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Abstract

The CX-60 is a mid-size SUV that Mazda has evolved sticking to the Mazda’s unique approach. While

combining high safety performance and environmental performance required for modern cars, the CX-60

demonstrates exciting driving performance on any roads, showing off the high quality design and craftsmanship.

The CX-60 is significantly evolved focusing on “joy of driving by myself” that is the core of the Mazda-pursing

“driving pleasure”. Here we introduce the product concept and features of the CX-60.

Key words : Driving entertainment, e-SKYACTIV PHEV, Safety, Design
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Fig. 1 Joy of Driving by Yourself
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Fig. 3 CX-60 Premium Modern Interior
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Fig. 4 Driving Entertainment SUV CX-60
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CX-60 DFTH 1 >
Design of CX-60

5~
Ly

&

Akira Tamatani

C: 2
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Abstract

Mazda, aiming to upgrade the brand value, launches a large product group that enhances “joy of driving with
a car that moves as intended”, while committing to the global environment protection more than ever. Pursuing
ideal functionality, the products adopt a vertically mounted powertrain and RWD-based layout, which generate
a well-balanced framework with a long nose and a short deck in the appearance. The balance matches the
KODO design’s essence suggesting full of vitality of a sprinting animal leaping with its hind legs bracing and
kicking up the ground. The starter of the large products, CX-60, positively incorporates the structural balance
into the design framework and space structure to express vitality residing in the form as well as high potential
driving dynamics. And the Japan’s aesthetic, “ultimate simplicity”, expressed in the further refined KODO design,
is incorporated in the framework and space structure with the three figurative essences including “curve”
showing a continuous powerful motion, “margin” created by removing unnecessary elements, and “interplay” of
light and shadow.

The CX-60’s design concept is “Noble Toughness”, which suggests the aim of achieving the intelligence and
elegance of the KODO design as well as apparent classy feel and framework’s powerfulness that are the must-

have for a middle-class SUV.

Key words : Vehicle development, Design, Exterior/interior, Color, Kodo
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Fig. 1 Exterior Overall
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Fig. 2 Exterior Main Movement of Theme
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Fig. 3 Tense of Exterior Expression
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Fig. 4 Front Lighting Signature
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Fig. 5 Side Signature
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Fig. 6 Rear Design & Rear Signature
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Fig. 7 Rhodium White Premium Metallic
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Fig. 8 Construction of Interior Design
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Fig. 9 Driver View
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Fig. 10 Console
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Fig. 11 Mazda Brand Font
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Normal mode

Sports mode

Off Road mode

Towing mode

Fig. 14 HMI. Expression of Mi-drive
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Fig. 177 Premium Modern Grade
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The Combustion Technology for 2nd Step Skyactiv-D
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8 2 tHX SKYACTIV-D T3, BHROHHEFOEB bz —RE#ELED, PR GBI Z EICEL
TEFARI>E T ML DRBRBMER L ZRIR LT, FRERD 2 BT v JIRRE%Z BV ZEREIES
JEE MRS (Distribution Controlled partially Premixed Compression Ignition: DCPCI) (C& D, {ERIFEERESE
BICBROSNTWEEMETI ) —VRFREEMFEOEZFZH - SEFOEMRICETIRT S A TS,

RIRTIE, 5 2 L SKYACTIV-D DRAMER A Z uDic, BBhREICAISTEERRE 7Ot X & CFD f#th
ICE BB T FORERUERI DO VICLBRIHERICOVWTREY %o

Abstract

For the 2nd generation Skyactiv-D, we have significantly improved thermal efficiency by pursuing the ideal-
state of the predominant control factors of the thermal efficiency and by the new combustion approach of
evolving combustion timing and duration. With the newly developed “Distribution Controlled partially Premixed
Compression Ignition (DCPCI)” using a newly devised Dual Zone Egg-shaped piston bowl, we have succeeded
in the extensive application of the highly efficient and combustion-clean Premixed-charge Compression Ignition
(PCI) concept to the practical medium-high load range, which had been applied only to the light load range.
Focusing on the combustion technology of the 2nd generation Skyactiv-D, here we report on the function
development process for improving thermal efficiency, the proposed new combustion concept based on CFD

analysis, and the verification results by engine experiments.

Key words : Diesel Engine, Combustion, Thermal Efficiency
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WEHNKDSNTED, TORBITIFMRESMOEFHH
EETHD. A|RTIF, BHRCEBEIZI v a>vEmIL
THEFNARMBEED > 7 S Th 2 ZRGIHFEE SR
(DCPCI) ZFLMCEE 2 1H#1€ SKYACTIV-D ICHRE L 7=
JERATIC D W TN T 3,

IVA I Fig. 1 ITRT LS ICEBORIAKREZBIEL
T, 8z LET 5H5HRFOERLzAY I >IY
Sy, Fo—tLIvrAEsISBRLTELY,
1 step DS B BZHMEOHEL BT 2" step DE 2
1 SKYACTIV-D DRERICHT=>T, £¥I—ILTH3
3" step ICH T B BEIHRFOIBIEREZBSTL, 2IH
SONYTFv AT+ 2T 2" step DEIEEED T
COBICIZORTHA NS I alL—oa v ETILER
WeTdaPEUT RAET 114D, BRECRBZEHME

"1~4,6,89 I T UMRERARDD
Engine Performance Development Dept.
7 (KRR VYHERT
Mazda Engineering & Technology Co., LTD.

*

"5 MBD EHEB

MBD Innovation Dept.



No.39 (2022)

TYAER

HERT D LS ICEHHRFICEENLRERIEZESD
L7co BUBRETILICIET « —EILIRBEOR-TH 222/
HARRHE I RIFTRNEANOXE B ZNIIEE T
B EABEE T30, BR%ZRMRER & BRMEEIC
DI TRRT ZMEARRO 2 BEHESREETILY (UL
T, 288EETI) AV, ES LEEECHT
SEW - EROIT VY VRETOREZ, AL 2 8EHE
TN ZBAWEEEDORAZENBERTICL DTS, IV
ATIECOLSICEERELRIEDIL—TEEL, $HE
EFEEDIAA TV BIRE AR LA TV 3,

Close Distance to ideal Far
R Dl vy gy
ST TR

Previous oud

,
£
2a
s
o)
9if
i

o
=

Lean PCI

1stStep  SKYACTIV-G
1stStep  SKYACTIV-D

9z
iz

g
H
k)
3
2

O EEE.

IEEDOEE:

oL
55

Fig. 1 Roadmap to Ideal Internal Combustion Engine

Fig. 2 |Z 1500rpm BMEP600kPa (T >~ ¥ > 3 7t I
Table 2 DIRTTEY) ZRKXEGRXMHLESD, COEEETE
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HEIBEMELE, thELL, WRGERRD, WAIREEER, EmEs
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5 BAF DS BRIGRER - BIRIOEZICIIEREL, Bl
BRZEDIBIEICIIRETEE L EmATETARICHITS
WEFRKC, Z, LALDOIBBICIIRTEE L 2 HEIFHMR
BRETIOBEBMERICS ITZ2AREZBEEA, #HV
Z3CCTEELI BT F7EVMETRLRZ 1
step ICBIT B R T—RRAEZR—XIIERFRUTZDEAE
HIEEZEEICELTE GISFCOHEEXZ T LT
BWRTH B, Fig. 2 DBROMHRIZ, J—I)L L TEKRH
2hE 50%, G-ISFC 155g/kWh %R B1Z21E ¥ B\ TH&EY
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Fig. 2 Targets of Control Factors for Improving Thermal
Efficiency
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Fig. 3 Target of Combustion Duration and Mixture
Distribution for Medium-load Conditions



TYAER

No.39 (2022)

Fig. 4 11, FIICERLIE2BRIVvIBMGEEEZRL
CRER[OEBAHEIEIC L AT REMREDOE X
ZTY. RIREHRZ 2RI v I RIEED ETZEBICHE
MESE, AIREBOEMAREBRREZFLOTHZ
MRBET, BEEENHSHMLCHBRELIRET
BAN-MBRTZcERSVE LTV, AVt
T b TEREIEFREMEE (DCPCI: Distribution
Controlled partially Premixed Compression Ignition) &

ﬁ]-\j_ 5 o
Earlier\li;lj. \i\

’I < Air Entrainment
/Z % Later Inj. r/—\

\ Restrain interference

1N Earlier Inj. by dividing spray into
4

upper & lower zone
Fig. 4 New Combustion Concept by Means of Dual
Zone Egg-shaped Bowl

FRBEO > MMZDWT CFD (CONVERGE ver.2.3)
ERWTHEIEL 7zo Table 1 ICT > VETRUEESEHS
ERTo TNIVGICIE, BENZ—V CRIGERIR, &
AARDELICDOWVT, EREREFTERkZE “CDC” &
“DCP”, “SL” ¥ “DZ”, “133” ¥ “106” rB&EEL TWL
%o EGRERFIEZMHTRIUHEE NOX LARILICHEB LS
ICTRE L7, Fig. 51CI%, MRERRE / XILEHRODLE
BETRY.

Table 1 Engine Specification and Calculation

Condition

Label name CDC_SL_133 | DCP_SL_133 | DCP_DZ_106
Bore X Stroke $ 86mmX94
Compression ratio 14.4:1
Engine speed [rpm] 1500
Fuel amount [mms/str] 22
Temperature at IVC [K] 400
Pressure at IVC [kPa] 135
EGR rate [%] 38 45
Conventional
Combustion type d|esell DCPCI (“DCP” in label)
combustion
(“CDC” in label)
Inj. pressure [Mpal 150
S 1st:-26/6 Ist:-13/14.5
E;t “;¥EE£?§2? 2nd :-16/2 2nd : -4/1.5
e [mm3i' 3rd:1/11 3rd: 0/5
q Y 4th:13/3 4th:6/1
Stepped-Lip Dual Zone
Bowl shape Egg-Shaped Egg-Shaped
(“SL” in label) (“DZ” in label)
$0.133X10 $0.106 X 10
Nozzle type -155° -157°
(“133” in label) (“106” in label)

Previous New
Stepped-Lip Egg-shaped
¢0.133 x 10 — 155°

Dual-Zone Egg-shaped
©0.106 x 10 — 157°

Fig. 5 Comparison of Piston Bowl Shape and Injector
Specification

Fig. 6 ICId, STEEROENRUVRARELEBEZ R,
TERMRBED CDC_SL_133 T, ZE/N1Ov b7 7
Z—IEBHICLD, ZDDEP—U & H DARERDFH &
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DCPCI B DMES /N2 — > %##EBA L 7« DCP_SL_133 &
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10.0
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Fig. 6 Calculated Cylinder Pressure and Heat Release
Rate

Fig. 7 IC1&, MBHEAROARRIBIZ L THBEE (Mass
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CDC_SL_133 & kR THABEEARD EEC B> TW3, 7o,
2ERT I MMER MR/ XL % ER LT DCP_DZ_106
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DZ_106 Tl DCP_SL_133 ¥ IR TEMENHRNE <
(MFB10 H'i8< ), BMAZ B EMWI N (MFBIO AP
BV ZricERTY %
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I a
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Fig. 7 Calculated Combustion Duration and Soot
Emission
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Fig. 9 Calculated Mixture Distribution on ¢-T Map
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4.1 FRKEI 7 OERESEE

Table 2 ICHBEFMICAVWEHFHEOE 2H A
SKYACTIV-D (IXF, #78Y) CIRTTEIDE 1 # SKYACTIV-D
(XF, |BR) OfETZERd. MEIVIVTE, 458
M5 6 REICL THRIEREZILAL TWEY, KffiHT
DOHRE2IFIRBEI VIV ERELTH D, RTEEXE
BT B7HIC LP-EGRZHA LTz T, BmERER
BC, ZEBAIZEHICER M ZIRBEDOTILI®RED
HRBEERN BV F—ILER hoERALEY, E
L 144 D5 152 ICEHTWVWD, CNHIFE2ET
AR T=BHIEEFOMEEBEEREICHRIGEL TWS, £
BRRHES ) XL ROBBRERRICOWVWTIE, B3 E
THRARTFREI T RCEIWVWT WS,

Table 2 Engine Specification

Previous Engine New Engine
Engine Type In-Line 4 In-Line 6
Bore /Stroke [mm] 86/94 <«
et sy | -
Compression ratio 14.4 15.2
Fuel injection Common Rail/ -
system Piezo injector
Injector nozzle $ 0.133mmX | ¢ 0.106mm X
dimension 10hole 10hole
Piston material Aluminum Steel
. Stepped-Li Dual Zone
Piston bowl shape Egg")—rs)hapes Feg-shaped
EGR System HP-EGR HP & LP-EGR
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Table 3 Specification of Test Fuel

Diesel Fuel Bio Fuel
e | is#2Diesel | LB e o
Cetane 55.7 75 1
number (Cetane index)
Density 0.83 [g/cm3] 0.78 [g/cm3]
Viscosity 3.66 [mmZ/s] 3.0 [mmZ/s]
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04 SKYACTIV-D 3.3 DRI%
—KHERE - B3 6 RiA & RIFEDIERIERIC & DIRMUMED R E—
Development of the Skyactiv-D 3.3

—Increased Value Provided by Large Displacement In-line 6 Cylinders
and Pursuing the Ideal of Combustion—

/v PN

Daisuke Matsumoto

Ex A®T O OBEAX ET O fHE ANT B@E BET
Daisuke Shimo Hiroshi Minamoto  Daisuke Fukuda Kiyoaki lwata
EE EBRC ME FEL7 & =RT fHk BT

Atsuhiro Hatabu Hisashi Okazawa Kouji Tsuji Shinichi Morinaga

=R Za—rIIIIEATTEBETREIRIILT —HKEANOBTHICE VT, [RGB EAERE DEEIR
FEHEEL, HENA CO, BN =DICIFEE L & HICRBEBEONREREICLEZTILFY ) 2 —>a 0N
BN THBIEEZAOND, ZO—DODERELTHERIU—>FT 0 —EILIT VP> SKYACTIV-D 3.3 ZF%
L7co BEREZREED 22L W5 33LICTEATEZ T MLY - 5EAkIETRED, BEAEZEBRLIZY -2

FTRERFEDIMADFERE LTHAHTENEZAVWR LT, EHEEEI VY VHR My TORBIHTLEWL
BME, RUOHS I — b EER LTce 712 Pmax (RAMERE) WISOBERZEL S TERIENZ
MEL, BICES 6 GEICKZERBEODMEVT VY VEZRIDRAATR, TNSOEMICK > GEEGEDL N
LLTRICHD TEZEVL, RUKREOBEL ) —VHRICE S MBNIRIEMRE OmA%Z CNETICK
WRTTICE TR T,

Abstract

A new 3.3-liter inline six-cylinder diesel engine has been developed. In addition to the high power realized by
its large displacement, the combination of the large displacement and a new combustion method devised in
pursuit of ideal combustion has achieved the world’s highest level of thermal efficiency and clean emissions in a
wide operating range. The engine is therefore able to deliver “driving pleasure” enhanced by its six-cylinder
sound and strong torque and “outstanding environmental performance” thanks to its distinguishingly low fuel

consumption.

Key words : Heat engine, Compression ignition engine, Performance /fuel economy/efficiency, Emissions
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Thermal Management
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3#DCPCI (Distribution Controlled partially Premixed Compression Ignition)

Fig. 2 SKYACTIV-D 3.3 Technology Concept

Table 1  Engine Specifications
Previous 2.2 Newd3.|3 Newd3.|3
model mode mode
Hi-power Lo-power
Enginer Type In-Line 4 In-Line 6 “—
Displacement 2188cm’ 3283cm’ “—
Compr_ession 14.4 15.2 -
ratio
Common Rail - -
Fuel Injection System
System G4P-1 (Piezo w/
i-ART * - -
Max. Injection
Pressure 200MPa 250MPa 200MPa
Piston material Aluminum Steel “—
Dual Zone
Combustion Bowl Stepped Egg—shae Egg-shape
Combusion ' «
Shape Chamber Combusion
Chamber
Coolant
Thermal Switching Valve
Management COOI"’\?;'&O”UM with Zero flow N/A
System Water Jacket
Spacer
Variable Valve Electrical Intake
Train System N/A SVT N/A
. Induction
Engine Sound N/A Sound N/A
4 Enhancer
2 Stage .
Turbocharger T bSln%]Ie
HP: FGT urbocharger
Turbocharger . with variable “—
LP: Turbochrger turbine
with variable eometr
turbine geometry g Y
EGR System HP-EGR HP & LP-EGR «—
After-treatment DOC-+DPF - -
System
450Nm/ 550Nm/1500- | 500Nm/1500-
Max. Torque/tPm | 5660rpm 2400rpm 3000rpm
147kW/ 187kwW/ 170kW/4000-
Max. Power/mom | 4600 rom 3750 rpm 4200rpm
Emissions JPN H30 (WLTC) « “—

*%Ti-ART] is a registered trademark of DENSO CORPORASTION
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Fig. 3 Torque and Power Performance (Engine Only)
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Previous New

AT D WIS (Water-jacket spacer) ZiRBL, BIC> U
VR=FARSAF—DSRBEHKEN LI BB ZERT
Z71=®ICEIEOI >V HOIC CSV (Coolant Switching
Valve) Z#FA L THEHEAERICIZT Oy JROAEKRN
ZREICEIE LT, BHEPRIRICO U VA —F1F—BERD
ERIZAAMNT—F—IT8HKERL TRIRICE ST
HELBZAAIICRITEL, SMOBEEIBRZERL
feo —AT, RELIHIRIERE E BRAHADRE tRe = HE(R
TRIHICERRBEREY BERICEGRI—F—rFvEY
E—2—%RE LT WIS & CSV %A L 7= Hi-power 1t
B CIdFig. 15 ISR T LK SICWITC E— REHTY ) U4 —
SAF—EBERENI10°CLRETZHTER,

Coolant
Switching valve

[
Cylinder Block = ,*\t _________
L Thermostat
=o o

EGR gas ATF\

EGR Cooler /
Cooler Warmer
Brower Engine oil
~

Cabin ol
Heater

Radiator

Cooler /
2N Warmer S\

e
=
|

Thermostat

Fig. 14 Engine Coolant Control System

oty

$ 20 degC

—N—’{ Water Pump (Mechanical Type)

Vehicle
Speed
km/h

degC

Circuit-4 open
Circuit-2 open
Circuit-3 open
Circuit-1 open

Engine Coolant
Temperature ,

i 20degC

With CSV Coolant Control and WJS

Cylinder liner Wall
Temperature , degC

4 n n
0 600 ) 1200 1800
Time , sec

Fig. 15 Cylinder Liner Wall Temperature

4.4 E% 6 K[fFICK BEIRE) - #BEEEIVIVE
gib

FR33LI VYV TIFEY 6 [ AEEND DEIREIC
HRMTBICBIICE AT, BY 6 REDOOMEVWT
VOVEBRTIEIRAIIREE BRI EIEMNCLD,
ER8V] Z&DRALESEZ OO DERID ZIT o1

BERMEICDOVWTIZIRIT 2.2 EY) 4 KA THARL TS
BRBEMIRAGIESY O S>> v 7 b EBMBIBEDS
RIS L Rz OME < DER D HIRERB O DB Z HEEL ,
MR T, BRXEERRET D CTEPXIIGT BXL Fig.
16 IZRT A TR AN—IC L ZEFREZTR T FTICEK
BAL7e A7EILAN—IE, VIHEERE LIoES @ Ioxt
L, B#RMBELZERLALTIR N - EEEFHARER
BEBENORHEET o/, EEMICIZIVOY VDR
BEISTESNIZIBAZEICH LEEZEZED, &0
BEDIZIFAFICAD L SIOESHEEERE LT, Fig.
17 ISEEHEEZ B L T EEZHE LIS e 85
BEZEL TRECLIEBMLZRT,

Rear Cover

Top Cover

Fig. 16 Diagram of Capsule Cover

H improved
| 5dB M optimized

Engine partial inteiror noise target

Interior noise 1k-2kHz Ave.[dBA]

T T T 7 T 7T 7
T Y T T I
Left1,2,3,4 Front1,2 Right1,2,3,4 Rear Top1,2 Bottom1,2 Total

Fig. 17 Optimization of Capsule Cover

IV YBIIDOVWTIHME TIIRA B RARM %A
L7z MILOELICH L TEROBRENRELEZVODIE,
Fig. 18 ICRI L SICRRETH B, TS TT I EILEH
AHEICRBNICRR BT EGRE ICRIE THEI Y DY
DHBWEI I ZRER L EEBRTHICRR—Y I—TEHED
# 3 ISE (Induction Sound Enhancer) %M L fz. Fig. 19
ICTONEBRZETRY, BATZZOREKIIET 6 [ED
HBIEH'H DEERIC ) =7 T EHRPHAED 300~500Hz
I L THROME WS &4 250Hz ICRRE L Teo



No.39 (2022)

TYAER

Induction noise

Radiation noise
Transmission Mount vibration

. 2dB

Engine Mount vibratio .
\ Exhaust noise

0 5 100 15 20 25 30 35 40 45
Accelerator pedal opening  [%]

Level difference from zero position [dB]

Fig. 18 Comparison of Noise Source Sensitivity

Intake Sound *
to Cabin ) Original
K‘“"« Intake pulsation

Air Intake

Resonated
Intake pulsation

Fig. 19 Diagram of ISE (Induction Sound Enhancer)

CHUSKD Fig. 20 ISR T K S ISEERED T VI Z B
ATCEBEED S BZETEND ZFTORREZ 53%%EHME L,
T IVREICH T BRER T s — RNy ORI LT

«—53%(1.5sec—0.7sec)

I 5dB w/ ISE

SPL[dBA]

Enhance

%

0 2 4 6 8 10
Time[sec]

Fig. 20 Sound Effect with ISE at Accelerator Pedal
Opening

5. 85hDIC

R 33T —HEILT I UlE, #MLSKYACTIV. DV
DVEARNSD TEEGHKEDER OEXHEE
LSBT, FEMORBEHTRE 15 EOT Y THAY
YOI KBEAERKEBMEZBWEAL T, AHREL
CRBO—IRNAEROBMREEL, BED 22071 —
CILIOIO VIR L TREE KIENRE LT, RREOE
CTENER 40% U L L TRERTEESN TV SER
BF—tEIIVI Y TREODPMERLZERL, BI,
EZBUVEZRMIZBOEFICMETZL AR AL
ERWOTyTRERR LT, £, VU —2RERERE
RUOBVWEEMEORICTRFEEDLVWI VI UV RE
WOFTTEBMEZRETZIENTE e h—HY
Za—rIIIHETO—EEZEB SR IBEORREBA

[ TE 5% 5 HHRREBBL TOW<FETHS.
BE X

(1) Mitsuo Hitomi: Both the Gasoline and Diesel Engines
will be Winners, 26th International AVL Conference
Graz, (2014)

(2) FTKIED : SKYACTIV-D TV VDB, I VEE
#R, No.30, pp.9-13 (2012)

Q) waEr:s)—>Fa—EILITOIUFHE
SKYACTIV-D 2.2 DB ¥, XV XK, No.34,
pp.133-138 (2017)

(4) £1FH : 5 2 R SKYACTIV-D DBRBER:AT, < V4
¥R, No.39, pp.14-20 (2022)

(5) F;BIFD : SKYACTIV-D 3.3 ORIR 88 TIERE,
BIRS), SEEEEMILLEY 6 [EEERE
fti—, ¥ VAHIR, No.39, pp.28-35 (2022)

(6) /I\FRIED : SKYACTIV-D 3.3 DX —AKHERET Y
TUERAILENA Ty RO & B iR EE
DELE—, IVEFEIR, No.39, pp.36-42 (2022)

(7) FRIFD : FREET + —EILRRICE BRI
BOEH, BIARNE, Vol.44, No.6, pp.1335-
1340 (2013)

mE En

ad

BA ¥

s &
‘ <

ok BE—

\
/


https://www.mazda.com/contentassets/c9c12efa86a64ebab4353fb441ff3b9c/files/2012_no003.pdf
https://www.mazda.com/contentassets/c9c12efa86a64ebab4353fb441ff3b9c/files/2012_no003.pdf
https://www.mazda.com/globalassets/ja/assets/innovation/technology/gihou/2017/files/2017_no024.pdf
https://www.mazda.com/globalassets/ja/assets/innovation/technology/gihou/2017/files/2017_no024.pdf
https://www.mazda.com/globalassets/ja/assets/innovation/technology/gihou/2022/files/2022_no003.pdf
https://www.mazda.com/globalassets/ja/assets/innovation/technology/gihou/2022/files/2022_no003.pdf
https://www.mazda.com/globalassets/ja/assets/innovation/technology/gihou/2022/files/2022_no005.pdf
https://www.mazda.com/globalassets/ja/assets/innovation/technology/gihou/2022/files/2022_no006.pdf

TR

HHEE I MAZDA CX-60

05 SKYACTIV-D 3.3 RI3
—EETERE, EkE, SEHAETHEIILE
E% 6 [FEERREMT—
Development of the Skyactiv-D 3.3
— Technology of Inline Six-Cylinder Engine Structural Parts that
Achieved Lightweight, Low Fuel Consumption,

Low Vibration and High Reliability—

M2 F& FH #wAT BA BT &M T #&E BN
Hisashi Okazawa Kenta Honda Yu Aoki Shuji Takuma Yusuke Nishioka
L | L0 EEY it EMTC MR 8307 WE B

Tomohiro Yamauchi  Masanori Yamaguchi  Masakazu Kikuchi ~ Masahiro Koizumi  Atsushi Uchida

RILFY ) a—2aVIlE 2R ENAREBEEMZRIRT 27-0ICIE, BEEMIECRRICEWVWTH, AR
RADELHDHE L TRDOSNT WS, §El, RBEBEDELE S 3> D 2nd Step 2RI\ IHFRET 6 KFD
MBEETA—EILIVIUERE L. COIYIUIEINETO SKYACTIV-D OFHH T H B 1& Pmax R
IIICMZA T, CNFTA4K[BERARETE > TSBERMICH T2 EEEDE, REBCRUREZITVL, KK
ECHRBUBRZIBECHMIBNMICHLT, XMy FTLRILOBELERK 4 TR VD% %E < BERIE
MERRL. MAT6XBEORTTHIBIREZHEEL DD, IVADMBMETHIHETH1VPAE
— KW TEABFODIIREDIZKROSNZNY T —CBRZ, aWVEBRMZEERLANSER L1z, &K
BTlE, ZORRICEITTEALLEMCIOVWTHENT 3.

Abstract

To realize essential contributions to the environment in a multi-solution approach, evolution of the ICE is
continuously required even in the midst of electrification. Mazda has newly developed an inline six-cylinder
diesel engine which embodies the 2nd step of the company’s vision for ICE evolution. The Pmax-lowering
combustion technology that characterizes Skyactiv-D was inherited from the previous four-cylinder engine, but
the engine hardware was improved by evolving, optimizing and integrating the functions of structural parts. The
combination of these technologies solved weight and friction loss issues associated with a large-displacement
engine. As a result, the engine has achieved best-in-class lightness and even smaller friction loss than the former
four-cylinder engine. It has also satisfied vehicle package requirements to realize KODO design and the human-
centric car development represented by “Jinba Ittai”, while maintaining low vibration of a six-cylinder engine

and ensuring reliability. This article introduces the technologies adopted to achieve such results.

Key words : Heat engine, Compression ignition engine, Performance /fuel economy/efficiency, NVH

lightness, Low friction loss
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1. IR ®Ic Tak.)le 1 Main Dif‘nension and Specification
Engine Previous 2.2L New 3.3L
TUNIDEHCADBITERVRFRN D —R> Engine Type In-Line 4 In-Line vak/)/_ztsv mild
Za— FSLREMEOBREEEEL, VAR | 3 ybrid
MEoEBETERLET", YOL>BBRTD, B0 Displacement 2188cm 3283cm
FEDED CBEMEORILETLTZTILFY 2 — Compression ratio na 15:2
>3 ORBEEELTLS. el mecion | System =
CDE, J—HmBEEIZZ3NT—rL1>D1D System G4P-1 (Piezo w/ -
Y LT, 730 MLOBHICNZ T, ERERT—EIL ART?)
IVOVEREMR Ny TOBME, RURRLTELS Max. Injection 200MPa 250MPa
70— UHREREICRER LT 3.3 HEES 6 [ED Y Piston material Aluminum Steel

)—>F 4 —¥ILIT T Y SKYACTIV-D3.3 ZRIE L 1=,

2.V ET FEEERT

FRT YOSV ONEE Fig. 112, FEFEI>E T+
% Fig. 2 12, RU'EESETTR Table 1 ICR$, FIRT YD
VIdFig. 2 ERICTRT LS ICKEIREL L, 28T YD
BAER ¥ ERIGIE TR AR DCPCIIC &K B MRE% O
YETRORDNIER T, ED CHRORE, RURE
DAEREEERLTVE Y, TOHRTFig. 2 FRICR
TESICHICERERIHOREIC DLW TIRIFERE T T
BLLEWIERREN COAVET M EEZ I TV,

Fig. 1 Engine General View
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Value Delivered Adopted Technology

P2 + 48V Mild Hybrid |
8-speed Automatic
Transmission

New Generation

Response of Engine Start

Performance & Acceleration

Powerful acceleration and Engine
sound for driving pleasure

Maximization of Energy
Recuperation

Control

Cooperative

Optimization of Engine Diesel Engine

Fuel economy &CO2 Operation Load/Speed
World-class thermal efficiency
Excellent fuel economy with
mild hybrid comparable
to a strong hybrid

Large Displacement

Increase of Air Inline 6-cylinder

Expansion of EGR Region

Dual Zone Egg-Shaped
Combustion Chamber
High-Response Injector

Expansion of Ideal
Lean Combustion with

DCPCI* Concept

Emissions
Far cleaner than domestic RDE
criteria without NOXx after
treatment device

Low Pmax Combustion
Steel Piston
Variable Oil Pump
Thermal Management

Friction Reduction

3#DCPCI (Distribution Controlled partially Premixed Compression Ignition)

x
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Fig. 2 Development and Technology Concept

Combusion Bowl

Stepped Egg-shae

Dual Zone Egg-shape

Shape C&T;m':,n Combusion Chamber
Type of Premixed Charge Dlst;lrk’)[gtlllonpféﬂitxrgged
Combustion Ignition Cp Y. L
ompression Ignition
2 Stage
Tuﬁ);).c?érfger Single Turbocharger
Turbocharger . : with variable turbine
LP: Turbocharger cometr
with variable & Y
turbine geometry
EGR System HP-EGR HP & LP-EGR
After-treatment DOC+DPF -
System
550Nm/1500-
Max. Torque/rpm | 450Nm /2000rpm 2400rpm
Max. Power/rpm | 147kW/4000rpm 187kW/3750rpm
Emissions JPN H30 (WLTC) «—

*: Ti-ART ] is a registered trademartk of DENSO CORPORATION
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%, MBETIECINSZRED S DIE Pmax (Maximum
cylinder pressure) B2HERYY DREEY 6 KELES
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Pin dia. $52mm —
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Pulley Inertia: Sub 1.00g*m’ 5.76g+m’
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HHEE I MAZDA CX-60

I@ SKYACTIV-D 3.3 D%
—KHREI VO VERMIENAIT )y FOGRICE B
R EfED R E—
Development of the Skyactiv-D 3.3

— Cooperative Control Technology for Large Displacement Engine and
48V Mild Hybrid —

MR BT BAR BAERT EEx BT BX ET O ME BT

Toru Kobayashi Kentaro Takaki Koichi Sugimoto Hiroshi Minamoto Takeru Matsuo
y 6 7 8 9 < 10
Wi #mE” BB RKET Kt BET  ER BET AR BB
Hirotaka Yamakawa Kotaro Takahashi Haruki Ohji Tadashi Saito Hiroaki Gotan
v 1 = 12 A 13
R KIET Bk FBRC AKX BER”
Daigo Nishikori Nobuhiro Nakagami Akitomo Kume

IVAIE, CO, FHEHIRDBEIEBERICAT, BARCAZNBEBOMERELED RN S, BRENICEE
EEMzEAEOE TV TELTs 70Oy V8K ZHEELTWVWS, SEIOS—JEmEETIE, 48V D
NALTVy RORATFLEFHLICFAL, FREARED33LEN 6 8T —tFILIT > Y L EE 7= M Hybrid
Boost * BA T 3, mUVWHWRZLEF TER LT+ —EIL IV Y NBTEREBABNI T Y RO RT
LESHRMICEEE 2 MBEORARERMICED, STILRNIT )y RO ZXFL (MHEY) THOHEMNSHE
WEOIT VI IYIDBELZTREICL, BEIRILF—ERAEI T, FLENEED CMBICHENICESD
TREILEDT, POVCIMREICBRICERTZEDZFOHEHIY FO—ILDELE, BV XDA K
AYINAT )y RIEADEREEEZERL, Bhd IV ¢ MBNIREERE] ORMEMER EZER
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Abstract

Mazda has been promoting “Building Block Strategy” that involves making improvements to the base ICE
technologies first and then adding in electric devices stepwise. For Large Product group, we have adopted a 48V
hybrid system and introduced M Hybrid Boost in combination with a new 3.3-liter inline six-cylinder diesel
engine. We have also developed cooperative control for the hybrid system using the new engine that achieved
high thermal efficiency in a wide operating range. With this unique control technology, the system can disconnect
the engine during deceleration, maximize regenerative energy and efficiently allocate the energy to acceleration
and fuel consumption performance. As a result, the hybrid system has achieved further evolution of driving
power control that faithfully follows accelerator operation, fuel economy of Strong Hybrid car and enhancement

of the value delivered by “driving pleasure” and “outstanding environmental performance”.

Key words : Heat engine, Compression ignition engine, Design/control, HV systems, Cooperative control
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Enhanced Function Adopted Technology
Response of Engine Start P2 + 48V Mild Hybrid |
& Acceleration
8-speed Automatic
Transmission

New Generation
Diesel Engine

Performance
Powerful acceleration and Engine —
sound for driving pleasure Maximization of Energy
Recuperation

Optimization of Engine

Fuel economy &CO2 Operation Load/Speed
World-class thermal efficiency Large Displacement
Excellent fuel economy with Increase of Air Inline 6-cylinder
mild hybrid comparable Expansion of EGR Region

to a strong hybrid Dual Zone Egg-Shaped
Combustion Chamber
High-Response Injector

Cooperative
Control
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DCPCI* Concept
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treatment device
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Variable Oil Pump

Thermal
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#DCPCI (Distribution Controlled partially Premixed Compression Ignition)

Fig. 1 Development and Technology Concept

Table T SKYACTIV-D and M Hybrid Boost Specifications

Engine e-SKYACTIV D 3.3
Engine Type In-Line 6w/MildHybrid
. Displacement 3283cm’
Engine
EGR system HP & LP-EGR
Max Torque /rpm 550Nm/1500-2400rpm
Max. Power/rpm 187kw/3750rpm
Max Torque/rpm 153Nm/200rpm
Motor
Max. Power/rpm 12.4kw/900rpm
Lithium-ion Voltage 44.4V
Battery Energy density 0.33kWh
Fuel e-SKYACTIV D 21.1km/L
Consumption  SKYACTIV-D 18.5km/L

2.1 M Hybrid Boost D X7 LS
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Fig. 13 HP/LP EGR Control Improvement at Transient
Condition (vs 1.8L DE)

HEIHETWBH, M Hybrid Boost TlE, BIC—EEEWLMN
REEEZEREL, E—X—TT7YXbIEZkIC
&o7T, Fig. 14 IR EHBD, KDXTOFVERENF S
MERREIETWS, 8 CX-60 ICIZ<Y 4 DEFID
2R—YVE—REBHLTED, YE— REREIZEE
MERE L CHIC, BICIGEEICRZEESICLTWS,)

Acc.Pedal
opening (%)

25%
=/ ¥Under similar acceralation scene (gear position/engine speed)

Boost

 Minimize pump.loss at cruising condition I 20deg

Position(deg)  Pressure(kPa)

Turbine Act.

que (Nm)

Power Train

Motor Assist
Torque (Nm)  Tor

Longitudinal
Acceleration

1 150Nm

Motor assist by M hybrid boost while transient condition I
S50Nm

new 3.3L DE + M Hybrid boost I 0.5m/s?

Vehcle
Accelaration (m/s2)

Previous 2.2L DE
new 3.3LDE

Timels]
Fig. 14 Acceleration Performance Improvement with
M Hybrid Boost Assist Technology (vs 2.2L DE)

BE, IRILF—IX—AVID5D, BERNR
DOIMERT7RAbEL, IVSYRTIVIVIL_IEDT S
ZAMEETETVAEY, FINS MLITR—IX 2k
TV RIURERIITIR RS, BERCERED LT

2Ty aved MLIHRY—VICHBERTSZ T,
TETFERS—VICEVTHFVIGEM CEGH 4 ERE
TR ZRIEL, BUNS OB WILEREREEZRIRL
7=

4.3 BHRBHIE

(1) {ZEEFFEIRENHIM

E—E—T IR CBREHIEE RS N—REICRL
THAIE ST, AENDEIRBABHRENZ AR
L7co BRIFOIRENIE, TS DMBERNILIICED
PT DRMARIRAFIESNSZ A ERTH 3D, I
TA—EILIVIUIZEVWTIE, AVIU>IVI oA
FT=vHKRELS, BENLIBRITVWI DS, D
HIRFELE N EREE TH o 7o M Hybrid Boost Tld,
SVT Z 1) Z— RIRETHREISE, i NLIZEFHZER
L2272, E—4—IC& D HIREFULICT > Y U [olEn%
ERTETHHBBANTEZ LT, KIBAIREING % E
ML7e FRKDEEGEENRDOEND T I/ ZE
HEDNESBRESEZV—VICEVWTH, RERERD
MM EEZ, RIEFREZR/NRICINZ DD, ¥
SyFHIEME HHAI LI T, RRDODREZ—2—F
RICK BT VY U BIREICEANKIBREE R E® R
TRLEBIC, RIDB VWA L—ABRERESERE
L7z (Fig. 15)o —A, TV UEIEEPT7ARILA LY
TRICHEM ML ZEE AN L PTRIREIRICK
ZIREDFRET DN, VT eXOv MLEIEZEAED
3 TRILIEFZERL, KiBRIREMER%Z R
L7

§ a0orpm  New CX-60

Eng.Speed

Previous model

Improvement of the response and vibration

L
S o |} 10%
B £
25
[
g5 f
<
-0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Time[s]
Fig. 15 Comparison of Re-Start Response from Idle
Stop

(2) BEREBREHIME
[RoNE—XR—EHNTHZD, EFTIRILEF—D
—BEwmEB ML L TERTS LT, sidDIVY
VB MNLVEREEDE, NER/NROBEE:NIILIT
BHRETEZI B, TPy, E=E2—RUISY
FEOWBAFEC LD > 3 v o LGB EEIL L B



TYAER

No.39 (2022)

ERBFLT

Fig. 16 ICRT LKSICT VI VIR, No2 V5w
FxIAY FO—-I)LLTEBHEENZ DD, VERE
BROETIRILF—EHREIFRL, HEFEEESO
7eNo 1 V5w FERBIGEDE—Z— MLIIZRRETH
HEEARDS, MRICIBENCHEREE LI AOHT
BAZ1T5. BICIET+—EILBRSTIIOBEREICLS
RALO RISV MLaY FAO-ILZE&hETIT
STEICED, wHEBGECMHES a3 v IoMElzmIIEE
1o COR, EiICBEGZHBOX—7T v blL, TV
v, BE=4—, VI3 vFD 3 EDOHAEEET > TV,
TABNTRIE X L— RICERBIADAIF BN, MBEEREIAL
IV YR EE—R—MILODBENTEZ Z1TVLD
D, No.2 75y FHREASE TEHRESHDESRMEEREREL
TW3, $5IC, FEEREND S ERENCER T 2 BIREI = 2
TRHE1E, BEROAR%E £1< MLIDEDIESFH
HMDHZELEIY MO—ILDMAITERELTWVWS, £
TEERRKIC, BECRCTERBMLVOBILIES
EFEYNCEZZZCICED, 7ORIBREICR LIRS
B ayvI0RVBREIZTHEIIE TV,

Input shaft speed

Mot speed
! ENG.Speed

| No.liclutch Torque '

y; | No.2iClutch Torque :

| Control the each torque depending
| onthe driver operation| :

Engine Torque

Mot Torque /7

Fig. 16 Torque Control Image at Re-Start during
Vehicle Travel

5. 5HDIC

18 CX-60 D M Hybrid Boost Tld, #E SKYAKTIV-D
33LDMERICED, AIVZROZAOAVINAT Uy
RIEAMMETH S 21.1km/L ZRIB LT, 1z, BIEIC
IELTEE—R—P SV RZT v 3> e ORRAEICEK
D, BOFFOED ZHELIE . SERONREBED S
SRIMERETED RS, BRT /N1 AL DOHIER
iz, YILFYUa—>avilddh—RY
Za—FIIIHROERICEITT, YV R MBOMET
H? TEZBEV] zeH L TEMLTV

SE Xk

(1) FEXEFED - FHAK 3L IV—>TFs—FEILITOD
CORE (B13R), BESMEASFREE (2022)
(2) BXRIFH, FETFT A —VEILIVIVDTAIRILR

by TEAlT, 55 22 BIRKAKES S >R D L, No.71
(2011)

(3) FAIFH  FE 8 E BHMEREDEN, XVYEK
#R, No.39, pp.57-61 (2022)

mZ =N

Atk

INHR T B AER

s
B8 RAR K &R Bk &

ﬁ%k ¢th

o

AR ER


https://www.mazda.com/globalassets/ja/assets/innovation/technology/gihou/2022/files/2022_no009.pdf
https://www.mazda.com/globalassets/ja/assets/innovation/technology/gihou/2022/files/2022_no009.pdf

No.39 (2022)

TR

$HEE I MAZDA CX-60

@ SKYACTIV-D 3.3 ORHICH TS MBD 7Ot XRE#H L EA

MBD Process Innovation and Application in the
Development of Skyactiv-D 3.3

= EET M 3K AHE RET mE EXT AH BT

Masahiro Miyazaki  Kenta Kobayashi Yoshie Kakuda Yudai Kato Aki Murai

Al B—" ®EA AN B EET 0 BT EX OKEHT°

Shinichi Kure Daisuke Fukuda Yukio Jo Takayuki Yamaguchi Daisuke Shimo

CX-60 BEHDOIHK T —>F 4 —EILIT > SKYACTIV-D 3.3 TIIABER 2L & RIEDIBIERICMZ
T,48VIAIRNAT U REMLOYL X 8EAT ZHASDOEIIHBIMNARMICE > T, TEZEY) &
MENTIRIBIMRE ZCNMETICRVWRTICE Ta®D . TORRETAEICLIEON 1D EF/ILZ AW MBD
TOERXRTHBD. TP EBEE Drive Train (DT) /BEEOZFI=y bZ 1D ETILTDHWVT, ED A
B/ Iy a>voeTzHEd diEr/\— REHIEICREBEICERES T 2 ERROEBEEZER L, ATET
&2 @ MBD 7Ot R e KRN AEBERAEFICOVWTEN T 5.

Abstract

The new clean diesel engine Skyactiv-D 3.3 equipped with the CX-60 offers through its unique technology
with a large displacement volume and improved combustion, and combined with a 48V mild hybrid and torque
converter-less 8-speed AT, has taken “driving pleasure” and “outstanding environmental performance” to an
unprecedented level. What made this possible is the MBD process, which thoroughly pursues a hardware and
control system that balances all of driving, fuel efficiency, and emissions by connecting the functions of each unit

of the engine/electric drive/drive train/vehicle with a model. This paper introduces this MBD process and its

applications.

Key words : Diesel Engine, MBD, MILS, Functional Development
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Fig. 6 Heat Flow Model in the Engine
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Fig. 12 Acceleration Performance Study Results
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HHEE I MAZDA CX-60

08

e-SKYACTIV PHEV & X7 L DRFAR
Development of e-Skyactiv PHEV System

AKX BRT EE RB” =5 M woRMBT BB OBET
Akitomo Kume Yasuaki Fukuoka Tetsuya Kono Tomokuni Kusunoki Tsuyoshi Goto
M BHT™ L EE7 HEM BAET BF EET =& =7

Masayuki Okazaki  Nobuhiro Nakagami Shintaro Harugaichi Tatsunori Yokote Keiichi Miyamoto

IVAINE, THXFA4FTIL “Zoom-Zoom” BEE 2030] TUII DB THIEIBRPICK>T, ik
e TAl ZNZNOBRERREEIRTEES LT, SEl, CX-60 ICEIFTTIVANIDTZ T4 NA1T
1w RS X5 L Te-SKYACTIV PHEV] ZBIH L 7o e-SKYACTIV PHEV *E$EL7-DIE, RBERL3/NV T
TRHRFBEDLVED L BNIRESRE, TAU—HD50—J IV RA—-RUIRZZEAM, FLWFEAERR
ERLBFEMETHB, £IT, 25LHAVUY ISV +8EAT @Faﬁt:%l%ﬁ?%o)%—a—%g%:t‘ T
AKHEF/ FILOERRHD, 8RFVICLZBONLBIMEERR LT, £, SRE0RERVFILAAY
Ny T =% ZAR=GEHIDH S FR DEICHRBH L TERNEBEZRR TR HIT, t_hb%:r.a*ﬁr;‘cﬁ%u
YR IAY R FTB LT 75km O BV ffitEREz EIR L Tco RBEEIL, BRAERHEZ 4 BREMUAOMRRE
Lo Fho, KERIBR TREREH (CHAJeMO AR) #HBHL TV2HICHIETES LSICLz (BHEX
TR o

Abstract

Mazda announced that we will seek driving pleasure—a fundamental appeal of automobiles—to help resolve
issues that the earth, society and people are facing, in “Sustainable Zoom-Zoom 2030,” Mazda’s long-term
vision for technology development. Mazda’s first plug-in hybrid system “e-Skyactiv PHEV” has been introduced
for CX-60. Its targets are powerful and comfortable driving, outstanding environmental performance, practicality
for daily and weekend use and convenience allowing for new ownership experience. Mazda newly developed
sandwich type electric motor is combined with the 2.5L gasoline engine + 8 speed AT. It achieved high power/
torque and smooth acceleration with the 8th gears. High-capacity/high-voltage lithium-ion battery is mounted
efficiently on a vehicle to secure roomy interior space. The e-Skyactiv PHEV achieves 75km EV range by managing
these components with high accuracy. The full charging time of the charging device is 4 hours maximum. Quick-

Charging (CHAdeMO) is adopted to support V2H in case of a disaster (Japan spec).

Key words : Plug-in hybrid, Electric motor, Lithium-ion battery, Charger, CHAdeMO, V2H, High power
output, EV range, Full charging time
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XAV EBBESBELTED, RE—X— B>
27 LOBREMZ TV,

- Li Battery

(Dstarter restart
Main 12V battery

Fig. 4 Two Restart System
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CX-60 D E—X—HKETTIE, M Hybrid Boost (B 6 A
PAMERE+8 B AT ICHBE L7 48VIAILRNLTU W R
S ZXT L) ¥ e-SKYACTIV PHEV IE L= BRIDE—X —
HRDSNTze TZT, BRE—X—IZBLIEREX
1T7DE—R—ZRAKL, FERD 8RAT ICHEBH L
(Fig.5)0 E—X—DONRMEB% AT NEE — (A THRET
3 LT, HEPSEHKERY, NI NEESRHINREL
TEiOE—X—NARODNELH AR RD, RS
AN—DRAINT =T ZAR—IABRICEM LT 1>
N—F—IFFRTREL LT, E—X—FHICaARI%—
ZHEET 5 C & TIRMAEEREZ 2R L CXEO X Z 1B
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2 270Nm % &ERE L 7o

Fig. 5 Electric Motor

7=, M Hybrid Boost ¥ e-SKYACTIV PHEV FHD E—
R—ENRMIIRET T B 7=HICRT— 2 —WE % L@k
LTARZEEZEL, BREH MLIICIGL THEZE
B g5 aske Lz (Table 1),

Table 1 Adaptation of Electric Motor
e-SKYACTIVE M Hybrid
PHEV Boost
Max torque 270Nm 153Nm
Max Power 129kW 12kW
Stator diameter 266mm 266mm
Core active length 90mm 42.5mm
Cooling Water jacket Water jacket
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—AREZRAL, SBEED 90%ZHIRE L .
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LT, BE37kg DBELZTRALT (Fig. 7)o

Li-ion battery pack
Pole clash test

. [Srtaton]

Fig. 6 Fracture Prediction for Aluminum Diecast
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I High tensile strength steel plate |

Low Cu Aluminum diecast [#7£4"

Fig. 7 Battery Pack

3) NyFU—o—=1)>T

CX-60 PHEV Tl&, Nv T —DRE%ZBHFHEALN
B RETEZIHHICEINS, ERERASITLE
WAL, SEEBVWANYTU—0—) VTS RT A
ZIRA L. CX-60 D FREFEIARXICEDET, NvT
=Ny, TORZTS vy T ~TER 2 DET31EE
Cltco EEDNY TNy OBEERTDZI—1)>
TNATE, HIREICKZEETI) FPICEEBEINS =9,
Ny T)—=0—1) VTROSENRATILL TEA/NY
T)—=NNY IR THHENICEDNEEFNBVESICTS
DENRH B, £z, BEHIFIVTL YT —IZRED LA
WL SEARBBTRERICRIEIEZ L, TRAID
Ny TU—FDa2—ILEFTH—IISHT S 0@
MB35,

CDBRERBRT B1-0IC, CX-60 Tlk, MX-30 T
BLEERRERAICEZT, N - OO TILBHEMHR
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Fig. 8 Refrigerant Passage in Cooling Plate
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3. e-SKYACTIV PHEV D45
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e-SKYACTIV PHEV

:’ " ~
1 tor assist .

/’—_wmf'D 3.3
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UNIT TORQUE [Nm]

ENGINE SPEED [rpm]
Fig. 9 UNIT TORQUE
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(2) 7 BRED 757
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Fig. 10 Acceleration and Jerk
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(Fig. 1),
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Fig. 11 Acceleration
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Fig. 12 Accelerator Pedal F-S Target
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Sport mode(CX-60)

3 f electric motor assist

ﬁ Low Gear
1 Normal mode

Accel output

Acceleration[m /s?]

0% »
Extend the effective stroke
Fig. 13 Accelerator Pedal F-S Target
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$HEE I MAZDA CX-60

09 %8 E BBTEMOBN

Introduction of New 8 Speed Automatic Transmission

(3o =N tH % Lk 537

Hiroshi Shinozuka Kensuke Ueda Shinji Yamamoto
4 N 5
AR HAT BE B
Narihito Hongawara Hiroyuki Asakura

HWROVILTICKROSNZBVEREMRECREGEZRBERA LD S, IVATIV RORMKTHDIES
BUOZHR LISy YA XSUV THB CX-60 ZRERLTco COEMITHIEN Large BRBED by TNy & —
THD, ThHhS5OIVEDT SV RifEx 1 BEVWRT—JICRTY I7y TEIEZEEAR K %E-> TV
3. BNIREMECAE—RKICLZIEZIERUVZAEILIEIRS, FIEOMBESA— M IFYILIVRIY
>ay (AT) ZHEELT.

R AT OBRRICETZD, Bk - B - mENRC V- b TV R v g UBBEDBIN AR EEEBRL,
FERXMILIAVN=—Z—DRODICNZaTIL LTV RAZT v a VDL SBHBR I v FHEEBZIRATSC
LT, 1LYV MREELTINETESHLRERMEE, €L UHENERICLSEMR{EZzEE L. HETF
VHBRECERFHEZRBICEDALIE T, AORBEE—BLIEVILROBHZIEDZRATI L DI,
AVND MRt ZT5 CE CIEENGEGRZEREZERL, 7Y LOEBO—FRZRERLSN2BDE LT,
Ffo, REMEEICHTIBEV—XIIBIHZTRDICA8VITILENA TV Y RRUVTSTANALT
Uy ROBRIZATLEAB T 28EZHFA LT

Abstract

Mazda announced the CX-60, a mid-size SUV that embodies the joy of driving, which is the real pleasure of
the Mazda brand, while combining the high safety performance and environmental performance required of
modern cars. This product is the top batter in the Large product lineup, and it plays an important role in taking
Mazda’s brand value management to the next level. As Mazda’s unique approach, we have developed a new
type of vertical automatic transmission (AT) in order to pursue a human-centered development philosophy and
realize the joy of driving with “Jinba Ittai”. In developing the new AT, we focused on dramatic improvements in
transmission functions such as intermittent, synchronous, and transmission efficiency, and instead of using a fluid
torque converter, we adopted a mechanical clutch mechanism like a manual transmission to create a direct start.
We aimed for high response and smooth shifting performance, and high efficiency by reducing resistance. At the
same time, by optimally incorporating gear ratio setting and shift control, driving with a sense of rhythm that
matches human senses is realized, and by designing a compact design, an ideal driving posture is realized, and
with the car. | made it possible to feel the ultimate sense of unity. In order to satisfy the environmental
performance that is becoming more severe year by year, we have adopted a structure that can incorporate a 48V

mild hybrid and plug-in hybrid electric drive system.

Key words : Power transmission, Drivetrain

"1~3 RSATbhLA VR 4 RSAT LA UBRE
Drivetrain Development Dept. Drivetrain Development Dept.
5 NI — LA VRREAL (2022.7.31 B )

Powertrain Development Dept.



TYAER

No.39 (2022)

1. IZL®IC
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REERIBTZ7-DIC, FITHEBESD 8 EAT =R
L7z (Fig. 1)o COFEIBATIX, MLOYLADITY
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SHTHEDRVWEREZRITTZ LB, BRERIC
SEEMERICEDED CREMREZE VAT THEILL
7o

Fig. 1 Phantom View of 8AT

2. AREDOHRS WL

HEE = DB SAT IFARFRODRETBBZEKRL, X
TeREDORSWVE LT

2.1 HHEOEEZBORER
AE—RDED # X 22BN L EELR % RETS
1=0ICiE, REINT—0 ZAR—ZADERD AR TH B0
MEIDAWD RS T ML VICEVWTIE, BIERICER
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T3 AT QIMERENERREE B 5. BREERDIEERL LT,
OATAZ vy FAEBEORELTT —> VI AIEICE
HERT, Q2EIED SR T 7—FVERBALY
ARSI v I b2 Tr—2 VI DEMAMIVTTED EADES
ETEYE—FURABONRMEER ST TNH%
HROBELI SEZERICANTERL2ATORBILER 1T
W, BEORAILDT—IZAR—X%E=RELL (Fig. 2),

Common rear-wheel drive platform “LARGE" platform

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

Comfortable posture

Fig. 2 Pedal Workspace Comparison

2.2 MO AT #EEDIER

AT DIREMEEZEERL, RO MLAVHFERTYS
ATDFEREFELDD, BMERSAN—IC&3YZaT
IWERED & SR R L— ABEE/ BRIEEEBER Y
v FHIEBTEDIAAEED AT Z#E3R L 7= (Fig. 3)o

Value provided by AT Step AT with Dual c.lm.Ch Ideal AT
torque converter

" Cold fuel economy + +
Practical fuel economy Warm fuel econo T T ¥
Start responsiveness + +

Driving p e [Ease of starting + IJI.[.l:I E> +
"Jinba Ittai" Shift response + + +
Smooth shifting + ++

Fig. 3 The Value Provided by AT and the Ideal AT

Image
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e0c0ce- |.;.

Clutch® Motor Clutch® Transmission

Fig. 4 Electric Transmission Layout of New AT
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AREBEICT L CTHIERI F2BEREIC L, AT DZBRERD
FipgEtoO— Ry 72 EBERb L1 (Fig. 5),

‘ Value delivered ‘ ‘ Enhanced function H Adopted technology ‘

Quickly engage Hydraulic

/disengage characteristics

Hydraulic feedback control

Friction Direct connection
Inertial mass (Without torque converter)

Smoothly Synchronize

Ratio Gear ratio optimization

Resonance frequency
control

Vibration damping

Variable lubrication

Fluid loss . y
/ reduction of oil amount

transfer

Efficiently Gear loss

Mechanical loss - .
/ sliding loss reduction

Heat loss Thermal management

Fig. 5 AT Basic Functions and Technical Concept
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Motor Housing Gearbox

Fig. 6 Sectional View of New 8 Speed AT
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Fig. 7 Launch Clutch Concept
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Fig. 8 Ideal Gear Ratio
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Development of AWD System Technology for CX-60

=H & Sk B
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Seiji Hidaka
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Yasumasa Imamura Daisuke Umetsu
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Katsutoshi Shimada

CX-60 TIVAMERBMBII VIV LATY FOEFFHEZIRI ZvFXAWD #FALT. WS
723 MRRCIBENANY R IREZRRL, EABELLTRY FLARILO AWD ZHEFRL 1.
TETEARETHENZIRD - REDEWEICINZ, RZAN—DER - BECOBEHICESZFTEDEFFIC
BNZEABRERBHICL ST, EDEVLARILD “EREHV” #RETE .

AT, ENS5ERBE LI AWD ¥ X T LAOFEMHRBNEIT S

Abstract

Mazda’s first electronic controlled multi-plate clutch AWD for a longitudinal engine layout is adopted to the

CX-60. This AWD realizes high traction and ideal handling performance, becoming one of the best passenger

cars.

It provides safe and secure driving perofrmance on any roads, increases “driving pleasure” thanks to the

natural vehicle behavior that is maneuverable even in high speed and high-G range.

The article introduces the technical details of the AWD system.

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

Vibration, noise, and ride comfort, Full-vehicle simulation
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Fig. 1 CX-60 AWD System
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Fig. 2 CX-60 Driving Position
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Fig. 3 Centerdistance vs Weight of Different Powertrains
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Chassis Dynamics Technology for CX-60
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Abstract

Mazda has been consistently pursuing “Jimba-ittai” feeling, a sense of oneness between a car and driver,
allowing a driver to feel the car as a part of the driver’s body, and the car moves just as the driver intents, which
delivers excitement, vitality and confidence to the driver. Our vehicle development philosophy is “human-
centered” that makes full use of people’s innate ability and senses. For the CX-60, we focused on human’s “body
expansion ability” with which people are able to assimilate a tool as a part of human body.

Keys to maximize the ability in driving are three mentioned below.

(1) A vehicle quickly responds to driver’s input, in other words, the time change of driving operation and

vehicle behavior coincides.

(2) The concurrency endures disturbances on rough surfaces and some changes in driver’s operations.

(3) Driver is able to catch vehicle’s response precisely through the five senses.

With the view of the above three key points, we thoroughly reviewed the seat frame including newly-designed
suspension, along the transmission course of the power to improve chassis dynamics, and realized the feeling as

if driver’s brain is directly connected with the car, and Jinba-ittai feel greatly exceeding the current PF.

Key words : Jimba-ittai, Development, Philosophy, A part of human body, Coincides, Concurrency, Precise,

Chassis dynamics, Brain
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Fig. 1 Human Ability to Handle Tools Like Parts Own Body

JIRIZBEWVWTIE, RoBTICEABALIGEEDEHS®
EBEROWHARZBATCHAKXTEICIBETE3
BRREBEEDT. CNEEBLATHRAENICED ZD
CETEBT MM IILIHERE] LTLWEHDLSH
BREY, TNICL>THDIAKREIBENT— Y1 DY
W%, FROLSICIENZ VILIED ICHEEL 7o,

2.\ Ay 7k

2.1 BEICHTIVIRORBHRRES S>>0
EBLEDIE, ADSTILIANDODIDFNTH S, B
EREEIE, TE (Fig. 2) ISR LI, Input (12E)
12X L Output (I6E) BY, BEENEEELANSHIG
EREAELMLTVWE e EE LT,
ZILRICEWVWTIE, ADRELBEOMICZ < OH&E
PAELTWVS, TNSOEHLMDOBIMT, Input &
Output DREIMGHASREZ Zeh 5, TOMIMERMICERL
7o TR (Fig.3) I&, 72U a>%E5L22 D08&E
(UNITO®@) TEFICHEREINZETILOIGE % B
TRLIEBDTH B, NOFENZARICIBICAIEEZD
TWK NS Y AN IBIBRETH B,

Time

Fig. 2 Ideal State of Input and Output

Ideal output

Increasing rigidity as the power path l

Out put

/

/A
N )

Fig. 3 Ideal Stiffness Distribution

Time

IR DEEFFICEVWTEZR S, ADIRME (INPUT)
&, AFF7I>IH570Y ARV 7Y, HiE,
DF7HIRRYaVCBICEH > TV, EDF/EREL
T, IFRLEHz2HS FEmEHHIHEET 5. ERIE, 77
ICHTRREDAHEBRLYATLICICIEEEEH D
REtE LTWieh, SEICX-60 Tlk, NDEGEDELR
ICEBL, TR (Fig. 4) IZRT&LSIZ, FERXATLDMG
BErEDOFNZFRICED > T, BPN3 e h<BIF
B3L3ICLTce RV ME, RFISRT 2DTHD. @
&, EROMNEEREZMZEXZ 70V ARV
Y OEM. @I, UTHIARYI I VOEEZEHI Y
JO3EZEMTH D, ENENRIE3S.1 L 3.2 TEN
T3,

Driving scene

Vehicle reaction b
L J (%) 0
" A
11 A3 _
Time /\

Response of vehicle reaction

—o- previous
-~ CX60

response

@

- . . Time E
Function of chassis unit
(DFront Suspension (QRear Suspension

Fig. 4 Input Transmission Order and Response
Modification



TYAER

2.2 BEAILPIBEZICH LTS »oOdER
KRB >oOCERR, CheFRctEs e
M EELIE S BERE] ORBICIINETH D, TD
7=®12, BEAILICH LT, NREEREICNTVRE
BAaH5H, FRBREYF I EZMZZETOVY
ALFHRTESZCICEB L K, BEAILICHL
Tid, FIRBBmENENTHERBSMNMINKRLEIZEZR S
FEMzHERA LT, SEIE, MX THRHEDIANDEETZ
MZRBCT, #EiCNTZ>>o0%, #HESET.
C DEMD—FI% RIE 3.3 THENT .

2.3 JIRODORE%E, ARTIERICELCENS
BICHEAAENTBERERIZ, AREBLTESND
BRICKE > TEICEFHINKITTVWS, DFH, L\HA
32—>TH, ZIIHE (BR) ZAICERICERS
REHH B, BRIL, TEITEFATRENLTAILER
TW3BH, BERMICO—FENLTEHEHL>TW3,
CX-60 TlF, TNFETULIC, ANCERRBREDLT
B — N EBERELADT, TO—F%RIE 3.4 TEN
T3,

3. AR

3.1 ADEREZERIC7OY 21 VOEHICER
Y5200}

FTEB LD, 70V FOERBHOSE L TH %,
TERIE, N FILEY>BICZAVYHTICAEICRS
BRHzEPYT BRETTORERZRALIE S
DI, EEEDEZIE RIS TEIHRENH T LHL,
ZOREAZIL TR L, NOGEEBICHHHSTigfe
BEFIC3—, O—ILEFHERESE TV (Fig. 5 /7K
ENDERS) o

By steering to left

Steer axis

Steer axis

Body reaction

Fig. 5 Mechanism of Caster Action

ZD, RETIFREDBRICEVWTUSEIE A
BMEAEICH oo SEIL, EFEEHDIBEZICLZIERLED
BEERIMELTR7-0IC, BETHICLZEERTOREM
&, U7HARYS 3O ZRELLHES TN
F LI ERERLBTAIBICER L =o B (Fig. 6, 7)
i3, ZORRERT,

No.39 (2022)
L
on
<
<
&
— CX-60
— previous
Steering wheel angle
Fig. 6 Steering Angle vs. Roll Angle
=
(]
£
(]
8
g
©
©
o
5
— CX-60
— previous

Steering wheel angle

Fig. 7 Steering Angle vs. Lateral Displacement

3.2 DF7HARY D I VICL BB ZTH D HEA
BEEEBHBICIE, ARV I VORIEESD S
CEDMETHZN, —ATLARPHAEREDOME NVH
MEED=®ICIE, —EUXLEOAYTSA TV IDMRET
H3, COBREIL—VAINL—FBHIC, TR
(Fig. 8) ICRTEED, YRV IICHIFMIEREETE
HL, 20X T Y MIRBIMEIOMEER EH L1
#LLRAIEES ORBILEMEZ BN T 5,

~
L

Body

=

'---—-'--——-—

Steering
& I Tire 3D rigidity
Handling I-----------‘
Ride 3
& 12D rigidity !
NvH g

K1 << K-
Fig. 8 New Function Sharing



No.39 (2022)

TYAER

(1) FZREBEOIILFU D IHZIRYY Y
SENE, FIRADOTILFI Y IH ARV 3 V%A
LT BHTFHALEDIE, Vo IBRBTHS. B (Fig. 9)
ICRTEDICETICERET 3 4 A0 ) VU %BLUFTH
D, PSR (ZAF) BB T, SMEMNRIL
EEHlce MAT, FAVEICIER—ILS 31> bER
BL, RFs—loT v alcsLWTHRltZEEH DD,
AL—XGZAO—0%ZRHA LI, TNUIZLDEZAIYD
TRt ESD .

Fig. 9 Truss Layout Rr. Suspension

(2) ¥2UORX T FTORDDIMKZY NVH & D
AL
B0 Mg, LR a—LHARIL, U
>0 Ty Al ANIRENIDH OEEERLNT V. T
(Fig. 10) &, EODODHICHEBRBEIY SSA4T7 VR %
HIELABNSE 3D EIETOR A VAIBERDEIMERIEL
TR ETRT,

! N
Q N
E> ~ CX-60
m ~
~
& 0
£ N N
= N
] N N
c S N
L B
\\ \\
A 2
£ & SN
5 s s
2 N \\\
wn \\ N
H Potential line
8 L} 3
> %y 1
2
S previous Yo, o)
‘& Potextial line
(L Ay
a N
) AN

Soft 2D rigidity for Ride Hard

Fig. 10 Tire 3D Rigidity vs. 2D Rigidity

3.3 BiEYARYY 3 VIEBHMORE(L

BIERBEOATDORETEZMADT=OITFALIEDIE, Y
ARV VDB TH D, T ARV I UICIE, &
FIFEABEENROSNTED, ZOMEEH-TD
IC2BENT U RZEZEBLABDST—LP U VI DEER

CZRELTER. LHL, BIBROY IRV 3 VDMHE
MRS CIFHL<, —oDAO—TE2EDHX
3>—>TRNZE, EvFEFEFREL, AONTUX
RIFEEETIERNTEZ> TV e COEEEIDRIRE
ZIBRFEFTMMZ B CICHE L=, ZORR, 70OV F
WEETINTr v aRk—2R, DTERILFU D IRE
REAL, BIREBOZ1 YO L THHORER OEZEAT
EvFyit>g—%, BEROBAICEETES LT
EZEhE —B B, TH (Fig. 11) &, TOREZ TR,

previous CX-60
\ | | |
\ | | i
\ | | |
\ | | |
Supension @ o [ 5
stroke axes ' 1 ' 1
Pitching Bounce
Body
motion ¥\ I

Fig. 11 New Suspension Stroke Axes

TE (Fig. 12) &, NREDRNT U REA R 38
ERFLAECECTAPNS VY ZIZEDRTLAD, AD
SEEBDE T 2 ABICRD S EERZ TR T,

Head Pitch Angle

—— CX-60 —— previous

Time

ST~

Fig. 12 Driver’s Head Pitch Angle

road surface

3.4 >— MRIEEEIL S ORBEIL

(1) Hho=EzI L —MME

EREH S DIEARIEREEZEC I, HOZEbEAADZ
FIRETEZETHB. TOHDREICKIL<LEb-
TW3S—rBRIE, B (Fig. 13) ICRTLIICAEL
3ONEETHEMINTWVWS, >— FBREERT 350
mld, BEERARDGITHORRTVS X514 —]1 &
S—rEEKERTHD T7L—L), ELTTITRSA
HA—1 & TOL—L) #8S T35y bl &iH>TW
=



TR

No.39 (2022)

<4— Frame

= Slider

Fig. 13  Seat Structure

N5DOWROAMENMBENE, RFa—H5— kA
DEINTHAD, BABZ3ARARIFIZDENTEOD,
BHEH S ANERGRBERTGENMELDNS, T (Fig.
14 OFRE) ITRTEED, — FBROEARIME (\%
) z@LL, ANCHLTHOREENMHILY =7
Dr1zmbic,

Human body

Urethane

Suspension

MA—B-A:
AMM—B-AMA-
W=t W—er

YWY

Frame

13 1t H .
Seat structure —MWW :'; AW

Bracket

AMA—B—M-

VW=
AMA—B—AM-

VW=

Rail Slider

*

Fig. 14 Transmission Pathways of Seat

(2) >—rERORIMRLE

CX-60 Tl&, 7L —LORBIMERALEZIFTTELS, AR
N3FAEICIEICHEEZSHTOUWKNSVRIZERL,
S—brDEBEHO>TWVWEIBRTHS (RF14—) &
737y bl ORMERLESTo7 CAEICED, > —
FEROBIGICEREDSVWEMmEHH L, $EMICS—
FEBRORIMERESE, TORKR, TR (Fig. 15)
DEHEDTL—LEBOEREAADNRERIE, HITE
B L 2.5 BT,

new gen
frame

—_~
E

=
S~

Z
<

-

c

©

J2

o previous
o

ey frame
(=

‘=

=3

w

Fig. 15 Rigidity of Seat Frame

4. 414 F 2 U AEEEDERRR

U EOEMZEmMICIRATZ T, BiEELE, o
S—AALF IR, Hi-HD TRHEVILIHERL
TWBHDESBERE] ZRRT Sy T x—LDS5K
BcmLEt3Iti, TR (Fig. 16) I&, ZDER%EZTRT,
RITETILLERT, BECHTZII > IoO0EETRYT Mg
EICH T 2EMEBO—HE] H39%mED, NMEKE
EOMRIBEDO RS N—DBEROBIE] N 34%F
L7

CX-60

a
previous < |

driver’s head motion at road slope

Consistency
(Driv. input and vechicle output)
g

Fig. 16 Dynamics Acheavement

5.8bbDIC

SElE, ADPEEHRICLTVWREEICEAAZEL D
—(FEEEDHZE VWS KMOBREICHE L. £LT,
ABESRLZDHZRIFEDER, BEFLITTR
<, BEDEEFTH—RrB>THELIZREL, RE
BERSOTCHENBVEVWSHAAMEERR L.
g, TYARREIBMLITTIFRERL X 2HDTIER
<, EERMEM, RUBEGRTIZ<OBIRHDOHF L
CETHLEBLEHDTHD. ADEENEEHL THANEL
DORMIZELS, BEREORBEOLDHICSEHRELBEICH
FTEHIT TV,



No.39 (2022) IV AR

mZ =N

B MR

{7 \

I R E=H R



IV AR No.39 (2022)

€& . MAZDA CX-60
12 CX-60 DEIERRATL—FICHETZH 1T =0 XEBEFAR

Development of Vehicle Dynamics in Regenerative-Braking

of CX-60
HF #3507 e AR R OKE”
Shigehiro Tanaka Yuta Tango Daisuke Umetsu
St HREY  HH KT

Yasumasa Imamura Taku Yoshida

S—CHEmBOE M LT, CX60ZRKELTze IVANDTSTAVNAT VY RETILESA VT Y
7L, REERD M Hybrid 24V IAILRNAT ) wR) ICHRT, EDZBLOFEIRILF—%20EUXL, REH
BEZMEL TV, BRI RI/ILF—DENICIE, BIEBRTL—F X T LZRA LT, BEHATL—FIL,
IVALLTHMHT, i-ACTIVAWD CIBFAGFIHSE, AWD B5TIEDEIDEELZED Y, BARIL—=%
RAJIERERR LT,

Abstract

Mazda launched CX-60 as the first product of the large platform line-up. Mazda’s first plug-in hybrid model
included in the lineup features improved environmental performance with which more deceleration energy is
recovered than the conventional M Hybrid. The regenerative-friction brake coordination system is adopted to
recover the deceleration energy. For the first time in Mazda, regenerative-braking is coordinated with i-ACTIV

AWD to achieve more stable AWD-specific driving performance and natural brake pedal operation feel.

Key words : EV and HV systems, Vehicle dynamics, Plug-in hybrid, Regenerative-friction brake

coordination, Brake-by-wire, Energy regeneration, Motion control
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NVH Development for CX-60

A =77 EH EMT RS 2R B BR¥EY OER ERT
Eiji Sumida Masaki Mouri Yukifusa Hattori Ryohei Karatsu Takamitsu Miyahigashi
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Akira Kinoshita Takuya Fujita Tetsuya Mikoda Kenta Murakami

CX-60 DRIV ML, TCABETH, DEBESZ EHTES Driving Entertainment)] TH D, CDIAY
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Abstract

We've set the concept of CX-60 as “Driving Entertainment that can excite you on any road”.

In order to realize this concept, We’ve set the goals, (1) quietness target on cabin to provide customers with
sense of ease by eliminating noise and vibration (2) Engine sounds target to evoke an elation and the driving
pleasure. In order to accomplish these goals, we have constructed a concept for reducing the sound source and
controlling the vibration transfer characteristics and air-borne noise. Through co-creation activities with all

related departments, we’ve accomplished these goals.

Key words : Vibration, Noise, and ride comfort, Body structure /body material, Acoustic material, Idling
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vibration/idling noise /acceleration noise, Road noise/pattern noise
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Aerodynamic Development for CX-60 Adapting
Flow Control Technology around Wake
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Satoshi Okamoto
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HERERRCIEIC BT 72 CO, BB D AD—Dr LT, MBA LI ERESERICEBIITR L
DR DFEMTH B CO, FEHEBIFEITEMICLLAIL TEARL, ZOBRERTH 2 EXIRISEBAIRIC
TET B8, BRARICSVWTISE T Y C ESEBNEROMINNEREE 55, hicbid, ZERE
ifR% (Cd 1B : Drag Coefficient) ADOEHFSENAZTVERERADOBISCEIEL, BEET/ILZAVCARNOD
AAZ X LR BRNGEEMRRICRDBEAR., TOKE, EmEnHoRREHIHNT 32T, ERIE
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OEMBERICERL, BVWATTHEI T Y EEILIEEDNS, VFX MYy TLANILD CdEEEREE T

Abstract

It is important to improve fuel economy for cutting CO, emission contributing to the environment. However, it
is necessary to balance the aerodynamic drag reduction and the design in the automotive product development
because the drag depends on the geometry of the vehicle. To achieve this goal, the technologies of the drag
reduction were developed by using the simple shaped model. We made a concept to reduce the loss in the
kinetic energy of flow by controlling the flow direction at the rear end of the vehicle. By realizing this concept,
the new flow control technologies that can reduce the drag by 12% compared to the previous model were

developed. By applying these technologies, the CX-60 achieved top level aerodynamic drag among the same

class vehicles and realized the design concept.

Key words : Aerodynamics, Design
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Fig. 11 Flow Angle and Kinetic Energy
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HHEE I MAZDA CX-60

15 CX-60 DEE * BAIMERT r —F3H
Development of Light Weight and High-Rigidity Body Structure
for CX-60

B2 mET B BT gL AR

Hirotaka Natsume  Tadashi Yamazaki  Kazuhiro Kageyama

NE RE™ #%E =E"

Akihiro Kawano Hidetaka Goto

CX-60 I%, MAZDA3 THRA L 7= SKYACTIV-VEHICLE ARCHITECTURE"” %Zfb 3 ¥, T VitBE A%
RALES—CHBREOE—HETILTHD. 2ETIE, RT—DBEEX IR —RETHETS IITx
ILFE—=O> bO=ILART 1 —1 EVWSFEBEERDBEACDOVWTIENT %, TRILF—DImE « TN < FAIS] -
BEICOWTEEEIBIS, ThERRITZLHD3 20T+ THTRIFRTNAVWO—R/INRY, TAS
HRET v 71, TEEBNAOBEREEAS) ICEDE, RRBECHEIM0®ML EME « TEDELTED
AFH, BEEELR L. CNBICLD, S—CEmBCRTs —HERTMEERIETE /.

Abstract

Mazda CX-60 is evolved Skyactiv-Vehicle Architecture which has been adopted in Mazda3, and is first model
of Large product group to adopt longitudinal engine. This article introduces new initiative [Energy Control Body
Structure] which we develop body shell function from energy perspective. We decided an ideal about energy
transfer, reflection, absorption, damping. We enhanced ring structure and joint stiffness, and evolved material and
construction method, based on three concept Faxial and continuous load path] Trigidity improvement on load

input point] damping at high strain partJ. We realized aim value of body structure by these activities.

Key words : Vehicle development, Platform, Body structure /body Design
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#5EE | MAZDA CX-60
16 CX-60 DEREZLIMtRE
Passive Safety of CX-60
T AN BE BN EA —F 8% R

Daisuke Tsuji Yosuke Sawada “Ippei Kuroda Kohichi Tanimoto
~ *5 = *6 N *x7
WmTF =R T 5= KO AR
Kouji Matsushita Ryo Ando Hiroshi Mizuguchi

C: 2

VAT, 28U ¢ TEBNIRE - T2MiE) ZEEIC, 2 - BORVIVEHa0OERZEIEL
TEREEEZEEL TV, £0OHRT, BEREMEMAEIEISVEEERCBRE VWS EREROBGRZS
RITTHILIEB7-®HIC, MBD (Model Based Development) % ER{E L TEmMEEEZBHHF L TL 3,
TSKYACTIV-VEHICLE ARCHITECTURE] ICRERINZEAKHERTIE, SEE CAE iz BV TEHERORERZ
BRI L , DL TEZBTIILFO-—RNZAZELLSEBLF LW T —FTI9F v —%1ED LifT

B CX-60 TIX, BBWEBIMEN—RE LB T Iy T+ —LIC, EEOEH - BELRODH S
Ny I Fv T4 7 LIEERREFEMZBRTTHEL, BLWIRILF—RINGERZHER EHEEE, 8F
BRERUVSTEFREZELSE, BNOEEREZLT7EX X2 b (New Car Assessment Program: NCAP) T#H
% Euro NCAP T, 2022 FICRE I VI D 5 B2 IS LT, ATRTIF, ARNGERLETHSr1EERE, A
EEZR, BEEERVSTERZICOVTEDAALEMZEBNT 3,

Abstract

Mazda has been developing products to realize safe and secure cars and society, aiming to achieve
“outstanding environmental and safety performance” and “driving pleasure”. In crash safety development,
Mazda uses MBD (Model Based Development) to develop vehicle structures with the aim to combine
conflicting relationship, light weight and safety performance, at a high level. In vehicle body development
characterized by Mazda Skyactiv-Vehicle Architecture, the new architecture was developed by using high-
accuracy CAE technology. This is a structure evolved from the multi-load path structure with which a collision
load is efficiently absorbed and dispersed to endure it.

The CX-60 combines a new platform based on rear-wheel drive with the crash safety technology that is
backcast from the analysis of real-world accident/injury forms, at a high level. It won the best five-star rating in
the 2022 Euro NCAP by evolving the technologies of high energy absorption efficiency-equipped body structure,
partner and pedestrian protection. This report introduces the technologies incorporated in typical crash modes:

frontal, side, and rear collision, and pedestrian protection.

Key words : Safety, Passive Safety, Crash Safety, Pedestrian Protection, Compatibility, Body Structure, Energy
Absorption, Partner Protection, Platform, CAE

T REPHITEDREMEEZA LT 370, FHETOIE
: < TEREW - EERRODTEAKICE T BEEHEX
TBEHIC L BEERS, BATIIRMERICH D H=X L (ANFEFRER) =BEXO#ME L.

DD, HAMNICIIEAL LTRELHBETHD, B o, MELIBBTH AV EBDOERITEZELS
BBIREMEDOALENAKROHSNTWVS, ZD®D, ZRET DI, SHRB/FRIRILF —RINEIMTZ

MAZDA3 LPEFDFHBE T, AN —DEEREHRI-EITS REREOEEC LTERILTS7-ODELICHEDIEA

"1~7  EZRMERERARED
Crash Safety Development Dept.
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B CX-60 Tld, FETHIBRBERENCLT VD ViftE
EAN, PHEVORBEV FILA ANV T —DK
TEBA Y O, MAZDA3" TERRLMAEE AT
CERTEFHHRERBERM TSKYACTIV-VEHICLE
ARCHITECTURE] %#R&THE 7z, BIC, REMLICKDE
MEEDEMADHBE LT, SBEMEHADELRP,
HEBROBEEERIL - TEFRIX, 7L—LOX K
L—MEICK 2EARMANDHEDmERA LICLD, &
ERFDHEZ TN - DBIL TR 2 BIELTE
BT, BEMLCERLZEMEOR LEICERDBAT,

ATETIE, BREZSMRECHE CX-60 D E%Z BRT
THEIZIE 7 TSKYACTIV-VEHICLE ARCHITECTURE] @
HEICOWT, KENAERFEETH D amESR, fAlm
Bz, BEEERVSHITEREDZBERHDSBNT 2,

2. i E M RER R

2.1 large BmEHC BT 3 RIEEEH SEERATOEL
HEEERE, T VIIL—LEBELTEHEREIRILE—
ZRINL, REDBEZERT 30N —KBILEH,
CX-601F, 6 RBEAIVSVOMEET/NT—FLAE
SaA—bA—=N=N\IITTHAUNIEBITEZIZTvIvT
WY =D DREREY, 75714 N1T )y RICLZEE
BN, SEERELRY, ZLOFENH >z CX-60 &
CNSDOBEICHL, WILFO—RNARICLZFEEDE,
BIRILF—RINESER UV EEREIBMOREBELE WS 3
D2DTL—IZ)I—FEMICL>T, BEHLDENTIE
FELEMEE, ZLTCX-60 DFHF AV ERRTBZ Ly
FLARILDS 53— A —=N—N\>% (852mm) %EEZEML
TW3,

(1) JILFO-RNARICEBZRESHK

CX-60 1FH 5B ARDANICKT L TEEICNDZE
BEMST, BEOERZRINRICEEDH B8, HiZE
BOANZXCVRY) (7OYRTL—L) - 7yN—%
Fl (x7Oy) - A7 —F5 (P X708 D32
DA— RN THRWICTRILF —HERINT Z1EE%
AL (Fig. 1), BlC7OY 7L —LDBDANI,
EROBTL—LIZMZ, FYRILTFARPRLIRY
R, TyN—O—RNRIGETIHE, ERFIDOA
NeFvEVOBBMICHHRIEEZ LT, BEEEHZ
MR EENOBEENLEHEOE R TR o7,

Upper Loadpath

Main Loadpat\

Lower Loadpath

Fig. T Multi-Load-Path Structure for Frontal Crash

(2) BIRILF—RINES

CX-60 IR SN AR—ZADHFTK DRI ICEFHZET
FILF—ZRING B7HIC, MBI OO>DX) v b
HEDL, XA1VO—RNXDIZ v aRyIR~T
OYhIL—L~FvIT7vI~BIL—L, OF—
O—RNRDIVZYDaRyIA~YIAIORBE, &
BB ERARI FL— ML E I TRHEDTERY
LiF, BEEMROBVWEREZRIRLAE (Fig. 2).

Fig. 2 Comparison of Body Structure

i, 7O I7L—LICEWVWTIE, RENGEE
BEWAERBEL, TRILE—RIBHRZEEI RS
BEAR—Z2bL e BENMEBISEZHEH OO ML —
MEY, ZREASIY FO—JLOE, 7L —LEERE#E
ECTHEBEZE X 2ERREESEEZHMOAATL (Fig.
3)e THITEKD, CX-60IFVDEDDRFT 4 —TICEL
PHEV Z#EREA#EBE Y LoD, BV BIEHRELZLM
HECBEMZERLTWLS,

>
[[J CX-5  CX-60

Fig. 3 Mechanism of Straight Frame
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EEEMRE, EVOES— Ay aoORICIERY
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#Ko7z (Fig.4)e CHICED, WEANDICHLTER
DERZRIRICE D, REBEOERICEIFT. F
7=, TNSDBEDT=DIC, FICHFE LAY R
R TDRRY MREEELX SRETIHMBETE 5 CAER
i B L 7o

Fig. 4 High-Tensile

2.2 IEFEFREESDEL

CX-60 TlEAD—DENEFHERICEFEAHRET
EME LT, EM7AOY MBOREFEHELIBEES
FRALT. EFEEFEICIE, BECEFENAODI VY
UI—LRIZHBITRZIRINF RN ZzRALTEZ A
MR THS (Fig.5)0 CNERIRTZHIC, ERMT
Oy bERDOH T T L —LEHCR) A= —E—LEHFHT
ICREBL, NoNX—LA2ebIlTIRILTZILT,
HECAEFERADIRILF —RNEERRORALLE
KWL (Fig. 6)o

Stractue stiffness
Self vehicle Other vehicle

(Big) Maximizing EA in zone1/zone2 (Small)

Crushable
P zone 2

«+ >

Deformation

Deformation

Fig. 5 Maximizing EA in the Two Vehicle’s Collision

Wide Perimeterbeam

Fig. 6 Load Homogenization Structure of CX-60

AHEE L REREEICT, EXNEFRE (EmEsnts
E3KE) THREREERMLIL IS, BFHEICET
BEEHEEIZTHE 10%, ERETISRFEELDD
30%E L1 (Fig. 7, 8), HBFEHEFEEEDEICK

D, BERUCHEFEDOIVOVIL—LAICEIFZIRIL
F—RINAMEM L, EEREBOEFEICH T SEHEDEA
EEFEMERIERTE, CNHPEFEROEKRRE
PEAEERORMFESLIcEZS5NS (Fig. 9),

Fig. 7 Conditions for Confirming Load
Homogenization Structural Effects in
Vehicle-to-Vehicle Collision

Decelaration in the other vehicle | Dash Deformation in the other vehicle
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New § ) '
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< -3 \ 4
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0’_ *
* @ New Stracture L4

Improved the deformation amount
of the other vehicle by 30%
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Fig. 8 Deceleration Speed and Deformation in the
Other Side Vehicle at the Collision with or without
Load Homogenization Structure

: Sn’eifr -
Fig. 9 Comparison of Behavior of Previous and New
Structures in Vehicle-to-Vehicle Collision
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ERR (UN-R135) »&E NCAP THIRAINTWEE
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IRIILF—RINEEDEMmICKRSO 5N S (Fig. 10),
CX-60 Tl&, ENEHNE%G ZMIAKE - EXFEAR
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H@EE L7LET, KFICERESNT PHEV OXBRE) F
DLAFNY T —OERREMETHERT D120,
FICH A RN TEHEIRILF—E2RINT ZRERDOEE
h5, bOXRILBHHEHE TERTIBBICREBSE, T
ZILF—RINEH 10%KE L7z (Fig. 11)0
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Fig. 10 Energy Absorption for Each Collision Position
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Deformation - Force of Body
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Fig. 11 Battery Protection Concept

3.2 Ny T )—REBEICE DT RILF —RINEIE

> RILEBD T RILF —RUNERE Z R ARICTER T %
1=, —FEONYyTU—NNyI% b >RILEBDEAIC
PEILTEREL, 7L TINFa—TTEADNYY
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BDONY I E—EKOEEHH SR L DEFTHETZ &
MEBECAED, MYRILEBTIEEREMNY IO RIL
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F—%& 50%ERL 7= (Fig. 12)

B, ERICEVIRIILF—RINEEN RO SNZE
DMTAEADEREEFIZ, Ny T =Ny I R—=ILEDE
EEP{IET B8, BEERE/NY T —/Ny T & DFEREER
RICTRILF —RINEREZ G5 L7 (Fig. 13)0

Top View
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Inflexible Pack Battery Pack2
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Fig. 13 Energy Absorber

4. FEEEIERERAR
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70%ICHIEN/N Y THNER T BEEE—RICHEWVWT, Fv
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A7 FICEBLEBMEZ 00Ny T U=y IHRE
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BRI —FERNT S 7 7L —LEEEHA LT

RREFTIFVT7IL—LOBMIFER ZEEICIRIL
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N—FRIZT B THERIET2EBOIRILE—K
IN%#alREE L7z (Fig. 14, 15), &1, BUVHIROHENR
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HERL, BEICFS LT
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Conventional CX-60

Pre-Crash WH

Post-Crash

bend axial compression

Fig. 14 Crash Behavior of Rear Frame

Deformation-Force of Rear Frame

Conventional

Crash Stroke of Rear Frame

Fig. 15 Energy Absorption Performance of Rear Frame
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Fig. 16  Structure of Bonnet
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Fig. 17 Section A-A’
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Fig. 18 Conflict between Supporting Self-weight and
Pedestrian Protection
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Fig. 19 New Bumper Supporting Structure
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Fig. 20 Two Functions of Support-Bracket and
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£ T MAZDA CX-60
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574w« HR—F (CTS) R
Cruising & Traffic Support (CTS) Development for CX-60

FH #@x IR BLT wa BT

Shoji Harada Yasuhiro Kawahara  Akihiro Motodani
= 4 5
BH BT KEIR EE
Soichiro Fukui Takuma Oiwane

IVHIE, BB TMAZDA PROACTIVE SAFETY] |CEDE, SRR Ti-ACTIVSENSE] ZRRL T
W3, CX-60 Tld, TABHIDI OEXAT, £2/#H% ILEZE2TOZEICEVWT, MZO0TRLAGWVWY
W= 0& 5Ty - HR—F (CTS)1 ZEIEBLEAR LT, CTS IFBRETHECXTTI VI TIR
MERETHBREINZ S ATLTHD, ATT7VIITTIORIMERICEWVWTIE, BSD, M DOEEL TEEKEDOH
REFEFTTD o EZ—bL -2, RORTTI 7O MEEHR (LT, CTSHI#EA) IZRS1 /=1
BENALETH, BEOF FICRETRRD TR /N\—125 OmIZICEDEATE. E>2— KL —2X
Mk, FRICETILTREEREMZRATSICKD, BE5h, M OEEL TERFOFREZETT S48
KL RTAN—2BIFEIL, RSAN—ETRE CTSHIEED R 51 N\N—2itFEo—BEx 58, CTS
R THEDEFOREZER L. AETIE, CX-60ICEWVWT 2 20MEEZ LD EVVRT THIEE .
ZORARZE, KU, HALLEEMIOVWTENT 3.

Abstract

Based on the Mazda’s safety philosophy, “Mazda Proactive Safety”, Mazda has been developing the advanced
safety technology, “i-Activsense”. For the CX-60, aiming at safe and stress-free driving, we have developed
Cruising & Traffic Support (CTS) based on the human centric concept, which supports vehicle’s running,
turning, and stopping. The CTS system comprises a constant speed/ headway control function and a steering
assist function. For the steering assist function, we aimed at smooth and stable lane-keeping “center traceability”
and “driver’s steering characteristic” that allows driver’s operation as desired when CTS control.

For the center traceability, smoothness and stability in lane-keeping have been achieved by adopting Model
Predictive Control. The “driver’s steering characteristic during CTS control” has been also improved by enhancing
consistency between diver’s steering characteristic during driver driving and CTS control. High compatibility
between the center traceability and driver’s operability have been realized. This paper introduces the process
and technologies adopted in the development that high compatibility between the center traceability and the

driver’s steering characteristic have been realized.

Key words: Safety, Vehicle dynamics, Active safety, Lane-keeping assistance system, Driving support,

Vehicle dynamics control, Lane-keeping control
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Fig. 7 Vehicle Dynamics Model

Table 1 Definition of Variables and Constants

SYMBOL DEFINITION UNIT
1% yaw rate rad/s
B slip angle of vehicle rad
F front tire force N
F, rear tire force N
K cornefing force parameter of N/rad

front tire
K c.omering force parameter of rear N/rad
tire
m mass of vehicle kg
le distance from gravity to front axis m
I, distance from gravity to rear axis m
l wheel base m
1, yaw moment of inertia kgm2
a acceleration m/s2
v velocity m/s
s longitudinal position on lane m
W lateral position from center of -
lane
6 tire angle rad
0 orientation from lane rad
0. steering angle rad
. steering angle request rad
St stability factor —
€ slack factor —
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Table 2 Intentional Steering

No. Assumed scene Image diagram

Avoid obstacles (falling 7\
objects etc.) on the road.

Avoid continuous
2 | obstacles (pylon etc.)

on the road
3 Change lane to the next -\—
lane.
Table 3  Unintentional Steering
No. Assumed scene Image diagram

1 Driver’s hand hits the handle.

Shake the handle to check
steering assist control.

3 Put the handle with one hand.

DD

@ Intentional steering

1
1
1. . . !
[ . Unintentional steering
o [ o
=]
= 1
2 .
S ! Steering !
- . I
o &1 noise
c \ .,
= o o 1 \ L. - R
g ® s Driver imtentional
[} R H
=23 AN steerings, *
33 o \:‘\ . -
> -\
5 NI . o H
SN .r . . i/
Handle W|th\I e . /
one hand,  “#ge.s "t 2
0 vy

Driver steering torque
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HHEE I MAZDA CX-60

18 CX-60 R N—EEENIES 2T LD
Development of Driver Emergency Assist for CX-60

ER BET O OWWT BET AR KRBT Kk BB S X
Takashi Hamada  Yoshiyuki Yamashita Yuma Nishijo Shinya Kyusaka Yuta Tsuji
BHE ETET A F—8T X BE#T RBE BY HH R

Jumpei Takata Youichiro Nakahata  Naoki Yamamoto Takashi Osaki Nobuhiro Nonaka

C:

IVARIE, BB TMAZDA PROACTIVE SAFETY] (CED T, SERSEM M-ACTIVSENSE] ZBFL T
Tl LHL, EROBUVHEDOERRICIEK, BXEIRTWHRLH B, &DDIFEERIC R Z1/N\N—HNEEAR
BEICHM S TEZBIFERBHICOAND H <, HEMEEDHRIV, COLSBBEROMKICH LT, HATIE
ASV (Advanced Safety Vehicle) DFHEAICED SHRFADEAELTRBEEICED “RIAN—EERTIGY X T
LERFHE” NEEINT. FEEESHRTH ) XVEEEEE (Risk Mitigation Function) HEREINZ A
CHRENMERLDDH B, S, FIAN—DOHRREMERER, ALK, T4D5 RS N—IEEREEICH-
T-BROZEKEE L TEHELZRRFESE 3 RSAN—EFERRES X7 L (Driver Emergency Assist; DEA)
ERFEL, CX-60 |ICHBEHLEDT, TDOYATLOBMEZBNT 3.

Abstract

Based on Mazda’s safety philosophy “Mazda Proactive Safety”, Mazda has been developed advanced safety
technology “i-Activsense”. However, there are still many mountains to be climbed in order to realize an
accident-free society. Especially, when a driver cannot drive a car due to falling a sudden sickness, it may cause a
serious accident, and the social influence is big while aging advances. For the measures of such an accident, in
Japan, technical requirement for Emergency Driving Stop System is established by MLIT, and also Risk Mitigation
Function is issued as United Nations low. This time, we develop Driver Emergency Assist; DEA, and implement to

CX-60. This paper introduces DEA system summary.

Key words : Safety, Driving support/driver support, Advanced Driver Assistance Systems (ADAS), Driver
Emergency Sudden Sickness, Emergency Driving Stop System (EDSS), Driver Emergency Assist
(DEA)
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Number of Fatalities in Traffic Accidents
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Table T Number of Accidents by Danger Recognition
Speed (Total of 2007-2012 Year)
Danger recognition speed Number of accidents
Less than 10kph 151
~20kph 193
~30kph 259
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~60kph 100
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~80kph 19
~90kph 6
~100kph 7
Greater than 100kph 2
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Fig. 3 Overview of DEA Functionality

HRED RSAN—RERA : RSAN—F=ZH2U>Y
AASHEEIET S RS N—DEHZREC B OREIR
R, RUN\Y RILIRIEIRED S RSA N—DEEEET

— 110 —



No.39 (2022)

TR

ERRETHIDEBRHET 3. RS N—HDEEE
ETIHRVREICKHM Iz HELIEBES, BEMIC DEA
DEMFIEEEE E ERANDRMEEEL (FBISE S, F
7o, SOS R w FIRFRICKRIT TEBIN—F > T L —
* (EPB) XA v F &S| Z LIFZ EFEFHTHLIEFTE 3,

WEEQ SF RN, (EENRRAEH] : K51 /N—EERM
%, BEEIOGESMEICH L TEERRRTITDS
BICEDEEBREETS. RIAN—PEEICHL T
TUR—FT A ATL—FADRTRICELD, BHRFR
HBMRT B, DEADF v o )LAEEENT 3,
FC OB, EFMEFTRE I LB E I, BT
93,

HEEQ BBICHE 2 : aRERYBEESHAERDK
BICBHEYT 2EBEETPTHD, PXTLNKBICEH
3 eHAEEC HIBT L 7o BB 1E, Skph £ THEE, &£
FRAETSZ SRS ERNSBBICETYE, TOREE -
ZElEEE 3,

MEEE@ JHOR EEARMES - BBICEE 2 A TT AL
RRDBEIE, HE - FEIESE D, OB, HIFMERT
BEC YT L7158 1d, BT LAD SR - EIESE
%

HEED SILIREE FEELIE « FIERITIEE SRFBTT
CHBITO SRRV R— > DORIEZ BT 3 L b,
BHENICEE /NS —F > T T L —FDEE), K7 DOREE,
INR—CIrd—O=)IADEHREITSIET, AEA
DEAERRE RSAN—DHEZIEEITS,

3.2 YRTLIEMK

DEA D> 2T LlE, OANEERE, RS N—IKE, =
MREERMI 20 —8 (DO k- L—4—
(FR), Z7#47—R-t&>>>d-hXZ (FSC), 7%
J—R/)F AR L—4— (FSR/RSR), BE L
Y — (Sonar), RSAN—FZRUVITHAXS
(OMS)), OEHMBEHRHD S DEA DEBIET P EEIEIER
REL, ERPHRAOHEHESZHNT HETFHIEL
—v bk (VCM), GOFIEHERICED TEIMEFPERN
WHESIEHTZ3T7OFaT—48 NO—kL1> O
vhO=JL-EZa—JL (PCM), 41 F I v + AR
EUF -a>bka—JL-a1=Zvy k (DSC), EB/NT—
Z2FF7VYAZw b, RFq4—-a>bO—-J)LE
Ya—)JL (BCM), HE@EFEI=v k (TCU), Ox¥
TAETa - XRXZ -1y bk (CMU)) THERIND
(Fig. e N— PO T T7RUVZDOERIZEED
i-ACTIVSENSE ¥ #38¢ LT, DEA THRECBZ R Z 1
N—EEREEE, BEICHE 2188, HERANDIRA
HERER EISECUADY 7 h U= 7BIICK DRIBLTL
%o

FR VCM PCM
Object .
Detection Acg:)lﬁ;z:‘;llon
FSC DSC
. Multi Path Vehicle |=— |Deceleration
Object Sensor  [Planning [ Motion Control
Detection Fusion Control
Electronic Power
Steering
Lane Marker
Detection Around [ Steeri
™ Vehicle T Cee;'"gl
Monitoring ontro
FSR/RSR l BCM
Object DEA DEA L
Detection State Mode [ == Body
Judgeme [ |Judgeme Control
nt nt
Sonar L Body/HMI TCU
Control
Object
Detection —— | Emergency
Call Control
OMS CMU
Driver Mulch
Monitoring, — Display
Control

Fig. 4 DEA System Configuration
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Posture L.
Image Description

pattern
Eall Driver’s head fell forward near the
a
steering wheel and maintains this
forward A x E \l ¢
posture.
Driver's head faced down, and
Droop intains thi !
maintains this posture.
head A\ x 4 P
|
Driver's upper body tilted backward
with the head facing upward, and
lay back | _~ . .
% maintains this posture.

Driver's upper body bended with the

Rigid

posture A\ % ( head facing upward, and maintains
this posture.
/@ Driver's head is tilted to the left or
Lean head v d right, and maintains this posture.

Driver's upper body is tilted to the
. @ left or right, with the head tilted in
Flop side d
the same direction, and maintains
this posture.
|@' Driver's upper body is tilted to the
Lean side 7

left or right, and maintains this

posture.

Fig. 5 Detection Target of Posture Pattern
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Fig. 6 Multi Sensor Fusion View
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Fig. 8 Human Interface for Driver
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Table 3 Driver Response Time

Participant
Result (sec)
No. gender year

1 woman 30s 7.0
2 man 30s 10.0
3 man 20s 4.0
4 man 20s 9.0
5 man 50s 6.0
6 man 50s 5.0
7 man 30s 4.0

ave + 3% : 13.01

fefl2L, —METHEE T 3 R 51 N—BEEZSRA
ICEWVTIE, BONNCEESETHRETZ e x@B%EL,
F v ot)LEHEEZ 5 EICERL TLW3,

(2) AT|EICHT S UI

RS A N—EEFEERFICERZHIE 9 5 DEA T, /N
VI TcARE IC L ZABERIZENADRKET
BAEEMNH B, T CRREBICSEBOEMESZ T
IHZLT, BOREEZ, TERBENALZIFT
%0 TORHICEMFIHE TORFEBMRVSEDOER
EEERLNL, FEGEGREONAZLEBEVL ST,

o, RIAN—DEBRERICOVWTH, AFEEIC
FRBREBERBENA L 2R LT ZIMG T2 %
RSV, BOFIERErBEOIEBEDRERZ > 2 —
TARTL—=ICIZT71voRRZTS (Fig. 9o

FrEILTBICE
=RV FHT

A
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Driver Personalization System for CX-60

Fx RS FH BAT &EF BHRC

Shuji Suenaga Yoshito Hirata Tatsuya Sugiyoshi
T *4 *5 2 *6
gt AXxT Lk FEFT mHE ER
Shota Fujimaru Chieko Nakagami Masato Maeda

BEEXR TIIATHREERZWI TULEH, ACEOBERISHKIELTH, BIFRSAN—DERETZH
DTHOFUTREIVHIFEZTWVS, ADRBREIZEDYE, SDEEHLPTVEETBZHIC, IVHIE TA
A0y @ Human Machine Interface (HMI) OFEfiizF#EIE 3 ez BiEL7. €D 1 D2OFL LT,
CX-60 DB RSAN— - N=VFF14tE—>3> - PRTLEEALT. IYAHMBOMEEL LT, K31
N—= BZRIVITARXT « XTFLEFRAL, BLRORSAN—ICEYRRSAEVIT RIS a =Ry
BHBERFAR LT, BIC, EESREIEREZ AL, RSAEV IR 3V r EmEROMIRHREZ BEMETT
BHEEERA DD, IR =7 XA MREICTEORERERZICLT. BRXDORFAN—NEKISEL B
AREBEZRETZET, BZROFFIMABIAFE—FRIZELS BBV 2LDZBLDORFTAN—IZE
BLTWRKEBEEEIE L, ARBTIERSAN— - N=VFSA4E—-3Y « DXTLEFOERFIMNIC
DWTHEBNT %,

Abstract

The automobile industry is undergoing a major transformation, but Mazda believes that even if the relationship
between people and cars diversifies, cars will continue to be controlled by drivers. In order to match the senses
of driver and make the car fun to drive, we aimed to deepen the “human-centered” Human Machine Interface
(HMI) technology. As one form of this, we introduced a driver personalization system for CX-60. Mazda has
developed a unique function that uses a driver monitoring camera system to assist setting to ideal driving
position for each driver. In addition, the face recognition function is used to automatically restore the driving
position and detailed vehicle equipment settings, and the entry assist makes it easier to get in and out of the car.
By providing each driver with an in-vehicle environment suitable for driving, we create an opportunity for more
drivers to experience the “joy of driving” through the feeling of oneness like unity of rider and horse, which
allows them to manipulate the vehicle at will. This paper introduces the driver personalization system and its

elemental technology.

Key words : Human engineering, Driving position, Usability, Driver model /rider model, Human interface
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‘ Current: Customization only

Can provide value to some drivers only
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‘ Future : Customization & Personalization

Can provide value to every driver
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Car ¢ —5 Driver
personalize

——— .
— ) Driver

Car ——, Driver

Value that driver thinks

‘ Value that Mazda thinks
(Circle size = Size of value) (Circle size = Size of value)

Fig. 1 Increase the Value of the Car by Personalization

2.2 YATLEE
N=YVFZAE—2a>DOFEEDOVT, giiDE
EEERTBDDICIE, BL2D RS /N—%F LiBERICE
LTeRSAEVIRS Y 3 U ERERORELIRMET
BZRENHD, RIRTZFEERD 3 DOMEEEICENL
1o

OBEBRSAEYIRI > a>H1 Biie
QEEREHBEZ AW - ENRIE D BENREETTI%EE
@Iy hU—T R ks

3 DOMEREZE Fig. 2 DO@BD & S ICTEE~FEIT~#
HORNOBPTHRESEZ ZCICLD, BYRE21IY
JCEGICELICERNREOREZERL I

‘Getting on/off‘ ‘Sitting the Seat‘ ‘Preparing for driving ‘ ‘Driving
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i Support | Face vehicle equipment settings -

: i ; e riving
‘getting on/off | recognition :
[ ; Restore P

driving position

o

Automatic |
driving position guide |

Fig. 2 Relationship between Use Cases and Each
Function
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Driver Recognition
Cancel

«Q\Q

Fig. 3 Screen When Registering a Driver
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RSAN— - N=VFSA4E—3> - DRTALIF11
B D ECU (Electronic Control Unit) THR I, Chi5
ZERERFERY b7 —2 (CAN/LIN) THEHRLTWS
(Fig. 4) o

OMS VeM IP-ESU .
(Occupant (Vehicle Control (Instrument Panel-Electric Supply Unit)
Monitoring Moduie)

System) DSM

Dash-ESU (Driver Seat Module)
(Dash-Electric
BCM Supply Unit) TTU
CMU (Body (UNIT-TILTELE)
(Connectivity Master Unit) Control
Module)
Door-ESU(D) Door-ESU(P)
(Door-Electric (Door-Electric Supply
CAN Supply Unit Driver) Unit Passenger)
LIN HUD
(Head Up Display)

Fig. 4 Diagram of the Driver Personalization System
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ICO AT LOEFENGENEZFET S (Fig. 5)0

CBCM Registered driver
information -
=

a)Seating informatjon Ic)CuHarinm of results
<

hl Collation of face recognition result
oMs | vem |— and DsM
e " . | Dash-
arbitration of operation with other systems -‘ ESu
b)Face recognition| result Td)Opura‘ring status
of other systems
Door- Door-
Other systems «_’~
)Confirmed recognition result|

N B HUD

Lyl

Fig. 5 Operation of the Restoration of the In-vehicle

Environment Using the Face Recognition
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AHEREIE, RIAN—DHA LAV RTB>TERIET S
T, BRICEYRRSAIEVIRIS S avICEDE
5N3czBiEL, UToRhe L (Fig. 6)o

C Start )
]

| Welcome Screen |

| Height input by driver |
1]

Position estimation between
eyebrows by driver monitoring
¥

I Body size calculation l . .
T / Vehicle does automatically

| Driving posture calculation I

Calculate the amount of movement
of driving operation equipment
3

Automatic adjustment to
recommended position

]

Check your posture and make fine
adjustments according to the guidance

3
( End )

Fig. 6 Flow of Automatic Driving Position Guide
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Posture of comfort and N

less muscle burden [
IS ) The front down view

S4( that can feel relieved

Q 7

can feel relieved
at narrow road

 Area where you can feel
relieved at high speeds

|

—

59 Sense of speed
o / sense of stopping distance
feel relieved at high speeds

Fig. 7 Definition of Proper Driving Position
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=

Fig. 8 Algorithm for Estimating Body Dimensions
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Fig. 9 An Example of the Movement Order in
Automatic Driving Position Guide

4) BOHAH YR & B

EDES « XEHTRI—FETOFLV - BVALHE
FDEWEI—AVEDER D, IVYHDHET ZLH,
RADEDLEAZIVAIXRY FOEEICKRTL, FZ
AN—BETHIE Y RTR>THETESLSIC LT

4.2 IVF XY FOEEHERK

RSAN—  N=VFSA4E¥—>3aY - PRXTLDIE
EIFEICIYAOARYT FTIT5, XVAD 5850 - #)
- 3241 LW TARARD) OBBIZES < HMI O
R LT, BDREDHD, BERIRELITTEVRT
VWEIEEREBE L,
(1) B N—REER D B0 X EE

SRATLABAASTRSAN—%RAT I, IVH
XY FOEEICEHRINTVWR RS N—2%2KTL,
BRI ZDREREHLTWVWS, BAR S N—%533
Ll zRTITB0, XAy VI B3RFEOT7T=A—
TavEFRALRL, £, YRUVDBERPEOAIRL
ICEDSRAFTLDELL RSAN—%ZFBEETET A o7
50, BSELVWRSAN—%2BRIOERTTIE@TE
e L, REEER ESIER (Fig. 10).

— 120 —



No.39 (2022)

TR

Driver Personalization System

OK

Welcome, Driver 1

Guest Driver 2

P TR N Driver 3

iver

Not you? Select the correct driver from the list. Driver 4

Fig. 10 Screen When Recognizing a Driver
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$HEE I MAZDA CX-60

20 CX-60 Iy Ew b HMI RRRIEL
CX-60: Improved Cockpit HMI Display

®E KN FE WRET tAE BKC

Yusuke Tsunekiyo Takuma Terasawa Ryuta lkeda
4 = N 5
WE MXBERT FI OKE
Juntaro Matsuo Hado Morokawa

ERRARRICHE> THORALTZDTIFHRLS, BREFZEET 3TV 4 DREEE TMAZDA PROACTIVE
SAFETY (RVA - FO70T«47 «£—TF7«)1 &, RIAN—0ORA - $iy - BEZEEHI Y R—+T3
XT, BROVRVERINRICHMZAZEZATHD. IVYADAVIEY MEIZOREBRICEDE, BIC
FAERIEX GEHEIR D TIZIAYIT Yy IOy IE Y kDE X T Human Machine Interface (LR,
HMD) BEZIToTW3. COANY X7y FaAvIEY ML, 2013 FICHHBEASINI3IRBT7 7215
BAL, ThUBELHEICELZHEITTULWS,

CX-60 Tl&, Ny X7y FaAv oy MBEEOR—XZHZABHLDEZATSEFTERLTERABD
HBETHD TABSEE] ISR, FEICEHREZEBLEBEAREBEOZEZ ZMDIAT LT, BAQEIZE
BLYTVWEGREZEDHIMAREZIT o1

Abstract

MAZDA’s safety philosophy, “Mazda Proactive Safety”, aims at minimizing accidents through vehicle’s
supporting drivers in recognition, judgements, and operations, and by avoiding danger rather than responding to
the situation when the driver faces danger. Based on the safety philosophy, MAZDA has been conducting
Human Machine Interface (HMI) development, including “Heads-up Cockpit” that allows the driver to keep
looking ahead while conducting driving operations. The Heads-up Cockpit was introduced to the 3rd generation
Mazda3 (launched in 2013), which has been kept improving since.

For the CX-60, we incorporated the idea of “optimization for individual” reflecting customer diversity into the
general “human characteristics” we have pursued so far based on the “human centric” concept, the base
concept of the Head-up Cockpit, aiming for the driving environment that enables each driver to exert own

driving ability.

Key words : Electronics and control, Human machine interface display, Human machine interface

information provision system
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Fig. 1T Image of Angle of View

Fig. 2 MAZDA3 ADD Display
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Fig. 3 CX-60 ADD Display
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Fig. 4 ADD Display in Normal Mode
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Fig. 5 ADD Display in ADAS Information Mode
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Power Lift Gate Development for CX-60
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Abstract

To demonstrate the Mazda vision, “we love cars and want people to enjoy fulfilling lives through cars”, it is
important the convenience of being able to open & close as desired even with luggage and the high-quality
movement when opening & closing a for lift gate used to access luggage compartment. Continuing from
conventional cars, the lift gate of CX-60 was equipped with power lift gate & hands-free lift gate to support
opening & closing as you want and to provide a special experience. Power lift gate and hands-free lift gate have
been improved for the CX-60. We pursued comfortable operating sound/speed and improved quality feel,
considering customers convenience and operating quality. The hands-free lift gate is compatible with towing
hitch, improving convenience for all customers. This paper introduces the development contents of such systems

and technologies.

Key words : Electronics and control, Electrical actuator, Package /assembly/packaging technology
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Development Efficiency Improvement by Network Simulator
in the CX-60
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Abstract

In recent years, the automobile industry has undergone major changes due to “Responding to environmental
problems through electrification” and “Autonomous driving technology”. Mazda is developing new functions in
order to continue to provide customers with the “Driving pleasure”. With the complication and diversification of
functions, the development scale of software installed in cars is increasing, and the amount of communication in
vehicles is increasing. Under these circumstances, it is a good opportunity to show our skills to improve the
efficiency of software development and achieve high-quality development in a short period of time. This paper
introduces the concept and results of the improvement of software development efficiency by the advanced

verification and validation of the functions using the vehicle network simulator at the CX-60.

Key words : Electronics and control, Information, Communication, and control, Integration control,

Controller area network, Simulation, Control system, Software, Vehicle network
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Abstract

Based on the idea that “Color is a part of design”, Mazda pursued expressions to make the Kodo Design look
more beautiful. So far, we have mass-produced Soul Red Premium Metallic, Machine Gray Premium Metallic,
and Soul Red Crystal Metallic as colors that symbolize the brand. These color developments have been realized
by the “TAKUMINURI development process”, which is a process in which designers and related parties inside
and outside the company gather together to develop materials and production technologies at the same time
while understanding the intent of the designers. Until now, Mazda has developed Aqua-tec paint as a process
that promotes the consolidation of processes while enhancing material functions and process functions, aiming
for a painting process that is friendly to the environment. By applying established technologies to color
development, we are developing sophisticated colors without increasing film layers.

We have developed Rhodium White Premium Metallic that has both “brightness” and “whiteness” as a color
that provides customers with new value in line with the evolving Kodo design. This article introduces the
evolution of “TAKUMINURI development process” and technical evolution by co-creation activities by Design,

R&D, Production Engineering and suppliers.

Key words : Materials, Paint, Process, Design, Color, Development, Rhodium White Premium Metallic
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Fig. 1 Rhodium White Premium Metallic
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Fig. 2 Process Transition of Topcoat
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Fig. 5 Transformation of Color Development
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Fig. 6 Conversion to Optical Characteristics
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Fig. 7 Conversion to Film Structure
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Abstract

Mazda has newly constructed an engine assembly line according to the introduction of Mazda’s first in-line

6-cylinder engine. Based on a bundled planning, a common architecture concept and a flexible line concept, we

have deployed the in-line 4-cylinder engine assembly lines, which achieved both higher production efficiency &

flexibility, to our domestic and overseas production bases. This new engine assembly line has been constructed

by the same concepts. In addition to the above concepts, this paper focuses on how we reflected the solutions

of the specific problems of in-line 6-cylinder engine production and quality assurance in this new assembly line.

Key words : Production manufacture, Continuous production, Module, Flexible, Quality assurance
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Development of Plastic Forming and Clinching Dissimilar Material
Technology for Long Aluminum Clutch Drum
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Abstract

To achieve an ideal pedal-work-space and improved NVH with lower inertia, leading to improvement in driving
pleasure as well as environment performance, AT for FR requires a lighter, long clutch drum with a large-diameter.
With a purpose of replacing the steel drum with aluminum one that is lighter weight, we have developed
aluminum plastic forming technology to realize environmentally-friendly products having Jinba Ittai driving feel
(oneness feeling of horse and rider) as well. In the course of the development, we have established quality
conditions by optimizing the die shape and production process, and achieved virtual evaluation index for
aluminum forming. We applied clinching for joining the clutch drum with steel parts as an AT component for
precision. As adopting the clinching joint in a drivetrain unit was unprecedented, we have started the development
from the fundamental experiments. Through the co-creative efforts with the Testing and Research Group, our

initiative succeeded in significant weight reduction of the AT unit. This report introduces our activities.

Key words : Automatic transmission, NVH, Plastic forming, Clinching dissimilar material, Clutch drum
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HHEE I MAZDA CX-60

26 #HE CX-60 DRT 1 —1EEZRBIFEMKIIE - TEHRRE
Body Assembly Process and Method Development
Realizing Body Structure for CX-60

E ‘i £V HE B

Kyo Ou Kei Adachi Tsubasa Inoue

K ERT OBR {27

Masaharu Kobayashi  Hitoshi Shimauchi

BOBEEBICK ZRIBMURECETHREDEILDS, BELMIIHEERREICES T IFEDO—DTH S, il
B CX-60 Tld, CORBRRAE CHICEOERMEZRENICALEESD, KT —DT7L—LBZR
EICEEL, AT+ —BE2EEITEAEA >V F—T L —LBEZRAREBMHEHEI LTz 2019 FFHRITHTIL
5 k(7= Flexible Module Line (U, FML) " ZR—2ZIZL, 2021 EICHFLWES 2 —)LEBIM LT ML %
BRI ISBICEBR Lo CDA Y F—TL—LBERRICHEIT, TOZILY—ILTOIRE MEDIEDIRAHICE
D, FRBERGDIODIRES 2 —ILERRE L . FLESGREICHLTEHLVWAAESTIETHS
“Closed Section Spot Welding” (L, CSSW) %#EEY 3 & THRRL T

CNSOBMDEAICELD, BEFKOHEEZ D ERMEDRKR) L HBREORICHISTEER I
LTILXOTNAREE) 2N TEZI/O-—NILBEESITLEERR L., ATBTIX, CoRKBICEITT:
IRDEAHEBNT B,

Abstract

To combine the environmental and driving performance with electrification of cars, body weight reduction is
one of the key issues for developing new models. CX-60, we have co-created the Inner-frame structure, which
connects body frame components more firmly, with R&D dept. It enables us to solve the issue and to improve
the value of the model dramatically. And we have developed FML (Flexible Module Line) in Hofu plant in 2021
that was based on the FML developed in the Ujina plant in 2019 with added “New modules”. To realize the
Inner- Frame structure, we developed new process module by building up the assembly process and body
quality with digital tools for new architecture, then solved by adopting new one-side welding method “Closed
Section Spot Welding” for body jointing problem.

With those activities, we have established the global assembly system which satisfies both “Product Value”
beyond customer’s expectation and “Highly Efficient and Flexible Production” corresponding to the market

change quickly. This article introduces the challenges for these activities.

Key words : Flexible Module Line, Mixed-Flow Production, Inner Frame Body, In-direct welding
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Body Production Engineering Dept.
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Fig. 7 Double Core Efficiencies Result

3.3 HLEFHEEEDMEL

CX-60 DFERAFECAMLITL, TEODILFIEY T
EMIEREESFEDHZ-HICIE, >ZTal—>3>T
RAEZPDED, ChZzEET 100%BIRTE SRS
At XDBRARTH D, RRICAIT, TORILYA VR
BEERL, IERTAORERLZR > (Fig. 8),

Fig. 8 Digital Twin Concept

3D EFIILOBEBEERLEICDOVWTIE 3D X5 v Vbl
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REPORyY MITBOT— 7L E% T HERBICER L
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RAMER B U L E A LOEES - BEBELERR LT
ChritfT L, &iEzElEs 5 PLC BMERIBICDOWVT
HNLEICBR L. CNETIIRBESR LN TEAD -
7e54 >3 FO—IIL2ETOEERIIMNE - 3T 21
LD ETREIC R D720 AV X TLDFERICED, B
AT MIT LI TRERETH AIREE B o Foe SRISERS
A OELKRESYE, EERBLICEIZBEERADRA L
)—REmOREITFICEIL TWL<,

4. R 7 1 —TEREFRIEOR D B H
RB TP EBRICERTEI ZRT + —THBER
DT, BT« —DBERTHB1>F—T7L—LICHE
HHF BT IR~ NTINOMUERD - RO DEHE
(T, MTEE), AERMRETEEERBICLERS

BITRfIE CIBF OEECICERD AT, A7+ —fIE
ICHBDHARITL—LTITRZ—/INRILIFHKRE 0.7mm @
HIRTIESNT- 12Kg Z B R D AEEIRBM TH Do F
o, R7HRONSD, BREFORIMEIMEVD, BE
DFEEBIZEDBRIIER T 5. COa@m%E 3 KTZEA
TIERBERILETAHICIE, E2 - BIEEZE LM
TEEDREHLNEEL KD, CNETODETIE, KFR
RTHREICHARIL—LTIRZ—NXIEZEZY L
REEZ, TIICAMOEVWL A YT+ —IX Y &R
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TEf (Fig. 9ER). —HAH, 1>F—7L—LIEED
CX-601F, A RTL—LTIR—/N\RI)ZRERET
REL, 10F—T7L—LICHEAIITZEETHD,
REFEDTEREZRILT 27-DICIF, MIREERE
TRABCIBR R DREEMZHICICRE T IHED
Hot- (Fig. 9 BAX),

Body Framing Reinf.

R _Side Frame Out
¥ 8%
5 RE
i T R

# 1 S R <71=‘ f li

" Previous ] ' CX-60
Fig. 9 Locating Method of Body Side Outer Panel

Side Frame Reinf.

DPRICERZBER, BT« —TEBEZRSVEE
DICEB 1D DRMFMDRDF L TKRZFHRT B0

4.1 MIBEDOMBLHDRDAE

YA RITL—LT7T2—N\RIISEGHEIEONRER S
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B3, EDOHICIE, RFPRUIT M= rZRDSITS
e mig£0.1mm, R7EO, V7 M —MEOCOD
BETHZIN—T1 0540 OEBEIFL0.2mm H'E
Beh3it%z, ERLEAREDER LT, COBE
HERT AMIEEDNEB L% CAEFRICEDREL
fco CAERREEDIER, MIBRD LIFFRTY 7 R 7FA
DODN—=T1 VI OEBENENOXEZZT, @
DOUBHNED FTAMIC 0.3mm, FiIEAREIC 0.3mm EE
Z (FB) L (Fig. 10K, Y1 RIL—LTY
F—DOREEBZEEERTERHIC, TEEERLEN
BTEI2ROMRDHZ(IE% CAE THIREL, IITE
EHEBE LT, ZORRE, Fig. 10 BARDHS—T v 7D
&£31T, RERE (HATIFTED) ICEVWTH, TIEBEE
ICZEEH R (FE), V7 R7EOON—T1 2754
COEMEZ 0. 1Tmm UATERRIEZ W TE,
OERL - BBd - TRICBBL TH, EkOTOER%Z
BOZ T, BEBIZZERNTE2MIEEDME LK
EERE LT

— 161 —



TYAER

No.39 (2022)

A&

Before After
Fig. 10 Measures Against Self-Weight Deformation

4.2 TEBERFIOBEITRMBLIEFORDS

4.1 THRALEEEICED, MIEEEN EICTRE
L, BERTRSVDTEREZRIST 5 2 ehiake
Kot RDRAT YL, REVDTERERZFRIELE
FETARTIL—LT7IEZ—NRIINZAF—TL—L4
ICHAATIT ONZ BB RUBLIBEFZRAETSZLT
H3. 2L, 1 TIRTMITEZABITAEUCILRED
HHD, ZHITBODEI bR A L, ARy FEOHEE
HHEEL, " OROSVDTERELXRETEZTAM
BUIBFZIEE LERE T 2HEDDH o7,

CCTld, V7 M= RAODN—FT1 2T 512D
EFEERITZG Y LT, CAEZBAVWTAEITAMBLIE
F#RE LISERICDOVWTENT %o

Fig. 11 IZ7R T a, b, c OBBITRIFV 7 7 — RO
DT EBERILICES T 5 NN E TOEDRKEE
REDBSNTWE, —A, F1VE07 ~OFlH 52
TOBREITRZEIEATERICINITSZLIFTER
W, CAE TRAEITRMUE, BFIC & 2 TERERE
DIREEEITo 70 Fig. 12V DHAZF—I Vv FAITRT LS
12, TR b Z2EISBRELIGS, U7 M — MEOSRIC
0.3mm TERBEZRLAH D (FFiREs), AEMRKEIET
TEBENETEE (BR) H9hof. HIC Fig.
12T R azXITBAELBES, BEZLENIFLAY
BV (E8), X7, Fig. 12Q) DTS cOEET, U
7 M — FREOBOTEBER (AR (REB), 0T
ETOTERBEFRLEICEALT, BEIA cOFS5EHIE
<, TOMDIRBADBEET o1

CDLESBIREEICEKD, 2T 214 LADIMIEDH!
weORy FEMEEEZER LI LT, "7+ —OTE
EEEIZERICHERABITRUBLIEFZREL, T
SEREAITDIAAT,

Fig. 11 Spot Welding Positions

(1) b=a (2) a=b

(3)  a=bWithc 4)
Fig. 12 Verification Result of Welding Sequence

a=b Without c

4.3 KT+ —REEDAHDEBIRIE
METROTTENBERIEDRRIZMICEDE, R
B ZIT ol KT« —FTEREDORERIEITTHL,
CAEANANT 2RAMERARIT RS L DT EBEZR(LE
ZHLEDETEMFHAIL e TORER, YA RTL—L4
FTIR=NZILOUT7RT7, U7 7= MEOSICE L
T, EEEZTAD 0. 2mm UTTHD (FRERER), #ML
TROTCMIEE, BEITRAB CIEF DM = R
TE7 (Fig. 13),

Fig. 13 Verification Result of Body Assembly

UEDESIZ, RBOEESA > TORKR=ZEEL,
FNEBRLICERETITHNERIET 2T, H#H
THA U EBRICBRTE L, §%b, XEENCLDRE
TEEMER—XI, BRE2EZFHROBPF/FEER SN
T —RRICAITTHRE LT TOWFRETH .

5. O/NX N7 CSSW B iE T ERR

5.1 4 >F—7L—LIBEDESEE
AF—TL—LBEDEABICLD, LA1YT+—2X
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XY FETOBERBEENTES, —HT, 7IE—/\
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2Ry AR TOEEN TERC RS, BEOESE
EEEIDSEAIAT ARy MAETNI T 370121,
TOR—NRIINEFEEAEBR T TV IMBETERSE
BZREHLRHD, o5LWOHY 1 RYIILFEENAENARWT
&, FEESEMCOANZBENH o7 (Fig. 14),

Previous CX-60

L
Spot Welding Gun

Fig. 14 Ideal Sill-Side Section

S |
Spot Welding Gun

NMEFHIBARBAIESITETH S Closed Section Spot
Welding % ¢ 5 Z & THRL - (Fig. 15 AK),

Indirect Spot Welding

CSSW

& &
H » ¢ Electrode C

lectrode B % Hectrode § - fey }D
‘ED; “-m: «

) Pressure Force ® Spot weld

----- » Welding Current

Fig. 15 Comparison of Indirect-Welding & CSSW

5.2 CSSW Ti&kic2WT

AR A LT NEEE, EROEEER—FEICEE
L7-EHEOEBIAETHS (Fig. 15 £K). TN HIE
FAEOMEIL, 3AXHTHZOREER, QBB
B, OMENTRES. 1041 L0 NEEE, BED
ARy MAERCIZERD, MEADVBEEIEICKET S
7=, MEAZWVWNCO> bO—ILTIDDEEE R D,
7—RAITOMRDBEEERIC & DIBEERBNEEL
Y, AERERTELOLOBBEEZHOF a—=>Ihw
Brid, R, RERELNTLRELRD, AEBOM
HMERETOALRST, AENEERICKLZMIHED
BETEERLENEHEICOBRN S,

CSSW /A TlE, 141 LU MAEDEETH DM
ENOLRERDT=8, HBRER - BEEDIESDE
L, BERRLEREBEDLELLZR >fco AVEY
Fe LT, POR—NRINETL—LEEETBHEEM
WMEMED, B RIILTS VSO T7—RAIEEMEND
DUV TBETRE LILAERENRRTESL5H
Kurtdlc, REIZFEFAVCERRRICED, &

BEOEHER - SRECEBEEZRAD, BREHG%
S LTz (Fig. 16)e ARy MAERKE, > 7Lk
BIETAEHC L TOoAONI ML BRERTSE /e CDE
WERREHZEIC, #ABAIX—H—rHI,
CSSW A = HRME L 1=

-0.1
. Single L
High Small ow
@
E 02 without
5 E protrusions
£ 2 03
if
a3
& 2 ; Small with
1 £ High .
5% 0 protrusions
V Large Double High

Pressurization | on the welding side pattern

R TR R R R R R
Welding Electrode tip diameter Energizing Protrusions

Earthing lectrode tip di
Pressurization on the earthing side speed

Fig. 16 Signal-to-Noise Ratio, S/N Ratio for CSSW

5.3 CSSW LZDESEML

B35 CSSWAERBDO/NR MEBRDI=0IC, &
BEMHLCBEANDOBDIAAERARESMHcI>AL Y~
ICES oo CSSW IFIGEBEBN S5 7 — AEBOEBIEMICER
ERRIETICHRLCEESREEASESNIHHR
Ao hERDB. TDI, CSSW DIREBERE 77— XERD
EvFEE&EL, YA RIILTSZVIRICHBITEIRRY
NABMB Y CSSW 7—RAUBDOE Y FEED, BEE
HICRIRL T,

CNSDOEDEADIER, BREFSINSR L QAT
B, EREBEENLEL, HRORRY MNABLEZFLA
ILTOMTERERZRIVBTEZ TEAERR L. CSSW D
KRIZEOREL, 5RE - St OMET v T
ICEBTERITETHD, CX-60 TIEH 1 R ILEBDE
BelLzh, BRFGEO—MRLEITV, B4 DEIGER
DILKICEXDFBA TV,

6. 5HDIC

SEOWMDEHICED, ThETORT 1 —iBEL
CX-60 M BOPBEDRT  —ZR—ZF1 > TaMWERIL
FOTIIICEESZEEENI S Y EEEICKEUHITS
SN TE e BREHHNZETHZIML S V%S
LiFBZZeHTE, SEZA VERICSH AW W
T3 - % - £ERMRUCHNMBIA—H—BADH <
ISR RO EERLED,

SE R

(1) BERHE—IFZH  EETILFTIEEDEL, ¥V
IR, No.37, pp.63-68 (2020)
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Evolution of Efficiency Mixed Production at Hofu No2 Vehicle
Assembly Plant

Mk BET Ak FFT 88 TEC
Naomichi Okabayashi  Nobuyoshi Hosogi Motoki Ochi

Iy

Hideo Yamagata

T—CHRETEHRICRHITICODEERTZHEET IR, BIFE 2 BEmMELITESE (T, H2 41
T38) #U=a—7IL LT
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BH5, EMBEOEELS T AP, DEFSHILICEZHBAORDOFTD, BEERARFOEL, SME
THRAL)—ICIRHETEZ THEER L.

ETNERRT B, Z20EARIET N, M. EROEMICRRICHETE BBOERBRVEERE "1, 2.
FEEDENEBRARRETEIZIEWREREES TV, 3. BECTIEBRLAEESEICBLVS 1)
DEMICEDEA, YILFY)a1—> a3 VEROBREZHMFOEREL SO THERNISEREETE 515
NE—# L7

AETIE, TOWMDBEAICOVWTENT %,

FERENDERTL 7Y MEETE B RIEICH T B8

Abstract

In order to supply 7th Generation large products to all over the world, Mazda renovate Hofu No2 Vehicle
Assembly Plant (H2). We think it is important to design the human friendly base line concept.

We estimate increasing EV structure, on the other hand labor shortage caused by decline of working
population in near future. Mazda must produce state-of-the-art products with high quality, timely, and
sustainably. New H2 can produce state-of-the-art products based on multi solution strategy and current
products in high productivity.

This report describes Mazda’s activity based on 3 concepts.

1. Non-fixed facility that can accept products diversity.

2. Flexible production line by maximum utilization of human power.

3. Human-friendly line that pursues ease of work.

And it describes their approaches and the effect obtained.

Key words : Production * Manufacture, Continuous production, Equipment, Human engineering, Physical

burden, Environment ¢ Energy * Resources, Environment-Oriented production design
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MAZDA 3 MAZDA 3 MAZDA 6
EX5 Flat Swing CX-5
Vertical
swing
CX-60

Ujina Plant Hofu No.1 Plant Hofu No.2 Plant

Fig. 1 Flexible Production by Swing
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LEICBF 320> ML D H2 Bl >
1VDELDRA > M, B3 ETEBNT 3.

3. H2 Bl 51 > Dtk
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TaHs MBOEZXHVER =27 MIIRERH
#{Tofco TD 3 DOEFEBNT 30

(1) BBt =—20Z#ZHRLICABEDOEWVWS 1Y
EEKlE, EAMMEORSVWHNSIVIY - HIRYT 5
VEEBBHY ITLERAL T\, BEHEESHEZH
OB WVIBROBENVETHD, N7 —1l,
IVTY - ARV 3 VAIONA Z R ETAERDE
EZTo>TWo Fh, BRICK>THARY Y3 V%
DHCMBHNRRZ 0, EmEEICT L TERADOKE
WHELRETH ol TD=DHIC, FIEBENERICZED
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BIEAEICEALT, EEEERIOFNEEIBEL &>
TW 22T, BBBHRHEEZETRAGY ICEEL,
T« —AIOBHMBROE VEHER, ARV 3
VERT  —(FENBATE T 2EEREEZNTR
3L3ICLTILFOTILEETD T

(2) VI DT X—E—EETERIRTHIGTE 3 RME
CNETOEHEHREIHTEY FEET 30,
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BEEZSD, K" —ILR—IEDEWVEY 7 hD/NS
A—B—REDHTEETEZRELRAELE (Fig. 2)o

[ —————

Wheelbase Switching by Software

Fig. 2 Engine * Suspension Lifter AGV

(3) BED/INT— LA VEHEAIITTESZNERR

ZRONT—hrLA Y TOE—DRIETEETZ7280
I, BMREMBRAILTHOOMIEEXEREE THED
MEE) CEEL, BRI CIOED DT VT RRED
=% 1Z8) CEHRL, BERRiTCRBHRAZREIC
T-oTW3,

BENICIE, TR ARY I VBEDKEE
Ja—=)EBRORT 4 —AOEDO I HEEBEEC L,
NT—bLAVETHBEBELLTWVWS, —AT, 77X
IFEEVER, EREEICAhbETER L, BERICE >
TEORFIFUBEZEEZTWVS, ZEEMIL, MLERDED
EDMITERDA L DA THEICYID B AIRERRRICT
32CT, A—IEETOMEAITZAREL LT (Fig.3).
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Variable []

T al

Front Axle

Rear Suspension
mounted pallet

mounted pallet

Fig. 3 Fixation and Change of Vehicle and Facilities

3.2 FREBORRNERAREETEIISHHRERE
ES1y

EBREEICEVWTIE, BRAROEZBWVICELD, AT
T RMREHENERD, TOIEERBHEDORNNZER
SEDFETH D, FIC, HROBBEZTAMI I VIC
Mz, MEZT>OIOP, BEXERHDE—X—TIE, &
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VIBEEANBEREL# L <BR>TWS (Fig. 4),

‘Front Engine /Frontr Drive| | Front Engine /Rear Drive | EV & HEV |
- gvy

S ] ~

Vi /@_‘./

Fig. 4 Parts Layout of Various Power Trains

REOAARTHETIL, TRT TIEEZDEFGEH
PEFSN, BIBRHSDEET IV INR#ETH > 1-H,
AGVICEBTYINFT7 o 2MEAL (Fig.5) ICEX D
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Before

Fig. 5 Multi-Access Carrier

3.3 BEPITEERLEAIEBLVS T

H2 B TIED ) = a—7IL T, DFEiHtitss
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AT (Fig. 6)o

Before Working Posture After Working Posture

Fig. 6 Improvement of the Difficulty Posture
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Fig. 7 Classification of the Work Difficulty
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TICTETHH5S, BICNVH—BIEDO T — LIEBEHLTR
BT, RT4—AOFEDLMAIHFFREINA T MXT,
BRT 4 —ICEEEDSETANSBRT I VWS EE
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BEETELHOD, TNULOHEBIFEL VKRR T
Hofco LT, AREBEMEARNZHICHA LT
COARICKD, FEIRCICRTFr—aB3%2TZEL,
EEEBTLORBERSIICHRE LT, £z, N\VH—#E
ETOEDAEFRHERL, KDABEODRVEERS
IR ANy o

MR T, BEO7O7BRIETABAE 28,
DOT7OFICES> TWVWBRIEEEIE, BT —IZBRLTEH
T93cVWSEEBESE T R LT, /ERD/N
UH—REFR LT 348 OB HEL, £
¥R LT 8 DOHIBMENE SN,
CDRAZA UV =V TI2HR % REERETIT S5 726,
REOTREZG TR EXEERSBEN ETHRELL,
DZal—>aveRFARERII LT, TOWMDEAIC
DWT4ETHIAT %,

4. £EDZaL—2 3 UEDEL

TEROBEIX IS (FEXEER) ORIEFER, ¥R
TFERT 5%, EMAATTHEEEZIDT—XT
BRLETDP2ILEOERMEAITIRE UT, 794
IWI 70 R)=) IZEVWT, REEED T+ AL —EE
ERENS, TIRIABETIVOEEZIRIEL, 1FE
DLPY EREEBEFROREBM AL DIEEZRIEL TL
7= (Fig. 8)o

AFEE, ZOEEOHZE, FHEOEORUVIRER
—EFEDODOBRMNDEMEREEZERLIETIXILABE
TIVER D IREEE DR CRNICE->TH D, HISIES
DENREL, RIEBEISFEEDNDH 5T,
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Fig. 8 Conventional Inspection Method

CDRBEEART B8, MR (Mixed Reality) DIl
ZIGAY 2 FEABILICID AT BEMICIETI 2L
770 M)—T, RIEERFOREHFRICLDITo/ME
XE}EE, E—2a F v IFVv—SRTLICED, T
CENABETIVELTERL, TOTPRILABET
IHh S EEHEBEEZHREL L THEHTZFETHD
(Fig. 9)o

MR/PSR System Waist bending

32
Working hours

Joint movement] >°

amount

Fig. 9 The Latest Inspection Method by MR

CDFEDHIICKD, WREEEDRERCIICEST,
FREZAEHELL, RSA 0V -V TR DM
REZHNETYIaL—>a3 T3 ehAREE R T

5513, FEEBEOTORIABETILERCEEE
HEOHEHFEFCTZEEMLT 2MEAILTCIEIaL—
>3 X5 L (Fig. 10) #REIIL, FDOYRXATL%EE
BLIhRMNAR TR IO R T, FifcBIEZED
AMNT@EIPTTOEREMEL TWLL,

Digital factory Workload index extraction
Indicator value ALT1 ALT2 ALT3
o e 10000 | 15000 | 8000
Working hours 64s 75s 60s
Number of walks 700 800 600

Fig. 10 Vehicle Assembly Process Simulation System
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TS - VMISHORREENEEEH, FFIC, 5

ROEMBEZICNAZBRICHENTE, BCAICHEL
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DEREENRZTDH D, MR T, FEBOENEZRK
PREBETITZMEEREZBRLTVWCILT, 71Uk
DIEEPEEICHNERIR—ZZHENL, ElRPARLE
EOWELRILE—, EHEPBARLEDIRILF—%HI
BT 3. €DLS5%, £EBEICEITS CO, HIHE% IR
IMETE3R, HERNODIAVNI T 7o ) —%R
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Innovation of Production Method for “KODO Design”
and “Workability”

=SH B3 e #He”? HA =7

Kunihiro Takata Toshiyuki Kawai Ryo Sakita

F o®Y )N RES

Kyo Ou Akihiro Kawano

C=

YA DEEFMEFITIE, BEHROEBEEBIBZLANILTERIBRVERIET30IC, MAMEDERL
FRIELTWVWS, TD—D2L LT, HETHA VOERBEDAHCHDIBATED, BOESEEERN—
DETHZINDDLSIZERLSND THDEFKR] DEDIAHZEITo>TEc i, JO—/NILTEZERBRAMIC
WEVWFEHVWTHEIZREXRIEL, AP TVRES T UADZEEICEITTGEHLTED, CARTIL
Y CHEEN L TVWEETEZDAFEZIT o> TWS, AFETIE, CX-60 TEELE ST ¢ MBS
PII] ZrHICEETETEERDBEAIIOVTHENT 3.

Abstract

Production engineering department of Mazda tries to supply unique value in order to realize the “Driving
pleasure” that exceeds customer expectations, so, we are working on to meticulously develop the “KODO
design” and have been building “Continuity in Surfaces” that makes the adjacent design surfaces feel as if they
were a single surface. In addition, the company is working to transform its manufacturing lines to make them
easier to work with, aiming to create an environment where a global and diverse workforce can work with vigor

and enthusiasm, and is developing production methods that make it easier to work with any cars. This article

No.39 (2022)

introduces the efforts implemented in the CX-60 to achieve both “KODO design” and “Workability”.

Key words : Production - Manufacture, Assembly, Quality, KODO design, Workability, Front end

1. (ZC®IC

IVADUILTIE, BETDHMLIERETIDIC
ELERITTWS, FTHREBTH A VIFIVADEE
BRIREMET, EERMHATE, #BTF1 > 0EBE
BEDRAAHIEDIEATED, CX-60 TIEFNBRREE C
NETULICEETEZWMDBEAEZEEL 7.

7o, JO0—NILTERBAMICVWEVST LBV TD
S5Z3BBEEZEIEL, BEPITVRES A VOEEICE
ITTEFHLTED, ERmo 7O IV RICEWVWT, €
ARV ILITHEENLPTW, 7OV bA—-T>TY
KT (Front Open End AR, FOE) 3L, CX-60
DEEHISEEL o

AFETIL, CX-60 TEXD#EA T FOE #5ER L =588 7
HAUDEDIAHEEESEBEICODVWTORBEZBNT
%o

2. 7AY M A=TF TV FRIELIE

EROTYRADIREIE, BEFMEILTIETRT + —/ilH
DEREEFET BN =LA U EBEBST, RTq—
FREE, EMENTIEACE S, EMBEIITETIE,
IV VIIL—LDHIZEEENANG WD, EmiEs
TS 7 T —- LD S DEBIFIEEICR>TULE
mgw ZIT, CABRBITH A DU ILITHEE

AREICL, EENLPTVWRET I VIZT BT, /N
//\—l/r/b\?&l,\Jk RET, TV VIL—LRAADEE

"1~3 EWTER

Painting, Trim & Final Assembly Engineering Dept.

"5 R7— IR
Body Development Dept.

"4 EE{RIRATAR

Body Production Engineering Dept.
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EZDILBAD D EEEICE B FOE DIRAZREL, VA
TIEIFIH T CX-60 DEEHL S EHEL 7o

Bumper Reinforcement

Previous

Front Open End

Fig. T Working Posture for Assembling Engine Room

Parts

3. |WENTH A O DEDIAH

YA DEFERMEBFITIE, BEBRADRMHEEE
DI D OEMTEICA ETE IO BAZITo> TS,
FD—Dr LT, HEMTHAI>DREVWTHIEMDD
DEMBCEENRDORIR, SEMSHIDELIEADLDS
RRREEEETCREL, INEEEHRADRMEMEL
LD DZT>o>TW3,

RENT A DRI, NN—CRVRY MRY,
BOESEHMROEBEERMICDATRASRABSHISERL,
—KOBETHZDDLSICERLSND TEOEFHRK
(Fig.2) &, BBmMICEET D DENRICREPEE -7
B, ED AN TERVEC S OBBIZRL T
¥2 MEERER (Fig.3) TRIATIZLEITVWD, it
RERETIE THROERK FELEIEZD), HORE
HRAZERS 3 “EERNT ML ZEBEECLT, &
DirAsETo>TERY,

Fig. 2 Continuity in Surfaces

Gaps Between Parts Are Uniform and Narrow

Conventional Product

Ultimate Product
Fig. 3 Exquisiteness
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CX-60 T, TEDEF R ICIMR T MHEHR DE
DEAZEITV, RETHIVORROELRZBELEER
527z TDDHITIE, N NN—FENEIRROBHTIT
FEEMLECBHICHAEBROMUBROBEEL BB R
T —EHRONBHEEZRALT ZREND > T

RRDRT « —18EIE, NN—LAUEREY LT
mEN L TARBROUERDEREZREL TV
(Fig. 4), (IBRAOEEZ—SERIEIBEEICL, D
BERGONBEEZRD 27 O—FICEE LT (Fig.
5)e CX-60 TlE, 277 R UP XU N\N—|AIEBERDIEEE
z&ERSE, JOY MRT—EAEEETHF—/1\—Y
LT, FOELICHELD22ART 1+ —REOB EEK -
Too 12, YaSURUP XAUN—EFVREETUBRD
T30, SOTINBINL—MREICL, RT1—AD
BERICIES DT M TES L SIC L7 (Fig. 6),

Bumper Reinforcement

Fig. 4 Previous Concept of Assembly

Shroud up Member
Fig. 5 New Concept of Assembly

CX-60
Fig. 6 Structure of Shroud up Member
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4.FOE ICHBIT38RE

FOE{bICEF, N2 IX—L A VIZEFELTENSE
AL TETOMRAIIFICEEL, aFTFUP XY
N—IF, EMEITREOI VI VIL—LREEDRIIC—
EAL, EERTRICBHEAIITIBIAEICL (Fig.
7)o To2L, 25T R UP XYN—%—ENTEICIE
BB EN3 e T70Y b7 L—LREADE Y FHE
282N HD, EMBEILTIETIEFS2FTRUP X
IN—EOA LD SBEAMTTOFERTUNME Y FE
{tziMz2h, €L CEAEILITETIEFOERRETE Y
FEEIMNGT 31815, TEOBEENBRC BT

Dimension Between Front Frames.

Shroud up Member Remove Shroud up Member

Body Assembly Trim & Final Assembly

Assemble Parts Bumper Reinforcement

Trim & Final Assembly

Fig. 7 CX-60 Front Open End

5. REREROELD 1

5.1 #BE@mTOMDIEH

BEmMEMITETY 257 R UP X N—%FBiEAT
TR, ROATHOTEEBRT 3710, >a7UR
UP XY N—DERMICAIBROE > ZRE LT, fIBR
HEFIRICIERODH A FEREREL T2 TTR
UP XY N—= AT D TARDREZEARDAEEIC
ZHL, LBy FZRICETHESEL LT (Fig.8).

Round Chamferin

Guide Shape

Locating Hole

Locating Pins ‘

Fig. 8 Locating Pins of Shroud up Member

COEBETIE, RT4—DELELSLTRHEEZT
I7TH, MERDERS 2T R UP XUN—DEF
LBWE S HRBEICKRIATIHENHZ, TZT, £A
DUBRODEVELZE I ML — FETOARE, 15&
TREREBEZEERTESLSICLIZLET, CAEEIfIC
THER%ETo 7 (Fig. 9)e AML—FFETORCER
g, BEALESHZ I CICHEIRLTWS, MAT,
23T RUP XYN—BRAMITEOBBANZEEL,
fIBROE > DHA RFRP R DA IEHERICTHE
L, REBHREBEDIAAT, INSERETHEL,
2aZ TR UPXYN—DBEAMIFICED, DT
BIDTEEBRTE 3 v 2L

Straight shroud up member
' between the locating pins

——:@-.c e

Strength confirmation

= “Radartagcy->

Required load
Fig. 9 Strength of Shroud up Member

5.2 70X F7L—LHEAEY FOTEBEERIEDE
b

EEOHEAMMTFEZICEWVWT, 2T TR UP XV /N—
ZEAATTTB7HICIE, ERIHEOMUERDE VEAS
% 50N LTSS g 2 BN H B, HlE>Zal—>3
VICED, BIEE LIMBERDE VEANZERT B0
ICIE, a5 TR UPXYN—IOALEIBO7OY T
L—LBEEYFZELZ 0.9mm UTFICHFEITI2HENDH S
JeEEE, AT —OTEBEBZEC LTHRE L.
N7 —%BET ZEAEBEITIZTIE, 300 MU EDER
SmERECVPRERE Vo LUERDABETHEL,
4000 U LB TR TORE, RT+4 —&EHAIT3,
DREOEESEICTHCRENH 2 &, BEICK DEEH
ICHEBADEEL, MIBROABEDHRZBRVIIRICG
TRBICL D TABERTY, TEBEDOELEZEL S,
70Y 87 L—LEOEY FEZINE T S 7=DICIE, 5
REOFHPLRMEIC & BT EEER b ER/IMETE %788
RAIEE, MEBRAOBEDEEL VPEER (UTF, MIT
B#) IBREDRBZFEORANBEL B> T,
JOYrIJL—LBEOEyFAREZ 7OV MR
T4 —IRICHWVWT, BEITS a & b ld Part-A & Part-B
DOEMAUBBHRZROZBBITRTHZ D, FEED
MREZEEL, AEITRIEZDO®ES %17 o7 (Fig. 10,
11)o Fig. 12D Z2D—fle L TABITRIEBOERICK
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BER%Z CAE BT THE LESHROTEBERLZ H
S—IVICRLIEDBDTH B, AEITAEDOIL—L
B (1) OTEREZRNLEIC 0.5mm OELDHD,
FHUCEDT, FL—LFEHD 2T TR UP XU N—%
EE (F#r2) TO3mm TERBERLTEZehoh -
7= (Fig. 12 (2)), ZD=HiIc7OY b7 L—LBEYF
ZICHEO DR WAEITRIEE (1) a—»bZzHRALT.

Part-A Jig

Part-B locator

Fig. 11 Example of the Underbody Process

(1) a—b
Fig. 12 Verification Result of Welding Sequence

(2) b—a

X/, MIBEICOWVWT, 7AY M7 L—LDEDMIL
BORET, EHKKE LIMIEETIIHRDDIMAAIE
E, 7O0YFIL—LEEYyFZEILEES TN CAE
BrHh 5 oh o7z (Fig. 13 EROKRE), €T, 7L—
LOBEEHEXZEE LIMIEELXRETDILICELD,
BEEeE TITEABEDEMEN 0. Imm U TeRZ Zeh
HBRTS e, TORRICEDSE, ROLMIE%ESR T2
EHIHEDIAATE (Fig. 13),

~— Without locator With locator

Fig. 13 Verification Result of Locating Concept

CD&LSIC, FOEfbICEIT oA T+ —RBERILDERE
ICDWT, M EERFETXE - Bt =R L -BaEHz
REL, EMRERICEIDZOENS LEZRRE TR L
DTS TORRIL—LEHREAGE v FOE{LED
BIL, 357 R UP XUN—BHEIATTEDAMERD
EVEANDOEEZEZER TS 1o

HUE, BEmMOMDEARY, BT 1 —TEBEEDE
DIAFHIZE D, FOE DFEEMRIENAIREL 7% o Tco FOE D
RRCELD, AT 3 ROMREEF SN
ORERIFIEEBRRIEIC K 3 EEMEE L
OEEMBLICKD AR B o feEm—Atick3aX

N ER
OFEM=EM L

6. AEmER ELDOIMDBH

CX-60 Tl&, FOETLIC K BRT v —BIEDELZ A
L, ZIRODBrHVWI37O0YRIVRORYZRY
ENYN—EOEHORZRERL DB L, HBaN
HRBEzBERr L.

RFDRY 2y FENYN—DEHEETIE, EBED
BEEEEDSHHROEOEMBE TOTELEZRA LI
BUBBNEDERRLBD1-0, BmEhEIBDRIC
DVWTIFRIE L, KIKETZ5BAh 27, £IT,
N N—DNBEROMEEEZ RN S B BRmZ L, BEE
N TRETIESDEEF vy oI TETEZHRETSC
T, REDBHE%E 15%H/ ML, NERBERALZR->
7o

BHEHARFEIE, NON—MEBROEEEREN L ok
wREBER AT, NON—=T 37wy ) BRIy M
BETHNEBERDT Z2REEZFHHRMAREL, "Ry N
UIN—DEIY O—)LAgEL Lz (Fig. 14), RED
BHIE, Fig. 15 ICRINIYN—DLETABOEELKRD
NYN=TZry s _AZABRE _1 TRDO{IF#, Fig. 16
RSN N—DRIERFROEECRZNIN—-TS
Ty bk BEBRE 2I12&D, Aoy MNEIRBETAHE
RDHDTB LT

Bumper Bracket_A

Bumper Bracket_B

Fig. 14  Structure Around Bumper
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Bumper bracket_A
Fig. 15 Structure of Jig_A

Bumper bracket_B
View_A
Fig. 16 Structure of Jig_B

HI L 7R EOMBRD DIEEICH L TIE, BIEXRA
BHEAMMTITBIRENIEREICEB L KD, T TRED
EREE IO XITD > T CAE BBRZITVL, EXO /LD
ABELY MNIERTZIEELN RV C 2R LT,

FTH, BICEERRT Y MIBREDEBTH T,
EHBRBEDEERICKD, NN—T S5y OEHT
IFRED SIS TNE D, BEELEY T BR
T4 —HEDIESDENREZRRICE X ZREDKIY,
BEOLTY MIBHERET DV T TREBEDKRILEZIT2
feo EiD, BEISHKRY, NBZEX, SETEHRE
PR Z &S L CREARFRISRE Lize £z, KXy
MERBETNANYN—T STy b BEMBRODT I,
NYIN=T Sy~ B, Ryxy FHERY, BRED
Ty bAREEHOEZZCICED, BEEZEHRILTA
BROEEZHE ST Lz (Fig. 17),

Bonnet Angle
Jig Angle

Bumper Bracket_B Angle
Fig. 17

M EDED AL DREFELIZEBEZ CX-60 DEEIC
BAL, R5WESDDOMUEBICNYN—T 7y b %
HMINFB D AR o T,

7. %5R

CX-60 TRy FENYIR—DEDEEDIRICD
WT, BIETILDBRED 15%BNT3 2 ERTE,
SOBEBENEREERIATET o £/25EIFOEDEA
ICED TV VI — LNOEEMEA T TERICHKE T B
HIFEEDMERIS 74 1FEH o 7=HY, CX-60 TIFBEELET
T, (FEREDME—EAAIEEIC AR o 7 8 BB@ICDOW
T24%MELTze CHICKDEERBOBICT IO
¥NROELEERR| TS,

8. 5HDIC

WE}|TH A OELRZELE, FERSTOHEIYT
TICDOWT, BAR, E£ERMNY, RIEDIBPIMEE TR
NEZEFTEDBEL T, RRELEIFZEHTE
SHROLERIHBT VA VORETRE - TEDEET
BIELL, BEBRAREBEIRME LS 2 - DORMFER
ZHEL TV <,

BE3H

(1) BREMIED : 588 THr V2B % “E
DEFRR” RIBOWMDIEA, < VHEHR, No.34,
pp.93-98 (2017)
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MAZDA CO-PILOT CONCEPT $:#tist{EEH DB/

Introduction of Technology Prototype Vehicle Based on
Mazda Co-Pilot Concept

WE R LA RET BT ¥TC BF £ BFE BE"
Takahiro Tochioka  Yasunori Yamamoto Yohei Iwashita Takashi Sugano  Yoshitaka Fujihara
= W *6 — %7 N 8 S 9 10
=fE RET BB T RFE BT FHM #E5 HBHR —&

Hideki Takahashi Koji lwase Junichiro Kuwahara Toru Yoshioka Kazushi Tauchi

IVAE, VILREBSEETZETITRUCH > TVLWERETLEVWCEZTWS, 2L T, BO95LDE
WRANEZE > TWEREEEW, 6 CF, AR—DOFHREERICHS L TLWL 78I, MAZDA CO-PILOT
CONCEPT ZBFE LTco RTAN—DTRIBEE TT TVWBEFICIE, ABDRH, Ik, BEEDERELT,
BEZELATWRE L, Y AT LIXEICEIZHMLE (CO-PILOT) DL SICADRER B3, MAZDA CO-
PILOT CONCEPT I&, EEEDNSEBEERTFAN—XT, BICRZAN—DREZRTFD, —REHSBREF
TIEHFZBIETHEETZ 28T, RIAN—DRERCAEZIEHROHIRE, HERRICERT 3. Chickb, K
FAN—NEF/ELITTERL, RIAN—ZEXDHITRECABEDALZADZLZHIRBTETZ2LEZI TV,
AFETIE, MAZDA CO-PILOT CONCEPT |CE D K B EEICD VTN T 3.

Abstract

Mazda wants people to feel energized by driving a car and also lead a rich life by being true to themselves.

That is why we have developed the Mazda Co-Pilot Concept as one of the solutions to steadily reducing the
number of accidents. When drivers are in normal condition, they can enjoy driving with their own recognition,
judgment, and operation. The vehicle watches over drivers’ condition like a co-pilot behind the scenes. The
Mazda Co-Pilot Concept contributes to reducing accidents caused by drivers and mitigating damages, by
monitoring the human condition, whoever the driver may be, anytime and anywhere including general roads
and highways. Mazda believes that it can provide peace of mind not only to the drivers but also to their family
and those around them. This article introduces a technical prototype vehicle developed based on the Mazda

Co-Pilot Concept with its technologies being developed in various driving settings.

Key words : Advanced safety technology, Advanced driver assistance system, Autonomous driving

technology
. k= BERIVRAIVOEEBRZIGE T 2LL2BE TMAZDA
1. IXL®IC

IVADT TV RO%EBRZDIE TEZEV] THB.
IR =ZBELTB_ET, ECORIAN—IZBHZL
FVFCBILTVRESEVWEEZTWS,

REFMICEVWTH, JIIIKOEEL TARBHD
DEZFICEDE, RSAN—%EH-EfFE-BEL,
RZAN—DEEEHLTE ZRETRARERT 2T

PROACTIVE SAFETY] 78> TRMAHEZIT> TE i
ZLT M2 - 2B IS ORBICAIT T
TARBRD) OREEMOEILT > TOvoID3D
He LT, BEEGIZERMOI>E T+ TMAZDA
COPILOT CONCEPT (RYA « - X«qOw k- >E
TR EFEARTOv I LTRERA LT (Fig. 1),

1,10 FifihEER
Technology Planning Dept.
3 BIRBEEL
Technical Research Dept.

2,4~9 A R T LRFEAS

Integrated Control System Development Div.

— 176 —



No.39 (2022)

TYAER

Human-focused
Approach

Fig. 1T Building Blocks toward the Realization of an
‘Accident-Free Society’

CO-PILOT & i, THRITHDEIRM L) =B KT 5, &l
Bt LS5IC, —ATEELGLTULWTH, H5—ADE
NERZAN=D, WOBBETHEDR>TINTWS,
FNICED, RSAN=FOHS5EOL, WObBEExR
o CGEEZRLL e N TE S, MAZDA CO-PILOT
CONCEPT &, #HHIT2ICABICR > TEERTZD
TIEHR<, HLET TAICEKZ8ER 2 HR— M58
MTHB. AFETIE, MAZDA CO-PILOT CONCEPT & %
NUCED S BfEEE (Fig. 2), RUOTAREERRMICD
WTHEN T %,

Fig. 2 Technology Prototype Vehicle Based on MAZDA
CO-PILOT CONCEPT

2.T&0 - REBIIIVTHR) RRICHITIRE

FRUBESHRERIIFLRDILTVWS (Fig.3). LY
L, &b B2HBIVIIVERORRICIEZ S OFED H
3, BIZIE, 78%D K S4 N—hEEHICEESE KL T
WBEDT—2hH3 (Fig. 4)e EABHOBENLRE
He LT, o MERI HES5LTWSATEEMNLH B,
1o, BEZESATLSBEREHRCOAHDPT,
RS N—DEEHDOHEE - [RRLEDFRIEICELD
EWREITEMESEITTWS (Fig.5), FICEMR ST
N—DFE - FHAREICL Z2ERERIAZTHHLME
ICHE2TW3, BIC, BIE - SRABCOEAZEIL, £
D 95.8%HNRE 60 FOUTTHELTWLWS (Fig. 6),

H-T, ERZRSTIEDHICIE, CODLSIBRSA
N—DFARECESKICHIGT 2EMPIBETHD, &
69 2L, BRERCESHEERERITTH
<, " REBEHAN—TIRELDH 3,

Across Japan

4.32

People

3.68

2014 2015 2016 2017 2018 2019

Year
Fig. 3 Number of Deaths and Serious Injuries Per
10000 Units (Passenger Vehicles in Japan)
Source: Mazda’s Analysis Based on 2020 Research from
Institute for Traffic Accident Research and Data Analysis

Once or more a month:

8%
Once every
2-3 months:
Never: 1 20
%
22%

Once every

6 months:

18%

Fig. 4 Frequency of Drivers Feeling Drowsy when
behind the Wheel
Source: Data Compiled by Mazda Based on the March
2015 Report on Public Countermeasures to Prevent
Drowsy Driving on the Highway

268 269
249

230
215 I

2014 2015 2016 2017 2018
Fig. 5 Road Accidents Caused by Sudden lliness
Source: Road Traffic Statistics from Institute for Traffic
Accident Research and Data Analysis (Public Interest
Incorporated Foundation in Japan)
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100km /h or more: 0.1%
81-100km/h: 0.9%
61-80km/h:  3.1%

31-60km/h:

52.9%

Fig. 6 Estimated Speeds for Accidents Caused by
Sudden lliness
Source: Road Traffic Statistics from Institute for Traffic
Accident Research and Data Analysis (Public Interest
Incorporated Foundation in Japan)

3. MAZDA CO-PILOT CONCEPT [CD2WT

3.1 IR{H(HE(E
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V%X X%,
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W3,

3.2 EHAEKEE

(1) RZAN—DEEDEEGEE LTLWER, (2) K3
AN—ICEEDNRELIE, 3) RIAN—IEERHFE
BOVWCHIBRSNIRED 3 DOERBEEEN R Z1 /N —DIK
RBIZCIGCT (1)~(3) DIBIZIEENY 3,

(1) RZAN—DBEED:ESEGLZ L TWVDE

RSIAN—DBEDEELE L TVWBEIE, FT1/1N—
DODREZEBIZEZRIV VI L, ZBDEN, HE0ED
DEH), ZLT, \YRILORYIIWNDIEEEE> VT
L, MENICRSAN—DREEZRF L, EEHHREET
ML TWVWS (Fig. 7)o

Fig. 7 Monitoring the Driver’s State of Being and the
Driver’s Operations

(2) RSAN—ICEENRELE

FASECRTICEDN, BREEX->TLESAHLID
RSAN—EBZBHTIE, RIAN—TITTELE
BEIIHLTH, T4 AL —X—E2—|L&BFR,
To—LICEBREECERICLD, RSAN—DEE%
BRHMLIECEEZEBIER, RIAN—ICRBEREZT
S CERFIC, EEARHEST - BRI - BRRICK 2E@mD
BENGE DEEGL BERUVERHEERIEEE L EH
THEL, R2%=HFRI 5 (Fig.8).

Fig. 8 Driver Assistance to Ensure a Safe Condition

(3) RZAN—DUEERHRA WV EHIBT S N BF
RIAN—DEGERETIT BV ITLDHIBTL

1B EIE, JILRZZLIIFEIELET, BEIIGL

TRIBHREBFTERT S (Fig. 9o

Emergency call
LS
The system drives and deals with the emergency

instead of the driver
Fig. 9 The System Drives and Deals with the Emergency
Instead of the Driver

NS DOERMEEN RS 1 /N\—DREEIZIEC TIBICIE
FgBCiCED, EREEDURY - HEFERL,
BHORSAN—DIGE - WHDICHFET %,

4. ELRIEBREH

4.1 RS54 N—IRERMIEHT

AEMERBICE ZEE - RGO FHRAIAZLPER -
BERODARY, RIAN—DOREICERT2EFEHREED )
RV EERT D0, DATLDBICRSAN—%RF
BDH KT A N—RERH M TH 3.

2015 EHLEADIS DI EMAMICHET S LT
BEIRMED U X VR HE T S HBEEMEA LT 2019
FICHIBEA L= MAZDA3 Mf&IE, RSAN—FE=Z&Y
VONAZIZED, 18R - BRI HSHET 2 REH,
BROBET RN SEAZHET 2ESEMNzERIEL, R
SAN—DERCERZ)RTDERICEDBEATE

—7h, FIAN—DOEBTIEHTF ETNRVEEHDME
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AREICOWVWTIE, RIFPERRBICH S ARMEHRDES
M LICRER, REEDET & L TIERDH 5 4 K&
(TADA, BRMERE, EMFE, KRR HERDES
DY 90% % H8HB MDD ofce £LTINSICHE
TRERTHEMKREDETZIERL, EGmziiTE
BVWRREICH BRI %Z, ZBOME - AE, HRTPHE
DEE, XTT )T T L—F R EDEERED S
EIBEMICEDEAT (Fig. 10), F7o, BIRD ZEAR
RENSHET 2EMOEH LI

Comprehensively recognizes and
identifies abnormalities

Fig. 10 How the System Monitors the Driver’s
Condition

(1) BRSA4N—EBRAEM
BEREDIETOE LA, REIEBEEENMET TS
T—RE, RRICEGIEENMET T35 —ReKREC 2
2l h B,
SBIOBGMAENMBET T 37— XICHEVLTIE, 2
DEMRBIICHEEENET L TERERICES. TD&LS
BRSAN—EEEZRNT IHeE LTIE, EFEHUER
L GEEZAD BNIREE, RUBERA MG L /oREx
BEY %o

LB NIE, XRTT7) VT ZBRTE TLRLIRED
BEMOBET, ZBEOMUE - BEHLSHIEL, BHARIE, F
RT-OBEFTESVH SHIRREZIRF T 5.

(2) RSAN—BEFIBEMEAM"
BARISBEHEENMET 37— 2DE UL, AIMDEE
MNEFTETLT, REBICIFME L WS SRz 52168
METT 3. EDT NS, TTIFAMIIE>TVWZERHR
ARITENCEIEAEEC D, REBICHENE > TV I EEH
HBREDHDTED. &5 LIEADATDEICXNT=ZX L
ICEDIHE, BEOFKZHEMTEZLEX T (Fig. 11),

Dynamic object

Higher order function(Look-ahead driving)

Static object

Lower order function(Perception-operation driving)

A58

Posture (hands, leg, head)
Y i

Vehicle behavior

Involuntary function(Biological reaction)
Unable to drive

Fig. 11 Driving Functions

BEMICIE, UTFa, b, ¢, D3DD/INSAX—K—T
BHIT 3o
a. EERIR(E

EEIRMEIIERN AT LTRETVWRHDT, 70
ADEEDREN SR L TLARLWAEWVWSEXHICE
DE, TOANDEBES—VICIGLTE/N\Y RILORS LR
EOFREL , RIZEOBEHIRMEOTMBMES L THE T 5,
b. BEEERDEE)

BEEDEIE ICDOWTIE, B|MEENATHELELT,
ERBGIREI/NZ— 2D 5@ L TOWARLWAE WS ERH
ICEDEEMBFICS L TELZ2BEEATORE/NZ—>
DELTHET 3o
c. fRIREEY

FREHICOVTIE, BFEM - BEENES ORI
HH, BEDOEMAOHFRRORONMEL TLAELDEW
SEZBICEDE, BICHBOBTZRA1ZITTES,
BENABREMNAESELTVWEIAZETILEL, &
BREOZ(ICH T 2EEOB T LMD RSET L EZME
HEDETHET 3,

FRIBMIC, ADRFEEEICIE, BRNITEEZRAITS
TEL, EEERNISIEDS HNZTENH S,

BB TIE, RIAN—DEEZFRLIZLE ZBICHEIF
FEITZITHCZI T — A —E—5 R 21THH %Y
L, BT, BPEE, 8154y, SENICEIIDL
CAICHEED AL ITEDZRE T B, BRI, CD 2 DN
NV ZAZWMDBHSFREHHNL TVDREEZS5NB,

LA L, HOKEEERTINELCD L, £ IFAMOKEEE
BETHEL, EENAREEESINERL, BEENISE
BN EMITESNPTVWECAICHRENME->TLES &
EZBNB. COREZLSZBZHICIE, FTEHLF|IE
T SNZERZIET IRENH S, € THREIFED
MRZED AN, HROHEEBRUEBDO XA Z I L%
BETIICESHZ, EGREIITERENSIS/ITEN
PITUVHEY TILEA LICKHERRERT7ILI) X L%
HLTco COFERDIIE[IIONPTIZH IV —
Y, EREICRBLI-DDEY VIV —I v T
I3 (Fig. 12),

Driver’s line of sight

Fig. 12 Visualization of Visual Attention Characteristics
by Saliency Map
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RSAEVIOZaL—F2—FAVT, BEE ChiK
BOEEDN SEGHORREEDO T — 2 ZEF LIER,
BEEITUI>O—DEVWE AT TELS, BAEIC
HRZRE>TWe, —AT, MERDEEIT, Eoice
CEBGRV, YU IVS—0FVWE I 3ICRIEHR
3iEE > TE (Fig. 13),

Normal

Anomaly

Fig. 13 Gaze Distribution of Normal and Anomaly

COEREFEV, EEOFEIAZEY YT TEAAS
OfERIMSY IV -y T2ERL, FSAN—F
ZRVVIAASTHEEBENTERTAN—DERIFEZER
Eht, MOBRERERICZENISEEDSIDNDER
ARIEHMREIENLEELSX, RSAN—DEZZVEER
<HBHFT %,

EEAOREEMICHEVENRFNMETIHI &%,
RSIAN=IF) RIXMRERDIFTIBETONRNER
ZHR L DO DMONMRICHFEZAIT TRAIRAZIBEY
%o CNSDZEDHBEBLTETLZBRELT

BhE, RBREODVZ7OBSIZEFETORKE
RTHAWSNE U XUVRT>T v )L (Risk potential
method) TE=Z{LLTW3,

42 Ea—=I2Y IV AR —=T1—2R
RSAN—DEGEERHETETRLB2BE, AREE
BNZYIRRRICHED ZEHEESND, A EETE
BROBEL, PXTLOFIEICZLLTEESNS
LERLBWI, FIEHNABDOX—42—, 714X FL—0D
RTVCEEEREEDRAAT (Fig. 14),

Fig. 14 HMIs for Communicating with Passengers

BRENZORZIEICIE, 2 DDOMENVEZLE
ji.fto
—2IF, PRTLOEFHRADAINBZETHB, B

EBNCIE, N o7y T LTRIEL TWES T LD,
RSAN—DEEERNL TEST IS, TRS1/N—
DEBEZRMLELE] CLWOIRRECEEREANTHL,
ZFNEABICZIILRICEENED RHT 2F &2 TH 1
VL, flfAEFHLIECEZE T A—>3 > TRLTW
%0 AT LEBFRITEICA L Y OBOHBENRE D RH
S57ILROEDZHEATED, JILNECEEZTDEIT
TLBKRFELRATWS, £/, RMESERMLTEE
T3] BREDWRHEE S X TLDBIEZ TV,
ZO®IE, ARELNEEFATEZ L THD. B
EIZAHRI D, YRATFLDRESEISLTVWSD
ERRNEBEERNTHLSHNEDHEITWS, EFBICIE,
TEREEL X7 Z2RBERABELET) FELE
T BEZHONLDHDIEATET, AEZBOFAUICHE
L7=#lfEZR1TLTW3,

MBIk D, AREBICE > TRDEDEWVT VES
o>avERBELTVWS (Fig. 15),

E54 /- ORREMALELE

a) Inform Passengers that the Driver’s Abnormality was
Detected

b) Inform Passengers that the Vehicle will Stop

Fig. 15 Reassuring Interactions

4.3 RS54 N—REEHREHSHT

MAZDA CO-PILOT CONCEPT it fEE L, =ikE
B BEEERER T, EREFEL BB YHFERE
BREICHRET D, —WRERTIIEREEL, BEZOD
BEBGIZIFRRLBET 2MZHEEHEL TWD, R
—REE T, BERBEOEMZEITS, KMMESORE
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FANDOEAZEEY S, BEE - HITEEZRF L TEE
T3%L, AREPAROREEMEICHLOTEZE
AOEOD LAY, BREERAMIT7A—bERELBNS
EEZBEEL T
RN—2EHTHS MAZDA3 I LT, BIILI=E>
YT TNAZX%ZRY (Fig. 16),

Added sensing camera [l V2X

Fig. 16 Device that Realizes Advanced Driving
Assistance

BMLEAXSIEEH 128THD. —RERICEV
T, EEEEML AN SEREFT 3, B2IE
BHTE 25 BRETHERT 56, ERENSHE -
BEDZAR—EZEITZRBEOE VBB REEEE, L
BEOHEmZ T 518, MESORESNDEAZD
BT RO DESRMEEE, BErE - HTEERALT
FETIMEREERRTZLDIC, TNEDHXSE
BOWTRHMREEErELEIE TV, FEEELBSM
BEEEZITORD, 12 AXSZF > THELEERZE
RHEHDETEFEIE TV LT, EETEICFR 3
K#x BRI CEMRT BHEEDRE LT,

BANL 72 V2X D#EEIL, EICESHEIDZELLES
YUOBZRAIVIBERZAVTILYTIY - (PR
TLDEORENMSILETREIDESREE) EET 35
EISERLTWS,

(1) EITEEORS M FIAE L BTl

ETREHN SBENGREZFATIEME LT, fiE
DEFEEFAL, HTECEEEORCHE LFRNID
WTHEL TS
a. B D BRI

MRDEFEEFATIE, FANRETZMEDOFR
EECRNER & DEMEERN S BEFEE X TR L2,
FAMKINEREEZ R T2EBME vy 7OETIL
(Fig. 17) ZISBT35 T, RBICEREEZITS 2.0
MEIOF AN TEEL D, EOEARAN S DOER%ED
BREE L 9 % BiEAMI LT,

Target Possible to
change lane
Rear Suangeane Lead

Critical Gap(Rear)  Critical Gap(Front)

Impossible to
m change lane

nma—ma—) P M ~ 2~ nar =~y

Gy @

[ — | S —-

Fig. 17 Gap Acceptance Decision Model

b. HITEX BEEORUH L TR

RUH L FRATIFREDBRE R FAT 3 5THED
HE3N, ROBTHREZHSH LHIBETZHENH >
fco 22T, RUHETOMNSTED BEENZ—FHBIT
PEILDEE, HSEOFERE ORIBRHEH S FAT I
MOMETICED AT (Fig. 18),

Fig. 18 Context Example
(Priority/Non-Priority, Road Width, etc.)

BETRICEREERTRBE R ET L EEDH B Z L T, BIBN
#HHHITE, BEEHOTIHMICHEES5X 3 CHHESH
I[CHE o7

BREREHISRUOH L TL 20N STEL BEEEN %
BT 2HkeeZ AL, FTAREOELDOBEMNII T,

MAZDA CO-PILOT CONCEPT #ffistfE&E (3, &
FRRBRETOT—AWNECPERAEEREZTo>TVS
(Fig. 19)e RETREORIMZRAERD LT, Bh
EREEEM TR MR LTV,
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i e e A ; *
Fig. 19 MAZDA CO-PILOT CONCEPT
Technical Experience Meeting @ Odaiba (2021)

5. 50DIC

AFETIE, MAZDA CO-PILOT CONCEPT (Z£D < Hfi
SRR & TRBREMICOWLWTIEN Lize MAZDA CO-
PILOT CONCEPT ®ERIZ, O L TWD X THEEr % = R BE
BT RBEZEODHL, BEHEERITZZETADDERE
DEEHFCEZOERA LIC ORI Z EEZI TV,

DS HETOANIIRD - B2% TEZIBU] ZiR
HTZCT, BEIFOANEZLDENIL, BET
FEDORICERAMER 1SV RICARZ 2 BiE
LTW<, ‘ I

BEH
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No.38, pp.91-97 (2021)

(2) BEHFRIED  ETRBORNHEH A L ERT AR
T, < VAR, No.38, pp.98-104 (2021)
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E CX-50 Mazda intelligent Drive Select DB
Development of Mazda intelligent Drive Select for CX-50
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Yasumasa Imamura Daisuke Umetsu Yoichi Fujioka
4 =. N 5 Az %6

ME FIABER™ FE)I KB TR HET
Juntaro Matsuo Hado Morokawa Naoki Nobutani

CX-50 13, PERICE>TEEZDHISL, BANCHEROBEL B> T NBIEFEEICHZ CZHIE
LTH¥ LT 90, 2>O—RFTOABE—HRDOEDIZEDX RIS, 7 70— FOZSBSHLBEICEVTH,
BLWIYFO—IILEICLZIRD - REDED ZRMING, TXIELETI—Y, BETHABE—MEOED
ZIRETIFEIERDORSATE—REZOYIDE X X7 L THS Mazda intelligent Drive Select (Mi-
Drive) ZBA% L7 AT TIE, Mi-Drive YXTLER RS TE—NICEY B MELRRS,

Abstract

The CX-50 was developed with the aim of giving customers confidence and becoming their partner in
adventures in nature. In order to realize safe and secure driving performance with high controllability on any off-
road surfaces while maintaining Jimba-Ittai performance (oneness between car and driver) on-road, we have
developed new multiple driving modes and the switching system, Mazda intelligent Drive Select (Mi-Drive). The
system delivers the Jinba-Ittai driving performance regardless of driving scenes and environment. This paper

reports on the technologies of the Mi-Drive system and each driving mode.

Key words : Electronics and control, Transmission control, Chassis control, Control system, Vehicle

dynamics, Driving stability, Human machine Interface display

1.1 ZL®IC

CX-50 &, IVADTHA>T—< T8 (Zr3)
-SOUL of MOTION] DI LAY bR EBERKY SUV K
HENB NS L T HEENZTRESE, BROF
THEN > FEERERDV/ARAT—/N\— SUV TH S
(Fig. 1)o AV > R—RI > [SKYACTIV-G2.5T)
HLLIFAY ) YT Yy TSKYACTIV-G2.5) ICE2E
Ni-ACTIVAWD] ZfiAHEHYE, IVH D SUV HBEODHRE
HEETH D4 >O0— FOAE—EDED IFEFDF XIS,

o

Fig. 1 CX-50

Z70-RTHROBREMES L, SESHRGEEIC

BT3BV ERMZMMIEZET, BESHICTU L CNETIVAHIE, BEEDOTINRTT7IOT4ET 1

R7T7O0T14ET4ZE LATWERIT3 VLI ZBE ANDFBICIEZA BN, BRTORRy VlHEZSH

L TR LT % F#70-F:b3923> T %2 CX-30 8L
D SUV ETILICIBRBALTE foo S, ERBAE

1,6 BFEBARET 2,3 BRI

Electronic Platform Development Dept. Chassis Dynamics Development Dept.
"4 EEfSRERED 5 ORI aVTHA Y RETF
Vehicle Testing & Research Dept. Production Design Studio
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—(ADEFILAZEIRL T, YVYAMBOEiZH S5
PRE/ETS—VTRHBEIZIHALBRSATE—R
FTOFF-ROADJ, TOWING] ZM¥ LT, EIZ, £Nh5
EREMNICHEL TR A N—DERNICIREERTE
3R Z14TE—RYDEBEXR S XT L Mazda intelligent
Drive Select (Mi-Drive) #RAFL 7=,

2. Mi-Drive DIBE

2.1 Mi-Drive D>t 7+

HEEZEICEWLWTUL, 70— RTOETHAFEES
DB —H, TONRTT7UOT14ET 2R LTUEICIK,
REBERCPEELEAROBLVWERRE I LI FLRBEZ
ETT2B60H5. MAT, FL—F—%ZF5|953
=TI, FL—F—IlRRATIHTEREZICEK D
TERHARREICADN T, RIAN—PRAEEAR
w52 31860 H B, Mi-Driveld, COKSHRTY
TAIBRIATRZAINERLOBEOIEFIEAFEON
HICBEWT, RTIAN—IZEEDE—FBIRICEL-T
D=VIlEhERBAED ZIRMTE e zBiE LT
Z>AO—RFTOANE—FDOEDIFZDXEFIC, 4112
JAMBEICADLZTETELBETHREL THIET S
SKYACTIV-VEHICLE DYNAMICS i & & AFRICTED L
T, ETRGEDPARELCELBZ ENENO> —VIlTREL
L7e TAB—EDED) #RB\I3cxh5o7 (Fig.
2)s

Fig. 2 Image of Expanding Jinba-Ittai Performance

2.2  Mi-Drive O 25 LIEE

SEIREF L7 Mi-Drive I&, RSAN—CD1>R—
7 1 XIZB81 % Human Machine Interface (HMI) X
TLEETHREICEL2EMEBEFFIHS X TLLE, TN
SEFAETEIRT 4« —FHI> T LD 3 DOV T LD
SR INE. HMI S X T LICIER S A N—D5DAS
EREL GERE—ROIBHREZ RSAN—ITmET 8
BexfcB L, EmESEIES X T LAICIE, BEmmEEICE
ETBEECUICRETE— RICED 3 IS REZ B L
Too RTF a4 —HHIS AT LR SAN—DANIBREE
FRRED S E— REEZITLY, HMI S X7 L EliES)
IS R T LANBREHETET, FEYXATLNEEL
TE—RYIDBXERRT S XTLE LT (Fig. 3).

TOWING

\ N(;)RMAL ’

= 7

OFF-ROAD
Fig. 3 Conceptual Image of Mi-Drive

SPORT

7z, SECX-50 [T ICBF L 7= Mi-Drive 1213,
'NORMALJ, TSPORTJ, TOFF-ROADJ, TTOWING] O
4DDFETE—RZHEALIL. INSDETE— R,
I >*% AT, AWD, G-Vectoring Control (GVC),
Traction Control System (TCS) R D& £ & 0 HEAE
BELTHE T2 TEREZAORFEEZZEE—FOD
——RImELLTWVWB, BETE—FOBEZLUTIC
~Yo

* NORMAL
SRR TOMB L ETHRORI MNZYIZEKRLTE
£—p

* SPORT

EMZBEL THEBNRED ZTR—KL, V=T
T DRBVETHRZRRLICE-F

* OFF-ROAD

T RRTI=VICEIT B RMBERCREFRRETR
DrZU2avZBHLIEE—F

* TOWING

ETROREMZEARLLESI L TVWRVADK S ICE
ICEE CEBETHERELALE-F

L%, 4[Eld Mi-Drive FFICEWTEA L7 HMI 18
e F=Ic5%E L= TOFF-ROAD] & TTOWING] (2D
WTEHICERRE S %,

3. Mi-Drive @ HMI

Mi-Drive ® HMI |E, BERICEF LIEETRETHR
SN DERMICE—RYDBINTESZ LSS, P07
IVRIRECBBER 7 s — RNy O ERBE L, BIZ, &
TFo—VICIGLTEBHNICE—REZYDEB R <A 3,
RSAN—ADED DHRFERERETEIEL, Vv FHE
HWREERR LT

3.1 ERNTOYTIERIRERE
24 YFDOLAT I ML, EmESHIEHORA v FE
LTARICBRETES LS, YZhLNA=—EFEDODIY
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V—ILEICERE L7 RSAN—DBEBREEMNZ AN
<, VIENFENDDOHZFIERMNIILAIYFEL, X
1Y FEFRT D AR, BENTRELRAR K
BL7#% (Fig.4),

Fig. 4 Switch of Mi-Drive

FL—Z—ZEFE5| LAVEBEETREICEVWTIE, &
IRAJREAR E— RIE SPORT, NORMAL, OFF-ROAD @ 3
E—RABIRTE S, IG-ON BE NORMAL E— RH5
FtaSN, R v FZRIARICEINT & SPORT £E— K,
BAAMEICIRIET B & OFF-ROAD E— RARBIRT N,
NORMAL E— RIZEIR L7I=WBEICIE, ThZhiAE
DOFRREEITS. HET, BIEPIEX—F—EELIC
BIEZMBIT 201 F2RRL, BIFOFAZHEETE
3L51CL7 (Fig.5)0

T,
{ 80 2
60 - 100
SPORT 1207 .
NORMAL
OFF-ROAD

[ —1
‘ i

44444

Fig. 5 List Display to Assist Operation

3.2 FHEZEVEBLLBEVE—FREIRT
BULWEEDDEDEEEZRITT Z7DICIE, REPE
DHIIECTRSAN—ITEYRE—REREIRL TV
K BEDNH D, E—FDOERI P/ —TILE—RA
DRLENEFLETB1DIC, X—F—%FHLEBLL
HREOE—FZHEEICIBETE 2R~ ZzBE LT R
SAN—DEADRTRAL P T VHEBOEE mED
RRERBHICRD, FBE—RDIT 70 v IICRBL
o

3.3 VyFRHAEHR

CX-50 @ Mi-Drive HMIE, TIDD XA v F=HEZ 3]
ZT—RICHAEZIT>TE o TOPRTHRICA—E—
Graphical User Interface (GUI) (&2 —H—D X1 v Fi
ELEEL, " BETE—RILDRZANEN T 288

BEH, S9%25BEEDHZVEROIEZEY
FINAZaZr—oa> ET—RICX—F—1 >R —
T ADTHA VREZIT o/ EEMICITUATICE
1% 2 DD - BN ARIBREHERRE 45,
(1) BBHECEDaT7ILTATYT14T4
E-RICICE T 2BEERTRATDECE- 2588
BRICEPEE, AFHEGEDRNISER S EHRDS
HEHLIICEE L, £, BEBIFE—RICICHR
ICBCBERZERNLL, ET —>zBRIE35 5
Tawor iz HIZIEFT7O0-RE—-RTI, B
JL—DF—H5—%2MOH2EEmTHEEL, REED
ERBHELCEDRITZIREIERTELTVWS, N5
FRERAEECT—ELARAKRICHRETS LT, K3
ANEY T OELE WS HEBENEEICE S 2 7L T A
TUT4Ta (7Y ROMEP IV S ZaRL)
WS BBz HE5 L (Fig. 6)o

NORMAL

Fig. 6 Graphics for Each Mode

(2) BHMAT A= a VIl L2 EBROBER
BIEEBIE LTRHESINTWAXZa2— )R ety
FT, EITE—RICICEDHKOELZBRIEZIXF
BEBEDIST4vIDTA—>aVERBL, R
TAN—DRA Y FRIFCEEBTEZ LT, ZILYD
MEERIRZBCHEERNGAHESY®, RIAN—-I)
IDDMDED EFH T,

EOKDOELDHRF ZEHDEEPEDARSTHEN
B THET S LT, EFMEOTtz LDEHIRE
WL, BEEBERLEI—HY—ICHTIFEETIDER
ZEEIC BN BZ xRS o7 (Fig. 7)o
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N\ 80 /7,
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Fig. 7 Dynamic Interaction
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4. OFF-ROAD £— K

22y VBRERO—RNBEETH > RRDOF 7
A—KR - +39>3> - 7XH5, §[E, AWD, T
YOV, RSYAZIvYaYy, TL—FELDBENRT
AR T3 T, BENSEERETRLEVY—2TO
FEITHREE B B OFF-ROAD E— RADELZRIR L T=,

4.1 AWDIZ&BEWEREL FS >3 vitksEDm E
OFF-ROAD £— R TlZ, £ERIH T AWD DEHAD
MLOBERZEDHTRS I gV EEEREETE S, X
BRICR ) w IRETZEH 5 AWD OfFfEN%E S RIS
TBRRYE, BRTIEEDTVEREREC XX v IR
MEEZERB LTz, BRETICEBVTHREMZEHR L
N RUDIHEMEE LT,

4.2 GVCIZ&BiEEDA L

IYAMEDO RS N—@RICERLIEIVI VML
VHIETH S GVC TlE, EHMETEHNARLETED®T
WA ZO—-RFEEICHTI2ZEEZRALEIE 370,
NORMAL E—RIZH L TR =1 VROIVS Y LY
A VEEOT A > RED TLESEESSH DD, HIfHK
TORAZVIRBDHZE TERBRBIRFDU VY IZE
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Development of Kinematic Posture Control (KPC)
FE OBEMT #H EET O mEg g
Naoki Hiraga Hiroyuki Ogata Fuminori Kato
M K@
Daisuke Umetsu
E W

—fREIC, U7OO—/ILEYE2—51d70Y MR THERNEDICRETNTWVS, COLSR) 7OO—
LY RZ—HDEWEBRICEWVWTIE, REEMEENARTVS — Y TREU O vy X7y ThHEH5L, Ik
EEHCEEDEHE LN B E—TEBHDHEICED, RSAN—ICRRREEBHIEZ e HH B, £2T, hEEiE
MEREHNAZTVS —VICERTZ -T2 MEIT23FEA2RFL, NRLEOBEFEZZEEZRE IS Kinematic
Posture Control (JAF, KPC) Z#RBH LT XTI, FTKPCOFIHIVE T ERUVY R T LEBRERBNT
%, ZL T, KPCIZ& > THEEIFO E—THMHITNZ e TIE—IILS I al—> 3V THRELEER
BN T 3. BIC, KPCEEHLAO—RAZ—F2AVT, RIAN—DEGTHARIFINRERLEL X
ERIEREIBN T %o KPCIIFEEFDE—TZMEITEZ L TRSAN—DRBE L > FREICHRZ Z e htbhh o
7=

Abstract

Kinematic Posture Control (KPC) is the vehicle dynamics control concept that integrates suspension
geometries and longitudinal tire force effect. At cornering, jack-up force occurs, enlarging the heave of a vehicle
body, making the driver uneasy. KPC suppresses the heave and gives the driver a sense of ease. KPC controls the
heave and stabilizes vehicle behavior by combining a rear suspension with anti-lift geometry incorporated and

rear inner-wheel breaking, which generates vehicle-body pull-down force. We propose the control concept, and

report the evaluation results of the control effect using Roadster equipped with KPC.

Key words : Vehicle dynamics, Suspension system, Brake system, Motion control, Driving stability
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Fig. 3 Kinematic Posture Control Concept
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Fig. 4 Control Operating Concept Depending on the
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Fig. 5 Control Operating Concept Depending on the
Different Configuration of Differential
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Table 1 Vehicle Specifications

Dimension Value Unit
Vehicle mass 990 kg
Wheel base 2.310 m
Front tread 1.495
Rear tread 1.505
Height of C.G 0.480
Front anti-dive angle 3.7 deg
Rear anti-lift angle 22.2 deg

Fig. 6 Test Vehicle
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Fig. 7 Control System Configuration
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Fig. 8 Simulation Conditions

Table 2 Change of Response by KPC on Simulation at
Steering Wheel Angle=60 [deg]

Parameters Rear Inner Wheel
Yaw Rate 0.08% Increase

Roll Angle 0.34% Decrease
Pitch Angle 0.55% Increase
Heave 3.16% Decrease
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Table 3 Change of Response by Each Wheel Braking on
Simulation at Steering Wheel Angle=60 [deg]

Parameters

Front Inner
Wheel

Front Outer
Wheel

Rear Outer
Wheel

Yaw Rate

0.08% Increase

0.36% Decrease

0.37% Decrease

Roll Angle

0.09% Decrease

0.54% Decrease

0.30% Decrease

Pitch Angle

4.15% Increase

2.96% Increase
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Heave

0.65% Increase

0.74% Decrease

4.70% Decrease
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Fig. 11 A Vehicle Time History during Experiment
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Development of Quantification Technique and Analysis Method
According to Corrosive Environment of Customers’ Vehicles

EAIL BRX" #H =" FE Bx”

Ryosuke Kikuyama Katsuhiro Fukuda  Takayoshi Nakamoto

LR &

Takakazu Yamane
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Abstract

In order to ensure the anticorrosion performance of vehicles, it is necessary to quantify a corrosive environment
and apply an anticorrosion treatment that surpasses what is required by the environment. To this end, we have
developed a wireless device, which is easily detachable, for measuring the corrosive environment. We have also
developed a methodology for analyzing big data such as measurement data, weather data, application amount

of anti-freezing salt, etc. These enable us to infer the corrosive environment.

Key words : Materials, Iron and steel materials, Rust prevention, Anticorrosion, Measurement, Big data
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Fig. 1 Corrosive Environment Measuring System
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Fig. 2 Measurement Screen
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Fig. 3 Mechanism of ACM Sensor
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Table 1 Measurement Items and Purpose

Measurement Items Measurement Purpose

ACM senser Corrosion current

Temperature /Humidity

Dew, Deliquescent of salt
sensor

GPS signal Vehicle position, Time

Dashoboard camera Weather & Road condition

CAN signal (Controller

Area Network) Vehicle condition
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Table 3 Analyzing Data

Data type Parameters

ACM sensor data | Current [A]

Humidity [%]

Teperature [degC]

Location [DMS]

Time [YYY/MM/DD/hh/mm/ss]

Air temrpature [degC]

GPS data

Weather data

Downfall [cm]

Accumulated snow [cm]
Humidity [%]

Solar radiation [%]

Air pressure [hPa]

Sea pressure [hPa]

Vapor pressure [Pa]

Dew point [degC]

Weather type [-]

Cloud cover [%]

Distance viewing [km]

Precipitation [mm]

Day length [hr]

Wind speed [m/s]
Wind direction [-]
Anti-freezing salt [t/km]

Road data
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Fig. 7 Example of Clustering with Factor Analysis
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Topology Optimization Method for Vehicle Body Structure to

Meet Multiple Performance Requirements for Body Stiffness,
Crashworthiness and NVH Simultaneously
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Abstract

Topology optimization helps realize highly-rigid yet lightweight vehicle bodies for lower CO, emissions. We
have developed a large-scale nonlinear topology optimization method that simultaneously addresses linear
(torsional stiffness and vibration) problems and nonlinear (crashworthiness) problems to control energy
absorption by the vehicle body structure during a collision. The optimization of the entire vehicle body model
produced a rigid truss-like structure, and all the objective functions converged to the desired level. Consequently,

an optimal shape that can be used as a reference for designing a car body frame structure and that simultaneously

No.39 (2022)

satisfies stiffness, crashworthiness and NVH performance requirements was obtained.

Key words : Vehicle development, Design optimization, Topology optimization

1. (ZC®IC

HEBEERTWMOERBL LT, HERBRBEORLD
T=DHIZKIEZ CO, HIEA KD SNTHD, ZDORBADI:
HOBRENCEMOBMNEZEHZHDEER L %M
UIEZCIERBERBER TV, [EZEV 25
HB3IHOHEEAINE, TZE - BiD EEhH5T-DDERE
MEE, TOML T, BEM) ZEH 370D NVH (Noise,
Vibration, Harshness) 48E7%a Y, BERERICHITEHR
B EROMEEE R T 3 BN A BRIEEDRETICIZ
MROS @ NEBRFERTHS. LA LAY

5, REOEA RO —RELY —ILDIFLA D,
BItE « NVH LOMRZ B VIR RO R@ LI b L TH
D, BROKSBARER ZH SR OMEZRS L
BEELV, 22T, BREOIRILF—ZRINT B8
BEZ RO 3IERMEL, BIE® NVH OB HZ 7
eI R ZRKICIRD RS Ce A TE 2 mBELF
EeRELT.

2. RO —RE1t

2.1 brROS—-RBtFE
RO —BFICEWVWTIE, BEERAOZMEIORE

"1,5,6 MBD EHER
MBD Innovation Dept.
'3 RBKZF

Seikei University

2 RRIEKRZF

Tokyo Institute of Technology

4 FRMEBEFARD

Crash Safety Development Dept.

— 200 —



No.39 (2022)

TR

MR BREZHRFTEH T 3 SIMPE (Solid Isotropic
Material with Penalization®”) %Z{EBd 3, BEp (0<
p<1) ZRAWT, BEXROEMEEE, BRE o, LR
B BRFILT (R p=3, ERBE I3 q=1%F
WTRT—U>T9 %,

E:ppEo,GyzppGyo,d=pqdo (1)

7c72 U Loy 005 do \SBMOBEMELR, BRBHRUVE
ERETH D, IMERELICEVWTIETROL SIS,
RETEH o, BEMEE 0 TR/IME, KBV EHNEHY
(BE24) LT, &0 BB = E AT IHER
EELEDBOEFERYT 3,

find: p, minimize: ©, subject to: J'pdV <Vo (2)

0= Z(Wkeitatic)+ 2(W1 GICrash) + Z(WmemVH) (3)
k | m

nE, ERERED B (0%, 6", ™) lak
TTERIZ B THICERILT 3, BRI DBBBEEIF—
BHA—EFENINTZIVTS51 7Y IBRIME?
(OFHIFRILF—DBIML) ZEAT 3,

QStatic:W (4)
2L, uIBEEfICNT3EMAIZET B
ERMEEDOBRBEBICEAL TE, IFHRIRKRTH B

&, TRILF-—RIRGEIHZITASLSICT 3. Thbb5,
FREMUREzBBEOROXEICHIT, KETRIL
FrEERKBIRILF - 0ZRwESMNZ BNEHE
_5-5(577)0

Crash (e j — E')z
=L )
j €)

NVH 48ED BHIREE & L TIE—RBABRIMZ &KL
TR2HDTHD, IBELI-AEREHRICSIT28H0>
TS5A 7Y ADMHEOERE® LT3,

oNVH _ M (6)
f1u g do

220, uldTOMREE f ICXH T 32035, gld=E
RIOERREE - BRAAEZIEET 2 -HDERMUTEAS
9 %o

2.2 bRO—s#E{tn70-—

Fig. T ICIBICHERE LA MROY —R#E{to 70—
Fy—hERT, StBX v o, REAEEDIEE L H
FEXRELLLT, XBO)OFETHIM - &3 -
NVH M BEDRTET — A DRI ERMEL, B5NIHER
HERQ)DEHES — CHBT ZREDY 28HT
%, 5z Q)DEATTMEND SRBELEED

REZEH LI L TREOBIREZITS. :iEbidiy)
SHEMEEE (8 /—K, 2837/ /—R) #BVWTENE
L, BERAMEITYIL/IN— LS-DYNA DEITIZ MPI 15 % F
WTHRLE2/ —RERZBAVTEREY %,

Meshing &
Density Initialization
I

Model Pr'eparation Model Pr'eparation Model Pr:aparation
(Static) (Crash) (NVH)
Commercial FE Solver (Static)
Commercial FE Solver (Crash)
Commercial FE Solver (NVH) i
i Sensitivity(Static) J::[ Sensitivity(Crash) J; i|_Sensitivity(NVH) |:

Summation of Sensitivity |

Density Redistribution | Calc.
= T = Node...:
No Yes
Conve.rger)ce 0 END
Objective

Fig. T Flowchart of Topology Optimization

REBHBRCHES— AT OREIHE —RDF
7Ot X THIE L 7%, MPI_Reduce =RV TYT —
ZAREDEE, MPI_Bcast B ERWVWTEHLIEED
FEHZ L TW3,

3. EfIBED b AROY —miEft

3.1 HEEFINCRBELEH

Fig. 2 ICEHADO2ABEDRELFTEICH VW ERETZE
BOETIETRY, XvPath4 X 20mm ORIE)L
Xy aTHRIEIZ 38 FHIE, 32 ABRTH D, mdft
FEFHEETIL (nitial) (FFEE p=0.1ZHVWTR ()
TRT—J)>TLTW3,

Fig. 2 Design Space of Vehicle Body Structure

Fig. 3 ICIRMIREMICREND S 5 7 — X DEERIMEDE:
BMERGEETRT. CNBIEA Y N—PH IRV 3 VER
mOWD FFEZ IO MY AR 3 VB VYR
RO aVEBLIZRT, TN L TR A VS
DETICHEANRZ 1 RREL, TIICHRACES
N%ZE 4 DDMAEDLETERBZHAEICELD, BEDRL
DERPHITER B EZRETETVS, BIS, ¥—F

—201 —



TYAER

No.39 (2022)

EOMIRICETHEEZSZ TV, BEDEFRANDH
REMIEZTESTY, BV ) -TRGTHEZ R
%, BNERIIAIMORERILZRS, DIFAHIRIL
F—RIMLE T %,

(e)Floor Panel Bending

Fig. 3 Load Case for Vehicle Body Stiffness

Fig. 4 ICEZREMEED 7 T—ADREXMHETT. B,
77—=205%5 (g), (h), (i), (k) 4 7—XDEMNREE
ERAT, B, (), ) 35— %=RG)TREL
TW3, FIEEETIE, BIEEICLD—EDRE TEHHY
ICEMET BIEGHEIAEITV, TORICBRBEARZEN
IE () CENZEMAORFENSRE LICENZEMXET
DIXIF—RINEZBHNEHE T3, Fig. 5 (CRIEE
ETHHE LIHERMREEZ R, £ R ILES
HRICIFZ A VHSDIMLAAFE (g) =, Xy a/\x
ILOFREICIET DY EEH S DM LUAHEE (h)
%, JOY M IRY Y 3 VEERED HFEHEEICIET
VIOVTEH S D LUIAAEE () ZEE L FHNEE
Xr523%, BEERTIEFRENUVYONYN—E%
R UT-RMABE () ICKDBIMICEREL, BNEMXME
TOIXRILF—RNEZENBEHE T, £z, IR
DIIVBIHICIEZ A VYOS DR LIAKTEE (k) #8ELT:
BNEEXHES5ZX 3. AEERETIE, AIZEAUYON
VIN—E xR LI RMARE () TEIMICEMEL, BhE
MIXETOIRIILF—RINEZ BHEKRE T3,

(h)Engine Upper Load (i)Engine Lower Load

(j)Rear Crash

o

(1)Side Crash
Fig. 4 Load Case for Vehicle Body Crashworthiness

1.0
0.8 ——Target

Y 0.6
£ 04
0.2

0.0

00 02 04 06 08 1.0
Displacement

Fig. 5 Normalized Energy Absorption Target in Load-
displacement Curve

Fig. 6 IC NVH M8EICRET 3, 2 7 — XDEEDBKIR
BICEDANEZGEETT. CNHIFETHROYARY
SAVHLEFEADANZRERELT, 4V/N—PH IR
D aVEmOmDFIFEE 7Oy MY ARV g VEE
CVVH ARG UECIIRNT, TNEAD 6 ZDA
NRICH LTI AAOZANMERGE 5 X -, BREK
ISERMEDR AL EIE>T, 2~300 Hz TOREDED
EDRIMELE T B,

— 202 —



No.39 (2022)

TYAER

vibration load
x.y.z direction
(m)Front Multipoint Vibration

—Vibration load
x.y.z direction
(n)Rear Multipoint Vibration
Fig. 6 Excitation Case of Vehicle Body NVH

NSOEEBIMED 5 7r—X, EEMEED 7 5—X,
NVH MEED 2 57— X DB 14 47— XD MRE= FEIBFC M
L3E3 2 BMERE L, BREFEEEZ 10%UATEY
BlrEHNERHFC LT, MROC—REILHEEIT-
Too BT —RIERTREHICDOWVWTIL, HITHERICEK
DB EERE L. RELEEISEREE" %
AV, mBEtOREEEIE 95 BT 5B,

3.2 ARt FROS—RBELLER

Fig. 7 ICRIEIZL—>a>TELN MO -
RETRT. BEROLSEICHI > TREECRIBED +
SAROBEBEL LTEHINTWD, BERIEICHE
LTIF2BEMIC A S RBELH->TED, BES—RAZ,
C EZ>—AIOBEAF#EHMEMNERNLRREEE 5> T
W3, EZEM4EEICE L TIXEARIHRER R IRER IS LB
BENDECIRILF—RINLPTVVEGE L R>THD,
ZO7—TICFvEVDINSRZEFTERLIETL—
LEENE > TWB, NVHEERICBIL TIEH AR>S 3
VD FIFEERSRE L b RBENEERSMEICL
MoTWB, fERE L TEMEEEZRRICHELT RO
T—HRERBZUNTE . CNERICEBEFINTT
AR EAEEERET T 5 C E N AREIC A B,

|

o
=
]
3]

0.475

02375

9%
5"
m\UHHI‘IHHHH T

5.000e-02

Fig. 7 Optimal Shape of Vehicle Body Structure

Fig. 8 ICA/ 2L —> 3>yl ORBILDETESE VW E
TIREEE Q L EENEHOBIMOER ZTR Y. Q

FERELICBEDTOREREMETHD FTHATERI C
EDTEBo P (FTFHEE, NFERBTHS,

\)Zi(Pi — Pave )2 /N
= (7)
Q \/Pave (1- Pave)

NS5H 5 BIERD+DICINE LER ICRBELHE
TLTVWBR Z ehbhh B,

Optimization qualit
100% P quatty 100%
—— Optimization quality

80% == Volume 80%

Objective function

—— Objective function

60% 60%

40% 40%

20% 20%

0% 0%
0 50 100 0 50 100
iteration iteration

Fig. 8 Volume, Quality, and Objective Function History

Fig. 9 ICRBELRIBROBEAXBMMOZ T —IOERLL
TEOTAHIRINF—%ETRT. WITNDT—IbmELT]
B (Initial) DS+DICVTHIRILF—DREDPLTED
BIESEEED E ELTWS Z EHDh B,

Strain energy

1.0
0.8
0.6
0.4
0.2
0.0 — —_—

Initial  (a)3-node (b)Bending (c)2-node (d)Torsion (e)Floor
bending torsion panel
bending

Fig. 9 Strain Energy of Stiffness Cases Before and after
Optimization

Fig. 10 ICRE{LRIRORIEER, REER, AEER
TORFKEDHE - ZUKMEOELZERT. TNEH5
RN ERBENBROFE - RUFIEIC, AOVWT
WB ZehDh B,

(f) Front Crash

------- Target
0.8 - = = |nitial
v 0.6
Y
‘S 0.4

00 02 04 06 038 1.0
Displacement

— 203 —



TR

No.39 (2022)

(j) Rear Crash
Ll I E— pre— Target
0.8 - — = Initial
’ } Optimized
806 iy r'\\/’-"\\’~“
o Moal -d
Lo0.4 PN T—

0.0 0.2 04 06 038 1.0
Displacement

(I) Side Crash

------- Target
0.8 - — = Initial
’ — Optimized
- 4 ™
0.6 s \
e AN

00 02 04 06 0.8 1.0
Displacement

Fig. 10 Load-displacement Curve before and after
Optimization

Fig. 11 ICRELAIRDOIMRRSEDELZRT, Ch
5h5, RELICEDBEER S ZROBRIBEICK
BIEICE-T, EFRAM® NVH O m LS
EhhHn B,

(m) Front multipoint
vibration load

L}
A (X4
-
AN YR
N v

Response

- = - Initial
—— Optimized

0 100 200 300
Frequency[Hz]

(n) Rear multipoint
vibration load

I '\’\\
oy [}
l' vy

ry

AR
duseN,

Response

- = = Initial
——— Optimized

0 100 200 300
Frequency[Hz]

Fig. 11 Frequency Response of NVH Cases before and
after Optimization

4. 5HDOHIC

ARTIE, 2ETRE R, BRI CIFRE
(B8) RROBEFERECH TS b AROY —RB(EFE
ZBARL, MM - &2 - NVH 4aEZ RIRF M7 I I8iEIR
NFEEET LI 3ETRAFEZAVT, EXETIL
TO RO -RBELZTV, BEER LT IROEE
FRBENER LT, BRERL+OICINRLERICR
BEHHETL, B - B8 - NVH 4aEZ BRHIEC S b
ROY-—ERE/Z D TEB TRl

FFEICIDEBLEMREZMIITE 2 EMBEEZR
B EHAEREICTR D, SROBERLBNDSEM
ZHEERICEITSD, KTMHEICEDTVL,

BE R

(1) M.P. Bendsge, and N. Kikuchi: Generating optimal
topologies in structural design using a
homogenization method, Computer Methods in
Applied Mechanics and Engineering, Vol.71, No.2,
pp.197-224 (1988)

(2) M.P. Bendsee, Topology Optimization: Theory,
Methods, And Applications, Springer, 2003.

(3) EEHAM, NVIVTRIBETS 1Y, IE,
(2002)

(4) BABEZ, RH—7, FHRE ' bROP K81t
GtEHELIFvy—1—R), —BRAEZEABR
FEIZR (R), AEHR (2013)

(5) K. Yuge, and N. Kikuchi: Optimization of a frame
structure subjected to a plastic deformation,
Structural optimization, Vol.10, No.3, pp.197-208
(1995)

(6) APk, RFEF, HE, SHIERT  ERH
HBEEREM A DIEFH b RO D —R#RET DB
B, BE8hEEMSHE]XE, Vol.44, No.5, pp.
1249-1254 (2013)

(7) BEFFT, PME, SHIRT @ ERBEDEZE
RiEERET (KidR) —HEEUMRICY I 3@t —,
FFTEIXEERMNE, Vol.12, pp.185-188
(2007)

(8) Z.D. Ma, N. Kikuchi, and I. Hagiwara: Structural
topology and shape optimization for a frequency
response problem, Computational Mechanics,
Vol.13, No.3, pp.157-174 (1993)

(9) REFEE, SHIRT, B2RE  ARBRETT
A3 L%EBWICEREBMO MROY —Ri#HR,
FEIFEERAXE, Vol.15, No.1, pp.313-
316 (2010)

(10) K. Suzuki, and N. Kikuchi: A homogenization

method for shape and topology optimization,

— 204 —



No.39 (2022) IV AR

Computer Methods in Applied Mechanics and
Engineering, Vol.93, No.3, pp.291-318 (1991)

mZ =N

— 205 —



IV AR No.39 (2022)

N - BRER
34 1D ER2FETINEEALIEEVAIR—I Xk
2 AT L&
Study of Thermal Management System for Electric Vehicle Based on
Vehicle System 1D Simulation Model
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Abstract

Reliability of components such as high voltage battery (hereinafter referred to battery), motor, and invertor in
the electric vehicle (hereinafter referred to as xEV) is satisfied by appropriate temperature management, which
requires energy. However, the limited energy in the battery needs to be shared with driving power and air
conditioning. Therefore, thermal management technology which controls the timing of cooling/heat input and
heat distribution /transfer is important to balance thermal performance, driving range, and comfort performance
of air conditioning. We developed a MBD (Model Based Development) method of the thermal management
system for total optimization by constructing a vehicle system1D simulation model which can calculate multi-
physics behavior in the xEV. Improving analysis accuracy of the model with applying the 3D-CAE and machine
learning, we studied the thermal management system, assuming that it is put into effect in the actual BEV

(Battery Electric Vehicle) development.

Key words : Vehicle development, CAE, Design optimization, Thermal management, EV and HV systems,

Motor, Battery, Vehicle systems, Air conditioning, Machine learning
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Development of High-Efficiency Hot Stamping
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Abstract

In order to realize a car that has a “Jinba Ittai” drive feel and safety, allowing a driver to experience predictable
and responsive handling, Mazda has been making efforts to achieve a body structure that is thoroughly reduced
in weight while ensuring the strength of the skeletal parts around an occupant. Hot stamping, which is one of the
key technologies, can produce products with a strength of 1800MPa class by simultaneously press-molding and
quenching the parts. Since heating lowers the material strength during molding, hot stamping has an advantage
in formability compared to the process of cold forming of ultra-high tensile strength steel (ultra-high-tensile
material), and it has been used for skeletal parts with complicated shapes to make the body lighter and stronger.
In order to further evolve the body structure and expand the range of the applicable parts, a highly efficient
“direct water-cooling hot stamping technology” that is four times as efficient as the conventional method has
been developed. This paper introduces the development of high-efficiency hot stamping technology that realizes
“Jinba Ittai”.

Key words : Materials, Production, High-Strength Steel Sheet, Forming process, Die, Stamping technology,
Strength, Welding, Press, Hot stamping, Die quenching
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Table 1 Characteristics of Stamping Method
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Hot | ~1800 X O O Low
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Fig. 7 Process Integration of Hot Stamping
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b) Normal state

a) Shear displacement

Fig. 8 Spot Welding
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Fig. 9 Simulation of Patched Hot Formed Steel
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Fig. 10 Development of Hot Stamping Methods
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Fig. 11 Structural Analysis Results of Die
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Fig. 16 Flow Velocity by Fluid Analysis
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Development of Dynamic Visualization Method of
Mechanical Energy Flow
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BICIRILF—TNZzEREIE2@ERZEH LT,

Abstract

For the efficient development of lightweight and high-performance car body structure, Mazda has developed
the interactive design support technology. This technology identifies the performance and an area of the car
body structure that are bottlenecks in weight reduction (hereinafter referred to bottlenecks), and supports the
derivation of an improved structure for them. In addition to the identification of bottlenecks in weight reduction,
for further development efficiency, it is necessary to specify the part that can contribute to improving
performance by thorough analysis of factors in the bottlenecks, and effectively leads to determination of
countermeasures. Therefore, we have developed a dynamic visualization method of mechanical energy flow as a
technique that enables designers to discover a contributing part for performance improvement, and derive a car
body structure based on the concept of transferring dynamic energy by visualizing not only static energy states
but also dynamic energy states even in the complex car body structure. As a result of applying this method to an
actual car body structure, it was specified that the body side structure is the contributing part for performance

improvement, and we derived a car body structure to transfer dynamic energy to the body side structure.

Key words : Vehicle development, Body structure, Body design, Weight reduction, Visualization analysis,
Ustar, U”
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(a) Hinge pillar (b) Front pillar
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Fig. 3 Cross-section of a Car Body
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Fig. 8 Application Result of the Proposed Method
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Abstract

A door panel structure that disperses the load in a side surface collision is newly developed to achieve both
weight reduction and high safety for reducing carbon dioxide emissions. The load transmission from the door
panel to the vehicle body frame occurs when the door panel is deformed and comes into contact with the
vehicle body frame. Therefore, it is necessary to analyze non-linear time series data to elucidate the load
transmission path, and we clarified it using a graph structured analysis method. The key for the formation of the
load transmission path is the contact between the door panel and the vehicle body frame in the rear body. It is
also clarified that the door panel part that contributes to the contact is not only the rear door side sill but also the

front door side sill.

Key words : Vehicle development, Safety, Computer aided engineering, Crash safety, Structural member

analysis, Impact attenuation
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Fig. 7 Effect of Visualization Method of Graph
Structured Analysis
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Development of Body Rigidity Adhesive with
High Corrosion Resistance
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Abstract

Aiming for realizing weight reduction, riding comfort, and steering stability, we developed a one-component
heat-curable epoxy-based structural adhesive for vehicle body rigidity, which has excellent deterioration
resistance as well as corrosion resistance. Taking the fundamental functions of adhesion as shielding and
adhesion, we assumed that these functions enables both corrosion-resistance and adhesive-strength to be highly
maintained in the wet environments. Therefore, we elucidated the mechanism of adhesive defects occurrence,
which has a risk of lowering shielding performance, and derived the requirements of adhesives with excellent
corrosion resistance. We have confirmed that corrosion resistance including galvanic corrosion and water/

moisture resistance adhesive strength are improved in the practical adhesive.

Key words : Adhesive, Reliability, Defect-control, Viscosity, Rheology, Corrosion, Water resistance, Epoxy
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Fig. 3 Cosmetic Corrosion Performance against
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Fig. 8 Storage Modulus of Adhesive at 90°C

(gap0.5mm, parallel plate diameter 25mm)

(3) XAZZLI#E

UEDERDS, IEREXHZILELUTDL S ICH
ELT (Fig. 9)o 2 MOMIRWEARTIRE > BB,
A LRI E EDICTHE T 5. CNICK > TERK
ICIE EARDIGEICES L TOW B IZHH LED, LRl
AN SHNDZHBANRET %, RBDEEERIE, XKy
MAEE Y FERETRIZZTMRD IO HISEER L 7-5#
MNTHZ. —H, MHOBRIL, FEIZLZEHIHE
BOEMTHD. CNEOBERTHREL T B FIT,
FEBET, [F&HHLBOFEHEE N TGV EIFAHLD
FEARDMRIFEINF-E TR D BRMBEFRT S EEZ %,

Force Shape Crevasse
to flow [> retaining [> defect
a / /
©
(©]
Spot welded 100°C Cured
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Development of Automobile Lithium-lon Battery

Simulation of Heat Generation Behavior during Abnormal Conditions
of Lithium-lon Battery

tE \ET B0 R=BTCORE S

Teruhiko Hanaoka  Munetaka Higuchi  Takanori Kajimoto

ME =7 EE BT

Suguru lkeda Hiroki Fujita

E, BEREFBEICBHINZAUF UL A VERIEIRILE—FEL, SHNEE{LIEATED, £
NICHFVWEEROBHORAN) RIVNG IR EDREMETHBEIINTUWVS, HFIC LiNigsMny,1Co,,0, F
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Abstract

In recent years, in lithium-ion batteries mounted on electric vehicles, energy density and power density have
increased, and there is a concern that safety of the batteries has deteriorated, such as an increase in the risk of
battery ignition in the event of an abnormality. In particular, it is reported that the battery cell that uses the
layered rock salt-type active materials with a high nickel ratio such as LiNi;sMng;Co,,0, for the positive
electrode generates a large amount of heat when an abnormality such as an internal short circuit occurs, which
lowers safety, while having high energy density. Ensuring the safety of in-vehicle batteries containing these
materials has become an issue. To solve this issue, it is required that we verify the safety of the battery with the
simulation model and perform safety design, realizing improvements in efficiency such as reduction of rework in
the development. Therefore, in this study, we clarify the effects of the difference in the composition of the active
materials on the calorific value at the time of cell abnormality, and construct a one-dimensional simulation
technology that can quickly calculate the temperature behavior of the battery cell/module at the time of
abnormality. In addition, for improvements of the safety of the module, we verify the effects of suppressing a rise

of the temperature by changing the material of the module parts using the constructed model.

Key words : EV and HV systems, Battery technology, Lithium ion battery, Battery safety, Heat and

temperature management, Simulation/Modeling
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Fig. 1 Schematic Diagram of the Simulation Model
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Table 1 Specification of Test Cells e Material [ Heat capacity — : Heat conduction
Cell N A B c D heat dEEEM“[JElIE\“DV'\ — : Heat source
e 0. reaction heat  —__
“hort EIe:trode | Cathode
Cathode NMC532 | NMC532 | NMC622 | NMC811 roll tab
Pouch short
Anode | Hard carbon | Graphite | Graphite | Graphite {welding C"C““P“c thod Souch l
part) S " athode
Separator Polyolefin [Plsg':h /\G/ \'\?5 tab o Non . l]F:.S:If:i?ng
\}.‘elding \ > part) part)
Electrolyte Carbonate part) Electrode roll
Anode
Anode tab tab
@ BRCEOHAEETIL

B CHADHES, BMrEEZR(5) D7 —) TOER],
AEZR(6) DZa1— b DOBRHEITHELTWVWS, &
B, EMERAOERTETILE LT3 X, 0%, 1
KD 3IBEOETILEENZENEEL

ﬁ%%%le%+Q (5)
q= hS(Tamp —T) (6)

ZCIS, p: BE [kg/m’]
C, . & [)/kg/K]
AL BEEE [W/m/K]
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q . c#E (W]
h: BfmER [W/m?’/K]
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T - TRIBRE [K]
TRE (K]
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Fig. 2 Geometry of 3D Simulation Model
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Fig. 3

Image of OD Simulation Model
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Material

Jourle

decomposition

l:] * Heat capacity — :

Heat conduction

heat leartirmlhsat —% : Heat source
\ v v v
“hort Electrode Electrode Electrode Cathode
roll —»{ roll —{ roll * tab
(center) (midium} (surface)
Pouch short
(welding circuit part
Cathode| Pouch -
| \ /}Sta (Non- e F'ouch
Pouch \ * welding [ (welding
(Non- . part) part)
welding -
part) S Electrode roll T
\
/ Anode
Anode tab —»tab

Fig. 4 Image of 1D Simulation Model
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Table 2 Specification of Cells
Cell No. A B
Type Pouch
Size [mml] 200X 195
Capacity [Ah] 20
Cathode NMC532
Anode Hard carbon Graphite
Separator Polyolefin
Electrolyte Carbonate

Table 3  Nail Penetration Test Conditions

Center of cell surface
SUS, ¢ 3, Length 65mm
1/2 of cell thickness

Nail position

Nail specifications

Nail depth

Cell voltage before test 4.2V

Cell temperature before test | 25°C

Test environment atmosphere
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Fig. 5 Image of the Module Thermal Propagation Test
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Introduction of Initiatives for Reuse of EV Drive Batteries
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Tenyu Yan Shinji Takahara Takamasa Suetomi
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Abstract

Mazda has been working to reduce burden on the environment from the perspective of life cycle assessment
(LCA), based on its long-term vision for technology development, the Sustainable Zoom-Zoom Declaration
2030. In this context, to expand the use of locally produced and locally consumed renewable energy, Mazda has
jointly developed EV driving batteries which are used as stationary storage batteries with the Chugoku Electric
Power Co. and Meidensha Corporation. Some of the case studies will be presented in this paper. First, we will
discuss an overview of the demonstration experiment in which multiple EV drive batteries were reused as
stationary storage batteries. Next, we will explain the issues regarding the reused batteries and our approach and

test methods to solve these issues. Finally, we will explain future issues for the use of reused batteries that were

identified in the demonstration experiment, and propose initiatives for highly efficient development.

Key words : Carbon neutral, Reuse battery, Electronic control
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Table 1 Main Specifications of Integrated Controller

ltem Model / Specifications
controller PXle-8821
CAN PXle-8510, 6+2port
Ethernet PXle-8234, 2-Port Gigabit

(3) PCS
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Table 2 Main Specifications of PCS

ltem Rating or Performance

Voltage type self-excited
PWM current control
method

Circuit Method

Cooling Method Forced air cooling

400kVA

AC Rated Capacity
Rating | phase Number

Three-phase three-wire

DC Rating 240V ~420V
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Fig. 9 Evaluation Test and Model Simulation Results
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