time Chart of Accelerator Pedal Operation and
Engine Sound Pressure Level
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Fig. 5 Index between Change of Accelerator Pedal
Operation and Sound Pressure Level

Achievement of target accelerator opening
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Fig. 6 Change of Engine Sound for Torque
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Fig. 7 Evaluation Course
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Fig. 8 Evaluation Result of Variation in Vehicle Speed
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Technological Development to Reduce Injuries Based
on Study of Human Skeleton

Rl AKX @A AR ®HA ENT Lk AT

Tomohiro Izumiyama  Norihiro Nishida Ryusuke Asahi Hiroki Yamagata
o %5 N = *6 *7 = = *8
R R = 7 N S B8 IEf§
Tadashi Suzuki Ryo Sawai Shigeru Sugimoto  Masanobu Fukushima

C: 2

RBEBRICLDFHCEREZERT DICIE, BULEEZRBRIFLEENRIEETH D, EGLYRIN
BVESESEEICIE, CO2ERXRNBERT D, REOBEZPBIIMEREZEL, O— ML MILZTEEMRIC
HEE5Z %, AR, EROREZZOEFREZEEESLSIBEL, AMEOBERPHIEZERE LI FE>
Tal—yayETFIL LT, AMEFEETIL) #AVTEERBOREREF:Z 0N LIEREEIC, EEMLEIC
MERERMZBE - Bmtd2 cZBNE LTz, BEIED — FEERO X RRRICK 2 EHER L BBRE
DERERIFN S, BEZDIIBHSFLRED 2 21 AICKBINEZ Zehph o7z BEICOVWTIE, v
TRIL B ED B ERIBBERR (anterior superior iliac spine: ASIS) FIZIR® & ZH SEBIEEE TOEMDIESD
FEDL, EREZRMIELAKFEETILZERLT, ZOETIVLICLZ2EEEFRAH SBERAEDD
YEO-IDNRBEETHZ L ZETH Lo TNHSDRERDS, MAZDA3 TIEY — MERRICERZIL
T, TOREZRIFITIZO— MR LT £, RNILEDTZ2HELBERICEID O — MIBICKSTZ
DREFMHIFTCTEZV—FBERS—MRILEN S I T o A—EiEL Lo BICZ—I 7NV I DRBICED,
BEBFOREESFNEZIHITE— MRILMDEEANDANZORIE, AMEHEOEVEBATOEREICRPIL
WERZTIREL LT CNSDEEZRHRFTL, Z2%T0E TABFDI OV ICDZER LT

Summary

In order to reduce fatalities or serious injuries in traffic accidents, retaining a safer seated posture and proper
occupant restraint is important, and the lack of them tend to cause serious abdominal injuries. The individual
differences of the seated posture affects the occupant restraint by a seatbelt. This study aims to construct and
commercialize technologies required for abdominal injury prevention based on the individual differences of the
skeletal alignment in a seated posture and occupants’ kinematics in a collision which was analyzed using human
body models (HBMs). According to the analysis of individually different skeletal alignments in a seated posture,
the seated postures are classified into two types: S-shape and kyphosis. For pelvis, the individual differences of
ASIS shapes and the distances between ASIS and pubic symphysis were analyzed and incorporated into the
HBMs to study occupants’ kinematics. The analysis results of the kinematics indicated that the controlling the
pelvic angle is essential to prevent the abdominal injuries.

Based on the results, three new technologies were applied to Mazda3: a new seat design to achieve the
S-shaped posture, a seat-integrated lap belt anchor to reduce pelvic rotation, and the knee airbag to sustain the
occupant in position while limiting the force into the abdomen. The safer seated posture structure together with
the newly designed restraint systems further improve the occupant protection performance, bringing Mazda’s

“human-centered design” philosophy into shape.

Key words : Passive Safety, Seated Posture, S-shaped, Seat Design, Seat-Integrated Lap Belt Anchor, Knee
Airbag, Human-Centered Design

"1,3,7,8 EZRIMERERIRER '5,6 FEfRERAFED
Crash Safety Development Dept. Interior & Exterior Components Development Dept.

2,4 WOKXFEFEMERR BEAR
Department of Orthopedic Surgery and Radiological Technology, Yamaguchi Univ. Hospital
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Analysis of lap belt
/occupant kinematics

[Analysis of individual differences ‘
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Fig. 1 Research Outline of Pelvic Orientation
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Improving Accuracy of Cylinder Head Dimension
to Realize Skyactiv-X

BR =R OKE ZET OhE FA”
Yoshitomo Umehara  Hideki Yonezawa Koji Maruo
Hx EKR

Keita Suenaga
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Summary

For the realization of “Celebrate Driving”, Mazda’s brand essence, it is extremely important to perform high-
precision molding of the complicated product shape which contributes to engine performance. Molding the
product shape precisely, however, is not easy because a thin sand mold which is used for casting the cylinder
head material is easily deformed by heat. To improve dimensional accuracy of the material, we need to suppress
deformation and prepare a modified die with the expected dimension including minimum deformation. To
achieve that, a technique to measure deformation precisely is required. Then we revealed an outbreak
mechanism of heat deformation in the sand mold, improved the deformed model based on measured values
and established a high-precision deformation prediction technology.

We established a mold structure to suppress deformation by the heat and a model base development process
which designs dimension correction in the initial stage of product development by using this technology. We
achieved both functionality and productivity by adopting them to production preparation of Skyactiv-X cylinder
head. This paper reports our activities.

Key words : production « manufacture, formed and fabricated materials, casting /forging /assembly/
painting /rig/trim, die/mold, design/prototyping, APMC, MBD, In-Process-Out, CAE
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Fig. 8 Mechanism of Sand Mold Heat Deformation




TYAER

No.37 (2020)

6. REEFHAICEDS VLW-EFILDFE(L

PFAEHETILOEEICHIT, REHAICED W
ADZXLREHL S, BEEOHHERFT HEE, FF
HRBZEDBERENE) LRERTF (FEAKERE, BF
THPRES) #HE0ITIEC CICHBENICHEVLEHL, IPO
CEHICEBELT,

CAE1E, COFIEHRFRRERFD/INT A—F—%5t
BLAHWS, RBOEELRKIC, ETROHERERE
RIROMPEIC OB VW TRIKERE/8 2. HFALH
EFILD CAENE, ERDXDZXLDE, HFEERUD
BERERAZERICFHET RHD/INTX—F2—5
HEETH 3,

PFATHETILOFELICET, LT 2 SIS3EHL
7o

6.1 SREEICAIL -1 (EDEF

1 DBEIFERICAIL -ZRBYMBEORIE TH D, FF
BERICSVWTRICEERYMEIX, BMcEREZERE
WDBETH 3. KD CAEICHEWVWT, HFORYGER
IFEELET 98% MU L% S0 M BEEORMEEREZIFAL
TWee LALADS, AFIFESHICEENTHOE
BHETHD, WEEAORGERC IHEELTWVWS, T4

5, MEATIIABAGCERROAEZRZIELVDIC
XL, RFIIHRBOEEEZN LIBEDELZES TR
Bl LTS 20BN H 5. 22T, PFOHGEE
xR AE LR, MFEBL TVWRBEEDEICHL
T, KIBINTWI e ah ot ThiE, EdilL7c&k
SICHBAETORMGERRICH L, PF TR
ERENLIcREIC L3 ERRTH B0, BH
ITOBTERY LTIIIERICNIREL BT EZS
ns,

PFORBEHDMERNEICEWVT, HELichFE
ERDOEHAAETIE 200°CU EIZA B CHEEFIDEME L T
RFENEEET S0, AETTHRVEEIEE L, L
ML, EETHELROPFERAET I LRENZ >
TWBZehbhoTce £IT, HEEBEITHSHEDER
BICLZREZNERAELIL S, BRURBLTH
ELTKICK TP EDERKEICL DL, RUDFiE
BORWICKLBERIEL, BEFICE>TELTEZL%E
ZEEIEDT, £, W/ RFIEEEERICTILI AR THE
TENDZT=D, BREEIDLDWVWH S, BHEREZ
BIRLKFig. 9 ICRIREBRFHAAEEER LT, TG
B, B:8H5 500°CET50°CCD@EZEIGT 2L L
HIC, FHEFEEOZREFDOIRREICL DEEHIERT
SRR TE

B L=BYMEORENS LIIE, BEAEROTX
FE—XERAVLEERY CAE DILLEBHRERTRIEL TV
%,

| Dial gauge ” Thermometer l' '
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Flg. 10 Sand Mold Behavior Measurement
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Fig. 11 Analysis Precision
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Fig. 12 Optimization of Mold Structure by MBD
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Fig. 13 Conclusion of MBD
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Evolution of Flexible Body Production System

AR M- )t BT B EX”

Yuichi Ariizumi

Shinjiro Koike Seiya Kurahashi

C: 2

RYSEERMTIE, BEROPFZEZ 3 MBRMEORR) L HIFREOZLICEGERER IGMHET

TLERITIGEE] 2BMUSEL/O-/NILEREE -

HHRAEFI DBEICEDBATWS, 2019 FIZITF5H

BHERTBICZEDE 1 B3ttt S - > Flexible Module Line (J{F, FML) %175 £z AT TIX, TOD
TS A VICHEMAATL IV, #EE, RRICDODVWTIENT %,

Summary

Body Production Engineering Dept. has been tackling to establish the global production/supply system. This

can realize both “Embodying the product value”

that Mazda is pursuing and “High efficient and flexible

production system” that can respond the change of market quickly.

In 2019, the first Next-generation production line called “FML” (Flexible Module Line) was launched at the

vacant lot of Ujina Body shop B2 line. This article introduces the concept, function, results, and challenges of this

new line.

Key words : Production - manufacture, Continuous production, Module, Total cost, Flexible Module Line
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Fig. 1 Body Shop
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Fig. 2 Configuration of Body Shop Assembly Line
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Fig. 3 Design Highlight
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Fig. 5 Fixed Elements and Variable Elements
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Process Innovation Aimed at High-Precision, High-Efficiency
Production of Mold that Embodies “KODO” Design Theme

gl &KX @BF EFET AR #HE’
Takahiro Kageyama  Shogo Sakomoto Yuhki Kubo
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Hideyuki Egusa Toru Kanai Atsushi Ohta
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Summary

Mazda aims to be a brand with a special bond with its customers. In order to provide cars that exceed the
expectations of our customers, we, at the mold production department, believe that it is our mission to embody
the “KODO - Soul of Motion” design theme, which represents the designers’ aspiration, in the form of mass

production cars. This article introduces the process innovation aimed at high-precision, high-efficiency

production of molds to enhance the value offered to customers.

Key words : Production Manufacture, Die/Mold, Press/Resin (Plastics), Machining, Measurement

technology, Forming process
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Fig. 4 Mold Manufacturing Process
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Fig. 5 Zebra Pattern on Front Bumper
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Fig. 8 Mold Structure in CX-30
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Fig. 11 Relationship between Stiffness and Tool Length
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Fig. 12 Cavity Machining Result
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Development of Microstructural Design Technology of Porous Sound
Absorbing Material and its Application to Sound Absorbing Component
Design Based on Material Model Based Research
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Summary

Aiming to improve the value of cars, Mazda has been developing technologies with the concept of Material
Model-Based Research (MBR) for the efficient development of innovative materials. In this study, aiming to
achieve desired acoustic characteristics with a limited mass and volume of a porous sound-absorbing material
that improves quietness in a car, we have developed technology that efficiently designs the microstructure of the
material. This technology is a combination of the homogenization method that derives an average macro-
structural property from the micro-structural property of the material and Biot model which is relatively simple
prediction model for sound absorption/insulation performance. This technology enables highly accurate and

efficient parametric calculations for microstructure’s shape and size. Here we introduce the outline of this

technology and the application of the technology to engine encapsulation.

Key words : Noise, Acoustic material, CAE, Homogenization method, Biot’s model
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Fig. 1T Enlarged Image of Porous Material
Left: Fiber Type, Right: Foam Resin Type
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Solid phase Fluid phase
Energy propagating Vibration analysis Wave analysis
analysis
Frame(solid)  Void(fluid) t, 4
/
Normal/
m — <—TangentiaL + - Normal —
I stress —_— stress

ave b 4

Energy flow in porous material | = Stress on solid surface
(in solid, in fluid, — Stress on fluid surface

between solid and fluid) Interaction 5."555 i
between solid and fluid surfaces

- Not consider the shapes of frame and void directly
- Effects of solid-fluid interactions are indirectly
represented through Biot’s parameters

Fig. 2 Biot’s Model Overview
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Micro scale /;'"
ELELAS I //

Homogenized Homogenized Acoustic
parameter macro structure performances
derivation

Fig. 3 Schematic View of Homogenization of
Poroelastic Material
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BOWIBIANAIREL 12 %, BITIEE THEBRERE
(FEM) TEEIN, 17— XDFEERISETEERD PC
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| (a) Micro scale analysis |

(1) Solid vibration

Solid phase

(1)Structure damping loss

{ Fluid phase

so\“‘d (2)Velocity ; - i
wave distribution (3) Heat conduction

— = —
S

(2)Viscous loss
(3)Thermal dissipation loss

Governing equations -
Boundary conditions
(1) Navier equation (2) Navier-Stokes equation Continuity of normal
(3) Heat conduction equation displacement/stress
-State equation -Mass conservation law and temperature

Characteristic function
analysis

Homogenized parameters
Macroscopic elasticity etc.

| (b) Macro scale analysis |

Acoustic and vibration analysis

Sound wave

Energy)|
loss Transmission
Reflection *

Fig. 4 Acoustic/Vibration Energy Propagation Analysis
Model Inside Porous Material by Homogenization
Method
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Fig. 5 Comparison of Normal Incidence Sound
Absorption Coefficient Calculated by Homogenization
Method and Measured: Foamed Resin Porous Material

(Porosity 90%, Averaged Void Diameter 251um)
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Fig. 6 Micro-structure Design Process of Porous
Sound-Absorbing Material by Hybrid Method of
Homogenization Method and Biot’s Model
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WrERMEHIX T332y MEILOAK E L TIE Fig.
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CCTIEFRIABICETANSIA—FZ—DHEKRD 5,
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DEHEICRELTEH S0 DY > TV I%1ToT, &4
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B — GRS o, Y B 9 X LT, BINZTA
ICEDEBt NTX—2—OERXEZEHL,
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SNTVRERE—HL TV,

Fig. 7 Unit Cell and Microscopic Structural Parameters
of Fibrous Porous Materials: Girder Structure
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Fig. 8 Unit Cell and Microscopic Structural Parameters
of Foamed Resin Porous Material: Kelvin Cell
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Table 1 Properties of Urethane Foam used in the
Development of Sound Absorbing Materials
. Young’s .
P t Densit
or;a Y Modulus [ken/s;n);] Loss Factor n
E[MPa] | PHE
0.88 24 1,280 0.1
—wf=200um(1k-5kHz Avg 0.82)
—280um(1k-5kHz Avg 0.747)
—360um(1k-5kHz Avg 0.655)
1
209 - T L
g
2 0.8
% 07 ///
2 06 [/]
2 o /' [/
S 0.4 //
2 03 /A
T o /AN
3 Evaluated range
v 0.1
0
1.0E+02 1.0E+03 1.0E+04

Frequency [Hz]

Fig. 9 Calculated Sound Absorption Coefficient of
Material in Table 1 for Normal Incidence
(Unit Cell Size w,=200um Maximizes Performance)
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Fig. 10 Measured Sound Absorption Coefficient for
Normal Incidence of Engine Cover made of Foamed
Resin Material
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Table 2 Material Properties that Maximize Sound
Absorption Performance

Cell size
Wy

[um]

Porosity

¢

Young’s
Modulus
E,[MPa]

Density

0
[kg/m’]

Loss Factor
n

84.7

0.989

152

1,069

0.395
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0.8 # [
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Fig. 11 Calculated Sound Absorption Coefficients for
Normal Incidence using Properties in Table 2
(TkHz — 5kHz avg. 0.87)
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Effect of Surface Treatment on Strength Properties
of Aluminum /CFRTP Spot Joining
HFR BB NI R
Kojiro Tanaka Yuki Ogawa

C: S

BEEHEFRDOVILFITIT7 IV ERRT S0, BERERESZICALTVILIZVLCHEEZEST
BMMEEEDH TS, ARTITBREFEICKIZFT IV 2V LARELIBOZEZ B A5 IREAR, KHHER,
ERIEREAR, SRERHARZITVHAREL. tEREENIRLERVT7 Y H—0RGE5ZEBHNCLILTILEZ
U LRELE 2 BICDOVWTLEEHliZ R L cER, 2 B HICENIEM L B L TRESFM e EEEIER L
L, NIVYFBERBI BMEAZT LI BESMBAROESEEIMEHIIDTIEZTETHSH, FEEHEl%Z
RT3 ERTILIZUVLARAUBCEHAGODE THERAI S TANI MEDOREDFIRETH 5,

Summary

In order to realize multi-material body, we are conducting researches on joining of aluminum and carbon fiber
reinforced thermoplastic resin by using friction stir spot welding. In this report, the effects of aluminum surface
treatment on strength properties were investigated by conducting shear tensile strength tests, fatigue tests,
constant temperature and humidity tests, and thermal shock tests. As a result of comparative evaluation of two
types of aluminum surface treatment for the purpose of improving chemical bond strength and giving anchor
effect, both types showed a tendency to improve strength properties and reliability, and reduce variation,
compared to the non-treatment material. Although the adhesiveness derived from the resin matrix components

varies depending on the material, it is possible to improve robustness by using it in combination with aluminum

surface treatment when using this joining process.

Key words : Materials, Aluminum alloy, Polymer material, Joining, Weight reduction

1. IIC®IC

1.1 B

HAZEDE L L) CO, BEHERFIPEIEADNEZE
BHIC, BBEHEROEEBIOERIIFLATE>TLS,
BHEILZREI I TLODFRO—DICEFDVILFIT
D7D BB, MREEZN—-ICTILIZD L,
FEMELCEL Mz enenOsEZED LBDS
BIEFICERY 58T, ERISROSNSEREDH
RPIR P OMIULZHD LA SEELY 5 EHATEE
E8%, BRZERILFITUTIULT BBEOFREL LT,
AUOTAHOMEPHINZ Y IVBBIALEREICMA TE
BLRBONEBEMEHESRMOHEIITH D, BEFEAN
DEEERZEZR LIEERNOREICEVT, AR

ROUNY hREDRIBEMZFERALZVWI EPORY b
ICEZBEEEDAIRETHS CERY, HEIX MOLEE
MZz2OTRNTILENH B

1.2 EE#EESESOLE HEEAADISHE

BEREMHOBEEOFT, SEEFEAOFRBENLE
AENZTILI Z U LA ESEBERICEEDEST
&, FEO—D& L TERAZHALICHENEDSNT
W3O, VAT INETTILIZILALRTIL
STUL/IROBERICEVWT, O0—-J[HEFDEE
V=)L ZER LB SRS EM (Friction Stir Spot
Welding, FSSW) ZZB{ELTE 7% (Fig. 1), COEMi%
AL, EEEY =270 LMICHELETERED
BIEFRORIEE ARSI E RAEELNTILI Z U L1

"1 RRAER SRR

Technical Research Center

2 LBEKRE

Hiroshima University



TR

No.37 (2020)

FEDERBIC & 2 JEHERM TH 5. BEFICEENDIE
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Fig. T Aluminum/Aluminum Joining by FSSW

Fig. 2 Aluminum /CFRTP Joining by FSSW
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2.1 FE(EAE

FPILZZOL UATF7ILI) ICEKBEET2mm D
A5052-H34 M= FER LT, BAMEEEME L, XA
MIBIET7IL I OEEMNEZENICHEEINTRUFL
7 1 R B ERARALIE ¢ BIRCIKIE SRR L ALIE O 2 FEEEIC
DWW T LB I Z RAE L 7oo BfsMFHIIEAR ) ZOEL
> (PP) IZ40wt% D FERKKRHHEZREEL, IRE
3.0mm (CHHHARETE L el 2 R Lice ARz IULT,
CF-PP ¥ RECT 3, PP AKIIEREZIZF LT TVILILE
BNAEEEEEIRVL. ZRUCHL, SEFEALTE
CF-PP |3 D EETREZ SOMBEERIC 7L S RMA
CRIGT ZBREZFTHODBMIN, YUY
CLTABROEEEIRESNIEDDEAR->TWS,
7ILZ & CF-PP Oft#kE¥Hl%Z Table 1 I27R 9,

Table 1 Material Properties

*Non treatment

A5052- *Organic coating
H34(1.2t) 250 9 70 =Anodization
treatment
CF-PP(3.0t) Melting point:166C
CZ;‘;?,V,\T/:A) 100 0.6 17 Decomposition
L2~3mm temperature:280°C

SEFHMAEL /=TI SRELIE 2 BICDOWVWT, BERLE
AXANZZALOBEZRIZRT .

(1) BEWERAIE (Organic Coating)

SEER L 7= CF-PP ICIFBEEEN S ENTHD, tZF
HEEEFLLETILISRALDEEHEDH D, JDLFE
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THB, KIBTIIEE 2um HYDRUAL T4 VRE
PEARRE AR % 5T L 7o AR EICEE SN - BHR
Y=L/ TILZREOEBRRAICKDARL, RKICAR
L7 CF-PPRECIEAT I TEBMARIIEEIND
(Fig. 3)o HBELIZTILI /CFPPRIICESBEZSD 3
BEREN TR TESINTED, FHT3551FE
WWEE L B AMRBICEhE CEIRTZ L HEEL
B3, MR BEEMAAEIEICHA LR IF S EH
WHEBEEO+ORESBENELSNT, BR, 20
KELBICL D RAICESBREZETIE 355055,

Functional group Functional group

Aluminum
Q00000000

Organic coating

CF-PP

Fig. 3 Organic Coating

Aluminum

(2) BILIREEBEL(L (Anodization Treatment)
BRI FLERK 30nm DMIARZEFLZ B DIEE %
TILIREIERL, ZOBRICARBENMEAT S
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Table 2 Joining Condition

Parameter Condition
Tool diameter 10mm
Rotation speed 3000rpm
Insertion speed 6.0mm/min
Insertion depth 1.0mm
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Table 3 Endurance and Reliability Test Condition

Test Condition
High temperature
/High humidity 85T /85%RH(672h)
-40°C-0.5h
Thermal shock 100°C-0.5h
(500cyc)
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Intake Air Cooling with Model-Based Development
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Summary

This paper presents the development of intake air cooling with model-based development. Since the
temperature of the intake air affects the efficiency of internal combustion engine, the technology of intake air
cooling could be a key factor for the realization of fuel-efficient cars and the greenhouse gas reduction. In this study,
we develop novel technologies to lower the temperature of the intake air based on numerical simulations and the
sensitivity analysis via the adjoint method. The effectiveness of these methods is validated through the measurement

of the temperature of the intake air system in a test vehicle.

No.37 (2020)

Key words : heat * fluid, intake and exhaust system, CFD, Adjoint method
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Atomistic Simulation for Boundary Lubrication
in Engine Tribology

=N OB

Yuma Miyauchi
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Kentaro Kawaguchi
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SHEEFERD R TH 570, MEREMOMESFELHEFREMT IEREBREL 45, BREBIIERERN
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=T« YIMPBOREPREM S OFREICER T 2B LAPRERRETDICRIET S CHTIAHL,
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Summary

Boundary lubrication occurs at the start/stop of an engine and on the top/bottom dead centers of a piston.
With the boundary lubrication, solid-solid contacts partially occur, which cause high friction resistance and wear.
As a countermeasure, diamond-like-carbon (DLC) is an effective coating material with low friction and high
wear resistance. For the Elasto-hydrodynamic lubrication calculations, Greenwood-Tripp (G-T) has been used as
the model of the boundary lubrication phenomena, but the G-T model is not sufficient to reproduce the effect of
coating materials and the microstructures of the contact interfaces. Therefore, the molecular dynamics method
was used for modeling the effect of a molecular structure on the frictional properties in the boundary lubrication
condition. The effect of the DLC molecular structure on the friction properties was clarified using a simulation
model. To verify the friction mechanism, ring-on-disc friction tests and Raman spectroscopy analysis were

performed.

Key words : Heat Engine, Lubrication/Tribology, Theory/Modeling, Molecular Dynamics Method
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Fig. T Simulation Model for Friction Interface between
DLC Asperities
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Fig. 2 Schematic of Ring-on-Disc Friction Tester and
Images of SUS440C Test Piece with DLC Coating
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Fig. 3 Snapshots of Friction Simulation of d-DLC Films
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Fig. 4 Snapshots of Friction Simulation of g-DLC Films
at (a) Ops, (b) 60ps, and (c) 120ps
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Fig. 5 Frictional Forces during the Friction Simulations
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Fig. 6 Different Mechanisms during Friction of
(a) d-DLC Films and (b) g-DLC Films
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Fig. 7 Snapshots of Friction Simulation of a-C:H Films
at (a) Ops, (b) 10ps, (c) 75ps, and (d) 100ps
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Fig. 8 Frictional Forces during the 3-cycle Friction
Simulations of d-DLC Films and a-C:H Films
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Study of Compression Auto-Ignition Control Method Using Flame Kernel
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Summary

While compression auto-ignition enabling lean burn combustion is effective for improving the efficiency of the
internal combustion engine, controlling ignition timing and combustion duration are major challenges. In this
study, we considered enhancing the combustion control by using an electric discharge which forms a flame
kernel. When an electric discharge occurred in lean air-fuel mixture under a low pressure condition, we observed
a flame kernel formed, unburned gas near the kernel heated, and then the flame going out. And when an electric
discharge occurred during an intake stroke in a single-cylinder engine, we observed the auto-ignition timing
advanced despite a longer time passes from electric discharge to compression auto-ignition. Then we performed
a detailed chemical reaction analysis simulating an experiment to analyze the factors of this phenomenon. The
result of analysis suggested that part of the fuel in unburned gas, which had been heated up by the kernel, was
cleaved and generated chemical species, which survived until the latter half of engine cycle and induced
compression auto-ignition. It also indicated that among the chemical species generated by the cleavage, HO,, in

particular, greatly affected the effect of advancing of ignition timing.

Key words : Heat engine, Compression ignition engine, Numerical calculation, Combustion analysis
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Fig. 1 Schematics of Combustion Chamber of RCM

Table 1 ICEBREHZR T, MEHITV A IR L,
ERICED T e P T U RICK D IRIERRICHIE S
N3, BELESKREZ+2ICHEERT 576, RCME8) 10
DENCIARI ZIEST L 7o ZEMALEIE 30:1 TH D, EFERE
%, BREITY S U HBETH 750pm YO EBERE L L
Too #IEAA XBERVEEREIL 298K, FIHAA XEHIF
101.3kPa TH B, KIERAKD—RIXILF—IF, 100m)

ICEREL, EMEREIAD S 25msec. BICHEZTo T

Table 1 Experimental Conditions of RCM

Fuel iso-Octane

Compression time (msec.) | 40
Air-fuel ratio 30:1
Initial gas temperature (K) 298

Initial wall temperature (K) | 298

Initial gas pressure (kPa) 101.3

Ignition energy (m)) 100
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Table 2 Engine Specifications and Experimental

Conditions

Engine type 4.—stroke,.
Single cylinder

Bore (mm) 89
Stroke (mm) 100
Displacement volume (cm?) 622
Geometric Compression ratio 20:1
Engine speed (rpm) 1000

Coolant temperature (deg. C) 90

Lubricant temperature (deg. C) 90

Inlet valve opening timing (deg.

BTDC) 47

Inlet valve closing timing (deg. 87

ABDC)

Fuel supply Direct Injection
Start of injection (deg. BTDC) 320 (single)

Fuel Gasoline (91TRON)
Air-fuel ratio 30:1

Ignition energy (m) /cycle) 100
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Fig. 2 Pressure of RCM
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Fig. 3 (a) Chemiluminescence Images, (b) Schlieren Images
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Fig. 4 Heat Release Rate of Single Cylinder
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Table 3 Calculation Conditions

(@ Preheating

Constrain volume and solve

Problem type .
energy equation

Temperature (K) 700-1140

Pressure (bar) 2

Holding time (msec.) 2

Air-fuel ratio 30:1

@ Cooling

Constrain volume and

Problem type
temperature

Temperature (K) From 700-1140 to 400

Cooling time (msec.) 6

@) Inlet1

Air-fuel ratio 30:1

Mass flow rate (kg/sec.) | Parameter (95.0, 97.5, or 99.5)

@ Inlet2

Mass flow rate (kg/sec.) | Parameter (5.0, 2.5, or 0.5)
® Engine

Bore (mm) 89

Stroke (mm) 100

Compression ratio 20

Engine speed (rpm) 1000
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