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SKYACTIV TECHNOLOGY

1 CX-5 SKYACTIV-G
Engine Technology for SKYACTIV-G on CX-5

BRI #—*1
Hirokazu Hasegawa
L A T

Tatsuya Takahata

FR Rip*2
Yoshiharu Kusabiraki
W RS

Yasushi Nakahara

efi] 553
Tetsuo Hiraoka
(g NI Il

Junsou Sasaki

SKYACTIV-G %, EL28OCLREMEL®SRITT TR T I L2 ES LY X ORI ORME
Vary AT AF TNV %00om-Zoom"EE ] &, FEHMONIREERZ LB L7z & WS WREBE =~ =7
DRETLANVEIZHESHTHE SN YV =V Thbh, kYt LT, B L s %
FRFIZ 16%MA L, 7 T AR —0RE R - 2ANM M7 2 R8T 2 &0 5 SRk 72 IR 28815 7=,

Z OIS, ERITRWEEMIACZDEROT-DIC 4-2-1 SRR LTIEERHAT 20 L, £<
OFEAfiEE T L —7 AN— LTz, ©

Summary

SKYACTIV-G is the gasoline engine which was developed based on the Mazda’s long term
technology development strategy (Sustainable Zoom-Zoom declaration: SKYACTIV-G aims at
combining fun-to-drive and environment performance at a high level) and the engineers’ ever-
lasting dreams of realizing the ultimate internal-combustion engine. A challenging goal was set to
realize the class top and world’s best fuel consumption and full load torque by improving both the
fuel efficiency and torque by 15% from those of the current engine.

Toward the achievement of the goal, breakthroughs were made on many technological issues, and

the highest compression ratio ever as well as the 4-2-1 exhaust system is adopted as standards.

1.

SKYACTIV-G 13BEIC 1.83L =2 P 285 34, 2.0L
TV EIRT 7 T L, TIEEASILTWD, £
AT TREERE) & TETTIERE) ONNT VAR ERLT,
B 2T A F 7 NV Zoom-Zoom | ZEASW - Hifi oL %, FEdh
WU CHEEICERE L TXT,

CX-5 |2##4 5 SKYACTIV-G 2.01%, 77 b7 H+—2A
(ER) ORFE Ht, FIICHEAD 4-2-1 JEXRE %
L, AL, Zhick-T, EHEVE, Ehi-iEEitbe
ZHICEOIRIT TS S, <Y 2 2 BR 4 PRI o L
LT,

2.

Fig.1 ¥, SKYACTIV-GCTREJRE, HHHEEEZD
Rova=rr7Thb, "NyFrr7l T, BfExrv
YOFET DN RThDH, R, SRHIMRE, &I
77 AR —L~LEBIRL, ftkmrPrns TREL
HMERE 2 2N ENFIRRC 1% B3 %) Z &2 AL L
THIF 720,

LI, SKYACTIV-G O —H{ii Ch 5 @Akt b & )
B A TING, CX-5 ITHIT-ICEM Li- R e rhRET s, B
F ORI A R E BT 2 A Ziw LD,

*1~b U UERGH
Engine Engineering Dept.

*6 T UERERH IR
Engine Performance Development Dept.
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Fig.3 Advantages of 4-2-1 Exhaust System(z)
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Fig.9 Investigation of Welding Torch Accessibility
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SKYACTIV TECHNOLOGY

2 SKYACTIV-D

Introduction of SKYACTIV-D Engine
Ak H—"1 FElf E7G ™2

Shinichi Morinaga Shuji Takuma

SHOT A4 —BALT VRO LMD S OITREMERIZTLHAHAD I &, BT REMR, £V
BE, ¥ - IREMMEREZIKa XA FCRBULTAZ LAY, TOMEEEICEEL ~FThD, SEIFHE
L7 SKYACTIV-D %, PAAKEI O R 2 HIENICER LK TOBRICH TR B LI v a vk
T — 7 A —EMTRBOICH S, oY, BB LZETHEEAEBE L ETE Y
LWHEH T 2SI NOx B2 L CHEE L, BIET VX VBRBEELL 20%M L L7, ATl
SKYACTIV-D 2.2L (281} B BF O & EAFKNT 2 &7 MW TN T 5,

Summary

For today’s diesel engines, not only high fuel efficiency but also excellent environmental
protection performance, driving dynamics, noise and vibration performance are required, and all of
them must be achieved at low cost. Such expectation seems to never cease. The newly developed
SKYACTIV-D significantly improves the inversely related fuel efficiency and emission performance
with breakthrough technologies developed through thorough pursuit of high efficiency of internal
combustion engine. This engine, which achieves superior driving dynamics, complies with a stricter
emissions regulation without a nitrogen oxide (NOx) aftertreatment system while increasing the

fuel efficiency by 20 percent over the previous model. This paper describes the development target

VAR fHsETs

Hiroyuki Nishimura

of the SKYATIV-D 2.2L and applied technology concepts.
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Table 1 Main Dimension and Specification

Engine MZR-CD SKYACTIV-D
9 (Previous Model) (New Model)
Displacement  (cm3) 2184 2188
Bore X Stroke  (mm) ©86 x 94 @86 x 94.2
Mounting (Tilt) Angle (degree) 0 10
Compression Ratio 16.3 14.0
Max. Firing Pressure (MPa) 17.5 13.5
DOHC 4valve
Valve System %ﬁ:ﬁg\r’sg’? Chain-Driven
w/ IDEVA
Valve | In.|Open (BTDC) 6 9
Timing Close (ABDC) 30 36
(deg.) Ex.|Open (BBDC) 36 40
Close (ATDC) 9 8
Crankshaft Main / Pin
Journal Dia. (mm) 960/951 952/952
Fuel Iniection System Common Rail System | Common Rail System
_niecton v G3 Solenoid G3 Piezo
Maximum Injection 200 _
Pressure
Nozzle 10hole 900cc/min. | 10hole 1112cc/min.
Mini-Sac Mini-Sac
Egg-Shaped Type
Combustion Bowl Shape Reentrant Type (New Concept of
Reentrant Type)
Glow Ceramic Glow <
Variable Geometry Serial Sequential
Turbocharger Turbocharger 28tage Turbocharger
EGR Route High Pre;sure _
w/Cooling
DOC + DPF DOC + DPF
Aftertreatment System JUnder foot /w Engine
Maximum Torque 400Nm / 2000rpm 420Nm / 2000rpm
Maximum Power 136kW /3500rpm 129kW /4500rpm
L EUROG6
Emission Standard EURO5 JPN PNLT
Inter Cooler
Intake
Throttlg]g| ]

Air Cleaner

VacuuTm

Electric Vacuum
Regulating Valve

Regulate & & |
Valve Waste G =
Valve

Eg Oil Press
Control Sol.

Fig.3 Engine Control System Diagram
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Fig.8 Example of Multi-Pilot Injection Pattern
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3 SKYACTIV-D
Electronic Control System for SKYACTIV-D

(AN~ A HE*2 Al B3
Takanori Sugiyama Masaharu Marumoto Masahiro Nagoshi

LIRS ¥ N WL E 5275

Kota Maekawa Takashi Hatano

YV EOFEMHEEOREM Y arThd [V 2T A4 F 7 AV “%oom-Zoom”ES | IZHSNT, [EHE
V) & TEREBREEMRE] 2l SR V-5 ¢ —¥n [SKYACTIV-D] #BH% L, CX-5
[hatc=s I Ay

HEEARET  —B Lz Y0 & LTHRRWERI(14.00 2488 L, &ili7 NOx %y 25
N7 UCHEH AT 2 BHZ 7 U 7 VR 296k IEH 20% M E LT, $72, 2 AT —VH—RF¥r—T v %
BHAUKENOREE CAL—RATY =T RLVARV AL MVEY #EH L,

AR TIEIND O HEZERO 72 DI HICHESE L7z SKYACTIV-D OFE F-Hl#Hs 27 2 OZEIZOW0
TIERD & & BITE WG E 2 328 L, REMeMEREm a2 mTag & LnBbe,/ REER D> 27 AT
WTHIIT T %,

Summary

Based on the “Sustainable Zoom-Zoom” plan, detailing company’s long-term vision for technology
development, the next generation clean diesel engine, SKYACTIV-D, was developed, which provides
both "driving pleasure" and "excellent environmental performance". The engine is installed in CX-5.

By achieving the world’s lowest compression ratio (14.0:1) as a mass production automotive diesel
engine, global emissions regulations were cleared without expensive NOx aftertreatment, and the
fuel efficiency was improved by 20 percent from that of conventional diesel engines. In addition, the
new two-stage turbocharger realizes smooth and linear response from low to high engine speeds as
well as powerful driving performance.

This paper describes the outline of the electronic control system of the SKYACTIV-D, which was
newly constructed to achieve above mentioned goals, and the combustion and intake/exhaust

systems that realize high control accuracy, enabling drastic improvement in the performance.

1. V=T 4 —BATHY, B - 1)) =3I via g
ETERICED D 2 L2 AEE LTV 5,

BUF, SKYACTIV-D OB BIEL iz w7k, B
L, TNEEHT 570 OITHEE LI HIEEHTIc OV CRE

VAL, U= b LA ORGSR R &
D T_R—2 i) 2R Lz BT, BPEAIHiE = *
NAXELETRT L2oNA T v RV AT AR EOEXRT N

Bk o
£ AMA LTRSS s (Enr T L SPILTS
v 7% DTS (Figl) o
SKYACTIV-D 3 Z OFIEIZIN - TR I 285t
*1,3~6 XU — R~ LA AT LB *2 HANTERT
PT System Developmento Dept. Technical Research Center
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Fig.1 Building Block Strategy
2. SKYACTIV-D
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Fig.2 SKYACTIV-D Torque Improvement

3. SKYACTIV-D
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3.2

Fig.4 \= SKYACTIV-D D4k 2T L4777,
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Fig.4 Fuel and Engine Control System
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3.3
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Fig.6 Performance of Ignition Timing
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Fig.8 Two-Stage Turbocharger Operating Mode
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4 SKYACTIV-DRIVE
Development of SKYACTIV-DRIVE

I E- PR Hf 2 FUR LTS

Junichi Doi Shinya Kamada Toshihisa Marusue
Z= i N RS SR =4 PA5LYS HE J5 LT
Norio Iwashita Akihiro Mitani Yoshifumi Miyahama
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Summary

While public eco-awareness 1is increasing, Mazda Motor Corporation aims to build
environmentally friendly and fun-to-drive vehicles based on the long-term vision, the Sustainable
“Zoom-Zoom” concept. To achieve both “driving pleasure” and “outstanding eco-friendly and safety
performance”, the all-new automatic transmission “SKYACTIV-DRIVE” was developed.

“Low fuel economy”, “direct feel”, “smooth and powerful startup” and “smooth gearshift” were
focused on in the “SKYACTIV-DRIVE” development. Fuel efficiency was improved by the Full range
lockup which eliminates the slippage of the torque converter, and by pursuing the ideal function of
other systems.

To achieve direct feel, the controllability of the clutch was drastically improved, so the lockup
clutch slippage can be controlled precisely. Smooth and powerful startup was realized by using the
torque converter at vehicle startup. For smooth gearshifts, the new system called “Mechatronics
Module” was adopted, which directly and precisely controls the clutch hydraulic pressure.

Breakthroughs were made in seeking for the ideal transmission, and both the “driving pleasure”

and “outstanding eco-friendly and safety performance” were realized.

1~6 F7A 7 b LA BASE
Drivetrain Development Dept.
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Fig.1 Phantom View of SKYACTIV-DRIVE
2.

SKYACTIV-DRIVE OB#&IZH2Y, T AI v g
CVOBRERERTDEZANDAK— K LT, BIfEEK
LCWAA—b~TF v I h T AI v a DA TER
BWeBE, CVT, TaT7ArT7vFK, AT v 7ATD
3EATNEHD, TIHLORHEE Table 1 1277, ThE
BB ETHERS 22, B2 TR LI T
A wia VIIFELRY, £ 2T, SKYACTIV-DRIVE
T, BUFD 4 DOMREZIBRT 5 Z & CHaDEEET
LR T A B DO VT A v va v OEBER
L7,

1) KRE~DOET

2 MTOLS7eZ AV NEEIA 7T b
3) AL— X THHRVFEHEMERE

4) B HNRISE

Table 1 Transmission Types and Characteristics

Technology Dusl Gl Cverame  Sonventionl Ideal AT
ral Transmissic

Low-speed
i i
economy High-speed
+

Easy launch (launch feel) +
Easy hill start (creep) +
Direct feel +

Smooth shifting (shifting
quali +

+

+++
+ ++++

3.

SKYACTIV-DRIVE OBAFTIE, ZOMREEFEHT 57
DIZ, fEx A HE, ENERReL 75 kEEr~
—ATEZT,

EF, REM BT, HERENL T AIy Ay
DRATFNRZGH LTz, ZORE, s as —42
DREARKENZEICERL, T, ETHOWY 272<
TV Vay s T v P EREBR LG EE X 72 (Full
range direct drive), WKIZ, ~LZ 3L " —ZLSMNION
TH VAT MEREOBARAIERT D Z & CHIPTEROR)
Hn EE X -T2,

ZA L7 MNEIZOWTE, 77 - BRI UIEK O
ENRSV=TITE LN Z 2 AIEE Lz, 207120
W2, vy 2T oS TyFOTRYEE, SEICHIETX
585827 7y FOREBISELBIATI 10 520 R T
52 ETHRIS Lz,

A L= X THBNIEEIZOWTIE, FERICOA b Ly
U= EFHTHVATAE L,

PSEENE & DR ROWNZDOWTE, 7T v F
HWEZBERS B#Ea Y br— L TELH VAT A
(Mechatronics Module) ¢ L 7=,

4. Full range lock-up

FEATHOR » 77 FEWETLR T 5720121, 260
MG 5 v 7 BEEL 2D, 15T, ThbEVn
WZIEET 2028 W S RRBICID AHATZ,

BPROBEEE T LA 7 AN—F 5% —( F—T TN
“Full range direct drive” CH 5 (Fig.2) ,

PUF, Full range direct drive DF—HHi T s, 1) ¥
UGB X DRI, 2) vy s T v T T o FOmAM,
HlgEEom b, 8) BREm L LI=F LR T T, &R
BHFIEIND FF TV AI vva oy r—Zar Ry

MZH B 7280 b—T 2N, 12T 5,

1)improved damper

2)Improved clutch
(durability,control)

3)compact torus

Full Range Direct Drive

Fig.2 Development Goal of Full Range Direct Drive
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4.1

2y 7 7 TREOIREHNRI O/, T AIyvay
WCHELT, =Py, wv b, HEKGR, B, o
Hlj o AT L2 k% CAE THHTL, SEROFGELEHE
BLELET, BElY AT ALK HERER > 21T -
(Fig.3) , Z®HC, Full range direct drive 1%, %%
ZREREE 46% BRI+ 5 2 LIk VIREEERICKE < B
BRU7-, fEskdh & ORIt % Figd 1R 7,

damper stifness
improvement
46

Reduced acceleration/
deceleration shock by tuning output
change characteristics

tortional angle

Full Range Direct Drive

tortional torque

Fig.3 Functional Distribution of Full Range Direct Drive

Sy
I i

Full Range Direct Drive

Fig.4 Comparison with Full Range Direct Drive Damper

4.2
By 7Ty THESE IR T 72 0I21E, 7T v TF DAk
B v X —ET DUENR DD, DD, 7T v
F OMEWEREZ & TR Ex X 72, BA9IZIE,
BT AL NEATORKERY T v F a2tk H L &b
FA VA VE Bl L, TERAHEIRES 144 50%In E L7-
(Fig.5, 6)
Segment type clutch

Separated type piston

Fig.5 Comparison with Full Range Direct Drive Clutch

Full Range Direct Drive

_|cooling potential improvement( 50%) |_

\
\

Full Range Direct Drive

Clutch transferd e (W)

Fig.6 Comparison of Clutch Cooling Performance

HI, vy T T TyFOTRY B AR I
TH7-H, M v R M oBEHEEEZRAL, vy s 7 v
7 Z v FORWENREE 10 2l Em B L7z (Fig.7) o

o 0 . Full

ke

£ Range

S |
Drive

1
improvement

(Low) Freaqueny(Hz) —, (High)

Fig.7 Comparison with Full Range Direct Drive Clutch

Responsiveness

4.3

BN OMEE R DT e v I T w77 T v F a4
EHFIRBELWEF A3y a v —JITld 5
T=diza ™y MEBRRIR EIRD, 2T, My ayv
IN— B O R A FEERFCRET D L &b, CAES
EEME L CAA M A b5 2 & Ch—TF R B
7 MEL, ZhEmes Liz (Fig8) .

Torque converter internal flow

Pressure
P High

B Low

Fig.8 CAE Analysis of Internal Flow of Full Range Direct
Drive
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FHEVNE MV 2 N—2 E NS, FEEEEH B
27T TIRBEIZA L —RITBATESED Z LT, kDA
T LD LRVELRFEEEZFB L (Fig9) .

Vehicle acceleration

Engine speed

Transmission input shaft speed

time

Fig.9 Acceleration Curve at Startup

Fig.10 i%, fikx7 v 7 AT & SKYACTIV-DRIVE o
JCO8 E— RETHOR v I T v T WK L2 H DT
$%, SKYACTIV-DRIVE O#fick v, JCO8 &— N
THhov vy 77 v THEEER 49 982%ITHEKT 5 Z &M
gL 2o,

JPN_JCO8 MODE

—
(=]
(=]

o
(=]

(=]
o

(]
o
|
1
L]
I

Vehicle Speedkm/h]
)
=
=
e |
L=
(R
|
—_—
.'_.__I_
=

Lhom oy 1 e ]

(=]
=
F—

] 200 400 600 800 1000 1200
time [sec)
I Current SKYACTIV - DRIVE

Fig.10 Comparison of Lockup Range in JCO8 Mode
5.

HIZ, AEEERE ORI F S K EHER IOV T
Fere DV AT MEREDOBB A BR LIAMRE R H0 5 2 &
T, EPUERE R I, ERSENREZ L TIORT,
(Fig.11)

a) AANRLT . R 7Y OBEHEEEBR LR
THERE O e
b) 7T vF . 7Ty FEEEM OB E K YRR
HEREZ oD B Z & PRI
0 XT VLT RTYUTDOMAVEREEEDDZ LT
R— T 7 DR % FEH
DUy rIvF 0 FTF =y hREEH LA
HRE OO A A AR AR & TR
e VNI T BN Ty T e bR T H A
TV EEE LT MERTA R MET D & &b, YA
K7 4 —AEMRE IR 2 > — U v 7R AR

D TP . T 7 EA~DOF A NFRAOHIH & A A
JAEHMED IR EIZ X0 A A AR K B BT A HI

g) AT A AV . B X DRI R 240632 & & Big,
HiEtREZ & 5 2 & Tl E S &z m LI THA v
DA A FEH,

U EOUEEIZ LY, 2=y MR TOMBIRIIZ BT
BAT L LS 16%IER L, T 27 V0 T v FRE RS
DF A EBL LT,

At o> Full range direct drive MO#hH: & HHUKREIZ LY,
AT == NRIKTHATH 4~T%DREBYGELFTHEE LT,

One way clutch

Fig.11 Name and Structure of Major Parts
6.

IEENEE v a v 7 B EIROT THNL S E A2,
Ty I0 Ty FRERY T FOERNEZ N
BERL, WERSHBITED0DNKRA v Meld, 20
EABEZRENICED L1200 T LA 7 A)—
"Mechatronics module" CT# %,

6.1 Mechatronics module

AT DIMEAEEEL, ZE OB & /T
IRFETD, £IC, NI CEBIEEL COZlER
P LB E AL, SV MR A il =
Va—ZIfiiT 52 8T, 7Ty FHEDNRT Y XA
SREE 16 1T 5 2 EASFREE 7o T, [RIRHC A HEE v
LM T 52 LT, BRI Ol & (EREM oM
X7 (Fig12) .

Fio, WMESEREZESDDT=DIL, A L7 RN =7
IV A RERATSE LB, BRGEEN, WK
TEM Y T FRWEe & Offt D, WERR A&
ICE D FECHIEZERT D2 L C, mlCLE Lzl
AT LA LT,
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Transmission
control module
4

Rotation
sensor

Transmission
range sensor

Transmission fluid temperature sensor

Fig.12 Makeup of Mechatronics Module

6.2

SKYACTIV-DRIVE TiZfiii?®> Mechatronics module
IZ Lo THRONICEINE, ®HREEDHIES AT &R KRR
EINL, AL—ROmIGEDERE FEL LT,

Ty 77 O, Rl G B O AN A
LRNWE DI Ty TFMEL =V MV BT 5
AT LEREEE LT (Fig13) .

Engine speed

___Target

Time
Fig.13 Upshift of SKYACTIV-DRIVE

v N, WEMEERERTAE LI, =Y
VNV EESRICEM L CERASE D LT, AL—XT
FWVEHEFEH L7z (Fig.14) .

FANEUCH L CHREE LTV 7 b7 A T 4 B ELR
2 ECHRHERRIZ L D 7 4 — RNy il 2 2258 T
BT 2L LI, Hlillas v a—2 NITHEET V&
BL, VINNEALTY T TNV T ORI HEE
LTW5%,

SKYACTIV-DRIVE  operation ~ 5-Speed AT
f w’\'

Fig.14 Comparison of Downshift Responsiveness

operation

acceleration

Eng. speed

7.

SKYACTIV-DRIVE DB#3& i, BAEAZIER Lt 5 =
EWZED T LA 7 AN—FR LIRS, TORRELELT, &
DO N T BB ERE A TN D Z &N TE T,

0y 7Ty THEEOIRKICE D F A vy NEEm L, H
WCEHIGENE ST 2T NT T T2 A TS & FEH,
Mz TT T35 Y XYHETH D20 M7 HlIL 73 <,
KMVIF 4 =Bz Vv OBEDETHLZORE
EAAIOSHETE D, INHER AT EEROED - 7Bk
INFIRTHZ T ARSI, AT EERPIEFITE L o T
% EEAEGE BT AN, B EV L LT
WERERC )Y - FRA1 - 4EPE - SRS b & RIS | X ok & 3t
ERGTIANE = == A Bt

AR, ARBRICE R S22l BIRE &5k
BRI U, BRSNS OB 2RI D,

(D) AERIHEE i REAR TSKYACTIV/SY — kLA
v, =Y FHEER No.29, pp.29-35 (2011)

@ BJIFENED 1 RTA T S LA EABIR OB & R’
2, A HEA vol.65 2011.09.01, P.11-P16

(8) HFE—1F2> : New Mazda SKYACTIV-Drive
Automatic Transmission, ATZ auto technology
September 2011, P.52-P.55

=4 W54


http://www.mazda.com/contentassets/caf0e8a523d64cd7b30b10f7c762b3ea/files/2011_no007.pdf
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NS

Masashi Takada

SKYACTIV TECHNOLOGY
A 2
Yu Yoshikura

SKYACTIV-MT
Introduction of SKYACTIV-MT

gk

Mamoru Ishii

R

SKYACTIV-MT 1%, kB NT A v g izxtl, KigZH/NE - @B PR, 7 h 7«
—LDOEEER LI~ =a2T VT RAI v arThDH, MATIANT LI AN RZT 55
LA UEEORE & BIERBBORBFTICL Y, BRIZRE - Z2MRt~Y X7 7 40—

DNA Th 5 EDE OB 2 FHR LI,

SKYACTIV-MT is the manual transmission that achieved significant downsizing, weight and frictions
reduction, better shift feel compared to the conventional transmission.Superior environment/safety

Summary
performance and "shift quality as a driver is intended" representing Mazda shift feel DNA are achieved by

optimizing the gear train structure for input torque range and improving the shift mechanism.

1.

CEDEY) & TENBRER - Zatkie) OF btk

ZHEUHBIR L, # 6 div=aT7 /L b TR v
g > SKYACTIV-MT (C66M-R %, D66M-R %) ooffss

& EEHIRZOWTHRIT T 2,
2.

DF FITHEN DIHBRENE] O e DL
L & HBURIRIC & D EREE - Latie~DE

o &=
(2 /1Al -

i
(3 NVH e (i) ol Bz X 288 b~

3.

3.1 C66M-R MT
R MT (%, WAT 2 EldEIE T, KA ML 270Nm
Wit b, 1, 2 3@ Eh) Fva—rrrm, 3
HW~6 W, UA—RIH— RS AT LS
Fig.1 Main Section of C66M-R

Na—rvrraiEA LR,
Fig.1 (T WX, Table 1 (2 FEEETLATRT,

1~3 RTA 7 LA UBHFES
Drivetrain Development Dept.
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Table 1 Main Specs of C66M-R

Gear Ratio 1st 3.700
2nd 1.947

3rd 1.300

4th 1.029

5th 0.837

6th 0.680

Rev 3.724

Final 4,388

Weight;Wet [kg] 42.9

3.2 D66M-R MT

K MT 1%, 2L 3 OB &2 HLHT 21T 3 #if
HEET, BeRAT MVY 460Nm (6T 5, 1 3~4 3,
VY AR—=RZI N Fva—rvornm, 5K 6 #idh—
RV R L=y v s va—r s a2 LA,

Fig.2 ([ EWrmX, Table 2 12 FEH#TE T,

Fig.2 Main Section of D66M-R

Table 2 Main Specs of D66M-R

Gear Ratio 1st 3.357
2nd 1.826

3rd 1.565

4th 1.147

5th 0.893

6th 0.745

Rev 4.091

Final(1,2) 4.105

Final(3-6,R) 3.120

Weight;Wet [kg] 56.9

4_ SKYACTIV-MT

4.1

R MT 1%, SKYACTIV-G @ L2 (5 Lo,
BRI AT L2037 [ 2 S 2 Hits A5
AL, V- b & AR TR A FE8L LT,

72, AERICEDETT 77 LUy LA X%
IFTBHZ LK, MEROERE - = A ARE S LT,
JIMT T3, SKYACTIV-D O M2 (ki L=y
kLA LR L R RORNIOZ D, 2 S50 3 s
BRALE, 2K D2, ATTARDEO1H, 2
B & R ARTME 8 Hi~6 B CTOT 5 Z &1 b,
3HE~6 AN U L HENOTRFRT Y o SIS A T %
AL, /AL & FRRC ESH R A I21 L,

4.2
RIANPREC D7 b7 o —/VOBARRR: 250 H A
fbL, FEBROT=OOEEGEE1T o7z, R MT &K
MT CHEMER & FIEEEORANE G2 it T2 2 Lick
DA be—2EEEFH—L, V7 uoRFEE A
F L U B2 Rk 2 BB TREHT o 2 LIk y,
XY b LA AEERT A XL DRV RIREOERET ¢+ —
Vo7 aFEE LT,

4.3

—FEARE - BASE L 7 L LT VAR REREAR A A R T S,
T 572, BHRHIHIBMEN DA E a1y ME
WaAT o0z, ZAUTKY, HEREBHRS & APET A VARG OHE
PEEFEIZT — Ry 7 L, BAREIR & ANkt
6 L OVEEAEF IR O FTiE 4 FEHL LTz,

ek, MRS L OEHRECEEL QN T U Ay
Va A —AOHEFITIE, T IEECHEEEEE 2 i—
THZELT, A AREIROE 5 SKYACTIV-MT &
SKYACTIV-DRIVE O 4 fEHLL 0D — R % [Fl—3R{f T4
PE FIRE7e SRS Bt S DR E T A & Uiz,

5.

SKYACTIV-MT i, feknbHEE LTEE, <Y
X7 N7 4—/VDNA THH FTA SOBOE FITHAE
TX, PMRHEEWS T N7 =V ERIEL S D720
12, FHLBACEIERFOBOBIX, FHAOEW2E%E A
MR L, #EkB MT oy 7 R A hr—2
50mm * %) 50N OEME/IZKTL, A ha—72 45mm - #J
40N O#EF PR EIE L LTz,

£, BEBIEH DR TETOL T MMEHBES, 7
4=V I bEMEL, R THRICY 7 METAEIC
BT CTRVIAEIND L IZE X, R b v SECIdaE 722 m|
MHERPFONDREL L,

Fig.3 \2v 7 MEEREED BAE & ERIfE A~ T,
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SHift effort [N]

Shift storoke [mm]

Fig.3 Shift Characteristic

7 MEEDY 3 — b A b e—2 b & BEIHEIROFR K
T 5 BIEmNL O, LA TF& B LT LT,

« MR AR O WRIFIHALA F— 2 ER0

« REIBEL CEMEN 252D (L/3—HfER)

s T RONECEAIEN 21625 (R AT L)

- 2 BrEe—3 3 RN B PREZEROBER)

5.1

BRPOHLFRAWS T, 779 F T4 A7 L
7 aiZHDFY b LA RO A F— U R R AT o7,

3 i EORE MT T, BERERICY 7 r Xy
DRGEAE AT, 5 -6 WA rdk A7y Ml
FICEET D2 LI2L0, 7T vTFT 4 AT BETHEREI
A F =¥ BRI 12%I LT,

5.2

VTN TDYa— AR ha—rikeE, JTNLI U
EMEN AR Z D L= HE R Z N 572, MT A
HORAY =T A ha—7 EliEz{To7,

IR ARTTA DNV = RIZ LD R —T L
XYRTTA L DRENRESZMNTDE b, V7
o [FHIRF OB IR 24TV, o7 b b YOG Rk
Wiz k0 vy nBERERA BTS2 T, v san
XY AT T A DS AN LT,

Ihbizky, AV =T ha—7 R TR
15% %545 L7z, Fig.4 ([ZBWEHTET MBI 5~

127.00000
118.00000
109.00000

oo
82.00000

Fig4 CAE Model

5.3

IERRE AT 2 1y RIRRIC A T A RAR— T
VTR Y A T DT v a BRA LT Z LDz,
VT NI A= BB ST D LN—FA VAR Y 2— MK
LU, TERHROBEERIA R Lz, £72, FEiFoRY
— T DXL DT & OVEEI A IR 5720, 7
N7 A=V IO L A—r Yy REGH VAT AL LT
WL, v7 b7 4+—7 Oilifaz SRtk L.

Fig.5 |ZEEREB OG22~ T,

avhr—ay RBRETETLEL 7 MR LT
% 12 HoELY MigEr EH~REL, V7 8T
7RI a y R EMMOBETT IS oMiEE Lz, 7,
VI MNAT 4T R LY N ERERRCIEE L i &
THI LT, HAFRFOIBIAARK L 72,

Shift fork (Rev.)

Shift fork (5/6)

Fig.5 Shift Mechanism

5.4 2

B ER DA —T L XY AT T A L OEAVIRHITE
T2, IVIAVELET4—Y 7D 2 BrE—a Ui,
VT N7 44— VEBRRLERE D, ZOBBE, v
o [EHIRE S EFE S 72 U =) VXS RIS TR gk
SN, BEEWVRRZE Y R T T A 2 b 2 Y — T 3R EHRIC
koTEZET A Lick v RRET S,

ZOXFE LT, B ER OBHE SISO T B
BT & EEEEOEREABIE A LML, ¥ AT A ATkt
THRY =7 DEAMELIRLT 5 & &bz, FfiED
A Y —THE LT 2 TXY AT T L DF v
7 7 kA b Ui,

ZiuC kY, AV T MyERTO 2 B 3 URA
ZRIEL, 7 74— o omEER ST,
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6.

MT O£FE, @bzl S5 voEiE & FHEE 2 ~—
A, HEERT Y o S HEEOERIC L o TSNS,

D7D, WERERFICER L & bITRER=OHEI
AT =% bEBE LT IR Rl E Lz 1T, #3255
DIV R T T,

K MT T, EHFvOfAaGHE, U AA—20ORE
7 EMBIR D LMY AV b o EL, 2=y MR
BLMEEDHEND, BIIEORELRE LT,

WICHUOEIEEE O EE, SN A X, EE, ¥YHo
RERAEZEEL, vIal—a itk 1 FEvo
FS G fci 78 UL N T o 2R B RE LT,

T 2 N OECEANE & O BEEEA BE LTz BT,
BAERER OB ZITH Z Lk, BiED=2=y b4
FELEEFER LR,

TLUIXALHARNDRNTF U AI v g o r—ATlE, &
BHSELFEHT 272010, B rX— 2 TIRSEE O & E
RENDNEIZHESE R ZE L, MR/ NRBORIRY 7 % 3%0E
U7z, E72, AFERATTM & HERT, —RRE R
TH 0% IKIBICELY f A, TR DL & A TR
20% D EAb & FEL LT,

7.

XY LA OEEREICBWT, BEEREEE L
HEENRE & FYRE LT 72 LT, MT OfadRkn%<
EEDD, AAMEHRILE TV 7 E2IT U LT B
R DB L, I—u v 30— MRE TR
1% FS T DAnEER 2w L LT,

A A ARFHEPTCIE, (RS A N EFT BT 2 &
EBIT, FEOMEWRIEEZ > 2 L— 3 > LRI
o —2 & Wb &2 G L Tk 3 5 2 &ic kb,
FAN VOV EAR LT, £72, A2 EEE TR,
A TIRRE IR A A VSR RICAA VEEHEL, T
7 OBEHEH AR L 72,

JEEIERHUCIE, Frigc o O ORI kIZ K 0 AT
L, LY A T DT TR L,

8.NVH

TERDBFETIE, FY /A4 X&XLH L35 NVH e
IR L, BIRFETHD MT = b COWREHMKRIZE S
BN TWNED, RS9 5 LEREBEORRNPEL ,
BRENFAETDHZ LB Shotz,

% Z T, SKYACTIV-MT CixaiiekciEs 2
r—LL, VATAELTHATAZLIZLY, ®REke
NVH MEEZ IS ST 5D,

8.1

XY /A XBRETIE, FYREHOFEE omombic &
% MT == N ORI IRINEKZ1T 72 BT, Fig.6
DIRBMREIZIT DRHEICER L, ZHNEHDIEERKIC
U Chitl & 72 % X O \RBMERZO B A T = —=
7L,

ZIUCERY, BRSOV VEREK & = MES)
LU RO EE RO A BT 2 & T, B AR AR L,
VA v a v —AORIWET 2 —= 2 JCREREAT
STEEAITHA, IREHEBIC LB R ERE 9 50%I KT

=7,
Engine comp. Bk
TM comp.
[ tk~2khz |
Fig.6 Gear Noise System Model
8.2 CAE

ROV AT LEREEFEBRT HIZHTZD, NVH MEREL
O EDT MRV AT DERNLSEDMERD -T2, £
I, VAT AETEDZ CAE TFVE, Fawft
7 N & e LT,

ZHUT LD, X 0KEOS MR & 2h R RENK
BIZRNFEBCE T D,

9.

SKYACTIV-MT %, fAXT 2% 7 L —27 A—F
DEABRRICE Y fA, N - R - BEER T MENBR
BE - RMERE) &, VT N7 4 — O DHELT TED
Oy BZERICTHN LY AR — FT& 2=y Mt ER
>77,

I TEOFFITHMETE, MRHRLWT 7 b7 4 —
VIR N AU QY b k=Y LA
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SKYACTIV TECHNOLOGY
6 SKYACTIV CX-5
Introduction of CX-5 Powertrain, the Commercialized
SKYACTIV TECHNOLOGY

KL —*1 2 (g NI /= S
Koichi Akiyama Tsuyoshi Takato Kenji Sasaki
LR FEHE ™4 L 5L {AIY e
Yoshiaki Yamane Hirohiko Yamagata Toshifumi Kawano

CX-5 % SKYACTIV TECHNOLOGY % 7 /VIZHA L, [ A5 A F 7 L “Zoom-Zoom”] % {KH T %
RUIOBEHTH S, CX-5 DBEIFEIL SKYACTIV TECHNOLOGY #E A4 % Z LIz, Radh&flis A
L OBRERS Rooken b, AMPLEARTRESIEY ICEY AT, AFTIE, SU—bhL A1 B3R
DEBEFERTH DHEBRERIG EEITHRERICOWVWTIEDY 2> THRVHATZENEEZRITT 5,

Summary

CX-5 1s the first model which fully mounts the SKYACTIV TECHNOLOGY and embodies
‘Sustainable Zoom-Zoom’. In addition to mounting SKYACTIV TECHNOLOGY, CX-5 development
has been forwarded under human-centered thought, deeply looking at the relation between product
and user. The following article introduces how we worked on CX-5 development with a focus on
environmental friendliness and driving performance that are major elements of Powertrain

development.

1. A%, B2V /T 4—ELD 2 2O PN,
BAT/6MT D 2 SO +F A v gy, FWD/AWD @ 2
OOEFENFRE T A L TCn5 (Table 1)

CX-5 [FHARIICTED LR L T D 7 1 A4 —23 SUV
BT AVICEAT HEMECTH S LR, AT AF
7 NV“Zoom-Zoom”] & LT, [EDIEV] & MENER
Bi - WARMRE] 2T N TORFRICEMT 2L 2ETE L
’CU\E@E, %%)]@Aﬂ New Faﬁ%’é%’?/l/fﬁ) 5, SKYACTIV Japan | N.America | Europe Other

Table 1 Powertrain Line-Up

_ R B i | 6MT [Fwp o o o

[ 27 A F7 VZoom-Zoom”| % HIl9 2 HribH; ~ s - -
flicd 2 SKYACTIV TECHNOLOGY &, T %k s [6AT[FwD| < S S
A R CfRDE L72As D, BASE EREN—IAL 2o [® S AWD| o - - -

JYEY | bEF LR, ~VF 90 EORBEORETH S, BMT |Fwp °

HAIROREML, TNENORLEBREND L LT, KFi H ﬁaz -
TiE MENZBRBEMERE] & TEABUOER) & ERIC, 8 P S -
CX-5 D87 — N LA UNEB L NEEENT 5,
2.2
2. CX-5 Q) BRI, HA

@O SKYACTIV-G#5# %, SUVEA Y Y U v HoH
T ANy 7TDC0/ WEE B LT, WEEEL
TIIBHASUVT  —BLH L FE L 22D, FRMCOHE

2.1
CX-5137 r AA4—/38UV & L TOIREN=—XITHE R

*1, 2 NT— R LA UAREES *3~6 BT - BRETVEREPHFEED
Powertrain Planning Dept. Driveability & Environmental Performance Development Dept.
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139g/km (NEDC) # BHE& Uiz, £VHEREIZT 7 &
JAREIC Y =7 72 A FE-E, BOETICENDE
ORI ZBR LT,

@ SKYACTIV-D##i#IE, HEVORRERHLET V&2 5
HSUVOHIT kv 7DC0:,E % B Uiz, AEE
ELTIESUVOHF TRy 7 E72%, BINCO:2ME
119g/km (NEDC) # BIEE L7z, FIHOWROPEL
H AR TH D Euro6 12k LCiE, BASUVET /LT
— ISR DO DORIGE I o TN DD, CX-5 Tk
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3.2

CX-5 DF— FEREMEREIE, SKYACTIV £ tuiac
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Table 2 Fuel Economy&CO; value(Main Model)

Europe SKYACTIV-G 6MT  2WD 139 gkm |[CO2 value
SKYACTIV-D 6MT  2WD 119 gkm |CO2 value
Japan SKYACTIV-G 6AT 2WD 16.0 kmL |JCO8mode F/E
SKYACTIV-D 6AT  2WD 18.6 km/L |JCO8mode F/E
N.America | SKYACTIV-G 6MT 2WD | 26/35MPG [city/hwy
SKYACTIV-G 6AT  2WD 26/32 MPG__|city/hwy
" " — Diesel
10 | SUV Competitor in Europe \ ...... Gasoline
CX-5
- (Diesel)
'1.6L3
g | P1ooxs
Suso | M8 : : i(Gasaline)
o i L
) .
i
i .
1200
H AL
H
H
H 20L!
H
1
190 |- AN
Small Vehcle Size (L*W*H) Large

Fig.3 CO; & Vehicle Size Comparison (EU)
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Fig.4 F/E & Vehicle Size Comparison (JPN)

3.3
BRENZHOWTE, = FRBEO7 E—/MIHELT K
{EIND] NNEOWEEx 5] famE 25X 518, %
FACOBREOR S % T X [RIEHE R T 1 7O
FERIREE D HEETED LI MAT, FERRED
BAEIE, 56L (AWD (%58L) OBKENY v 7 TH D Iahi b,
7 RS54 715 L= SKYACTTV-D #5:#k8 T4 1,000km
ORI 2 e h Z E 2 HiE L LT,

BRFESE THI2IE, IR R T BAMI HRRZS) N B oD
#71,000km & AT CEBICETL, vy 7 KI4 7T
FBisteda 1,000km DL EOfREAEN H B Z & HFEFEL T,

4.

4.1

CX-5 ONRTH—< A7 4=, [kS<EESNAD]
MEOWS 22 5] ZFEBRT L0, FIANTEDOE
FITEED RTA B T HHB LIRS, [RIFRE D%
DUTHEER RZA TE2HLDHDH T EIZERZEO TR
L7z,

BONZEOARLATZDIE, NT A SO 5ai /2 R R D5
BChD, 77T, ABDREE Z 83 ik
ERICENE BT HANT A A TERH, AT TV T0
R EIZ R A S Y R E I AR E LA~
ENREDEND, ol B ERE A B LT,

IRT =< VAT L= NDF 2—= 7%, RTA90
BT 5B DT 41— Ry 7 EB/RNL, BOEEITH
57 4=V TEIB, RN T2 /#R5,/ LED)
D—EDEWED DN Y AFANESEH T LT, HEFRAT
EFRORWERRBEIZ 2D L, NIANEREEN
EBITRTATEELDDZ AT I v 7 HEERFEHL L T
Do

CX-5 O/INT —< VAT £ —)UZBWT, SKYACTIV-
G/SKYACTIV-D ##EFADESIRA v R &, DB —
CERLITSEET

4.2 SKYACTIV-G

SKYACTIV-G #£#E7 /1%, @E#sE TR b LR/l
BlAT o DU T U R VR BT DAL A
Rav ha—WEOEIIZLY, UA T g v R
&, EHRY— U ERDT, BT Uy A EENE YRR D,
BOFFEOEVER LD ENTE DA~ T 4 72%E
TNTHD,

CX-5 CTIHEHE T DT 4 —< U AT ¢ — VA&
i — TLICEEMEE S LTED, e R Ty
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DL EFFL TN D,
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Fig.7 Acceleration — Vehicle Speed Relation
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SKYACTIV TECHNOLOGY

7 SKYACTIV-

FIH Bl
Shin Murata
HRS e

Akira Nakamura

Dynamics Performance of SKYACTIV-CHASSIS

= %2 A Fa*3
Mitsuo Iwano Minoru Tanaka
JFH RIS ZNE A

Ryouji Toda Yoshihiro Hayashi

SKYACTIV-v ¥ ¥ —i%, EHE8ODE 2 5k & BREMEEICERT 2 Kk &s EH L LT,
TANE—EKDORIZA 7T Ly —) &, PEERZLDESEICLD EYDE] om EaxFER LI,
DT Vv—0 AN —HiFOEAFEEZILELE Ll b, AR a VA A NIRRT TY U7X Y
LA, FOMEL OMINRIEY ZHETHIZET, 7uAA = SUV O CX5 &, 7997y vF
B X UOFRT T oY OX Y T NS, F, HEGE B OMGRE ) =T ICRE L
MOFAFI 7 AT 4=V EFMEE, INERTFREERB L, ZNHDOXAF I 7 ZAMHFED
HALEFEZB L2066, BHORE R S L) Kigeika&la Emk L,

Summary

With further evolved fun-to-drive and significant weight reduction to support environmental
friendliness, Mazda SKYACTIV-chassis has also achieved “enhanced driving pleasure with oneness
between a driver and a car”, and improved “driving quality” with enhanced comfort and a sense of
confidence. With this technological breakthrough and base structure used as in common, suspension
geometry, steering gear ratio and many other detailed specifications were developed to characters of
CX-5 as crossover SUV and New ATENZA as a flagship sedan. Furthermore, oneness between a
driver and a car was achieved by linearly-related vehicle response and steering wheel torque. With

these evolved dynamic performance, significant weight reduction was also achieved by optimization

of base structure.

1.

SKYACTIV-3 % & —3E DO D H /e (b & BBt
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DN & D PCERE A Mot CHINLT D728, HRBAFSIC
kBT L—0 AN—%FEH L0,

ARTI, Y FFMRPERO by TRy X —Trr R
A=/ SUV @ CX-5 &, ZNETAR—T 1 724D Th
HEBCEET T v Iy TR E L OFRT T IO

T, SKYACTIV-3 ¥ 3 —D 7 L— Z)L—Hili & HAtE
Eadbml LN s, FNENORRLX YT 7 X2 ED
X OICHBBEIL L7y, FOFE: L EmMRe AT 5,

2.

SKYACTIV-> v > —I, FEAMRRICN il h 2 o1y
Ha R 2 & T, UTO—REK - 20K - PulitEIc A7
TET B SGEOMN. (7 L—27 Z)b—) IZRY AT,

(A) PEGHEIR DR & FZ e T

(B) FPEssk D pRak & e oD 37

(C) BB L &1 F 3 7 ARE, NVH PRI ST

¥ — PR
Chassis Development Dept.
*6  NVH 168 « CAE HAliBAZE S

*1~3

NVH & CAE Technology Development Dept.

*4, 5 FERZVEREBA TSR
Chassis Dynamics Development Dept.
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Fig.2 Rear Suspension
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SKYACTIV TECHNOLOGY
8 “I-ELOOP”
Development of the “i-ELOOP”
el IEAF1 e T2 AR FIE™S
Masayoshi Takahashi Tatsurou Takahashi Yoshimasa Kitaki
(LT oL ™4 BN 2 *s B VTS
Takeharu Yamashita Hiroyuki Kitagawa Seiyo Hirano
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[SKYACTIV TECHNOLOGY (AhAT 2547 T
r)av—) | T, JASOERMEREE BT — L
A 2 OZhFR A RO DR b g & DR — 2R & AR :
R B L, BEEMICES T S AFT A A AR, Fig.1 Building Block Strategy
CO2 DMHEHHEAHIR L T <, ZDSTEP2 L7225 7 )L~ DRGEFIC AT 2oL ¥ 2 ERE LCERL, 7
I BB LT HBEREFAFE UCHAIHT 2872 2= 3 L a4 v 27 A [ELOOP”)  (Intelligent
Energy LOOP) ZBH¥S L7=,

LEZD TENT 477 vy Z#M) o STEP2 &7 5R0EEIAERI [-ELOOP”) (2 2\ CHATEN T 5.,

Summary

Based on the Sustainable “Zoom-Zoom” plan, Mazda’s long-term vision for technology
development, we have been advancing what is called a “Building Block Strategy”.

With use of a new-generation technology called “SKYACTIV TECHNOLOGY”, we intend to
thoroughly improve Mazda’s base technologies with an eye to improving the powertrain efficiency,
reducing the vehicle weight, and eventually combining them with electric device technologies in a
phased manner so as to reduce total CO2 emissions.

As the second step of this approach, Mazda has developed a new regenerative braking system
called “i-ELOOP”, where the energy generated during deceleration is recovered and reused as
electric energy necessary for a vehicle to move.

This paper introduces the “i-ELOOP”, a regenerative braking technology developed as the second
step of the Building Block Strategy.

1. TATLONPT, BRYAT L TOYWENDFMCTE D
ke LT, Fig2 @ 5.0FEEL T\ ez X OHFIH
&3 UV OMERE S 4. OBREN )RR
PREL v N ERRREAHT T AT AMEL, WEETE AHEEN
HoHEEZ, BEEHEH LAV 2—F TORELE R

HRAIREERORE Y 2521, v VX THHxD
IREBCR MR SN C& T2, Fig2 IADAT VT 47
T /av—0art7 MR LTWS, Zoarer b
EYG-ELOOP” & OBH#E A X UDIZHAT 5, Zh b Dl

F1~5  HI AT ABHTERD *6 XU — b LA VAT MR
Vehicle system Development Dept. Powertrain System Development Dept.
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1.Improving the efficiency of the engine ]

2.Use of the high efficiency aria of the engine ]

2.2 “-ELOOP”
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3.Work load reduction of the engine )—-{ Generator load reduction

4.The engine-free time fuel cut }—-—{ Fuel cut time extention
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5.Disposal energy reduction od reuse | ]
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SKYACTIV TECHNOLOGY

9 “-ELOOP”

Development of the “i-ELOOP” Device

e L2
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Masayoshi Takahashi
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Fumihiko Nishida

Seigo Suzuki
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Summary

Based on the “Sustainable Zoom-Zoom” plan, Mazda’s long-term vision for technology
development, we have been advancing what is called a “Building Block Strategy”.

With use of a new-generation technology called “SKYACTIV TECHNOLOGY”, we intend to
thoroughly improve Mazda’s base technologies with an eye to improving the powertrain efficiency,
reducing the vehicle weight, and eventually combining them with electric device technologies in a
phased manner so as to reduce total CO2 emissions.

As the second step of this approach, Mazda has developed a new regenerative braking system
called “i-ELOOP”, where the energy generated during deceleration is recovered and reused as
electric energy necessary for a vehicle to move.

This paper introduces the Electric Double Layer Capacitor (hereinafter referred to as EDLC) and
the DC-DC converter as device technologies of the “i-ELOOP”, a regenerative braking technology

A IEAETS

developed as the second step of the Building Block Strategy.

1.
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Z, ANEF—RIZE DRI COREEEICTHarE
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Technical Research Center
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Energy efficiency world one

1.Improving the efficiency of the engine ]

2.Use of the high efficiency aria of the engine ]

3.Work load reduction of the engine )—-{ Generator load reduction ]

4.The engine-free time fuel cut }—-{ Fuel cut time extention ]

5.Disposal energy reduction 0|1 reuse | ]
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Regeneration system dev.
To collect energy at accelerator

OFF time.

To use the energy in accelerator ON.

Fig.1 Improvement ltems of Energy Efficiency vs
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2. -ELOOP” EDLC

2.1

“GELOOP"> A7 A%, BBHZ L 55E 4 < LEIA
TRV CHEHEERE W AN—T 52 L akEe LT
BY, IEEHIBHE T 40A BRIEOEFRIHEIFZ 10%5RE
O 2 REE LT, TD7=, Table 1 1TRT X9
12, EDLC IZRD LD RVFERIL, TV a— VAR
120F LI b, =x X & 23kd PLEE LT,

[BIA9 2 HBRITRR 25V FEBORIEBTEA /N Z R—H
WFF- 7z, 7OV AIBHIENC L 0 GhEER A HE L L% =
L—Z LADOAEEFEL LT3, EDLC £¥=2—/uF,
hly T U LAREL, [EIUEEEL A A TR E 5720,
12~25V O#FAT 200A (F/LZ32—Z DfKIDTZ0) @
EVERFRERFEDEDR I ND, F7z, JEAZEH (EEN,
FTrr) DIKSEEEL, =P —aNiE#E B
L7,

DIz, FEHT 85 CO L D iR T Th, %S
fELiz <, HEORENC L DIEREE L& By NRIZ T 57
B, HERE VARWPHIRITA BRI S LTz, Zh Db 0%
REMEIEDHZ LT, BEa L /Y MNpEY 2 — /LN E
BIFTRE & 2o 72 (Fig.2) &

Table 1 Requirements specification of i-ELOOP capacitor

module

1)  Input Voltage 0~25V

2)  Module Capacity 120F

3)  Energy amount min.23kdJ
(At 14-25V)

4)  Resistance 12mQ

5)  Charge electric current level maximum 200A

6) Temperature security range -30~70C

7)  Storage Temperature Max.85C

Fig.2 Module Form
3. EDLC
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% &#%%, EDLCA®E LT,
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Table 2 Performance Comparison of Storage Device

Capasitor Lithium_-ion Niqkel-metql Lead-acid _
batteries hydride bateries | storage batteries

type Electric double layer HEV application HEV application Vent type
Energy density(Wh/kg) X 5 10 o 100 200 (@) 50 80 o 30 40
VoltageV) 25 o 3 37 1.2 2
Maximum Output(W/kg) o 10000> o 4000 1000 2000 X
Resistance mQ) o 1 2.5 3
Operating temperature o -30 70 -30 60 -30 60 X
Depth of discharge(%) —_ 0-100 — 40-60 —_ 40-60
Cycle life o 1,00,000> 100,000> 100,000> X
Safety o — — o — o —
Environmental load o — X Li,Co,Ni,Mn X Ni X Pb

Current model Eﬁl:t?ﬁ;*)b#—?l#&itb\o
Cannot treat the big amount of energy instantly.
//’ [:=#:®#5] Consecutive driving i Ry
T () TET — Ho'

Engine use fuel

(FNE1R—%)
can treat big amount of energy instantly.
. BRRICRELIRNF—EZHZD.
i-ELOOP model NS ot
ROLTRE AnBEL  RES
ipperates only for several seconds

%)

FOERCEMRLIT ALY —TET

(BEUIEDZL )
Engine does not use fuel

FEHLANLTERL R

Many times Charge and discharge are allowable.

Polyethylene tank

=k

—BEKTEAIE7 (X J'r') )

Main tank to save it once (battery)

—rd“* .05

22,7445~ ONITH) S0OW EHR

WAL DA b

Fig.3 Comparison between Conventional Car and i-ELOOP

PERBUCBIT 280Ny T UL, RUZI7DE57%b0
THAYD TN EWRFERITIRE Y, #oT, ARIOHEE
EIAEHETHE, BEAEEDRE SHEEIEEME, £ 2T
[FIY & HRARICHEREE 0, TNENOEET A A
YL FEEELZLE, ” TELOOP” 2B %
EDLC 1%, AV ADOKE ATy DOL 5D THAY
RSB TERITH D Z L OTE AR EV, E-T, [

IHSEEIC L S, g3y T ) LS E D VAT A ES
[FEET7Z I AEEE LTz,

4. EDLC

4.1 EDLC

Fig.4 \Z"7 & 912 EDLC OFEARM - RSRIE, &8
L—Z %9 LT 2 M5t & R 70 5, T

ZHINT % &, ERER OA A NERAE O 7= B
A& DAL, B & AR I N AVEmE A
JERk S b, ZhakdsK _mEE (electric double layer) &
BEOX, T - Bl ECoES _EEEKICLY EDLC 1
Em A2 5, Figh |2 EDLC Offizrd, BMRITIE
L REREOTEMRIC A & RO EBF IR L, %
DAZ YV —ZEEIR TV B LT2bDE VWD,
FOMOMEIL LTIE, BL—X L LTELE—RR,
EfRIZIE TEMABF4 (R Y ZF VL AFLT BT LT
rZo7rtaRr— ) BEMFEL PC (Fav b ii—

c— B8, TAIT—R, HARR EDLBRES S TD
% (Fig.6 EDLC 48 .

AfEl, BEEOREA DS 2T LR~ ZBIEL, H
AT Ia@PLEETEL - B a— DR - PR E
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Inside & Outside Helmholtz's Layer %
(@) ) OH,E Ii—]P
21de | _add :
S |oo® e%08 =
o |@ .... I .:.0 =
= .% @ (5]
=l B I 8
e | =]
2 lo"e® |, 0968 -
g ‘.. I .80 o
°
!50.‘ | @@y +
0. 8° | @98
e® | @9
ge® 099
|89 | 889
1

Fig.4 Principle of Electric Double Layer Capacitor®
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EDLC image
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Fig.5 Structure of Electric Double Layer Capacitor(?’)

Fig.6 EDLC Cell for Vehicle Made in Nippon Chemi-Con®

Fhi L, =P — hN~OBHEEEBT 57201213,
P B U T O PNERREEC & DI L H- 24 D g
Nbb, FOEHITIE, AN 1mQ UL TFOEEHT L
NEMETHD, LnL, ZhETHO EDLC TiE, €Y=
—)L COWNHHEIIAR 26m QUL ER—RCTh o7, £
T, HEEMEOWR K QBB ORI L A BT
PO E £+ 25 2 & ¢, BHEL 09mQLL F&EH L

TRERICKT 220 EEd b, FIZ, &R TOMA
EZNFETO 60CHE 70°CIZHA EEY, MHEREAEIC
LD ACRBA~OTRE SR L LT,

4.2

BRI STV BIEMER  (Activated carbon) (3
REF2 ETHMENTNDR, FRSOY VR EE TR
FOKFER, ER, BRBET AEEK) 1,000°COIRE TG
SHHACIRE U TE DL AL A FFOIREB D Z & Th 5,
Z ORHALOBEDTENME R HifE Y, EDLC ORERRICIKE
SBHRL, B 1 ASOREAITHIE F—2K 3 {EIZH
W45, SEBA%EO EDLC IV OEOWNER (Fig.7)
PHERGETAIEEREHHA L TRY, TORNRRIIASH
XL, BUEERIEE L 225,

PR DS B 2 XTSRRI AR D7 B, gL
M, FREZNWAWAONEEKCT 2 L ZARIZEAL
720N, 74 U BT 2010 A SAMAIC 120 EE0Y
DOEMEAENTNDD, TOFEMORNELK 30 &

(Fig.8) MEMIRME LTSN TEBY, 4% EDLC

DMEPE ST B BEMFI SR L UBRERES S R AET D
i3 7ev, EDLC 1 3ATEHC Y 70 AT & b
BECE RN BB S LWMENCH R STV 5,

EERSE > )

Mesocar

Fig.7 Coconut Structure

20105 7 VEL O XL OREERLAS

T Total amount

R )]
(120 8) 15,500,000,00

SEEE
(155 )

Fig.8 2010 Production and Use of the Philippine Coconut
5.

5.1
BA%E L72 EDLC OREARHEIZ OV T TITRT,
Fig.9 12i3, EDLC FEOERMEFIEEZ <Y, Bl
BREL DL, BERTHRREL RDIT-DFEIN/NE
<722, BIEMET /NS < RIS MERERE =T,
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Fig.10 (1%, EDLC BREORERTMEE ~T, KER
3, -30 226 T0COM THREMOEAUIT NIV, FE
RNEI, BEME R LITNEL R, ZhIT,
100A DORFEBIRMINKT LT, A A > OTRPERAIFLAEE~
DIEEDBNOD 2N =d E B2 D, Lol, BHEEFTO
BRERTRIINEL, BREFCORAEROK T IR
L~V TH B EEZ D, Figll iZix, EDLC WNEREHIOE
FERIFIE A TR T, ZIVE TOE Y o — /LINEHEHO L
THEFEBL -, KRRFONEHIEIIORMERL, 3 % (-30°C
& 20°CHIR) LITTHY, LiB = Ni-MH & i L Th /0
=<, KRR OZANEDEIL AT D Z L ARETH D,

30

—15A

25

20

15

Potential / V

10

5

0
0 02 04 0.6 08
Capacity / Ah

Fig.9 Current Dependency of Capacity
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Fig10. Temperature Dependency of Capacity (at 100A)
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Fig.11 Temperature Dependency of Resistance (at 100A)

5.2

Fig.12 (21 7 VB R A 7R3, A 7 /UREf] & 361
REITHUETF LTS, Figl13 (2iE, Biliizyt oL
TeRE DA 7 NHRBRAER Z R T, Bl ¢ (CxE L CE
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L, FEARANTHIUTHET RN ARETH D Z & Al
L7z, Fig13 LV, e BEimicRplcs, BRI
VOB LIEZ T TS ERILTE D, YIS,
REERFE CIEME R OREIZRAE LT EREEC/K 7y K OSH
Wy L EMR & ORISR ETH Y, EDLC IZFFE DB L H#E
EEIND, FHE, BREROSHRIZ X 0 Sl e
MRHANEL, BMEREOWINC L DEEDK T E5]&
R U, A A AREIEDME T U CEHRLOBN 28 < 2
= AL EHEE LTV D,
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Fig.13 Deterioration of Cycle Test (v t as the abscissa)

W2, FHICRIETHCRFOMEEIT 72, Fig.14
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W2 EEHLMNI LT, ZiuL, EDLCOMELGRERD
72, EL— MSTRER Z LD, FEMERFORISGA
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Fig.14 Temperature Dependence of the Life in Float
Examination (at 2.5V)®
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Fig.15 Voltage Dependence of the Life in Float
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VP OREETEE LI ETE— R &, (EhifaiEE
LTR FE— RAE DR EEE— N Th D, BEE—
NIz X AEESITR O HFARIZ G L TR L, NS
BB LITREH ORI B LTI L7, 10 4F 24 5
km HHYDOHIETH, [FULEEINIIMER T D FE2MRL
oo ULELXY, AFEEHICEHIE L7 EDLC &9 kil s
HAEDED Z LT, T VU —ANAD KRR D
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6. DC-DC

6.1 DC-DC
DC-DC =o/3—=Z Oftk, ER#ELE DCI2.5V (28

W, AJJETE#IF 0~25V, 1B 11~14.8V,
VEENRFERIPA-40~85°C, R KTER MAX.50A & L7z,

AEBA%E L= DC-DC =t _—H | FEFERID = o —H
ThD, HEIEET 5701, DC-DC = "—F AR
DFEL T AR BEES ) A AR L CBR L
7= (Fig.17) .

Fig.17 DC-DC Converter

6.2 DC-DC

SR OB ERTA L Ei LR EZRE L,
Fig.18 13~V Y » COWNZEIZ L HHEEROFIC, Fig.19
IR COTHEBRBICH D, B 40A TIEEAEDT—
YEAN—TEDLNR, SHOBLELOEMEE 2T
MAX50A & L7z, {HEERN 50A %X HIREEN i<
ITANE =2 LNy T U ZERE LR ERRASS S D,
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6.3 125kHz/110kHz Tl 5, AM & DERIEE & DR 7o
Fig.20 13#FE DC-DC 2o "—Z DA TH 5, TEAERHIESA S T U R STV 572 Vin 75%\/\
Aald DC-DC 2o 3—H (T AA v F o ZHIETHIE L T 7V OEELNTIC/2 % L BRI T 5, EREETIX
D1 TF X U ARIVTDARA T 27 ClHfES /A X & 388G WEGIED FET Z3%E L T\ 5,
DEN0, AlElE 4 F v R UFig 2D TDOAL v TF 7 — T _| Lord &
& LIZ/WWE TS E DRGNS LTz, 4 Fx U ETH | 1 lI‘/ 11 Battery
EOWESEDL L LB, /A XK 14 & LT, | l i |
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Fig.20 DC-DC Converter Circuit
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Fig.22 DC-DC Converter Wave Pattern
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b2, 4D DC-DC =t /=% CIEREEMD A L i—
DC-DC =/ 3—# OHIFHEmELER IR ST FHREY D, BT DC-DC OIET 1 v &4 LT
b Lo THADEIRY v 7 /WA BEMBIHICRE 22 L3aA )N, FET, a7 ORI & RN 5 Ik
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Y, ARANEE Vin (max) =25V, U v 7V HC—REIZHT DX T U Th D7D FEEN D
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KA 0.0156x5=0.078V & /h& <JIE T B, 7272 L5 . s
[EIBS IR AR/ Y 7 U NEHERA35 Y, 0.078V L / Security omp
Lrins, BEECOMEHRELANZX—2 Y v TN 0/ FET 175
PR LY Feo/ NS0 2 LR TE T D, % EIec.FiIedC?:Iclnndenser 122
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KR O BRI % 7~ (Fig.22), 41Alo> DC-DC =
UNR—=FTF AT v R ELTEY 20 IC % 2 @l Fig.23 DC-DC Converter Heat Radiation Performance
LT,
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7.
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SKYACTIV TECHNOLOGY

10 “-ELOOP”

Development of Control Technology for “i-ELOOP”

/N ALY K PEATTE AOK AT 1N B i

Kazuya Kotani Hiroyuki Mizuochi Akitomo Kume Masamitsu Yuhara
A 22D b ABETe B4 sm T HAS Fn5d s

Hiroshi Takaki Nobuhiro Nakagami Ryoji Haruna Kazuhiro Tamura

vV HIX, HRABORHMEYa v ThDH [ RAT A F T NV Zoom-Zoom"H 5| ITHKSE, e
Tarr7ay 7] EHEEL TS, HOEAKRL LDV OMRE b, HlORERE(LR 2%
i L, BRPEAIICERT A AN ZMBEbESD Z LT, COOMPEHEAZHIL T\, ZDStep2
ELT, BEROEH T XX EZEAEL, EOMMAENE L THAHAT 2= RV FEEFHINFTH S
i-ELOOP%## A4 %, i-ELOOPTIE, #H7-iZF v %% (EDLC : Electric Double Layer Capacitor) ,
FEEEANEF—F 2R T L2 LT, BIARDEZR LS, BITHZRfl#EEEzH8HT52 &
T, F0ZLOBMET R VX EEAET L ENAREE 20T,

Summary

Based on the technology development long-term vision, “Sustainable Zoom-Zoom”, Mazda has
been promoting the “Building Block Strategy”. We thoroughly improve the base technologies for
Powertrain efficiency, vehicle weight reduction while combining them with electric devices
technology in a phased manner so as to reduce CO2 emission. In the second step of this approach,
we have developed a new regenerative braking system “i-ELOOP” that recovers energy generated
by deceleration and reuses it as electric energy necessary for vehicle. i-ELOOP, because of a new
capacitor (EDLC: Electric Double Layer Capacitor) and variable voltage alternator, improves the
regenerative capability as the vehicle decelerates. A new control technology is also employed to

recover braking energy in a stable manner so as to minimize fuel consumption for power generation.

1.

V2L, FERROEE Y a v THD V2T A F
TNV Zoom-Zoom"EE | ([CHESE, TeAT s Ty
JHEHE | AHEEL T D, BOHEARL DTV ORI
Mk, SO EEFmL, BEMICERT S A
Btz laxabt s Z & T, CO2 DFEHEZHIH L T
o TENT v 7Ty Vg IZH-S%, 2009 F»
DIEHERICT Y U A EIE S, RBER R HIRT S i
stop A LTz, AE], WHREOET =LY CIT,
W RLX) ZEEL, BOBHAESE L CHATS I
ELOOP %##HA¥ 5,

AFaTlE, 1-ELOOP (281} DiillEEA SV TRT T2,
2. i-ELOOP

peke, MHEHAZETT O, =PI 10%1,
HOMHEDZ AT o200 EARME LCTRIAL T
%, RAREMCREE R E OB MBI, B
AT X REAMRIIMERICH D, —J, BRRK
FTOI, HEOBRE, ZEREHORBE T2 & T
ETARMTREICH D, DFED, =V HAISED
DREAMORIIHICH E2EMH D (Figl) , &2
T {*ELOOP (I[EVERE # W a1, %< OfiiT /L ¥
A USEAWERS T 2B L

F1~8 NU— K LA AT KBRS
Powertrain System Development Dept.
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225, e 5 (Fig2) o

Variable Voltage 12-25V
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Fig.2 Schematic View of i-ELOOP

-ELOOP (ZAEBEANZ F—F L F ¥ U X 247
THZ LT, TERMA 3 O L2 [E4T D RES)
=, UL, BAETZBITEGERER KT A NIERK
BHZIDNE D RE MLV EHIRT 5720, BB R
KIBFIACERWTTREMEN S D, F72, RIS vy
ZDFEERRE (LLF, SOC : State Of Charge) ANt/
ERHT RN EFREBETERVWAREERH 5, T b D%
BEMRRT DO, ERRE 5 2RO RKIROFEE b
NI EPRIZ LT, MERIHEETINEND D, Fiz,
ROWHTHLNDPHT R LT EHE L, Fr/vF
SOC Z = RN NFETE DREICTELERH D,
£~ T, rELOOP [3Hi7= /el it & LT, wAEEA
NEF—ZHIET 2T VA S L—VHIHEBRRE L, B
2, IROEA D IR NEST S — o THRBIC L DN E 4
/NI %2 B BRI BB LT 5,

3. i-ELOOP

3.1

AIAEEIEAIH F— 2 IHERDK) 3 (EDFBERENZH L
TRV, < OET R X EEETIENND D, —7H,
BOERFORE RN Z N EFE ML BFIRT, R7A 30
LTV BBEHEAB A TLEVERNREZ S 2 TLE D,
FIT, AEETEANE = ZHEETIE, KT A NERM
&5 2 e WEIHCRIAETE ARAEE MLy UTF, &
KA bVvY) RS S, LT, RKREA bVY 28
ERERTHZ LT, AEEEANY X—FOFRERT]
EIRKIBFIAT %,

KT A NOEED DIEFIRE 5 2 72VIB0HREE (LU, #F
RIORE) 1L, T 7 BA_EILET L—F 2 LD E)
SHEET A, TV BASKAEEEL-BNE, BOEHOK IS
G U THRBEHE S ) =718 bst5 (Figd) . 71—
FAF VAR LB, EY L —FOfEN IS T T
FRMHE AL S5 (Figd) . &AREE M1, £
THEDL, /ST — b LA AEHI DR U7 & 7
HEDOENPDOBERERT 5, bEhD, T A /\NTEK
ZhH% % 2 L BIATE B3E MV Y OF KB FETR
RE& 72077,
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EHL, WEHREOYBLHR LT, BERE NI,
n— 2\ E R AT & TEIRT A, BB e
—HREIL L > THBEZT D, 0, a—XDFEf)
WBliiE 7 4 — Ry 79252 LT, BIBERZ Mk EIC
L TWD, FER, B/EICL > Te—2RENELT
b HIERTE VY RS EBIT 5 Z L AFREE 7ol
(Fig5)
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11 “-ELOOP”

Evolution of the Virtual Environment in the

Development of “i-ELOOP” Control System
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Summary

All-new ATENZA is equipped with Mazda-unique regenerative braking system, “i-ELOOP.” The
fuel-saving technology was much demanded from society. To respond to the demand in a timely
manner, a model-based development approach was applied overall, in which virtual development
environments available in each process were established. As a result, calibration works as well as

system verifications were completed with the computer before a prototype vehicle was actually built.
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Introduction of All-New ATENZA

PRI {5 ] e+ A RS

Hiroshi Kajiyama Kan Matsuoka Shinya Iwamoto
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Summary

Embodying the company’s essential product values throughout, the mission of the new ATENZA (known as
Mazda6 overseas) is to stand as the flagship model of a new generation of vehicles and raise the Mazda brand
to new heights. Mazda has a history of always leading evolutions of CD-cars by putting Capella (known as
Mazda626 overseas) and ATENZA out into the world, which has driven our brand image enhancement. The
current CD car market is, however, on a shrinking trend except for a small portion of the entire market such
as China.

Under such circumstances, we focused on creating a powerful presence of the new ATENZA by valuing
something absolutely irreplaceable to some individuals, even if the number is small, rather than something
acceptable to a wide range of customers. At the center of our development, therefore, we laid out a strategy to
offer “Mazda’s own exclusive value” that goes beyond common perceptions of this class by focusing on the
design and performance, which customers would strongly expect from ATENZA as well as Mazda.

What is the exclusive value that Mazda should offer? The answer to this question we finally figured out
after our uncompromised study was the fact that drivers can naturally smile at a moment when they succeed
in handling the car in a precise and responsive manner as if it were part of their bodies. This “smile” is, we
concluded, what Mazda should offer as our “exclusive value” and it is our all-new ATENZA that proudly

embodies such value.

1 PESRACER *2  MNAO

Product Div. Mazda North America Operation
T3 PARRAES pasn R

Product Div. Product Planning Dept.
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Fig.1 Mazda Clay Modeling Technology
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Fig.5 Rear Quarter View (WGN)
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Fig.6 Head Lamp & Rear Combination Lamp Signature
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Fig.7 Interior
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Fig.8 Connection of Accelerating/Steering/Braking
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Fig.9 Accelerator Openness vs. Acceleration G
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Steering feel

Stable response in adding steering angle
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PN - adding steering angle
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{Amount of steering operation)

Fig.10 Steering Feel
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Fig.11 Engine RPM vs. Sound During Acceleration
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Design of All-New ATENZA

EECAN S

Akira Tamatani

2K

BT T oW, BTV AT~ (8@ (Z89) | DEFEL VDX AT Iy 7 ThEAGKD DT
FLAY— R, ZTLTHEDSNDIEEEMC, T LT —T 4 AT 4 v ZICEHRL, Miizian
ERIN R GFEREELEOERZAR LE~YEAO 7T v Iy T h—CThD, =7 AT Y7 Tt CD
JTAELTOEL ELEFEER, ke b, bl E CTME-CHRNE I AEEN RTA
NOBEEBECHA YOBEMSETRID LI REMERERB L, AT VT TIERIAANCER
TAELY T T L% %, Robtr Xl E<aEnNsEMaRiL, =/ X7V 7T A LI
ST HAE— FEHHERE, CD 7 FRAICSESbLWHEMEE 5%, FERTFYA L L,

Summary

The new ATENZA is a Mazda’s flagship car, aiming to realize unparalleled presence and beauty
by expressing dynamic lively movements and speedy feeling — the core of the new design theme
“Kodo” — with pure and artistic expression of alluring surface language. Its exterior design has
imposing dignified presence worthy as a car in CD segment, but at the same time it expresses
dynamic vitality that directly delivers a driver’s intention even to the points where tires meet
ground as if it were a living creature with blood and nerves all over its body. The interior provides
driving pleasure for a driver while comfortably enclosed feeling for a passenger. At a glance, its
elegant design gives impression of speedy feeling, equivalent with the exterior, through suitable

material feeling as CD class car.

1.

CD &7 A v FOEFIFREWD, FONBHIRIIIE S v — U i, V3T A8 U7 LI 7 AL T
b, MBHINEL Y, FIUTTVITAA—IIET T ROB(EET, MERE, 8, i, 791 e TS o st
ERBLTCWD, FT TP~y F0T7T v 7y 7 LT, [SKYACTIV TECHNOLOGY| & [8i#)) 591 v %%
MR A LT, ~ VXTI REREMICR ST E2 I voa v b LTSN,

WRT 7o PIET AL T v 7 7288 %, 2 RBESECAARDEEROKEEZ B L7z, 3 {(REOSREITEIAE L COEKN
REE, HET -~ OWBR, %O L -VLETRBRICE LSS S T3 YA R ERT AT, EETHHAEOE
MRS T —~ % T —T 4 AT 4 v 7 TP S, BERICERTD Z LISk L, LLFICZEDORA > M EHFEAT 5,
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Design Div.
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2.

2.1 SHINARI TAKERI

B TV A L, A&7 A Y — MBI A E— NEOBH 2B E OF CTRAE DI —ROE LIRS B2 TV
~DTVPA ANHIETHZ L THY, ) 13 2010 FE, Bi#) THA a7 hERTETAVE LTRERSN, 2011 4F
FRE—F—a—7k ) %, T8 OFVA o7 —ig, BEOFEEEZNETS CD —art7 T/ E LTI
N LTz 20D THE] OFPA ALY AR Z L D & LOWEHRT T o oT—<ilEaE s a—I— T Loy Li-bo
THY, T T oFOTFA AL, 7T 07 vy TETNELT, XL B Tk CHFIORLTERZ B8 T
ORI LRI AT, ThEaRA b L— MCBERICERT 2 8Ea - TN onz Figl, 2) .

Fig.1 SHINARI & TAKERI Fig.2 NewATENZA

2.2
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BARBIERT B/ r—, FLTEDREN 2 EOTRBONT LV AGRREFEDIRN G, FRHIZEDAZA Y TIZENT LA
T=UMRRO DN TE TR THNL SN TE b D THD, FT 7o FOTHA UL, BEOTRFR— a3 VRRAF LV ADR
I L) AR ABRUCEN X 218Kk L, IBEO~Y FHIZRWEL LT B8 ZA10) BT, 20 RIS e s o 2 2819
LET—~ %, MIIROKIBES TR A, BICREERE T —7 4 A7 4 v 710 BiF 5 2 & T, BREGEE s
IS EERfELE,

3.1
(D) BHOEh X

BHTIE, BT Lo LESARDE - RRY A Y&, ZRERRTH 7= FOEVHLICHL, Freridars
7 MZBIEfED, B—& VA RIpBRNAZ VA EAID BIF, BT 7 o P ORMERERED 2R L TW5D, £2%% BV ORIEN
BEBTICBESE, RTF—D7 v VAELZRDT, BHITRD LI NEY a VAN ) — A ~Aho TRE ok 578
K Z50 < Wb CRI~ZE S L RO H 5iER 51772 (Fig.s, 4,5)

Fig.3 Strong Tire Stance Fig.4 Cabin Position which Set Backward Fig.5 Force Toward Front

FELMUORDRART =Dy a VAL, T8 DO LT A v 7 —~% CD I—& LCEXELE, FETI28M0
HAZEDED 8 ROFHEW eF v T 7 2 T4 L 3E-T0D, 1 ARBIXY Y XA PERAICHIT MO, BEsRIT— LA
U NRTA T, WREMHE AR THIE Ao TR TR%E2 A A—T L7z (Fig6) . 2 KEIXZED MEAR] OBt 23Xz
% M) OFAOHEEZERRT LV Y72 D74 T, BREOHE N 2EKT Fig.?) . 8 AR, BB AT 5 R0
Ma3z22 H) #&8T5700 b7 X074 (Fig8) . Thd 3 KOXF¥F7F 74 DELVI L EXR—V gy
X, ZAYOMEEESE LZEEa Ly hu—La2 LTRY, A7 —2RN&T HimziEedi o b & Mai~Zesdi Ay
— N iR ERBR A SERE ST 5 (Fig, 10,11) .
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Fig.9 3 Character Lines on the Fig.10 Close Character Control Fig.11 Artistic Surface Control
Shoulder Based on Tires

(2 EMREBERT2%0b5moar ho—L

FA & TA L DIAEFENDRDIEBIC bHILOIE Y IALEATY, % — 7 RERERH DN bHAE L IED, #HL
WHEOTE— 3 FRRRZ RS2, RT—IZM AT ITF Y T 7 2 T4 EEBE WD B D TIIA Y —T
S IZEE, BHDHED TP -7D & EF VIEROBENC SN TY X I W RIREIZEE T, £ ZIEENDEEEDORT A,
ML ZENDHO L Fa—MIHREANCZ 720, & ZARE a2 md A LA F 2 - (Fig12,13) .

Fig.12 Alluring Reflection Fig.13 Alluring Light & Shadow

3.2 CD
(D) WEEERT 7o v 7oA A

FHRBERHEO 7 7 IV =T 2 A ATHIV IR T XY —U 4 T %, Y OERNT = A ZAOEITIHIITELY iAA., Ri)7% 5L
W2 DRSNSy RT T THA L EfHE ST, BEORNENG R ook e & Lizidkd D ) ZAIVH L (Fig14) .
VIRTFX— T 4 VT DIEERNI) Y T 2 A DOX N T I 2T A DI 0, BT —2R0E & 0FRBUEENT S, ey
b U NADDIRE D ) — RONHEIRT = A B0 ¢ LU LR TS L BIERORR L 720, <A 5 7 1~ 2k
DEE L DOFWEE S LD, —FHaT 7 UVEY OEITERET —7 CHi 2B ZE s 52 05 (Figlh) .

Fig.14 Dignified Front Face Fig.15 Strong 3D Front Form as Start Point of
Body Side and Cabin Form
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2 7arhE—ELERWY PTYr v

UYba—iZt, 7ur h 7o  ALFERE, OB THRT TP ENnbRIGL MM « AR—T 4 SEHRT~YEDT T
v Iy T LTO—E LEREEBR L, BF Y - UIavETANTRYG, Yoy P LEART—EMCEVHLEZY Y7 =
VE, Ay Mex v EVOMABEDOEICE ST, WO X A Y EEBRSEIRERb SN T a R - a VEERL, £
BROVYarvx—a vy I 7RSS, WoZ 9 DT A REKERERE 52 TWD, EHDOT 70 EEfES L 5 IGEE
ENZT T4 ME—UE, Vry—T I ELEFE 525 LFERZ, BT, RhD T T ~02kn ) %3 (Fig.16,17) |

Fig.16 Sedan Rear Design Fig.17 Wagon Rear Design

B vV HUD~Ny KT T e TAT 4T« VTR F v —

~y RTUAE, VTR TF =04 TRy RT U T ERDT A b Ao TEZ DIEERR FIZ, LED T L2 BRI
RHEHNTA L ERT, RT—A RIZAE—T AR T @& 2 5272, BIZ, RIA 7T TOMNEIITENEE Y
VIR RIZHTEOIRN S 72T v —HEE, THNEEMRO LED BEPE L L O ICEE Lz, sUTRRCITER EMHICK 5>
CTWVTRHEA OX v Z 7 238, UL BTHHT T ¥ &bl e gL s (Fig18) , Vrave
T, AT =T A "BE XA TEHAMINFO DR 72T v —EREL, BARICHAL— REE,
—HTHT 7o LB TE DXy 77 X R8T (Figl9) o (v RTUT VT RF ¥ —1dnA 7 L— FERRCRE)

Fig.18 LED. Lighting Signature in Head Fig.19 Lighting Signature in Rear Combination Lamp

4.1

ARSI IEE 7R 2 A MG L~ EO—(REER L 6D T —FHOZEREZFRBLL, —HT [Eo GEIEL TA] &R
L&D, RIANEZHLE LIEEREZRIR L, A 2 SRGRSIIUIAENIZ X A MMeA—H% 77— RIZ 8 A —H AR
WCHE L, RIANERNHEET D7 MUK N BITE 02y By FThHD (Fig20) .

—HBhFRE CIIAREHFISE LT, BEND LI RLEEFFCHZER E L, B ¥ —RA % v 7 OZEJL— 3 F TEH
NET ab— g LSRR RERED HANKERF AN Y, BRI T LY O HZEREE S5, #EICEEROH
DLWAIIEIRZRFOA 3R DEE, Lohh ESFEN TS EERBIZS 25 (Fig21,22) .

Fig.20 Space for Driver & Passenger Fig.21 2 Main Lines as a Composition Fig.22 Interior (Black Leather)
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4.2

AT IVTTHA T, FHR~YEZDT7 T o7y T h—ZbSb Ly By RiEELa—T 32— a2 HIELE
TLTBERIIESESNA LY, BOFHLIIUFRET S Z &), —H UKL OLNAENSEROEED 7 4V 7 ¢ i~ £
TOEREDR) _EIZEY $HAT,

WREHE L LT, A 73R BBt A RIS AL — R b RE RENE &, A L SRl 2 K B < e et &
L7z, FRZENE DT A NIFHE T2 2T U T ORICEZOF v 77 2 T4 L LIFELTHNEST, B L7oIR& 2R L T
W5, £72 K7 b AORLIRZREOREDZ(NIIE CD H—0DA T U TIZSEb LW FERERELZRHR L, (Fig.23,24)

Fig.23 Same Speed Expression in its Exterior & Interior Theme Lines Fig. 24  Sculptural Speed Expression on Trims

4.3

BHE S—Y0 U 2, Tab—3a X =U 7k FOBEREMOERIL, MEORI, A5 LB EE L OEH 2 MY
INTBER LTz, A V3R T w2 A—2T7— R, K7 b U A Ef7Z ERBEREN TV, JifE - rise b Y~
NEMERY, 7T AF v 7 HRFEMROBI AR RIS T2, £V 7 NEMEN— REMDEEY & O BT T, FEoZ
HME - S ZREMICR UBID K 2 IRE TRL, FIXIZEOEMBIRO0OEMICD AT E BARCHER L, Hig,
YT a—2MBE G LA XY v 7 8=, HIEPLEREOSEZEIVHE LT, FOHRICEE LF=L 528 ms L s
ZEE U720, TIKCHLOEEZH -7 (Fig2h)

A LR OB R AETE L T4 S, FBROBE Y 4 VL% A v — b LISl T o L—3 3 Lo SRk 2 Fles
ELZ (Fig26) , EHADOHHE—7F =2V —DE 7% RV =R Z )| &, WHOHLBIENHO L H 7 TH—0 24
IV ThdH, WTh, BEIAENTZZ T ADL I RIGODRERODO T 4 VAOI FEIZ, ~T 74 VIMLENY T ATV
DLAYRHY, BRO B DGEHEEHRIRB G, HEOEAYS T ISR O EEE 2 G L - C (B 2 RED,

Fig25 Satin Chrome Parts which Have Real Metal Feel Fig.26 New Material which Have Deep Gross Color & Real Metal Feel
5.

5.1

FHAR (308 7o RS D70, FT T U OT VA VBB TIIEE ERT A T —DORA vy FEER LT, K
JHX L S 2 SR (B OEOEREERT & ZARKEKRTD, L, BAOHLIMERFOFEET LT,

FT T o TIIR S ADRT—HTF— T4 T v 7 (Fig2l) ©Hb, 4 BNFDOHELIRD,

HCHHILT 7o DA A=D1 7 —L72% Soul Red 13, ~ Y ZWVRVVEHBISE L CX 720 TRV T7R] % B2
Oz, MHEOERNNA TA FOFAOR X EIRBOEN ZEH S, ANLTRVXERTH, =F—TaFidk R &L
THEMSET, T V=T BT VA S OBERAEIN L FATHRREZ ERTHEBLLE, v~ X EHD Red Th D,

BEDA A=V HT—1E ] ORT—EITI Blue Reflex Th 5, $EZIKIT-EE IO O/ E A FBT 5
723, MR % Z v E CULRICEEEICEE L, B OVRERE Lo TRl IR A EHL LT,

Meteor Grey % Blue Reflex [FIERICHEE CHEKOFm I ZBR L2 L—v A I THD,

FLTAETIHHELRWEED EROY=—R] &, N T FOEEFTEBL7=0N, HiBRFD Jet Black ThH 5.

BEfF0.0 Stormy Blue Mica, Aluminum Metallic, Snowflake White Pearl, Arctic White % & H 4 8 (A& i%E L7z,

(H A AR T Arctic White DR EN 2N Zd 4 T £4)
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[RF—hTF—F 4 F 7]

@O —Soul Red Metallic (41V) Con)) ® —Stormy Blue Mica (35dJ)

@ —Blue Reflex Mica (42B) Con)) ® —Aluminum Metallic (38P)

® —Meteor Grey Mica (42A) (Hrea) @ —Snowflake White Pearl Mica (25D)
@ —Jet Black Mica (41W) CHirtn) —Arctic White (A4D)

Fig.27 Body Color Line-Up

5.2

AT VTERZ, 77y w5 RcT al—ya UEMETEN L, BEHNTRAOBAEZE L SEDH T —a—T ¢ F—
TarELNTTE, =& MY AT, ERNECA TR N T T, Ty TV IRNEIIT T v U R, BbET
AFRED N F—5RE LT, (AKRHRTY L F7 77 ) v 7 OREE LRV 3FHE, )

A T = RETNOENEOD—D, A T7HRTA NCIE, 77 v 7 ERO&HE 72N~ 3 b TR N ERDEAY
A MEEEL, v — MRS RT MY ADOAE— NEd HRiEAFMOBE AT L T 5 (Fig.28) . M7T-WHIRE 52720, 4
WNBNADH DA 7RV A R L, A<EHLTWET2608 Lz (Fig29) . ERNEAT T 7 T, SDfMnIeL
5 L LIE-ERBAIED TR etV EIBR L, o — My 7B L ROO T RORO =LY —Lbpar h T
b, R ZRUSETCHDS (Figd0) , FERNEICEA VT U TIEEOA Y — R ERRT 28 5ICROAT v F 28 LT
B Ao L,

77Uy I NEETIE, IV F—DONREKO B B BB R FM R R AN T, DK S AR U SR RET T v
Z, RRRCHHRODT N7 L LIS W E VR A v MetaBEETT o7 (Figdl, 82) . (AAHRIIY > K777V vy oo
REMEL, )

o i s
Fig.29 Off-white leather Fig.30 Black leather Fig.31 Sand fabric Fig.32 Black fabric
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5.

1T AT E19A LTI ART v 7L, EOETTEREL U2 SR> CD 1—7 B 7 7 U AIZEBKL TV 5 (Fig.33, 34) .
WD A T TH, B H—NTNOHAYIIORNDEAT I v 7 REhE ORBIZEHT S LFRIFHC, &AR—27 OmEIZHE
TEFHIEELEA LT, BELARERAHS ST DTS VA RIE L, BEGICLEAEZITHL, 2BRRE LR LT
W5,

19 A »F TN IHRA =V TIEIRGERDO AR~ % 5 xtlAGbE, O 2Nz zmEikE 52, MEE2REL TN,

17 A TFTNNIRA—NTHE, BERIYVNELS TORERINBELE R -ET VA TV Yy NEEH LT,

FLOARA —/V T, MERBE ORI EICH IV AEATL, AV T 2B TH DX A I v 7 7 A L RBLERIMEDR |,
AL 3 fED B2 RIRER T 272, FHA T Lo DT N i a0 R L, BEE AN 220N DRI Z 5D,
RLIUTTRS ETROD IR A — VR SERR S, #ifitEttom L& NVH OEE 3 L7 (Fig.35) .

Fig.33 17inch Aluminum-Whee Fig.34 19inch Aluminum-Whee Fig.35 Analysis of Stability
6.

TEFLE) & DRLE) ES LIRE<EOND, BBHET 7o FBVRD T T TR S137 XL R
TEFTLS) T, BREAEFE L ECHEBEITBHES HLE) Thb, 3BT A L2t I TRETHHT, =7
ATFVT, ATIVT, hT—a—F 43— a VOETUIEOR CBBT—EHEEAF -85 Z ENTEI LTI L TND,
BT 7, BiEhE SKYACTIV TECHNOLOGY #ABL 2PMmOE e 725, VAT AT TN EHED %8B
RUBT D~V FDT 5y 7y L LTOMNREIIC L T, VXTI FRSHDE S & LTWDHT AR5 %2 sk
WCHIPRL, BEEDDOY X ~OEEEFIZE NSO T H/EE Loy,
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Package of All-New ATENZA

=B FFE M1

Masayoshi Sannomiya

ZLK)

JERT 7 X, BELOT A v BN AT I v IMREERIOI T 4 T A= LT r—b
WCEWEHE 2 W22 Wiz, 8RB EARB AT T Wi, SKYACTIV TECHNOLOGY % 2mAIZiE A
LT T REIZA~D—Rb) 2RLETLZEHBE L, Ny =Y 7oRBICENTIE, T3
AT — (38 OB, THOFFCHWIELES] 2R LIy 78y hoEH, TLTERAESLE
EURRICTDBLHO LWEEEMOERO ZSOENREED THREICIMVMALL, REhok)
REMETXF LOVERSCE W TRERV AR, v VXTI Ty TETLELTSIDL
WRy = T RERLE,

Summary

Successive ATENZAs have highly valued worldwide as a medium car with distinctive design and
exceptional dynamics. The New ATENZA, third generation model, mounts SKYACTIV TECHNOLOGY
in full scale to accomplish “oneness between car and driver”. As for packaging, it focused to realize the
design theme, ‘KODO - Soul of Motion’, the cockpit environment to make drivers feel fun handling, and
comfortable seating package to make all occupants vigorous. By incorporating new technologies and

thought-out devices, the new ATENZA developed appropriate packaging for a Mazda flagship model.

PN

Tomonori Ohtsubo

1.

BRT7T WL, ST 4T LT TADT a—rYLh—
LT, AR—T 1 IAMBLE OGO T ETIERE T= Y
D DNA ZAERBLLT-HEE U TR SO G & 27
W,

3 REERDFHTT oY, [AEZENNTDE
FNR— % — ] a7 MIiZ, SKYACTIV
TECHNOLOGY ZA&mMIIERLT Te &7 1r~n—
by OEREZBIELUCHFE L, ARTIE, Z0FEED
—WAH S Ny =V T ORI L SR AR T D,

2.

FELT T oD a w7 MAREREN T, RiET VO
S TOBEMEOTMNZ B E 2 225, T T P OIEHE
NEEREOIUFISZ DT DREET & pgits oL

N EEEH L., ZOPT, THA ATBEROBIR
‘<, Ny =Y T OB TIIT A LN L
72HRT, REVDI N~ EO—MEER LD Z LN TED
Ty 7y b EJRUHO JWEEZEE ORI EE LR,
AR OB 2 I E TR LTz,

O F¥ArT—~ Bl 23T 50, ANy

DHEH

@ [BEOEFEIHLIELES] L3I EY O
S

@ REEBZITRUTT D EOHIO KU EEZER & i
VIR R DR D FEEL

*1 P i £ T
Product Planning Dept.

*2 HL] ST
Vehicle Testing & Research Dept.
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3.

FHY L F— [HiH)] OEBE B LT 5 W

DFPA L, TrY FNET—ROY T F v HEE S
CBELS Y ELARAERFICEN TR — g
(Fig.1) &, 24 FZMEBBEARDETAES E/RNA S
VAR E L CWA, ZOFEBICHT N r—T
7 TR PSRBT o 1

Front pillars moved rearward

Rear deck moved rearward

Fig.1 Rear Loading Cabin Proportion

3.1

Tuy bR = ANET7ur hET—% TORI%
PR, AT L 5K 100 mik Lz, ZAUZ L0 EN
Tuy hA— SN T EFE ST, BOEERTICEWES
nAR— g rEmb L TN D,

Ty NET—O% BN, AAET—MORMREMA
AR L RTANOEREYET DR H 503, Tl
MR A RIS B A 5.2 5728, 7 —Wimse b
U HMERO TR CREZMZ T,

3.2

X D) YTy XIEE, BFET A 50 ik
FEILT- v a— Ty e LT, BAHEDEHE K
LD 729 R & AR L T a R —y g LV OFEHRICHS
L7z, Ya— b ozl e s b7 o7 ORi%H
A~HEE, FEEEE, BAaEO oS 6m LA
TEDSIT AT, THA v EHLATWEER TINS5 ~ 5
CUBROSHEE Uiz,

3.3

Xy ECORFBEN ST, Trr R YOET—
NOEDIE Lomy & XA VITEZTREMEREREY Z2RH
T B0, BT IS TEF 0T 1056 mm, 7 0%
25 mmARA — /L _N— AT IR L7,

RS A VITRTFET /LD 225/45R18 725 225/45R 19
YA RXT v 7 L THMEE 26 ik L7z, 24Ul kY,
HA Y BIUCEEAIRY , AN FED E 7 NAL
AFRBREEBLLTND, KA —N_R—ZADIEERH A ¥ D
R TR T D I/ NEEE2, RTET L & E%EL
AL & UTHY B LHEE#ERF L TN D,

4.1

TNE 7 V~D—k) 1T~Y % DNA OEDOE FITH:
DZELEIOFETHY HEIE~OEFEET RIS
ROV a O L EIEcBREREIEIZ LY, Efeme
BEAFREL 362 L Z B LTz, ZOEHADI-DIZ, i
HREEVEDY LT WEE TR 2 O BEFi A Bk iE 2 Kk &
ZOMRREITT AT HACE I B E g B A A i L7
(Fig.2) .

STEP1 STEP2 STEP3
Clarify driving Optimize unit Match driver attributes
position arrangement with unit attributes

Optimum area
Underarm angle

Steering

Elbow angle

Ankle angle

Hip angle

Knee angle

Parking brake

__________

Fig.2 Driving Position Concept

1) ~&v

BT TR, Tar MR =Lk ZORTHLICK
0 B2 AXNATZADENSOZREMMPNS L2, T 77/~
HNVERFETADLAMANZ 10 mmH3 Z ENA[REE 72 o7,
e, 7y FUANOELRTFET ADS 10 mdEkT 52
ET, RAMITEIEARICRDE T B EAE RS R
BEEH L, -, T7EBAZNUT, HODHEKD
RZ A B D D 7RISR TLE LT EA FTRE & 9
DI, ANH L HA TOSLNERAL KA A ADED

FEOBMELTREE L7z (Figs)
An easy-to-operate
ankle angle allows

\ for precise control.

Fig.3 Hinged Accelerator

Q@ 277V

RIANRBI N~ EBDTODA L HF—T 2—ATHD
AFT VTN, 7~ L O— LA LT EELRE,
Thbd, N RYUIHEEE LT MO &
[EEDOLRERR OWSL A BIsT 9T 7 1L, sies
NDATT Y o INENS 17 mifg )7, 8 mn FHICBEIL
TRIANTIEST, #BEO LTS L0 LT &%
KLz, 7V v TRIZBNTE TLomhiEND) &
<o) OlixizBIEL, 110 mml-SLORTF =
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—= TN LTEREDL O AT T U v T O b R
xR LT,
8) —F T LR—

HHLT T PO —=% 0 LT, BT IVOBTER
5 HIFEERRE AT L, IMAZ2 KT A S FEREE 0T
SEELRTWVEIE S Lic, £72, RIAAO5|EHmIC
B LAR—ZRDICEL & T, BEFRD-EEE THE
ELRIANRDOFE EFBLLT L,

@) v7 hL—

AT QYT FLA—E, ATT YV TInGY 7 h~D
AL—=ARRFFHRX A FREL T 5728, BIET /LD 6 m
%7, 20 T AHICELE LTz, / TRRG T MEERED
TN B E 54T % b3 5 2 & TR
RELT, BT T4y MRITEATE LD E LTz,

VT NA— ROERL L, AET VOB AR
LT XD ELIBIRIZT D ETAL—X LY M
YEE AR a roREEDm EEEH L (Figd) .

Fig.4 AT Shift Lever Layout

MT #DL 7 h L=, ¥ 7 bA ha—7 ZHFET /v
25 5 mfEfE L CFEORLIZT TOY 7 MAREE LT
AR—T 1 TR FBL LT,

4.2

RO 72D CRIFEIIUE BT A S OEiE Bl B
ZH2 ZEESBRRIERTHY, RE& L ZHDBHEEIC
Rz, JHESCA ML ADRWiEiRE ATRE & T D R0 FEH
ZRIELT, B TEOERITlIELE)] 2RETHY
— L LTUA T 4 Y a— R CORAMRICE S LTz,
1) HiGEAD R

ApRD7 oy T —0%FBENC LY, YT —H
D 5B X RFAIIRTET T LT 9.6%E K LT,

ZHUZ LY, BTFORREHEICHEL, Ev@ o=z
—R% N L—RA T OERORMEE FE L. (Figb) .

wu  Comfortable driving without an
unintended lane departure.

Fig.5 Wider Angle of Forward Visibility

@ R7RF—<r hIT—

K7 I T —%FIETNDO KT H—=ya~dD3 Tk
&S, RTRT—~D~ 7 MEEITEE LT,

TRy NET—ORICREMAT A Z EIZLY
RAERATLEHTRE, BT A NOLBISE b7 < L BER @
ETOMTEOHBZREL LTz (Fig6) .

F70, T —OHHE HATET A0 LILK L THF DGR
PEEUEL TND,

Passener Side

T

Driver Side

Current Current

Fig.6 Improved Visibility Over Side Mirrors

4.3

F < 1-DM (Intelligent Drive Master) 72& K7 A X
~OIEHRIC AT DR EOEINCX LT, BUTT 78T 0
b IY—rrAgT7yharkr b ZEHALTND, I
13, IR R T A N OEBEIO LTS, e
VR OB EO A LR & FC R E T S — &
EDTZHLDTH 5D,

FRT T oYL Zoart s MoESE, B RE
LR VERRELE & LT, @i~ hE & sy s
Ey FEFEHLTND,
(D F OGRS, #BE

FEEEOMEILRTTT /U3 LT 50 mm bS58 L
T, ABALEHRMAEL 3005 20°1i) S8 CHEaEM:
PELE, £, TEHEOX v T AL v FIET T4
REMEEFTREE T D5 NROBE T2 L & big, FER
A I FOYPA RFTRLF EBMED LA W HEZHIEL T
B Uz, BEEOERNIITFEET 5P aiiT 52 &
T, DE LI OBEL WREE LT, F2, 2y —n
WiZiFr—2 Vv LFav X H8EL LT, e
IIEEECE LTS (FigT)

Improved visibility
of Navi screen

Centralized
commander

Q) SR N OEAENE

AFET NVDATT Vo TEADAR—T EElca v,
TENZT v T OARA vy FRED D, AT T Y 7O
2 BT v F O RVOBRBIZEFE Lz, Zhil

75 —
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kv, 2oxV & LETYA U TRAEICHEN Y- 5T,
BIELLT VR Y7 2R LEZ (Figs8) .

w Dowa SJ’W%\\JP Sitch

Fig.8 Improved Operability of Paddle Shift

5.

Fe BB OHRHTIR 2 D B L WORTHEIE O 2R
L, AW S ODFEFTNCE D/ NI AN — A D
FRHH T T T OB B E4T > 72,

5.1

ay Y=l K7 MU LD Y ZHOIZHIFERE~D &
DA LB RERAFED TR AT o7,

Q) zr V=D Y0EE

BRHOKWIZRADS, 7y LA MR EEW Y %I
BRI, S BIRENRa Y —//LOMIEIZEL T
Loy VAR UL DI 3y Y — L ORI K X
7ea—) R &Rz (Fig9) .

F72, BEIT—FVAEFERTOT7—ALLVA MIBiIZEE,
FEBAIHINTHTHERET 2 L O ITIRIC TR E G L
T3,

Alarge rounded corner

Fig.9 Careful Consideration to Tall Occupants

Q) 7—21 LA Fo¥gRER

ay Y= DOT—ALL A NOEEIFRTET MIR LT
10mmfER L7z, F72, AFET VERRCA T A M2 a4
2, ATA R&ElE 15 mEII S TIMEZR BT A4 N2 fE
WRFNT— A LA R E LTS,

R7 hULMUDT—L LA b & OEIEEITEFET LD
30 mm2 5 10 mlZHi/ N LT, WHFDT —A LA K ZEFRIFHC
FERALTHIFEALEEEZR LN K HIT LT,

5.2
BIEZEMIRIE T ~ORB B M EOYERE BIEL
RSP R ITCDORIEAR—RAZ IR LTz, HBIEA—ADH]
FENRENE X ATRTET WVCH L TERTAN—2 % 39

mm, JETCOREAL— 2% 37Tk LT\ 5,

ZHUTEA —R_R—=ADIEE KR Ta h— Ny 7O
AUV CEH LTS, 78y h— hDRTA XA
DN, BIFET /UK LT 25 ik L CHARERE %
"REE L7-, WIS, BEAOZERT VL ORE, BT
— AL A RDIRZEFIET/AND 60 myikL7=Z & T, #%
JEDSELHD X 81 3RRBIZ I L LTS (Fig.10) &

Larger armrest
" - [ space

Air conditioner
louver

X

p -\
-

Roomier foot space

Fig.10 Improved Comfort of the Rear Seat

5.3

RIE T L O/ NG E DRI 2 34T L, Ui s g 703
FEB LN LTz, TORBE, TEEXTWYEEE IO
12, BRI Z 228 2 mRNIGIHA—2Z | ZHIEL TLL
TITHY fHATE,
(1) BIRE D/ NI

KT A NPT A IS, SobFLHTELZEN
TELE9129 7 FULAR—DFNCA—T Ry 7 A%FT
77 F77, EAED RTIZIE 1L 3 A XD~y hR FVOIL
WMEFREE L, Zu—7HR vy 7 ZAOBA L N—([EIX FZ
A MNZFTFET Ve AERGIC L (Fig.1l) .

Ta—T7 Ry 7 AD0 7 EREGRIET L' X —HL
BN A FREICET LI LT, Ry ANICa v 7
DZEND72 L 72 0 WD A = LTz,

1liter bottle holder

Open box in front shifter:

Fig.11 Interior Storages (Front Seat)

(2) B0/ NI

BT 7 PRI RIS S D R 7 I2h 1L A XD
Ny bR MVOIGIRZ FREE LTz, v — My 7Dt
T—=O VA MIBITT=H v T 74 NZET — LA ROIE
DOYEREIEHL, AT UKL T 1A ARE e 7
DOILHZEFREE LTz (Fig.12) .
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\.;1\Iiter bottle™o

_\, L size cup holder

Fig.12 Interior storages (Rear seat)
6.

BT TP ORRIE, 7T ARy T LULDIRE L
KARAKURI K/ I AA—ZREZSINHHOBEFEO LI TH
WEHiEZ S, BT T YT TBREY) TV A R R —
b5y a— Ty RRRT —HEBORK Y IABOHT, JE
RETNERIEOFMESS Z L2 HIEL, FHEEEME o

FHDIT & Z DFREROBR, HEPROTR, £ LT,

KARAKURI O#A LTV TO L S 2FEH L,

6.1

ERETLD T o2 b o DIIRE~DLEHN 2L,
T OEAT SIS HT D72 ) 7 A4 TEERA LTV,
DU U EEHTHI LD, MKIREDOE LN
N7 o OBRBBMENNCEEE 5252 8 L, BARFOR Y
Ty T EPDIRNT D BAPRIL ORI AT 72 03 -
Too BEIT TR VERAT RV ETHIETH
v 7 BARHIRE S BAE, BAD DG BRES DN S LA A
—A7BAAE FTRE S Lz, BARFOR » 77 > 7R b IEinL
TRIFREEDOMER L RS L 7o T, BIOE-HELAD b
UL LD & T 32mmiEk LM EA BRI L Cnd,
AT POFRTHHMEBE~DOE PR LS, &
ENO b U LTINS D 2 & TR LIt 2 ST 20
Kok L7z (Fig.13) .

Set up a side tray

\/

{
|
éQ\

Swan neck hinge i
~(retractable into trim)#4

§4

RH side

Fig.13 Cargo space convenient (Sedan)

FOMDRFEL—T 4 VT 4 & L THIREDLEFIT/ N
OPHNAEF] 72 b LA R T T2, >— by 7 ORME O
VEZUTHESE A TS ) T Z A FITET TR 2o
L7

6.2

JERE T L OMROFHIIE, 70— UZFE 2 TR
D, FEOEREHEIENE T VRS LZHER L- 9 2T,
EWBEFOR EICEY AT, WEOLHITE X bk
WU AE R ] 7 b LA 2R Lz, frssBH o 22—
F R Z/NESL LTRIEBIZHIAL, S HERR
L7z, b/ A3—3Eko KARAKURI k) i3—%
UNVTRELEEE L, BAEOEERLELS T, F
72, R IN—FffDla N E X IATER FICA v % U L
WX, ZOTFICH/ M AN— A Z R L CT2—T 1
V7 4ol xR X7, U7 N — NOBBEEL, 2
NROVAT T MNEE(LE b B AA=DT Y F v a KR
LVRFETANLEEE L (Fig.14) .

7.

CX-5 (2%, SKYACTIV TECHNOLOGY % £
SR LS T T, ~YF0757v v 7ELT,
THA L L THUOMREE — (b LTSy r—D T 5
B, FELT TN TAEZENNCT HETR—H
—] & LTERRICE > TWITUTERTH 5,

REF B
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Development of BODY Structure for All-New ATENZA

B SRS

Takehiro Kamei

B P
Takahiro Aonuma

B Tifin ™

Katsunori Sakai

Y b KAz

Daisuke Sakagami

BT T oW, eV oM EROYY XD T Ty Ty TETALTHY, CX5
ICFENT, =Y X 29 5 T0%E L2 SKYACTIV-BODY 12, FH4 75—~ (818 2K L-ART
—ZFOWMTH DL, ZOTHAOREL, F<NEAvr—Vr 7ol BiET &Rk, 72
NEBWT, BV ERIFEOX AT I 7 AMREEFI S OB AL, ZOERFEL LT, 4
ED TAML— Mb) gk ZRANReZ 2 HFE LTEREEL, CAE MAEEZ& VIR LITW RN b,
IREREE B LTe, 20 BT, SRR TE IS O A 0EHM 2 L O ERE(LRGEEZ 1T 2 72,

ZOfER, v T, ERETVICK LT, 45%DRCYRIMER EEREL, BX U ERIZEOED
DHPERE R B D Z &N TE T,

Summary

The All-New ATENZA is a flagship model of Mazda with sedan and wagon vehicle types.
Following the CX-5, the design theme "KODO" was expressed on the SKYACTIV-BODY which was
published in the Mazda Technical Review No.29. Realizing both the design and excellent
packaging at the same time, and improving the dynamic performance of the wagon to the
equivalent level to the sedan were focused on. To realize them, based on the “straight structures”
and “continuous structures” concepts, an optimal structure was developed by repeated CAE studies.
Then, the high stiffness foamed material was introduced, and the spec of each part was optimized.

As a result, the torsional stiffness of the wagon was improved by 45% over the previous model,

achieving the sedan-level ride comfort.
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Table 1 Progress Rate of Stiffness

Progress Rate of Stiffness(%)
Current - New
Sedan Wagon
Torsional Stiffness 30% 45%
Rear Dumper Support o o
Stiffness(Z-direction) 5% 30%
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16 “SOUL RED”
Development of “SOUL RED”

hlEF S<BM IPRI 52 B Hes™s

Sakura Nakano Hiroshi Kubota Masafumi Shinoda
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Summary

Mazda has been dedicated and committed to develop “red” as a body color. The recent concept
cars: “MINAGI” and “TAKERI” are painted in high-chroma red. Those red body colors share
common feels of “vividness” and “deepness” and express “KODO,” the new design theme. Soul Red
adopted in the New Atenza is a newly-developed paint color, which offers “vivid” and “deep” feels as
in a concept car. This new color employs unprecedented coating constitutions dividing the base coat,
which contributes to the color development, into two layers: the lower reflective layer and the upper
semi-transparent layer to embody the design intent to make this vivid red appear as if it is glaring
from inside. Furthermore, the mass-production of Soul Red results from overcoming production
challenges by making the paint film uniform through meticulous paint process control and

achieving productivity equivalent to conventional paints.
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Fig.1 SOUL RED Color
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Fig.13 Cross Section Picture of Soul Red
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Table 1 Issues and Countermeasures of Paint Process

Issues Causes Countermeasures

Color irregularity ~ Appearing of the Equalization of the painting
irregularity by the film film thickness by introduction

Frame irregularity thickness differences of  of the special paint program
the half transparent layer

Aluminum Appearing of the Control of paint viscosity
irregularity iregularity by disorder of - Optimization of the paint
the orientation of condition
aluminum flack
Deterioration of Deterioration in an Change of B-pillar shape
the inner panel appearance by getting Use of the special paint for
appearance into to inner panel of tWo  the inner panel

different base paint
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17 CX5
Introduction of CX-5

R fAFn ™2
Toshikazu Maeda

T B
Hideaki Tanaka

CX-5 1%, v VANBEE L CIHICHSTFEED a7 v 7 a x4 — SUV Th Y, FHiiHEH
“SKYACTIV TECHNOLOGY” &, #Hitt(7 ¥+ 7 —=~ [3#) (Z L H) - SOUL of MOTION] % A[hifIIC
BAL, E58OEENERELZEMREZ EIRIT TN T BV AT A4 F 7 1V “Zoom-Zoom " BES %, &7 L7%<
HBUL LBt Rpagmo by 7Ry 2 —Th b, vV, HFICbilENCST 77 47T, HEZTSHLOL
WL TWEIBEREOMFEHOLWDIETHBAD I EZHEL, A7 EHIZT L0 FHE - fHH =W
Wb EEBL k< EEND MHEOBRS] Z2iExlz, TXTHNH LW v 24— SUV] Z@Eh=a &7 b
L7z, BB POEBICHITTIE, 4 2OF =Y 22— [EEE80Y B0 Ic@aEey  ME
WEIBEY) TR D& H I8 28, ARFLERICE SO CRBEFINCERFEIS, & L THEL RHHIcR
DR LWEITERE COAED IAZZE LT, BiliEEbz X0 20N bR e ED TE 2,

4, CX-BNHRLBENTELEL T, BERIHOE G526 2 ELERD I EEFEEFE LTS,

Summary

The CX-5 is Mazda’s long-awaited all-new compact crossover SUV and is the first vehicle of our new
generation that adopts the full range of Mazda’s new generation technology called SKYACTIV
TECHNOLOGY and new generation design theme, ‘KODO - Soul of Motion’ , delivering driving pleasure
matched to outstanding environmental and safety performance and fully embodying Mazda’s long term
vision, “Sustainable Zoom-Zoom”. We aimed to exceed expectations of lively customers who are actively
engaged in both their work and activity for fun in every way with a product concept of an all-new crossover
SUV that satisfies their high expectations every time they see, drive or ride, and use it over the long term. In
order to achieve this concept, we focused on four key values: providing pleasure through the CX-5%s
appearance, its precise handling, its insightful functionality, and its long-term appeal. We have engaged in
development of the CX-5, closely following the principles based on the idea of human centered design as well
as driving in harsh driving environment in various markets to make it best suit each region.

We are convinced that CX-5 will go beyond merely the means of transportation and become a presence

that will continue to provide pleasure to customers.

1. L L CxYHOT7 Iy RO ECERT 2 Z L%, £0

AWM 2 M RN L=y = 7 & 1845 L C
Wb 7 uaAxA—N SUV 73V ORTYH, T4, Frica
VR NI TANRY a— b= o TE TV,
CX-5 1%, TOLEEAFIZEVATHRRED 7 o 24—
SUV ThY, FIA4 - T727%TF « 75 FIok < S

Ivvard LT LI, FIFHC CX-5 1%, #rithftH
#“SKYACTIV TECHNOLOGY” & Hri-fF A o7 —~
() (Z&9H) | 2L2ETEATD, 1D TOHKE
FNERD, VAN, INETICBEATERE [EDE
V) ZEHLRNG, Rt LT 2V A7 A F 7
“Zoom-Zoom” B S & 49 Z & 72 < HBUYL L7 #rit{pa s o
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Product Div.

*2 PESRASED P AR
Product Planning Dept.
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Design of CX-5

L e

Masashi Nakayama
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Summary

The CX-5 is the first vehicle available in the market that has adopted Mazda’s next generation
“SKYACTIV TECHNOLOGY” and its new design theme “KODO”. Through the process of bringing the
entirely-new “technology and design theme” into reality, we came up with the CX-5 having a
sophisticated styling with vital energy and dynamics feel. This reminds us of a cheetah that is about to
pounce on its prey. With regard to the exterior, we pursued a sporty and dignified styling that would
allow users to sense a perfect balance between the form and the performance and functionality as a car.
Meanwhile, for the interior, we attempted to create a space that would make users feel like driving the

car just by looking at it and convince them once they get in the car. Through these efforts, we were able

to achieve a driver-oriented design that offers dynamism and high quality feel.

1.

a8y by A= SUV &7 A 2 NS
Ta—rSVHERERICH Y, ZobFEERE S AV b
Thb, CXb 1L, TOEAFEZR-> THERASH, T3
F T IRT - TT PR HT R EEAEE LT,
Y EDT Z 2 R EICEBT D &R TR Ihi,

FDT, BRI H Iz - I MRS E O Hisa4: % PR
L, #hehoar sz b SUV 75 APy A RI—h
SHDZEEGIICANGEND, = VAL LWTTA %
FHITHZ LITEN L,

— ) Z DR BT, SKYACTIV TECHNOLOGY |
EHRTZ LR BT 3T ECOEMmE FkEt L,

RRECHT YA T —~ (B8 2RKBTDHL0 ), K&
BRF v Lo PEMEI bDLRoT, EOF v LU PHMA
DT HA 2 & UTHEET D L O MY A TEBsmE b
&0, CX-5 DF VA L OWANADNTHENT 5,

2.

2.1

2010 EH, vV XTHLWT VA v r—~ (3 %
R¥#£L Figl) ., Ziux My Ml ofcRE
H—WDELERIRE ] NEZITHRNA VAL L—
2y EHBEOTYA NACHEIELI LWV DOTHD,
TNEIICERBLIZa e M —E LT T8 (O
V) | FFERHIEFEL, HRMICEORECZIT AN SR

1A LA
Design Diwv.
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Too HIZEE2ME LT, 2011 4F, (8 (3)%) | &Y
23 =T a—TREL, HEOI SRS ARENERTE
T E LTSRN Lz (Fig2) .

EEIIT 18 1%, CX-5 OF VA T —<NRE LT
#%C, RUT—~%&HW2ns s a—Hobhia i L <l
EENEET L CTHD, 2FV CX-5 OF VA VB%IL,
RiL (388 DA E FRHZ Tl Tz, Y X OH L
WA T —< &8I0 7235, FFHZZENE CX5 OF
WAL LTHEESES, Zh Bl oy 7Ny
—THDIOEOT YA T — MR SN TAFKETE -T2,

KODO : SOUL of MOTION

Fig.1 KODO: SOUL of MOTION

Fig.2 SHINARI & MINAGI

2.2 SWV
—RAETIE, SUV & LWESSOE L X2 EKHT 5
LELEZRT YA ARV RT L, WIZAR—T ¢ TR T
WA NZT B ETTREDKDOIN L TH D, LinLI RS~
—D% LB SUV ONRNA A—V%RTT 0 71 X, %
NEMFIATIRSTND Z &R Y DI T T,
FITINGEWNL, RS EAR—T ¢ S &R
OMBEORY va=r T =y hELTHRELE
(Fig.3) .

PUTIZZE DO BARM 72 TR DWW TS 5,

YLING POS/ITIONING MAP

Sportya
Athletic :

Static¥

Fig.3 Styling Positioning Map

3.1

CX-5 {37 0 — VLR Th D, Lizhi-> THHRO EDE
THIRMEERE TR LTI 59, 728 koK
DA —)VCHRTHBATE DR ONENRH B,

FPTSUV 6 LEERBT L7200, HO TFE) & T
MAEVIR) OEZMEIERL, MATL-o2 &) —AD1F
FREEHTZET, Iy TNy JBE A
SUV & LWEAD vy NERIEL: (Figd) .

ZD T, pEHEEHERTOR Y — MIOERO L I I
HEROYEAERMESE, 7, AV T—2%HIT8WTH
T EVERKRIBSED LT, LV%RARIHRIEN H-T,
AITbEVILE > RBEOTREARDIL (Figh)

IRBIZEY, TALF Y7 THY RBRLELT=5 SUV
HLWBR—Va VINTE ERS727210 T, %AIZE]
WA T D BAFERESNC b 5357280, H#HET 5
e AR—T 4 12T WA L EDEIRITTTNT A LT R
BRI 2T,

Stability Height

Fig.4 SUV silhouette

Fig.5 Side View Proportion

3.2
—HATvyYFEaNLEEREL, arse S M —
) CTHRELT [V I RxF v —0A 7 AT
X7 BOMEE 7V ANEICH L E -7, HTLnT 72
V=7 = A Aaffo o BAIORHER L 725 (Fig.6) .
LR T H AT NN 7 v N Y JUERTE LB
DEREMFIL, BN EERAR LT D X977 v TDR
D EID F—H—% A A=V LT A L, £
NHESRIVITRTFT ¥ —UA L7137 a— A A v X
SH, AR—T 4 SEHEDOFESERBLL TN D,

7 A A TFOTRNERIE SUV 5 L& & B E £
L, &L L THRT VY ARENL L EMHRL, CD &
—DRV X THEFTX B EREICH B3 o7 (Fig?) .
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Fig.7 Front View

3.3
D TEEOTREY ITHEET D%y T2 H
RT—=BEKDOY = v Vv = A TIIMEET D L5 AT —H

£ ROF %57 8 T4 RBA =T —FOME 2D,

BIROHISR AT I v 71T LT, 7—2D X 5|24
Ni-w 7oA KoL, SUV IZH D BB 7887 A A
—UHINAL, R A—F —Ea—TOI Ty Mg
Pka B2 Tnb, FOBE, YUY UA Ly FUTRRIEZ%
Tl b E S LT D 2 & Tl iR a it L, [
(CEAMEIE L 7= A A— B3R LT,

~y RITUTRRIINGDRB LR Fy b LT A

AL, T2 H DI LD R ~EHATUTE,

RX-8 IZhE D~V FMED Mk L7z 7 = %) Oz
BREBE LTz, 2074 COMBIZHELERTE, AT
—THOBR ERD T A e EbICEED 720 & X
BN DEHRY RN b A — FEEEH L7-([Fig.s) .

Fig.8 Design Theme

2 7AV—= DL [EEE ST Y E2—

VY7 = X OEY H LRV EEAR Y AR LT, N
ZC, AL T A = o vy T EEDED Y 7
— MEYOEDIEY EDarERr—allioT, BA
DEO—A72 SUV SIFES &7 — Rt BEEVHL
TWa,

7z A AKYE SUV 2B\ A—3—7 = A & T,
SO H 5 AT — Wi Ll SE 52 & T, BT
AR OFRE R -T2, TNHICE-T, ELL B
LWeleFEnEFEH LTS (Fig9) .

Fig.9 Rear View

3.4

EDBOE BRI L N b~V 2D 27
A F 7N “ZoomZoom” | ERHTAHIZIE, AR—T 172
TWA L EBENEES PRI & DSOS OMENRH D EE 2 T2,
RF—HBHE, BTN —T &/ —T IR
&, VA LU LT ICE R B D IR B F o7 7 1
7 L OAEDRIZL ST, BERERITHO Wi o —HE
DX B ZFITHER L TND, ZHUIL—T bR E [
ATREET7aTINBRE BT AR E 2 A L— X TR S
BRNENH BN, BlEREE-TZY Y 2—2KHTHZ &
IZHHENL - TND, EEREEHE LIV — T ARA T D
BUNES 27 4 B2 52 8T, B2 FICEDA
NE, Ty T aEY LT,

7ay hoa—FHOERIE, KiiEd RS 57201
BTy VBN THIET TR, SUV 6 LWiRE LA
ROEOEHLE LTHIEE L,
INHEEROTRIZEY, CAd T TA Ny T LD
0.33 ZFEH L, Lol ZUddsEo RE L2 ©L,
IR NENT DUBERH ST, AR—T 4 72T A 2 EEn
ZEPRREDTFEBL LN D, Ffe & BAEARIR T — AR Tt
HLTQWVZ LICEVERTE b0 THD (Fig.10) .

Fig.10 Aerodynamics
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4.1

AT VTTHA AL, KT BT BHE (5> Chi-
723, Fl, FHUT THELIEBOY 2RETEEav 7
vy h&BELE (Figll) .

SRRV ZEORIZ TN, FALIINOES A BT

OKEEEF) T8 EDay vT A baAMT, %

Rl L LTI LT, NSO R A= 7 T AZ—D
L0 DIRVEIIZEY DU 7 U 7 BEH, TRy
WCACEIRFRD A L3RRI T 0 — V5% TEHO2E)) %2 AR
WZEiA B b X571 v Lz (Figl12) .

SRR L 70— L) T TTAR—T 4 ORI D
HA—HTRIANEREEEL, a2V —E KT MY
LTEL L 7B BB O NN—TRITD X A MNEE TR, 2K
ELTRIARDGRFR b EEBSEL 2y 7 ¥y MO
KKV EITHTCNS (Fig.13)

Fig.11  Cockpit

Fig.13 Gauge / Door

4.2

EDIAACELTH 7 e —VWEHT52mW7 77 b
~rvyTERERL, FHERRT YA AR LT,

AR ERT FU LD ESRIIA—F 7 — REHTET
V7 hEMTEV (Fig14) , SW/SRAVEDERIZHER
ANTA TN ENMZTEX V0T A A NeE 27, F7-,
RPN 57 — L VA MIZELNOFEM TRV, fillkoR
SHEBLTND,

A SFHRIERIIE,  EOVERR A KRBT 2N S &
B, R~ 275 RX-8 THAUTIEBRT TERA L
7T Ty oL L, BREEDTr— FRAX—&
OEEM LT SE 5, <Y ZOGHA~OBNEZIAD TV
Do

EREBE RS TP S—1F, AL v T 732 EITBHFC
AT KO BA ARG L, BHAD LS iR %
PSRN IR L7 OIIEEGRBLICERRI L, 22U 2
KB L TN D, MIMEEERBUCAE T L7300, 4E%Hl
D L7 &9 e A 2k E W 2 L LTz, £
728, FEAAFRIHIO HLOT LI Z2 PRI - X 97
PR 977 ma—2a) LIESHLWFED A v
FLLTWD, ThbiZLY, RASIESEREOENA
T I T OFHKERBELHL TS (Fig.15) .

Soft material

Fig.15 Satin Chrome
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5.

5.1 SKYACTIV

RT—HT7—IZB LTI, HORHESO~Y X DA A=Y
EBEDT OIS T — L, W RAF < —DFHRF TSRO =
—REIR LI AR o E— R T — KB LTI A )
v T ERIA T,

[SKYACTIV TECHNOLOGY] O&{#%é L7 7%®F
MBI L7- Sky Blue MC 13 CX-5 Thilkk L, #1238
BT VA L OFRH (RE00R) 2L VESI-E5 T —
& LT Zeal Red Z¥tal LCBIS, 202 03 A—T%
ER|THEEIEE S, MOMITT 0— LI AR v —=—
RIGEHE B2 D Z LR ANE L, <Y X OBHFET A T
TOP TR OBRIECE O Bl T —F D30, &
RONY =— 2 ZIRERT-E 0D (Fig.16) |

Aluminum Crystal White

Sky Blue Zeal Red Metallic Pearl

Velocity Red Black Mc

Fig.16 Body Color

5.2
W) HT7—a—FT 4 Fx—var

BT LWL, 7o a—aoiffisoa b
FTAMIEY AR—T 4 SEE2TICEHR L, BT
DOYT )77y L, L 70D Black OZERIZEES
MEEMZD Z LIHE &R,
@ v¥——Fk

L= — R HJET =T L— 3 > GBI
Tah LTRSS AR L, /=74 bL— 3 IR E S
R E <, |ENOEFEMEm _ EICHEBL, Z079, ROK
IO FETERLTEY, k7 L— FITHIGL
UV EBSREME A R o 7oA B3 Y B o TN,
AFvFICELTYH, ¥ TR T v FEHIIA v HF—
A7 vF BV EIRDOBEEZD) LWVIH LWTEE
AW, 778 M7 —0XEEFEEIC2 hu—LT 5
LT, BAOBRSEELIHLTWS,
@ 777V v~k

B CHEROE D L T 7 = i R AN T Ak
B ERT, EHNEEO L — FEM AR L,
REMOMMIZ A F 2 v 7 elikiziis, [~y b &
sax| LIESMO Y T A R SUV 5 L& L
AR—=T 4 SEFIEHL WD, T, ¥— MAERONE
BEFE ST, FHEKREEVIARDORINEIINTND

(Fig.17) .

Fabric A Fabric B

Fig.17 Seat Material
6.

CX-5 1% MEhnT) Zyakiz,
U ATHA Nl HoTnNS,
SUV 8L &S NOHIRF 2 HY) 6700 iR S 2 Ff
BRNBAR—T 42 2T V7L, IEE->TWTHED
THLZYICRZ, I—T—DLERSBEDTEAD,

Fiz, BEROWERESE A IBR L, AMRICZ 20 72
MOPEEIZIE VIAATEA 7 U T, VAT Sl
R E KD > TV 56D LS,

[SKYACTIV TECHNOLOGY] & [3i#h) % HH kL
7= CX-5 1%, 331k, MWIOHIELL EoEWEHEiZ =72
WCEY, vV FOBZHFICHELTH DA D N2 3 5%
SHEZTWDZ EEERL TG,

CX-5 LMD OFELEL T, VAT FT TN
ELBOERMT 2~ XD [BEE~OKH B, Zh
NHH LV ELOFHITEL ZEELNBFES> TN,

Mfiff~>T) 0%
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CX-5

19 CX-5

Pefl ™
Kazuhiro Saeki
B A HEZS 4

Yuina Ashihara

Package of CX-5

KB B2
Tomonori Ohtsubo

I o ™5

Daisuke Yamada

B IENTS

Masato Hirokawa

CX-5 (&, THA 7 —~ [3H)) 28 LIHRET VO —#TH Y, SKYACTIV TECHNOLOGY

ZAEmEHEL,

Sustainable “Zoom-Zoom”® [Wo>FETH [V U I ] +57 1~

TRTERY <125,

ROTELLLRD, TLTELRD I 2D] | ZAFRLTCHELE 7224 —/8UV] Thd,

Ry lr—=v v 7T, 7YA 77—~ (38 ORBYkL TAMPLORM | THREEOBKREIELRFOE
W MRAR—ADMAEZBIELTHRE L, AR ERCLT 7T 47T, BREZITIOLSOLEILT
WHAAZ=ITE ST, REEENPEIZHEL BITEDHAX—22 BB,

Summary

CX-5 is the first commercial model of adopting the design theme, ‘KODO-Soul of Motion’, and
mounting SKYACTIV TECHNOLOGY in full scale. It is a crossover SUV, which was developed in an

effort to realize “exhilaration of driving cars” of Sustainable “Zoom-Zoom” and fulfilling the idea of “See

it and you will want to drive it. Drive it and you will have fun. Then you will want to drive it again.”

As for packaging, the design theme, ‘KODO-Soul of Motion’ and “human-centered” idea fused to

develop cabin and cargo space with exceptional functionality. As a result, CX-5 materialized comfortable

and fun space for customers, who spend spirited everyday life and are active in both work and play.

1.

CX-5 1%, v VX ORMHEE LT, Za— LT
BENMER SN TS Compact-SUV 7 7 RIZHEAT D
Va2 —s3 SUV]) ThD, /Ny r— BT,
THA T —~ [Fi#) 0RHrL TAMHBLORE] T
REEDOBEREME 2 FF DN » B AN—ZO@IGZ B L T
BT Lo, ARTIE, RNy br—va 7 MabEm~E

HEB4 2 FE: & ZDAEZ OV TRIT T 5,

2.

Z—=0y b TDHHAZ—IL, TEHHOAEEXHICAE
LBV ELILL, [EFDICELES LR E A, TF
ORI Lt D15 N2 /e T o/ T ND &
IMMfEZRALT 572012, LT 4 HADO Sy r—vart
T haEL, BIbERIRL

O BREEZHRESEDLAZAV T
@ Ehxeblbdayrey

@ LEELENEDENZER

@ e AR

3.

HEZRRELRDARIAY 7%, BN EY
2o THMA D IS &, BEIKL SN 28 TR
L7z, NS, RFICRNXERRELYE, Bai
MRDEL LT, T2 4 YONBELE) CRBYL L7,
WENRIL, WIRRED ZTRERESED T3 37 by e
Al TR DEHAEE T,

1 pEsh D
Product Planning Dept.
*3~5 LE{HBHFE A
Interior & Exterior Components Development Dept.

*2 HL FERFES
Vehicle Testing & Research Dept.
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3.1

A A Y EVIBICEE T 2461EE LT, 2RICHT 5541
—INR—ADWEE 7 FTA hy T LyLEk L (Figl) o
BRI LA —_R—2ZNEW=®, RYEILOREIC
DWTIFAFNE 72 508, FEAZIIRK L CHA# &l
S/ NER R A TR LTz,

O.AH.(m) vs. W.B.(m)
2750
her” 0 v
0.
= oA
2,700 ..
oc } oG
7
5 s ;
o 2650 7
= 7
E 0.5
7 o
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2600 7
'
7
A
2550
4300 4400 4500 4600 4700
O.AH.(m)

Fig.1 O.AH.(m)vs. W.B.(m)

3.2

AR bEY BRI 5720, Em, Mo
TuR—a UBIRREERE L, FnARE LI,

BT, 4R CREASEEALE) (ZXT 50— 7RO

FEEREIVNIWVER, Ty berBar s MIRxZE LD,

FOWHRE T FTA Ny LYl L (Fig2) .

Width of roof vs. Max width at Fr.H.Pt
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Fig.2 Width of Roof vs. Max Width at Fr.H.Pt

MIEAR TI, 2EICHd 2 2 A PROBENKE WV,
XY EUNEIL AR BT, EOEEITA Ny T L
L7z, ZAVEIE 720mm DA EXEEE L, ZA -P¥A X%
225/65R17 (724mm) & 225/55R19 (731mm) ZEAL
7= (Fig.3) .

Tire diameter vs. OAH

1740
040 /[ oan l ) ou /
/ / 04
1720 | |aUsSSUV Louh p
=EUSSWV /
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Elmo . Jee s /,,\
B1680 L] 27/ \ BIC
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Fig.3 Tire Diameter vs. OAH

HAXRLEDOHREZZ DL, BEITTE DTN
DRV, —FT, KTEDE SUV LRMENRNEEN
Hb, EEEKIMZoD, —HRT SUV & L GRAT
X5EE %, THOELIISI 2B, L —7ENERLY

hchrEmE) LE#£EL, 1,6710mm (L—7@EET) &L
7= (Fig.3, 4) .

Eye Point Height

Fig.4 Roof is Above Eye Line

4.

IN=EEOEEILT Y br—/LT 58, BEICD
R0, RIANENE ST DT, MEHIC b BRI
LT DBEED, 71~ D—BRAEBELLRNHED
BOEK LS T2y sy b ZRBYE LT,

4.1

2wy b 1L, BFEHREIN~EORIERTH
D, BONEBYICEIETED a2y 7y b OFEBUIER
?“Z)%%%E HHR~OERERET TRIAE TR YT =
v, JAROEHRERRERTE D R, EERIC
T HIEMAEMEINAS R D THEREEN 227 (Figh) .

a7y b
Cockpit
|
[ | |
N = S B RS PR e
Koy ayw Visibility Visual
Driving Position Operability

Fig.5 Conceptual Dlagram of No 1 Cockplt

ZOHRTHEIT, CX-5 [ FHFITIESL, SUVE LT
FREBOEILOREEZEBL. (RIA B ITHRT VS
v BB WL, BT T oSy =T
741, 43ZM)
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4.2

SUV IZHIfF S 2R & FB T 2720, HKErboH
DOEE %R 7 A0 SUV WhE Lz, Zihucky, @<
F ORI, AiFE R SRR < S LRI 2 RIRIC[EhES
HT LR, T - A NV ABRBR LT,

F7o, EHRROMIMNE TORY [BILTIE, ORI
R T D72 0OICEE e A 57— Y OFFITES LT,
B ORFERA LI CIY, K7 27—l i 5%
K7~orhEL, A BT—L K7 7—0Mh DR
EEWDLTHEOWRIEZR I L L (Fig.6) . 58MNEOD
—THATRECIY, AIGAELAORBEXAZREL, 7 vt
VIRA N ORRME A ST, JHVEBY OEFTT A
VR L—ATE LR E T LI,

Fig.6 Visibility Around A Pillar Lower
5.

DEEDEDEDLEAE LT, HRUEFRTE, [OA
PR & R T & BENEMOFER A7, Eia~E &
MENER D TEFEIUR ASODHIEBVETEZER, KO, K
NDR & 7R BT ) o R ZER, 2 BBYE LT,

5.1

TRy Ny FRA VA RVA L RSV, AR &
BEIEDOTN AR STz, THBENBREOZT HE
WU, TARA 2 hoDOfREE L REA O AA DRI
KOENT D, TNOOEREERIINT LV ASELHI L
T, EAREAENENTLT BT by F LA R
LA SRV DA TR LT,

JEEZERICOW T EAAR—RZEBRL, 7 MU A
MOHEZZ A Ry 70 1,460mm & L7-, FeEAGREAL
B, R7RULalary—Ao7—AhL A MHOZIET
gL, BEAOT—ALVANEYERE L., FROT—
AV A Mg 190mm & U, SEEE & BT G RIRHZN
DNET B AN— R E Rk LTz,

5.2

KiiFeRETH, BERIT~THLIZ BEEHEATY
LTEBEEZOND LI, Z7FA My T UL
JC - BATANR =2 LB LT, BILAR—ATETr U b
= ROBY T T Ty MO (380mm) & — k
7w va Y FlH~KREO E FAN—2 (185mm) DOIIK,
JBRTAN—RATIE— My 7 oz Ly, oL
AULDANR— A ETEFR LT (Fig.7,8,9) .

I Y

. Wiglbinmw,

'
e [—— "

f"" ‘ elgt-'
Fig.7 Rr. Occupant’s Leg Space

Rr. Occupant’s Leg Space Height
E #0185
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s o » 8 8 B 5 &
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Fig.8 Rr. Occupant’s Leg Space Height

Rr. Occupant’s Leg Space Width
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Fig.9 Rr. Occupant’s Leg Space Width

Rr. Occupant’s Leg Space Width (mm)

— My 7 EEIE, 580mm HERL, [A2 Z AD SUV
Thy Ll Lic, RIAREETHD-72D L — |
Ny ZIThlhnFonsmE & Lz,

HFROT =L VA ML, Ny 75874 0o E0ET
T =LV A MEEYERL, %ETHORA 24030 TF v 7R
LiZEB AT E X —T — AL X MR

(250mm) B L7,

5.3

FEIFOHEHOT A R A~DEYT-0 254, H
IRREMECORMZAIREL LTz, b v A > MLERI,
FERFCTLOLOBEN D72, ORI D AN/
pBHES &Lz, ®IZ, R7 FESTHA RVl
EHONGELEBRA L, RO Y- UE L AR O
HEnafE LTS (Fig10, 11) .

Garﬂ, v

Side Sil i
Fig.10 Door Structure  Fig.11 Ingress/Egress
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FTz, BMEFRERHCOE YT NIES I A EIICD
WG, R7 MY ARIHER OIS A2 %7:< L B EZ—h
U A THOEEZHISZ LT (Fig.12 REHH) |, o
XL DROHLANERRE Lz,

Fig.12 Rr. Door Structure
6.

SIS TO B DR = — RCKRTE 25 b0 &
DR, LUX—OihE PRI HEHTE L2175
O, I EAA = KARAKURL (3L, H
FAEGRL U — v — TRV T, R R ESIIS
CTT L PVRIRET, EVBEFO R =4 BB LT,

6.1

W — b7 LV VB FEOREAER T 570
12, %EE 424 \ZHEIL, TNEUIT X v TEMET
=% 75 v MTT& % KARAKURI 74—V K (3—h
Ry 7 QENETEHE) LT v a UTERIAT) ZERAL
7= (Fig.13) ,

Fig.13 Versatile Seat Arrangement

INHIZED, KA 4 ARFETENTEELILY ZH
O A RIZF v AV FU— hEEEL-EE, BERY%
B NIRRT 5 2 S FRE L 7R o T,

LD 7 4 —) FIEIZOW T, 4 ARAF—0R )
REF L THNT B — U 2 EL, REDAF—/Z
JARHETE DR (260mm) & L7z,

Fo, SRR — G TE A LD, TA— K
B, EARIEAEROR 1L AEEE LT\ 5, EAN
RN BHIT Y7 Ei#o 2 7 (Figl4) T, MMM HIE b
Sy YA RICRE L LA—T, 2TO%REL 7 +—/L

NAMREE L7, F72, T 7 %A RIZRELZLA—D
RrBlE, REBET LR 74— A RTELHLH, Aol
DA HEEAVIZALIE D B T b B E T RE 2R A A% 5 1Bl L 7z
(Fig.15) , F7z, BAELST ST A L ONRT 2%
ERLT, ERFHO L A= —~RTHREHO L N—%
g Lica X7 MMegkglh e Le (Fig.16) .

~

LH RH

i

il

Fig.14 Knob .

For center seat

For left side seat Fig.15 Remote Lever Position

Fig.16 Remote Lever-LH

6.2 KARAKUR

HEAESCL Uy —7 Y, HOHPE T — BT 50
T EDOEHZHHEL, KARAKURI /I \—%iEfhE
7,

(D) BEAERICRBY TS

BUVRD o & LIZAMEREORIZR Y, T s
AN THEEDOT 7B ALRT SICEN L,
KARAKURI |/ B3—Dtgua% U 7 R 77— M L,
U7 A— N OBBAIESEY S 5 N —BPAME ATH L C
W5, 16-7C, U7 A= MoEENCIE, b S—0
B IINEHLTCWATZYD, CX-5 TIL M/ 13—
7V v arEEEUTEERY hEimz, V7 Mr—h
OBENZIRRLT T o X0 /h&L Lis, b/ B 3—BAA
DFMEEAN-Z &Nz, BENEEHL T, AL—2
RO LA ATREL 7257,

Fiz, HARA—O—EBICA v 2 B BTICERAL, W
EHLANLTCWDEEIC L, SRNOBTEERTE5 L)
izl (Fig17) .

Fig.17 KARAKURI Tonneau Cover
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Fig.18 Cargo Space
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CX-5
20 CX-5 SKYACTIV-BODY
Development of SKYACTIV-BODY Structure for CX-5
AR Bzt A 22 Py s
Takayuki Kimura Manabu Hashimoto Shigeru Nakauchi
e 4 i w5 [i] - 9 6

Masamitsu Tanaka

Kazuo Kondo Yoshihiro Okada

CX-5 (%, HirBa%E L7z SKYACTIV-BODY Z &£ LIZmIOE TH D, BERIZ~Y ZRHEET VD

FTH (D207 27 N0~%28M9 5 ETHER TEDED 22Xz 5580 EE S &
AllY CX-5 O T at X LAEEORRICEI LT, 20 &

M S e ERT — 2 EH L,
53 ks e

i LIV DL A

HEOFHFER SEBOMESE &, Zoart7 M CAE BT 2 M X 04 %2 B BR0oiE
BUE LTz, F BRI S EHMEREE O VE (Value Engineering) J&E)Z2 W4T L CHE®D, 2 TOBELRIC
U —AF TNVl CramiRt T2 Z L 2 BHE L7z, ZOMEEMN CD 7L 7 Lk & o BARMIEE & 3=
Hifid NCAP O b v 7T v 7 et itk L, W27 7 ADKEET A L0 8% a4 EH LT,

Summary

The CX-5 is Mazda’s first production model to adopt the SKYACTIV-BODY. Its light weight body has
achieved a high rigidity that enhances “driving pleasure” and the highest level of crash safety performance,
both of which support Mazda’s commitment to making cars that always excite. This article introduces the
development process of the CX-5 and its structural features, including the aims and the technologies
applied.

Based on the basic principles of mechanics, we designed an ideal body structure and nurtured concept
technologies through CAE analyses and vehicle tests before determining the structural details. In
addition, we applied VE effective material utilization from an early stage of development so as to offer the
vehicle to all our customers at an affordable price. As a result, a body rigidity equivalent to the level of
European premium sedan of CD segment has been achieved, the crash safety performance has ranked top

in NCAP of major markets, and the vehicle weight has been reduced to a level 8% lighter than the lightest

line of the same segment cars.

1.

SKYACTIV-BODY OEANBIFEREFICOWTIE~ Y #
W29 FICTHREFRATH D, 4l CX-5 OBFICYTZY
Z DEARBRIENG & OB AR IAATZHm T % TPV

(Technology Prove-out Vehicle : fflizEEHE) ONEL
BIERNEICE SR DVER DT,
PASEIC Y7o o C, BRI RS Vs SUV EigoTs,

FNTHR L HA LA UMEEREZ R, BIRBHFRSERC
—fHEm & LT SUV BRI < BROE T S &R
& LR A HED TS, EREOpgRakE LTL, RE
DRIA L TRY Y = LG, 7a7ES0ER, %
PEDE R DUEEN S YA R LVEWR O/ N7 SR D
FAFHITLOE RN T DMENH -T2,

FLWTYA o7 — (38 23H o>, [EDHE
) #E 2 DO E Fm LV OEZ5 4 M A N S

1~4 AT —BAEED
Body Development Dept.
*6  HL S
Vehicle Testing & Research Dept.

*5 NVH P4EE « CAE HAITBAFRER
NVH & CAE Technology Development Dept.
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2.1
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Fig.1 SKYACTIV-BODY Vision
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2.3
PAE LG 2 DI 72D
O &2, Wi, NVH 25357 b—aU—7
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© HErERL > OB IE(L
@ WETEEDEGES I GE
(2N, [ERRICHRGEZ B0 K L= (Fig2) .

1st Step
Look for Ideal Framework

3rd Step 2nd Step

Optimise Detailed Structure Define Load Allocated to Each Part

Fig.2 Development Approach

3.

CX-5 OIEEORHEAZ L &A% 5 O TR T 5,
3.1
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MIEEL, 7ar b7 Lb—bEUYY A K7 L—h%HE
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D3 bERZ AR BRHINEI AR TH D Z & 2R L

_________________________________________________

=
£ - — T N T i g (o
Current model  (C X -5 AType B Type C Type D Type E Type

_______________________________________________ 7/
1 CAE nam‘

8| Deformation Volume of
1 Floor Increased

Fig.3 CAE Analysis
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3.2
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2.B pillar and under body connected 3.Rear damper mounts connected

1.Upper body and under body

4. Rear header and under body connected

Fig.4 Continuous Structures

3.3
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Current model

Fig.5 Front Body Structure with Multi-Load Path
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Fig.6 Contribute Significantly Analysis
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Directly receives loads from rear
suspension and restrains vibration

,U\"

s e
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Fig.7 Dual Brace
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W2 T, BRI K D FmEE ERE LT 5 7z
®, SEA (Statistical Energy Analysis) fEdT & SEMzE
12 X DR D HE TR R O, PEREA T T 5
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Fig.8 Setting Range
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Fig.9 Under- Cross Member
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Fig.11  Under Cover
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Fig.12 CAE Application Process
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Fig.13 Rigidity Structure Improvement
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Fig.14 Light Weight Index
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Fig.15 Weight Reduction
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Fig.16 Aerodynamics Performance
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CX-5

21 CX-5

Development of CX-5 Door Module Carrier
Using Foam Molding Technology

el A7 AT G (5273
Tomohiro Kajiyama Tomoki Takahashi Nobuyuki Takahashi

PO COPEHEHICFM B OB AL R L L Vo FJn D, ABERT 7 2F v 7 EhicE
WTH E R DB MBI BRIKEAES RO ONT WD, THEERTDFREE LT, @ik - Sl
RMBHZ X 2R L & & biT, FIEENIC L DM EHMEA RIRBOAER SN TnD, L2rLeRs, g
8D B M OAIR T 233 L <, KIEZR AR R #EC & v il AL & IR BTz,

<Y HE, BERREEERA L a7 Ny B LA S DA R A B L, MR
BiEEZA LB R LR E L, st cRERPLBERF > R vy FREBEICE - T,
HE A E DRFE & RIBZR M EHII O WSL 2 A e L, R7EVa—VEMICHEAT 52 LT 20%2 E
OWRBALRT U X VR HDH T L EHBEL TN 5,

AW, ZOHNE CX-5 D R7EY 22— /L2 M LEE LT,

Summary

The growing need to cut CO2 emissions and concern about higher prices of raw materials have
raised the need for drastic weight reduction and material cost saving for automotive plastic parts.
Under such circumstances, in addition to the conventional thickness reduction technique using
high-strength and high-stiffness materials, a reduction of material usage by use of foaming
technology has drawn attention as a new approach to meet those requirements. The current
foaming technology, however, only allows limited applications because of significant deterioration of
mechanical properties.

We have developed an injection foam molding technology that uses super critical fluid as a
foaming agent, in combination with the core-back process. With use of this technology, we have
achieved a multi-layer cell structure, which consists of a micro-cell surface layer that retains
mechanical properties and a highly-foamed light-weight core layer. This enabled us to significantly
reduce material usage while maintaining mechanical properties. It has been confirmed that a door
module carrier molded by use of this technology has the potential of 20% or more weight reduction.

We have applied this technology to the CX-5 door module carrier and made it into mass

production.

*1~3 AT —BHFEES
Body development Dept.
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| CARRIERASSY-MODULE |

Fig.1 CX-5 Door Module
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| FRACTURE OF BEARING ARE

Fig.2 Fracture of Bearing Area

3.2 CAE
(1) CAE (T L BHLETI
FATRHmORERA3Z1TC, LS-DYNA (&t 7 b)
% VTR CAE fiftT 2 58 UIRGT - GG &1 T o7,
FEREECIL, TR LR UARE - MIME GRAI) Th o7
O, BRTDHHRA L ME LT, B0 ATEEDORIMET »
T rARE LIRS, RS &0 BEHRISH N Y T
WERET D, VITHIRICKE SEREEZ ST RV ED
TRAETDHIET, IGHERI LW &L, kT v~
L) Z L EFAERCER L (Figs) ,

%\\\\\\\\\\\\\\\\ N
o
Sketch § @ §
& §
L
CAE Results
(Load )
CAE Results|
(Load )
Fracture Load 564.9N 661.8N

Fig.3 Bearing Area CAE

—7%, PULADOMZESRYy NeT T LTNDHEY 2—/b
MERER S ORIMEN =2 C, HZERHCEN T, 0o EA
(Energy Absorption) A h1—2 2R TES, &4 I—15
EENEL D EWVIBERH D Z Lot (Figd) o
AEALI IR SV E AR T SRR H Y, Kk
JE Y &P B A WNE T DB B o T2,

CX-5 Front Door Module |
(Initial shape)

Side Crash CAE Result [
=

y iy Z
No clearance between
Door Module and Door K

= Trim
O e
2

Fig.4 Side Crash CAE Results

ek, REME, BV a2—AE—EH v b LREMEOEN
B R—=Y ZBRET D LD FEREI SN, AHAAHLIC
SN D T 4 v R X o L= |0 fHTHER KT S8
%, HEBHEZTaR N v T b EOHMEAMNG, b
v T, FEERERVOY TRV EE TS 2 L],
EV o —/UHBEETIR A AR L, e (NUTRA) A
WX L COHAMERTE S S &L 5 2k & Uiz (Figh) .

CX-5 Door CX-5 Door
Module Module
nitial Shap Final Shape S ®
L ‘
7

Inclined shape to reduce rigidity for
entering direction of side crash barrier
[ ! i
e N RN :
W
<\
NS
ud il ~
Sec. A-A Sec. A-A

Fig.5 Shape for Side Crash

— 111 —



No.30 (2012)

(@) fhih = FEHIORER & AT & DLk

CAE WREOBEHERA V IAA T L%, 2= FaHliL
ToiERs, fETO3EN v Y CRPEIISAE LT,

Fig6 (2= hpHlliftR &, MATREROMIRE R, 2=
v MEHliER & BETRR D, ISR - IR
7R ERHBEDEIND Z EHWER T, ATROBMBIRE T H AR
ThDHZ Lol

Crack increased from
| service hole for fixing
¥ door side glass
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Introduction of Demio EV
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T4 EV X, MARREO EV #HiFlcL v, EVIZBWTH “%Zoom-Zoom™ 72V KA LB T H L L4
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Summary

Adopting the unique developed EV component technology, the Demio EV realized Zoom-Zoom

drive feel and 200km driving range for one charge. Also, the EV drive units were miniaturized,

securing almost the same space-utility as that of the base vehicle. The 100V electric supply

system and IT support system which supports users in charge reservation and so on are also

adopted to improve vehicle utility functions.

The development purposes, vehicle outline including the safety and durability, and main

components are introduced in this paper.
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100V Electric
Supply System
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Fig.6 Shift Panel &
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Regen.: Regeneration Energy

Ch Switch

Q) A—HFoR

R DA —H T ORI A IR L7235,
EV & L OB R A N L7, Fig7 lIcA—%t& v b®
SMBLlE R, PRICAE— RA—=Z ZEE L, FOLEMIC
HlOFRMERBERTT H NNV —A—FERE L

(Fig.8) ., "U—Y—3fiERE (L)) , Fy—2Y
—ViEFEERRE (B4 2K, Eiz, AANZE, wATF
AT A—=varT AT LA (MID) ZEE LT,
MID (21X, A RA—%, RY T A—% 7 M,
ANRIR, BREIA N o 7 VR A FOR, HIC, ELTATRERRHE,
SEYHE, WREEEE, PHER LV o IR ETRICEIY
ERTRARTHIENTE D, £, FEZRLEBRIN
%, Fig91ZForhilzr"d,

25.Dch

Fig.9 Multi Information Display

(3 KB AT A
AC200V & O FEEITH HiEFEL, CHAdeMO
(F¥TE) HRICHER L= KBRICL28FLED 2
OOFRESHTARUTHIE LT D, B AT O % 51258
FeEM (Fig.10) , BiFICAETEM (Figll) OXEN
ZHLE LTV 5,

. | Ny |
e

- =
| an !
-

Fig.11 High Speed Charge Lid

WEAETIE, o7 VEREFORTNE r ORIEN D
HFEEE T 8 K], BlFTETIE, RUL Ay 7 UikE
FOFIRPEr OIREED S SOC (State of Charge) 80%
FE TR 40 3 THREVATRETH D,

@ IT HA— b AT A

7 2 A4 EV (ZHE#HEFH (DCM: Data Communication
Module) Z##LTkY, Av—F74+PCETLT,
a—¥RYE— N EE, =7 a0V E— ME KO

— 116 —



No.30 (2012)

BRENH N> 7 U ORRET = 7 NFRECTH D, FTo, Hlj
ETT—4, TELELEE = N OMEEMRIAE D HE
TEREFEH— NUET 2 Z LR TE D,
(5) 100V #5827 A

100V #REET AT L% U Y T 7 b— APIZHR LT,
Zhuc kv, BNy T VICE R BN E, BElHHE
# AC100V OESHEFH I 1,500W £ THHET 5 Z &2
"RETH S (Fig.12) .

Fig.12 100V Electric Supply System
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3.1
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Table 2 Vehicle Specifications

Size Length><Width>Height 3900><1695><1490mm
Weight 1180kg
Seat Capacity 5
Max Speed 130km/h
200km

Driving range JC08mode (Internal measurement

Motor Type Permanent Magnet AC
Synchronous Motor

Max Power 75kW
Max Torque 150N m

Drive system FF

HV Battery Type Lithium ion
Nominal Voltage 346V
Capacity 20kWh
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Fig.15 EMC Test
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23 EV

Development of Motor-Drive with Electronic Winding
Change System for Demio EV

Yok Pz
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BREBE (EV) O KEEICIT, MERIESREEREO—->ThHd, ZORMICKH LT,
ZORUBE L [734 EV] THETFRERDVBIE—F FIAM TV AT 2E28AL, S%Emn
EEEr2L, BEXOVAT ARKZ/NURET 2 Z & THBEHSHEZ K-> T\ 5, ZOEREIY
Bz ek, EEEEEA L BmERSEHORR D oD E— A EREETT AL ALV XV RT
LTHDH, ZOoDFE—ZERLIENENLOE D Y CTRERFHHICE W TEIRICRFFINTEY, 2%
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Summary

For the popularization of EV, the short driving range is one of the most important task. To
improve this task, Mazda’s DEMIO EV adopts the electronic winding change system that makes to
improve its efficiency and reduce its size and weight. This winding change system consists of two
windings for low and high speed range, and switches the windings by the electronic devices. The
each winding is designed to be high efficiency at the each speed range. Therefore, with coupling two
windings, the high efficiency is realized on the wide speed range. In addition, the torque pulsation
suppression control technology which is actuated when winding is changed enables seamless
dynamic performance. The electronic winding change system and the control at winding changed

are explained in this paper.
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Fig.1 (ZARBIR CHA L= B TR 0 B x ofEaX

EIRT,
u “ u

Neutral A

\% Wl Vv
Low speed winding

Neutral B w
High speed winding

Fig.1 Conceptual Diagram of the Electric Winding Change

B%E L7cB—FIIKABARIIIE—Z TH DD, TDA
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(Neutral A) ZEBIETEEREFERALE LY &3
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— 75 CEEERRRHI I T Z AV EN Z A OBRR R oA B
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High efficiency
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Motor speed
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High torque
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Motor speed

Low torque
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N

Torque

High efficiency area

Motor speed
Developed Motor

Motor speed

Two Conventional Motors

Fig.2 Torque-Speed Characteristic of the Traction Motor

2.2

ABRLBTOBBE 0 B2 2 AT MIFNHOETFT A
ADIRENAEEEE L CTENLEIRBRE N CHEA v
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Neutral A & B, FNHIZHORNBEH 7 —TNA L /3—
FPNTEIZATe Z EITR D r— T NVAREBHE X B =D ER
DREL RV EEHIML T,

Motor 00 00N
—00> 000
u| v| w000 000
Inverter b~ N Nolo Nolo
@ DDA
Neutral B Neutral A

Three-phase AC

Fig.3 Motor-Drive Structure of Previous System

—57 A4 EV TIIHiRERESCE OB HAEHED Y B
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DENLAT T MEESRE L E{Tol, JHUCE Y E—
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=77,

Motor 00

[RaS5iaN

Neutral B Neutral A

Inverter | A
@ Three-phase AC

Fig4 Motor-Drive Structure of DEMIO EV

3.

3.1
(D Mvr vz v 7R KEROREAEIRA

K EHET DA = NORIEL—T1E, T—4
ZEAmAREREE Ld, Lg, R, Ke) & LTHERICHE -
TEY, BE MY ZRAESEDZDICREERICEESW
TE—XITHTEROKE SO EBEINCHIEL D
(Fig.5, 3% (3-1) ) .

Fig.5 d-q Equivalent Circuit Model of Motor

vd| |R+pLd -awlq |id N 0
vg| | eold R+pLqliq| |aeKe

(3-1)
vd :d#EhEE, vq :q i, R BHRIKHT,
o T AHE, Ld :d#my 727 &%,
Lg :q®y 727 %X, id :d g, p:d/dt,

iq :q W, Ke : #FELTEL

74 EV I3ERU0 B A ELA LT D7), B
A IR ERNHEIHCERR & st 2 b D, HHEY
BRDOBRIZA v =2 NOfliHA—7 ORI ES (Cont-
roller parameter) DIV X 17> T % (Fig.6) .

EREOBRY) 0 B 2 BRI X, HEL— 7 o R EK
(Controller parameter) (F&HRYY &% 54 (Control-
ler command) & [RIERCHRFIZEI0 o2 H 00, FEHEM]
DOEHLIRAE (Winding state) (£ 7 b =7 O Lo
HIFIIZ & 0 &4 0 B 2 84 (Controller command) 7>
HERART 1 flfESEL TO Y b5, Ziuddig—7
N—ERTEMEL TV D DITx L, BRI B HlfEx
FHERNARNCHEE) L TS0 TH D, T ORIEHIEL
— 7 OREEE (Controller parameter) & FEHEHIDELR
JREE (Winding state) (ZIZTEENAE L TCWD, Z OFEHE
IZ&Y q HiER7 4 — KXy ZfE (q feed back) & Dff
ENRE L 72D A 3= Z NOHIENL— 7 I K e Bt
Ml (iq reference) #5952 L2725, & L TROHIHE
JEICERITE RSO DY, (o E—F L AD
TRWEEERRICERS —KUZTIVIA R, q BER (q) 2
F =N a— ML TIAUTKY "My va v 7 033584, &
TR RERDIFEAET S (Fig.6)
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Control cycle

Fig.6 No-Countermeasure Against Deference on the
Control
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0

Winding changed 500us/1div
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Fig.7 Disturbed 3-Phase AC of Motor
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High
Controller command
Low
Controller parameter Low High
Winding state Low High
iq reference 100% ’_I
0% .
iq feed back 100%
.
0% 1 2 3

Control cycle

Fig.8 Taking Countermeasure Against Deference on the
Control

Current ref_orme_d

N Jaoowtaw
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Fig.9 Reformed 3-Phase AC of Motor
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~OY) YRz BT — X EEIEER~T (Fig.10) |

iI: 260 Altdiv Cyrrent dela);/ing

Winding changed 2500ms/1$
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Fig.10 Motor Current Before Turing the Flux-Weakening
Offset Block
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(2) BIRAFH DAL
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calculation block) |ZEENA BRI LA X 5 72D DF DI
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HHi7 v w7 (d-q current calculation block) 7225 H &
AUDARHER d IEEREHE 5 Gd refl) 2 d @lFENRNAH
HIE Gd ref2) ZINZ CTrEidEEHAO d #hERESHE (d
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gl Calculating id [ Y W

d-q current calculation block id ref2

flux- w eakening offset block

Fig.11 d-g Current Calculation with Flux-Weakening
Offset Block on Changing Winding “Low” to “High”

:< :e
id ref2 id ref1
-

id reference

Fig.12 Motor Current Vector Diagram of Each Winding
Status at Changing Winding

FOBHAMIEZ 7 >~ 7 (flux-weakening offset block)
ZBN LT GE 0T —4 R ErT (Fig13) .

BRI 2 HRIT T — F B BREEICL D B3 o T
DIRAAHERCTE D, ZHIUTEI Y B 2 B s oola]
BEBICAB LB TE QB 22 2R LTS,
FREHIZBWTYH MLY v a v 7 2SR
ZAMTETCND I EEERTE T,

Curr:ent reformgd

/i]\ $200A/15div ¢

:T : i -200ms/1div
:Winding changed <>
t—>

Fig.13 Motor Current after Turing the Flux-Weakening
Offset Block
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Development of High energy Density Li-ion Battery for Demio EV

EH 72

Hirokazu Kita

B

Kohei Matsui

BREBHE (EV) OWKITIE, MEEERENEY, HEERNEEAIFIRIND, MEAEEOREE
RIS DIVERSH D, ZNOOBEITEL LT, EV BUEROEERBREHT AT 3L K5 A RIS
BNy T Y DOHREZRLFRE L THEHALTWD Z LICERT 5,

AEBARE L7=T 24 EV HAO ANy T U Ry 7 TiE, Wi ZeliZze 18650 BN 7 U &L 2 EI SIS HE
BELTmWE ANy TV EVa— L aryha—bamy bRV T X Lo Z O O iy b &
IRV, B ZeMERER LD ORIV EELER L, £, Ny 7 U OoREEHE -
MFToRNy T VXA M RATALHDOETCHE L, ARTIEHRABLENY T Y Ry 7 VAT A
OEAMAFFRIZ OV TR D,

Summary

For the popularization of EV, it is necessary to solve issues such as the short driving ranges,
limited interior space, and high prices. The main reason of such issues is that the energy source is
only a battery, whose energy density is extremely low compared to the conventional liquid fuel.

For the newly developed battery pack for the Demio EV, thin battery modules consist of
relatively-inexpensive 18650-type battery cells connected in series-parallel combinations and the
electronic parts such as a control unit and a contactor were optimally arranged, realizing high
energy density while securing reliability and safety. In addition, the battery management system
that judges and controls the battery conditions was developed. The technological characteristics of

the battery pack system are explained in this paper.
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Service Plug

Li-ion Battery

Contactor,Current sensor,etc.

Fig.1 Configuration of Battery Pack

2.2
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—RAHETHDHTIADOH VY VEO/ Sy r— TITBN
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f% ﬁ#%6%®@ U XA~ v m UL & ORR
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Battery Pack

Fig.2 Layout of Battery Pack
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2.3
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Fig.3 18650type Battery Cell
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Fig.4 Configuration of Battery Module
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3.1
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Table 1 Specifications of Battery Cell

Cell type 18650 type
Nominal voltage 3.6V
Nominal capacity 2.9Ah
Energy density Over 600Wh/L

Table 2 Specifications of Battery Pack

Weight 225kg
Volume 160L
Nominal voltage 346V
Nominal capacity 58Ah
Nominal energy 20kWh
. 89Wh/kg
Energy density To5WhIL
Max power 89kW
Max current 300A

Operating temperature -20 60

3.2
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(b) Charging,
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Time

Fig.5 Pattern Diagram of SOC Change

ZZT, EV EfH®RE LTONA YT UIAMEREES L
T, MHETEEE LI RIRE S F —, BlEEHEYO
FEL R M A G DR, BEEZSWIEE1 & LT
D ANTBEEHIET A 27 VT 2 R TRy T OFESLE
P L7, #EFR%E Fig6 \ORd, VFUAL L Ny T
W T B T RIS B B DR & 7 FEA
THDH I ENEHRESNTWD, ZOEE, RESHLIE
RO GBI R L CROBRFRSC TR A 7 VD
SEFHUC LT 208, KT A FEHZBNTH Sy T U D
BEITRTE LTEEDLY A 7 VDV A 7 VO IFRIC
HBILTHIEL TV ZEBSh o7, ZORIRMEE A
THETNT DL, FEHZETIREE R O S
WTCHEERERDENRNZ LR s, EV Hil iR
& LTHRG72Ny T VIAMED BRSO,

“'*40-

.~
~ -
- .

Capacity retention[%]

~/cycle number

Fig.6 Capacity Retention in Combined Degradation Cycle
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2.

|Protecting cells from external factor

battery pack structure
battery
battery cell management
system
/ A

quality control Appropriate battery control
Securing cell safety at abuse | [and fail-safe

Fig.7 Concept of Battery Pack System Safety
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Table 3 Example of Battery Safety Test

Iltem Result
External short circuit
Forced Internal short circuit
Overcharge

Heating

Crush

Impact

oljofolojofo
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4.
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Fig.8 Configuration of Battery Management System
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4.2 SOC State of charge
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Development of Demio EV Control System

e —&” A AEE2 B HIGLT3 A Fg 4
Hitoshi Fukuba Seigo Uramoto Tomohiro Yoshizue Atsushi Okamoto
I S =7 Flare Redy BFn*7 K& FEHE™S

Miki Hatakeyama Hideki Mito Masakazu Ohsako Takamasa Suetomi
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NI EFBLTEY, =V Bl & OEMER <, EXABHED LV “Zoom-Zoom” 72 Y & H
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Summary

Different from engine vehicles, electric vehicles have has a battery (energy) control system and
motor control system. The motor has high-speed response and high-accuracy driving-force
controllability, but it needs highly-reliable controller due to its “by-wire” control system. Regarding
the high voltage battery, temperatures and input/output currents greatly affect the battery’s
performance and life. Therefore, to enhance their performances, precise control of the system is
required.

For the DEMIO EV, simulation models of the motor and battery were orignally developed, and
MBD (Model Based Development) utilizing them enabled the efficient development of a highly
reliable control system. The developed motor control system allows smooth and linear response to
the accelerator operations by the driver, realizing "Zoom-Zoom" feel similar to that of engine

vehicles, with EV-typical driving performance.
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Fig.1 Control System Configuration
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Fig.2 Vehicle Control State Flow
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Fig.3 Drive Torque Control
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Development of Crash Safety Performance for EV

1 2 3

Ichiro Kamimoto Masaki Motoki Masaki Ueno

SKYACTIV engine
HEV Hybrid Electric Vehicle BEV Battery Electric Vehicle

’

Summary

There are growing concerns about environmental problems such as global warming and exhaustion of
fossil fuel. Mazda is steadily adopting the Building Block Strategy as an approach to such environmental
issues, starting with the SKYACTIV engine. As part of this approach, Mazda is also working on the
development of HEV and BEV. Electric vehicles demand a lot of attention to ensure high crash safety
performance for high voltage parts which the existing fossil fuel-powered cars are not equipped with.

This paper introduces the development of crash safety performance for Electric Vehicle which contains

high voltage parts such as the propulsive battery, inverter, motor and harness.

1.
2.
EV
2.1
EV
EV
HEV
Table 1 3
HEV ..
Condition 1 2
EV ..
Condition 2
EV
Condition 3
EV
2
EV EV
1 3

Crash Safety Development Dept.
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Table 2

Table 1 Electric Shock Conditionsand Protections

[Electric_shock _Conditions
Condition1 Condition2 Condition3
= Exposed
conductive
parts i
Electric
leakage
More than one electric leakage
and exposed conductive parts
Direct contact with more An electric \Eakage and direct are not equivalent potential
than one live parts. contact  with live part. difference the electrical
Requirement chassis.
Protection against i
direct  contact &
with .hlghl IPXXB
voltage live parts
Exposed
conductive —
Protection against parts ~J J
electrical shock i
with arise from ~
indirect contact In order to equal potential difference,
conductive parts connect to the
electrical chassis .
— - Exposed
4'/_\, conductive
Electrical [ = | . N
Isolation ‘_aL/L 1
Insulation resistance e
Insulation resistance
Requirement of the electrical power JPN EU USA
train operating on high voltage ECER-94,R-95 FMVSS305

|.Protection 1.Protection
against electrical |against Direct
shock contact with O O0|0:0
hight voltage live
parts
2.Protection
against electrical
shock with arise () ()
from indirect
contact
3.Electirical

Isolation ()

4.Automatic
disconnection and
low voltage,low
electrical energy

Il.Rechargeable Rechargeable

energy storage  |energy storage
system retention |system(RESS)
retention

e |40 510 6 blo b

Table 2 Regulatory Requirement of the Electrical Power

train Operating on High Voltage

2.2

Table 1 Condition 1 Condition 2

2.3

Table 1 Condition 3

2.4

Battery Pack

Service Main Relay

Heater

Inverter

Vehicle
Control
Module

HV Harness
__Junction Box

Charger,DC/DC convertor

Fig.1 System of Electric Drive Vehicle

3.1 BV

12V
346 V
20 kWh
346 V

— 136 —



No.30 2012

DC-DC

12V

VCM

PTC

EV

FEM

Fig.3 Mounting Electric Drive Battery

4.1 4.3
EV
Fig.2

EV

Fig4 5

High voltage battery

Bulkhead
High voltage cables

Fig.2 Layout of High Voltage Cable and Battery
4.2

EV
Fig.3
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Cross-Beams
N

Fig.5 Survival Space for High Voltage Cables

4.4 h

BV Rear-end Cras

Fig. 6 CAE Evaluation in Various Crash Modes

(1) CAE ©
Fig.6 Fig7

CAE

CAE

EV
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Rechargeable energy
storage system

|
I Inverter

Interception
S — !

meter

Fig.8 Automatic Disconnect System

5.

EV

Rear-end Crash
Fig.7 Actual Vehicle Crash Tests

4.5
EV

Fig.8

RCM
RCM
VCM
VCM
SMR

100 ms
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EV

27

Wire Harness Design for Electric Shock Prevention

Ve Z2Rst*1 FAJI TS 2
Hiroki Sato Takeshi Matsukawa

<V AIBREREELTTA R 7R My Y25 A Tisstop] RBHT RAFREES 25 A (i

ELOOP] % #5# U708 & K i 45

HALTWD,

<V A1 1966 FEIC EVHRICEFL, TNETIKHNT0ED EVATHEEAL T, 73I4 EVIiZ

FEROARR 2 BpEIC AT TR Ml & LT, BATT I A 0 fAN S &2 3.
(LAF e

TrREEESEE VD), RBTA T =R

Wik L-o>>, EV Az (L
IN—FR AL WD) EEET BT N TH

BLEbDThD, 734 EV ZEN L LTEELEZHEMLTWD72D, ANE~OEEY 1L L 06K & [

*3%@{D§EI\$;E|:"[TT‘LL an+ ﬁDi“C,
—LDOMEE R LT,

Summary

SBREBEBCEATEDERT A A&l EV 77 v M7+

Mazda has been launching new products equipped with environmental technologies such as an
idling stop system, “i-stop”, and a regenerative braking system, “i-ELOOP”.

Mazda has started EV development since 1966, and released about 70-sets EV. Among such
products, the DEMIO EV is positioned as the next action for future full mass production, using a
common base-structure with the current DEMIO, and installing the devices for EV (high voltage
devices) and wire harnesses for connecting them. As the car uses high voltage for its power, an

electric shock preventive design is considered while high reliability is kept as before. The EV

platform is constructed in view of other electric devices to be incorporated step by step.

1.

< FIIBEBERNZT A R T A Ny T AT A T
stopl , WOHTRNLFEAT AT A -ELOOP) , £—#

BB 72 EDBRT A AEHAT D TEANT 477

oy 7] (Fig. 1) Z2H#EEL TR, A&%ﬁ?éﬁ
SIZRBWTIE, 78U — Y — R PRI 2 CREElE
ERT A AT BB L, - RESERED I L%
HfELC\2, —F, BEloEEFLE, SEEE WD H
f:fxf”&ﬁl%%ﬁ?b%Ai_ﬂuﬁ“é TEEEWT S, b
TSR A VAT DRET NN—F AL, Gk E FEEOfEHE
/fi&;zgfé%‘fﬁﬁ{%fré 72Tl HaromEE S
MNE~ORKER I 2BE UTBREDNNATH D, AT

EEE Y AT MERICBT D REREEZE LT A T
—RADHFFOM Y MAEFENT D,

s Motor
Drive technologies
Step-2

Step-1 i-stop (Idling stop system )
Base Technologies

Fig.1 Building Block Strategy M

1,2 BB

Electrical and Electronics development Dept.
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Fig.2 DEMIO EV

F A BV (SB1 5 74 Y/ — X ABROUI A >

FUTFTH 2,
- R ERG
- {EFERROE AR

- BHE B Ol RE
- BTN A DN
- BRI OB LR
“EV 7T v k74— hOHE
“EVZTy hT7r—4
CFKEA Ly NORH—DU T

3.
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When someone contacts to "+" When someone contacts to the
and "-" of the high voltage high voltage during the
directly insulation resistance fall

Fig.3  Situation with the Danger of an Electric Shock
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Blue and Pink: Wire harnesses and Connector
Green : Bracket

Fig.4 Protect hlgh Voltage Connector by the Bracket
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Blue and Pink: Wire harnesses and Connector
Green : Bracket

Fig.5 Protect High Voltage Connector by the Clip

NS IFER IR EICEET 2 E T (B 2ED
ZLThY, BREMEHERTOIRVEDRFETHLEE
ZTCND, UL, FieilimaRET 2 elcLbax
NBR UP Xy r—V o ZCHilifE 52562 L 720,
Eﬁ RTEZD LT L HANRTBL 0D IR

Yo A TEALZOR, ax7 28R I SnizE%IC
E%%ﬁﬁ@%EuTmﬁEkﬁéﬁﬁf&é :hi:
27 HA B ISNTHREEIIREEED Z L TH D,
A4 EV CHHEAMICEEED +HllZ 2 A5, —Mlc
AWETEBRAL, 237 X &5 LI2REE T&%#ﬁ%ﬁ
F A EREEDE LWL Y EET D L b
V=T TG LAy B ~DT 7' ARSI T
WZOWTIIA v Z—ry JERERE L, A ¥ —ay
7 LITEEE S R 7 AT 12V RREEFRCHRE L, #
felkEEZE=2 LT, s T\hWikEE (OPEN) %
M35 L @mBLEEZENTE AT LA THD, FEhuklz
Fig.6 |71,

— 142 —



No.30 (2012)

ECU

Fig.6 Interlock Circuit
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Fig.8 EV Platform
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Fig.9 AC Charge Inlet (Rear Fender LH)
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Fig.10 DC Charge Inlet (Front Fender LH)
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Mazda's Improvement Measure in Safety
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HENHOREMREZmOFT 2 Z L1, BE#AeEl L CHERFARRIEE TH S, 2007 FICFAT A
T NVZoom-Zoom" E S E BT T~ Y X OLEE~ORYMADE 21X, TRITAN\E{FH#H - BE L GERRR
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X, 29 LeREeHfo%EE S BREL T,

Summary

A continuous improvement of a vehicle safety performance is an indispensable acitifiry for an automobile
company. Mazda, that published a sustainable “Zoom Zoom” declaration in 2007, has been executing safety
actions based on the philosophy that “while trusting and respecting drivers, Mazda not only supports drivers to
comprehend a driving condition and assists drivers to make a correct judgment and to execute appropriate
operations, but also to help drivers to extend a safe drivable conditions by notifying a driver of a risk to them by
facilitating avoidance activities of a risk increase when an accident risk is evolving. Furthermore, understanding
the human nature, unfortunately, can never eliminate all errors to zero, Mazda’s vehicle addresses a driver’ s
unavoidable mistake by developing and providing technology that prevents and alleviates damages as a result of

an accident.” Mazda recognizes that a safety technology can demonstrate its true value of technology only when

the technology is prevalent. Mazda aims to permeate a safety technology throughout communities.
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Basic Policy

Deliver "Driving Pleasure" and "Excellent
Environment/Safety Performance" to all customers
who buy Mazda's vehicles.
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Stylish Insightful Spirited

Fig.3 Sustainable “Zoom-Zoom” Announcement
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1 '
29
Accidents / sightaccidents

300

Minor accidents but a "close call”

29

Serious mistakes which did noi
cause accidents marginally but
close to an accident

300

The stress,uneasiness,inconvenience,and
fatigue during ordinary driving operations
(inhibitory factors for driving concentration)

Fig.4 Structure of the Background of Accidents

High

Help protect passengers \
and pedestrians in the

happens event of an accident Injury
. reduction
- Help avoid or reduce the
Accident becomes severity of an accident  _/
Risk of unavoidable when the driver alone

cannot safely operate the
Accident s vehicle

Risk of
accident rises Provide hazard alerts to
help the driver avoid
dangers and recover the Accident
safe operation of the vehicle reduction

Maximize the range of
conditions in which the

. " y driver can drive safely
Risk of accident is low and comfortably

(Safe operation of vehicle)

Low What Mazda's safety technologies aim to provide

Fig.5 Safety Mazda aims to Realize

1) The situation where an accident
has occurred

2) The situation where a risk T -
is being developed

3) The situation where a
driver is driving safely

Today Future

Fig.6 Expansion of Safety
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Table 1

Mazda’s Safety Technologies

Accident reduction

Injury reduction

Support after accident

(G Accident prevention Mitigationfof rlsk./damage o) Minimizing injuries in accidents (T GEImE R Grestls
(Active Safety technology) e areltenii (Passive Safety technology) ouly
(Pre-Crash Safety technology)
Alerts drivers to potential danger
® Monitoring systems for vehicles approaching from behind
on either side: Blind Spot Monitoring (BSM)/Rear Vehicle
Monitoring <RVM) system Helps to protect drivers/
© Emergency Signal System (ESS) ) passengers in accidents
® Lane Departure Warning System (LDWS)"* e SKYACTIV BODY:
® Front Obstruction Warning (FOW)™* Straightened the basic frame and
. continuous framework, multi-load
Supports to avoid danger path structure
e.Biake a55|stAand EBS . ® Curtain and front airbags
® 4-wheel antilock braking system (4W-ABS) @ Soft interior to absorb impacts
© Dynamic Stability Control (DSC) ® Seats designed to reduce impacts .
) ® Brake Override System (BOS) . ) to the neck / rear seats that .Automat.lcally sends
Vehicles o Acceleration Control for AT (additional function of SC8s)? | Minimizes damage in an resist against luggage flying information about
. . . accident forward current location
se:,t.msgaf;?;us Provides driving support ® Smart Brake Support (SBS)" e Pre-tensioners and load-limiter | (Mazda G-BOOK
Technologles o Parking assist:system o Smart City Brake Support seatbelts ALPHA)
ot it oal ® Intelligent Drive Master (i-DM) (SCBS)™? © Collapsible brake pedal © HELPNET
andrede; Supports both safety and ‘Driving Pleasure’ e 'SO'hF'X_'Comp_“E:”t child seat ® G-Security
® SKYACTIV-CHASSIS: A newly developed front strut and rear anchoring poin "
. . . . ® Impact-absorbing steering
multi-link suspension system; a lightweight cross member zolumi
with high rigidity
® Inter-car distance control feature: Mazda Radar Cruise Minimizes damage in an
Control System accident with pedestrians
® Adaptive Front Lighting System (AFS) ® Impact-absorbing bumpers
® High Beam Control (HBM)™® ° Imp(act»abso'n;bing hood
® Power windows with injury prevention function ® Active hood
® Water-repellent window glass
® Improved front field vision @
® Organ-style accelerator pedal
Safety education
People
o Safety-related exhibitions at the Mazda Museum e Traffic safety awareness quiz website for children ® Presentation of safety technologies at various events
Initiatives for a safe society
Roads and
infrastructure @ Intelligent Transport Systems (ITS) @ Smart Traffic Flow Control @ITS Spot services
® ASV-5*2 e Road-vehicle communication ITS (DSRC)?
3 = Pt =" 3 RL = e
4. 7z, HHEETREO BT A SO - BAENEIRT 2
A S B fi) s e SN Spa -
41 Hffr& LT, v RVESECIS U TR 23 TR NI T %

AR O#E 2 FIcHSE, <V 2T, FHBhIEEL ORI
R0, 1EZEZE MEREBFE 72 & DL MEREN LD T- D ORISR
IRV #ETE, L0 V=3 VBT TNDHD, =5
L= et OmE % [Hha R T 285 (7277
A Te—=TT 4D | D [HEOU R ERERT
M (FV T ovat—TT o858 1, [FR—0HE
HOWEZBINT 28 Sy v T v—T7F o HifD) | 125y
FILUEY MA-OREG 2 SRANZIEER L 72073, Table 1 T
H5,

4.2

Table 1 ® [F&EFRRIHIETDEiM (7774 78—
TTAHAD 1 1E, KT A SOSERERERCER O & YR
— MBI THLTH Y, FOHTO 1 2lz, VT7Ee—2
NE=H YT URAT A RVM) B35, ZOVAT AL,
HRE TN EREEF LD R NIZx LT, %5
DOEERHOEmR, BT DB ERIED B 5%
G OHEF~DMEEED DV AT A THD, Hizhb, K
FANZH LT, BRIV 27 0GREZE CERNS X
INIXET DT D,

TETT 4T 70y NFAT 4T VAT A (AFS) <, Al
A THIMOR TR EL 2 B L7V & 5 B L 7R7s & FTHEZR R Y
WRTE HHHE LT 5 B =Lz ho— (HBC) 72
EOEATETHEAL TV, HRRE KSR E i bd 57
A FEVar (GHEEE 13 2012 £HE, SfTh5, bk
o> K 9 22 MBIHEANR O LRI L > TRttt 5L T
LERROYE R BFR LT Z ENHREIC2 D EZ 2 TC05,
iz h, RIANOEEEREAEZ 2 2 & bR o720
LV AT OREESS Z 82D, Pl d iR 2 e
52 L TRARERE T R— 5720, A BT —% ki
REMEY BBEAMUNILAT U ML LT, REATOL
FEAHE e SITHTENE T —I2@N5 2 L 2B5E, R
PGB LT WL IRE LT, IS, AT —L RT7IT—
ORI A 70T, BRI - BRI & b IR
BESTHOLEL BHEAB LT L, BRERE Y R—
FLTWD (Fig?) . 29 LM miihit, k<t
FRRCIRL AR Ao i DB B [FHilk & RRITH 175
Hifich s,
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4.3 /

(DY AT BT D845 (FV 7T viat—T7
BT ) L LT, IR e < I o e lmAIT,
TEHEE 36 L ORI OBEZFEN S G D7D 7 L~ [l b
DR ERBTE L L TREREO BB 7 L—3 80 b s A
LCn%, EOMETHIERENR ERFRDEL T,
IHEAEATIRED BT A SOAREEPHBTIC L - THAEL T D,
Aw—hF+ T4« T b—F K-} (SCBS) %, Lik
DAL CRITEEA~DIBZEH BIEREE DRI 2R o Tt e, 7 v
B HERNCT L—F 20T DI CH D (Figl) ., 20
FAfpsRe 3 S HIBhRe DaI I IREr (KEER) CiXd 2
2%, MR B RERNHERRT 28I CH Y, ORI TE
MaEBREEDLVATLATHD,

When turning left at an intersection

A-pillar position of Car A

Comparison of door mirror positions

Fig.7 Front View Improvement by A-pillar Form

L < _—
»

@ Approaching (With high risk of collision)
front vehicle at @ Prepare for braking
4-30 km/h |

@ If the driver does not
apply the brakes, brakes
automatically activate.

!
@ Vehicle stops.

Fig.8 Smart City Brake Support

4.4
[ R—DFROWFE LT HE (v TEe—T77 4
i) 1 & LT, &E - FHIROERTED b TS50
72T, EE ETRAL D DikA RN A TRE L7 &2
FEREIT, RERHEOFIIZEFEICE L SE T D, CX5
PRIV A LT ittt fRooig & - mit: [SKYACTIV-
BODY 1%, A7 —#SEOFEFANIHIRY, il T35
ME e — 5 RE U= ORT—%2 HIE L TR L TW\5,
At O/ R — A, MR EORIEZRFD 1,800MPa &%
O BB ARSI 5708, RT—0 61%IZmEE

TER A L, BE(LZBRT D & & bIEm OB e
REZFEH Lz (Fig9) . 20X [H Ly OEICFTA
PRI B & ST HEAIC OV B AL 21T, CX5
TIEKE IHS ER¥1) O~y Fe—7T5 4y 2 2012
X, =—1 NCAP (EU%2) ThmaHlio 5 SREZMA L
e E£77, FRln— FRAX—TlL, AR—YH—L L TRV
Fv MRS AT VA U EHERF LRSS, TR —0OF
DEAIZ, Ry MEREBHFCRED RIFC, =P ek
U3y N ORNCEERRZ RIS 2 22 M et L, T8 OGS
~OFBREFITD [T T7 4 TR xRy b T HERE
VAT L) ERFELTC, REAPERA L TN D,

Bumper beams made from 1,800 MPa ultra-high tensile steel

Fig.9 SKYACTIV-BODY

VERR1 : Insurance Institute for Highway Safety O, %54
PERH 24T > T D OKIEIPR RS O I FITA,

TEFR3E2 : New Car Assessment Program DM, HHREE CTEME S
TS, BILVWHBIEOEEZRZIILO LT L%
AVEZFHN - ART 2 ABERZ 2T A |,

5.

LEFMTO B, Z ORAOMIEZ B - Bz
TED 2T, EABMTZ LB X TS, LB
LOEENT D720, S ZeofEits 81, a3
o= —varEmLT, FAECEGEIC Rt -
VI D L) EEML W72k, TSR
BCER D flTe Z L XKW BEEE, BIITHERICE
DEAEBITIZDIZ, 5% L bl ERL e~ Mg
HED 2T U2 B2,

FTo, GG RPEFRT IO REANT, Bk
DG ZEAETZ ERBIUE, BEBIHTHER > TV DARME %
I Z LN TERNY, ZeFINY, BEEE - EHED
LRRE, REITERENZ @), TREEEE70ilc#bin
HTEMBRIELEZ TS, RIARNEHESEFEL, KT
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CAE

29 Evolution of CAE Technology in Crash Safety Development

FH BEST T2
Ryusuke Asahi
INGs TEAT5

Kosuke Kojima

IEESN N
Katsuhito Kouno
By GRS 4

Masaki Ueno

AR B3

fEH #™o

Yu Hanada

~Y A TIE TELEYY & MENTEREE - 22V 2R oMo L EEL TS, 20T,
WRZEMABIZBNTIE, CEMERLEERIME VO ERTIREL HXIC T I E L5720, CAE

(Computer Aided Engineering) # B L CHmEHEEZ AR L T\ 5, SKYACTIV-HR 7 —IZfRE 1
LHERBAFEICIBWTIE, SREZR CAE €7 V2 AWT, HEMELENICTMIELvALTFr—R
N2 7 PR LI LWEEZEY L7, BIC, ZOREEETLVERBERY I—ET L,
N - MREE T T VEAMAE DY, BEEREAREHOREEEME TR EEZ CAE HIFZHZ L
Too ZOFAAE CX-5BFICT7 VML, Ry LA aMEREE FE LT,

Summary

To develop a vehicle that offers “driving pleasure” and “excellent environmental and safety
performance”, we made full use of CAE (Computer Aided Engineering) in developing crash safety
performance, with an eye to achieving two conflicting targets: A high level of safety performance
and weight reduction. In developing the new vehicle structure, which is represented by
SKYACTIV-BODY, we analyzed the loads transferred to each part of the body by use of highly
accurate CAE models. This led us to develop a “multi-load path” structure in which loads are
dispersed across multiple parts of the body. In addition, by a combination of this body model, high-
precision dummy model, and interior and restraint system model, we developed a CAE technology
that makes it possible to even predict body deformation behavior and occupant's injury value. By

fully applying this technology to the CX-5 development, we were able to achieve a world’s top-level

Shigeru Sugimoto

crashworthiness.

1.

<V TE, HiNFROEME Y arThD AT A
F7 N “Zoom-Zoom”"EE| (IHOEX, v VX HEERHAN
TN RTORERC TELEHOY & BN - %
SMERE] ORAEE HIE L CRaMBREIT> 05 (Figl) .
ThEABULLIZOMRBITT I AUBEAL TV
SKYACTIV ##ficdh b, FH CX-5 LTI, 7V —v
T4 —BMIRBRENDHMRDNRT — R LA EGF &
AT, RS TNV OEELRMEREE 7 T A Ny T D
W L AT 5 SKYACTIV-RF—ZB%L, Zhnbd

JEACHRVEL BB L QO FRETH Do
SKYACTIV-RF—DBiZ B TIE, Eigezeaiibe &
Bl & W DRI DREE SR TN S H T2 O
FHEPE CRUSIIIC CAE IC L 2METE1TV, BiRME 2 i
Wb Sz, BRI, s L X2 R < BfRA
ERIARIE - WL SH D 72018, 7 L— LORECTRR D
TR IR SRR D1 FH SRS R ORGt 2 1T - 7o, BRI
LRFOFEHFHE DT, BHRERZ 58T Uiz LT, FEEIZ
BOAEEEZWILT B A /310 b U L7 EOWNEE M,
FEOFEZ 2 br— LT 50— UL MR T Ny 7

F1~4  EZEVEREPAIERD
Crash Safety Development Dept.

*5, 6 NVH M6 - CAE HAfrBasEEn

NVH&CAE Technology Development Dept.
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R oHEEEOHEFHC Y CAE Bifi2#EA+ 5 2 Lick
D B EARTHR N o P LNV OREMERER ZELL TV 5,
AT, Y X OMELEMNE X TWDEHTOD
CAE Bz oW TR 5,

ZO0ONM-Z00M

Stylish Insightful Spirited

2002 2007

Fig.1 Defining Sustainable Zoom-Zoom
2

HENHEOEZERSIE, Fig2 (R X9 ICHEASR &Pk
FRD 2 DIZKBITE B, AEBHORF OB 1L H R
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Ly, REO¥EE L ho—L L, BEOICE, FTE~
DE A=V EFNRIINZ S Z ENEETH D, ZD7D
REHEEIE T CAE < VIRL, BUROECNEERL, #
AL DR AP TG LT D,

<:| Velocity

Interior Occupant

WA

M

Fig.2 Kinematics Model of Front Impact
3.

BROFRFHIIBNTIE, HZSEFE CHIROS RN~
Ge ED L DI, FTEICODNIBIREERCH 5= T 5
DO CAE TIELL PRIT D Z &N ETHD, v V&
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N O TEMBEFE 24T > T %, CAE Ok 72 T
EFEETDHRA L MY, ETLVORBERIEY 2R TH D,
BIRAEOEIEIRE (TR, ACVER) EhEs
IV ECHET 501, FEARARESE CIF, £
v¥a LIES) AHWT, EILOER LD E— R - i
72 E DFEROFHERERe, H OB 4 EMEHET 5
CENEETHD, AviatA RELTUL, hEL<TF
DIF EEROIRTFENED 7 B3 2 Iif, BESRBEOER L

SHEORRIE &7 (X4 L2AT V) OffEEEE, FE
RERIODIRICERET D, ZORMBEIZBE L TiE, RO A—
PR—T U — X R TR L, EHEERAE S e h)
SHBZ LK VMR L TD, Bladis, <Y X hMEsE
CAE % B L7z 1990 FERAFEHTIIA » & = A X3
100mm CTET /VORBERE KT BRI - 7o DIkt
L, BIETIEA v a2t A L 3~Tmm £ TREAE L
MRBEFEE D 300~400 JTEEFHE E CREMYL L T D

(Fig.3) .

7o, IHEREALOTERND, HREHERK T 2 SR
HEL LTV 5, BRI T ARERE D, EiaE
PREIESR £ T, AT & 0 BNV BTV B,
TN BHMROMEHHEZ IE L BT /S5 2 L)
HETHD, LT, EEERRTRAL D, WMRKRAT
2 L BIREE AP ORI ) 2 7 A S I T 5T
JLERT R B DED Z LT, BETHY MRS &
7R HAROFE A FBLL T D,

Past
(early '90th)

mesh size: 50 - 100mm
total num. of elements: approx. 30 thousands

mesh size: 3 - 7mm
total num. of elements: approx. 3 -4 million

Fig.3 Improvement of CAE Model
4.
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Number of Nodes : 230,000
Number of Elements : 190,000
Number of Solids : 210,000
Number of Beams : 200
Number of Joints : 30

Fig.4 Dummy Model for Front Impact Hybrid I AM50
Model Developed by LSTC
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Rib Structure
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Fig.5 Instrument Panel Model ( ex. Glove Box)
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._! @ Biaxial Tesion

Uniaxial Tension

()

Fracture Strain

o

Uniaxial Compression

Vraious stress condition

Fig.6 Relationship between Stress Condition and Fracture
Strain

Fig.7 Instrument Panel Knee Impact Simulation

Simulation with Fracture

Impactor force

| Impactor displacement |

Fig.8 Simulation Result
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Fig.9 Simulation of airbag deployment
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Fig.10 Multi-Load Path Concept
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Fig.12 Body Mass and Crash Performance Comparison
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5.2 CAE

I, ATEERICBSOOREEHEETHIC CAE ZiEH
L7l 24800 %, Fig.13 (CHImHEZE DRI R B O
BEROMHRTT Ny 7L — UL MR D R E 7
Wz~

SHEOGE AR 27-0I21E, BMATT /Ny 7T
RENDEROFAEE~D AT %%ﬁ%ﬂﬁﬂﬁ‘é ZENHEETH D,
CAE Z{EM$2Z LT, Figld ITRT LI, EZEE
DFFER & =7 /3 7 OEIRIEZ RO L, SEEOR

FEATO ZEMTED, ZOHE, =7 v IR, JE
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Fig.13 Comparison of H3 50%ile Dummy Kinematics
Under J-NCAP Condition
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Fig.14 Analysis of Neck Injury Mechanism
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Fig.15 Improvement of Neck Injury
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Fig.16 Improvement of Development Process
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30

Outline of the System for

Low-Speed Collision Damage Reduction

AR ]
Koji Hosoda
Ok 2RI

Takanori Kume

%R ZInik*? s ARE*
Takashi Goto Kiyonobu Takahashi
Ry PR VSR I N

Hirohito Yasumatsu Ryota Mitote

AAREANTHAE L TV D Bl FE O 87%3BZEIC L2 DT, HIZEDOK 67%03 30km/h LA F DK
THAELTWD, Fi, FRRISEF, < OREFFHNRALND DN AT ETOMBEEK THL, vV F
X2 OERICER L, KHR ORGP ERBICRE Lot aiil, A~—h->F 4« TL—% -
PAR— bk (LLF, SCBS) J & TAT BUEsmflHIE) 28r/-1cBi% L, CX-5c##i L7z, SCBS ¥, 8%
WX 2HEEE TR L CHEB T L—F 2 {EBISE D VAT ATHY, —F, AT BEREMHIHIET, AT HToO
NRYENVEHIREV LD FERFIC= P MV iz, SFEENHT 5V AT ATH D, AFTIHE~Y
B & T D T HARHIRIE ZE L F R S 2 T L OEC DV THEN T D,

Summary

In Japan, about 37% of the car accidents occurred in the markets was rear-end collisions, of them,

67% was occurred at 30 km/h or lower speeds. Similarly, in recent years, a number of accidents caused

by false departure of AT have occurred. Focusing on this fact, Mazda newly developed a “Smart City

Brake Support” and an "AT False Departure Restraint System", an advanced safety technology

specialized in reducing the damages of collisions occurred at low speeds, which is applied to the CX-5.

The Smart City Brake Support is an automatic brake system that predicts the occurrence of a rear-

end collision and operates the automatic brake, and the AT False Departure Restraint System which

reduces the engine torque to inhibit sudden acceleration caused by misapplication between the brake

pedal and the gas pedal of AT. In this paper, the general outline of Low-speed collision damage

reducing system which is Mazda’s first time production is reported.

1.

<Y X TREHRBABRORNe Y 2y 2T FT 0
“Zoom-Zoom"EH & | \ZHDE, ETORERRKIC TEDHE
Oy & MENTBREELAVERE) ARt 52 L2 HIBL T
WD, EORMTAE, BT < FEA L THHIEH
B CO R FESIT T U T2k 283 2 Jete e 2 E0f,

[SCBS) KU TAT FAFSHEMSIHIME ZH-IcBzs L,
CX-5 1 LTz, LLFICZE DM AT 5,

2.

ENTHAEL TV DEZRERAENRNCR TAHD L,
Fig.l (TR &L D ITBEHENEROK 31%% Sk L
2o TNBEY, FIZ, IBZRHHRAE RO BRI & B C A
BHE, ZFOK 67%0EHE 30km/hPL T OEEEE TRA L
TWbZEnbnsd (Fig2) @,

F7z, R ERFHTELEELTNDDONATHT

PRI L AEREM TH D, ZHUTEIZT T MY
NOBSTEMEIZ L D HOT, ENICEBIT 2 A

*1~6  HIl AT ABHTELD
Vehicle System Development Dept.
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VAR 7,000 FRRREE T ZEAFEHERS LT 50, HHT
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Z DX 5 IZ IR BRI CF A LT D% < OFfifZE
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IR THD L2 D,
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Fig.1 Types of Traffic Accident M
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3.

Alrl, CX-5 (TEA LTGS2 B8 S A T A,
(Y 2F7 A F TN “Zoom-Zoom” B ICHIY, &TOK
BRI C X BN LMD E ARG \WE LTH
FE LTz, ZORbWEBHBILT 272012, VAT LOHRE
& HAEMERE A RARYD, & EHERECNR I TE 5
IR VAT Z T, TEWLRMRE & (774 —4
TNAIRAA N BWENTHI EEBRE L,

4.

RIS B S A T AT, SATEA~DIBZEIC L D
EEWEEAET 5 [SCBS] &, AT B TORK /LR
T X 2 RAFERF OB E A 8895 TAT R85

IR, D ST-DORRE CHERR T 5,

4.1
(1) SCBS

# dkm/h~30km/h OIRHESTHIZIATHE & OO
e d 2454, [STEP 1] &9, 7L—%71L7 11
R SETT L—FOWEOEFED, FIA 07 L—%
BRIEICH L CREICHIE D 2 RHETE D L D HElFT 5,
[STEP 2] ®iZ, K74 ")EZEEEHREEZTTHT, ¥
AT LOMEZEEREE T & 22\ & T U7 B A L2l E s
TL—X s, BT D 2 & CIREFIC L D HE
W5 (Fig3) . 728, SCBS ICL57L—%7FL 7
AVDE T L—FHIHFIC KT A SH B X 2 BEEERE
(BT 7 B NVEME) BB -oT5E1E, R4 EE
e, SCBS 12X AHliE oM F v LT 54
—T A FHREBZ TV 5,

STEP 2 Automatic Emergency Brake
Fig.3 Functional Overview (SCBS)

(2) AT REZEHEHTIHIHE

S8, F7213 10km/h BUFORATH, A5 I CHm RO
WM& DIRRETT 7 R RENVBEELL RICB A E -
By, B & A— 23 EOBRFRCL > TRIA
NIEBYEL, 77 eA T 7ER T L L blcn Y
> VD i U CHEm OIS ER A, A7 - EE
W & DA L oWECERT 2 (Figd) .

Warning and reduce eingine torque Peel out
Fig.4 Functional Overview
(AT False Departure Restraint System)
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4.2

SCBS, KU, AT RRs&tEilhiliE s 27 2%, Hiizic
BR LIz L—W e adig, ¥4 F7Ivs - AZEY
T4 -arba—L (DSC) =y K, NU—hkL AV -
ayvhog— s E¥V2—)L PCM) , RF—-+ a3 bo—
e EYa—L (BCM) , KO, A—% THET D, &
ECU % CAN (Controller Area Network) T, N
FHroOBEIC L > THIEL T2 (Fig.5,6) o

Laser Sensor
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Fig.5 Parts Layout
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Fig.6 System Configuration
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EZEDfEIPEZHIET L, 2200 rTREMED S & HIT L7345
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Fig.7 Sensor Mount

Fig.8 SensorAppearance
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HIFEICR T D= bV OFIIEITH & &b, A
— 2Tk L CEESRERI - FREDREEET D,
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(4) BCM

DSC MHDA by 7T T HITERICHE, A by
T T DRNT KT E T D,
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a2« F 4 A7 LA 1T SCBS eS| — % 1E8)
ReDAEENFRR, KUY, AT RESERSIHE )R OB R
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Restraint System

(b) AT False Departure

Fig.9 Multi Information Display
5.

5.1 SCBS
(1) kERnRE

HATT 6m, V2K 27 B, M4 11
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5.2 AT
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HEE L, HEATREIC 720 VIR SR LIRS 50~ & BRoh 3 241
kL Lz,
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B, RO, HES#D BEIMEEAER L, TR
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TOACIADRLEE R ETORANHEBE L, KIEKRD
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WAILE, HAWTERIEDENLWIGAIZBW TS, Bl
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Fig.12 Collision Speed with or without False Departure
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31 SBSIMRCC

Improvement of SBS / MRCC Function and Performance

(Smart Brake Support / Mazda Radar Cruise Control)

Rl 551

Takashi Osaki

I Ba—HRR™s

Soichiro Fukui

Eﬁ?kk ﬁ/% 2

Yuma Nishijo

ICZAIPN

Daisuke Shimizu

U V—F &\ ol R E Yl 2L e B & (SBS : Smart Brake Support) LaBREREEE
173 (MRCC : Mazda Radar Cruise Control) A7 7 o PICHE Lz, o — LIBT3
726, HERE /MEREA IR B4 B L & bIT, BLEISS U2 BN R A # R 2 EERECBER] T oD B i FR A RE

EFIICHRMA L., 260 &0 HEN0FOKEE,

Summary

K Ve ERERTHEIC O W THET 5,

Pre-crash Safety System (SBS: Smart Brake Support) and Adaptive Cruise Control System

(MRCC: Mazda Radar Cruise Control), both using millimeter-wave radars, are globally deployed,

and functions that display inter-vehicle distances corresponding to the vehicle speeds and limit

vehicle speeds in turning are newly applied to improve the functionality and performance.

Functions that are easier to use and improve driving safety are explained in this paper.

1.

AR, T T 4 Te—T T 1 RO EE S
FV, R RS e — VS TE Y @R 5
TS, THNETIZ, < &2 CIIELEREOME 2 88
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HA R A B ) & LB el 7EE (MRCC) O
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LBz, I0Ved <, X0 LEeREIR AL HEEE
BN, MEREMI AT fzHAC W TS5,

2.

2.1 SBS
SBS I3, R (BZE ST T D FTREME A A
WTDTAT—FR AT ANT I vay U=
(FOW : Forward Obstruction Warning) & HEhffJIZ1Ef
GERE A RPN HHENERE A RO 7 L —F T AT A THERK
LTW5, SF, kAT AN~ A8 L—XFIZ &

LU, F5 K OEHBERE (A OE & OEZE0 rIREM:
ELOEIODERT D) B S, £z, #Hiildk
THE COFHIIIN U R ZoR L, W72 R
B 2D R— T BT 4 RE R - Las=vay
A—b - 275 (DRSS) M L7,

2.2

MRCC

MRCC DEAENEE Fig. 1 1TR7,

FATHERWR, L IS TE & O HHEIREE =
A, RIANDBERE LI-HR CERHETEITY, £,
BE L DBEVETHZRINT S &, BITHEOHREIIELT,
TV BIOT X L AEEHIEE T O, SBATHED
Wil IpofeipAld, sEREHE BRSNS 5,

AENIHZIC, h—7 TRl HEE I DR,
A L= RIRBWNE L Z2 YR — A IEERE 2 A L, &
V%L DI—TRIANDOEEAMEZENT 52 L% H
L,

F1~4  HE AT LSBT
Vehicle System Development Dept.
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(1) Constant Speed (2) Deceleration (3) Lost=Acceleration
Fig.1 Typical State of MRCC

3.

SBS/MRCC A7 MMfpkz Fig. 2 129, %& ECU [d
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BITREY, VATA2KE LT ECU TRV EDT5
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Fig.2 System Configuration

3.1

Y HL TV ARGICHREL, BT ORGSR EY O
Wezmtd o (Figd) . IV (76-77GHz #7) ZHif
AT T LRI BRI E W S L2 IR 22 R L,
Ry 7T —hRa R U CHREY & ORISR/ s K
OB ZAET D, I VEL—FTiE, IATRL—H
=TT, BRI (W % - T ) BoEEH O
BRHVEREDME T LIS WA D 0, (FHEMED RV,

Millimeter

Wave

Fig.3 Milimeter Wave Radar

3.2 SBS/MRCC ECU

LU L—ENEELNTE T OWIAER (B A
SBHEEE, BEAIRED , ROVE—L— herE AV BT
BROHEERER D, BT & S TS R Al 32,

SBS HfHICIE, SATHSC B HEOFEHRE I HEZEO AffeErE
ZTRIL, BRI REIT O,

MRCC H[fHITIX, RZA 03308 L7 R, ST
& OEERIEAE L ABRHERE DS, HAE & 7 2 sk s 2 5
L, 79Fax—RLRHzr 07 b—F%%kar b
—TBHZET, BT — AT LI AT O,

3.3 PCM ECU

PCM ECU izxt LTI, ®j & U TEHEEL L 72 W BN
HE % SBSMRCC ECU 2»oH AL, PCM ECU BH T
BREN ] & B O/ Eidsy 217 5 2 & T, BIARIFER k
FUAI v a iR EOERENT S ADELIZ B RS TE
DL LTz,

3.4 DSC ECU

#HE O DSC #lf#E(Dynamic Stability Contro)(ZiNZ,
SBS/MRCC ECU <> PCM ECU 75 OfillEHERIZHE,
FORIGEE & 7225 X 9127 4 — Ry 7l %AT O BEhE
BINLT,

3.5
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NFT 4 AT A (Figd) ZEM LT, ZOT 4 AT 1A
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Fig.4 Multi Display
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Fig.5 SBS Function

4. SBS
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Fig.6 The Rate of Fatal and Injury Accident
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Leading vehicle display

Self-vehicle

A self-vehicle display is made to
go up and down according to the

distance

Fig.7 DRSS Display
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Fig.8 Block of MRCC Logic
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Summary

carvbha—J)b s A7 A HBC (High Beam Control
IDONWT, YATLBIOZOHERNT 5,

Recently the number of traffic accidents and death toll are sharply decreasing in Japan, but the

number of injuries and accident frequency rates are still on the rise. Especially, the rates of single-

car accidents caused by lane departures and pedestrian accidents at night are still high, and

requirements for driving support and active safety (preventive safety) technologies are rising.

This year Mazda has started the mass productions of the active safety technologies using

millimeter-wave radars and near-infrared lasers. The active safety technologies using Mazda-

originated-image recognition technology, “LDWS: Lane Departure Warning System” and “

HBC: High Beam Control System” are introduced in this paper.
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Fig.1 Sensor Layout
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Fig.5 Mechanism of Rumble Strips Sound
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Fig.6 Frequency Spec of Rumble Strips Sound
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Summary

Passive safety technology has achieved a very high degree of perfection. In order to further

reduce accidents, active safety technologies need to be introduced that avoid accidents rather than

mitigate them. Mazda Motor Corporation (hence Mazda) follows this approach to make its products

ever safer, aiming for zero accidents.

Mazda developed a safety function called Rear Vehicle Monitoring (hence RVM) that is able to

assist the driver, warning him not only about invisible cars in the so-called blind spot of the vehicle,

but also about cars that are approaching fast, leaving insufficient time for a safe lane change.

RVM has been presented to the Euro NCAP consortium and the Euro NCAP Advanced Award has

been granted to Mazda for introducing RVM into most of its current passenger cars. This report

describes the background of this technology and the way to the award.

1. Introduction

Lane change accidents happen frequently on multi
lane roads, mainly insufficient observation of lanes and
misjudgement of other vehicles’ motion path cause them.
Mazda developed Rear Vehicle Monitoring (RVM), a
radar based technology that helps the driver detect
vehicles in the blind spot and warns of fast approaching

vehicles on the target lane.

2. European accident analysis as a trigger for safety

development
2.1 Basic situation

Mazda has researched traffic situations and accident
causation in order to find ways how to avoid accidents.
High performance brake systems or electronic stability
control systems are found nearly paramount in cars
helping to stay in a safe state. Beyond these basic
accident avoidance functions, Mazda searched for specific
driving scenes that frequently trigger accidents and how

safety functions could avoid them.

2.2 Lane changes as a critical driving manoeuvre

On multi lane roads a typical scene can be found:
Vehicles approach slower vehicles ahead, face an ending
or a blocked lane or merge in from other roads using
special acceleration lanes.

In order to continue the journey, a lane change needs
to be executed. This can only be done, if no vehicle is
present laterally to the “ego-vehicle” on the target lane
and there is no vehicle that will occupy to this space
within a certain time.

In order to assure this, the driver of the ego-vehicle,
aiming at change lane, needs to check the target lane by
a view into the side mirror. However vehicles can be
invisible in this mirror, if they are located in the so-called
blind spot. Therefore the driver should always execute
an over-the-shoulder view to confirm the vacant space. If
vehicles are approaching from the rear, then the driver
must decide, if
e a lane change still is possible, as the approaching

car has sufficient time to safely react or
e the lane change should better not get executed in

order to avoid a potentially dangerous situation.

*1  Advanced Technology Engineering *2 Technology Planning Dept

Mazda Motor Europe

*3  Vehicle Systems Dept.
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Fig.1 Different Critical Pathways to Enter Blind Spot Area

In parallel to this task, the driver must judge the traffic
situation ahead: how much time is left until the lane
ends or the car in front be reached.

The criticality of this situation rises with high speed
differences of the rear approaching vehicle compared to
the ego-vehicle and its speed difference to a vehicle in
front or the distance to the end of lane ahead. In Europe
high differential speeds occur on highways where
passenger cars typically travel at 130km/h (in Germany
partly unlimited). Trucks and merging traffic from other
roads drive at 80 to 100km/h, so that a AV of up to
50km/h can occur frequently.

2.3 Accident causation research and expected effect of

RVM to accident occurrence

In Europe various accident statistics on country and
EU level exist that count the number of accidents and
often assess the severity and causation. The most recent
German official accident statistics of Destatis (1) from
2010 show that around 4.4% of accidents with injury
happen laterally among cars that travel in the same
direction. A “German In-Depth Accident Study” database
called GIDAS (2) has analyzed about 20,000 accidents
with injury in detail and with full reconstruction. GIDAS
reports about 4.8% lateral accidents, the British
Transport Research Lab (TRL) (3) about 5%. These
values need to be corrected by some factors such as cars
that did not pursue a lane change but e.g. lost control.
Nevertheless it is important to work on these numbers in
order to reduce fatality, injury and damage. By
considering all factors available and using the GIDAS
Database as the information source of highest accuracy,
it is possible to extrapolate that annually about 560 lives
could be saved in the EU through general introduction of
RVM technology, 2,100 severe injury accidents and about
8,300 slight injury accidents could be avoided. The
number of accidents with just damage are at least 2

magnitudes higher.

3. Describing the task

3.1 The process of a proper lane change and the task of

avoiding its accidents

As already described above, lane change typically
should start with a look into the mirror and over the
shoulder. (4) In reality drivers often neglect the shoulder
view based on carelessness, discomfort or age based
physical impairment. This can lead to undetected
vehicles in the blind spot area. Also it is reported that
based on distraction or other mental occupation drivers
look into the mirror or over the shoulder, but do not
identify an approaching vehicle.(5) Even if a vehicle gets
detected by the driver, the judgement of the relative
speed difference can be very difficult, if the other vehicle
is extremely fast, has a colour that contrasts little to the
road environment (e.g. dark grey) or weather conditions
like rain mask it.

The task of a safety device that supports to avoid lane
change accidents can be described with the following
statements:

e  Vehicles in the blind spot area should be confirmed
to the driver, even, if he does not detect them based
on above mentioned reasons.

e  Vehicles that will reach the lateral position to the
ego-vehicle on the adjacent lane within a defined
short time shall be notified as well.

e  Should the driver of the ego-vehicle still indicate his
lane change intention, then a warning should be
placed, convincing the driver to abstain from lane
change.

3.2 The critical area around the vehicle

The above described tasks imply the detection of
vehicles in an area, left and right and behind of the
vehicle. The blind spot area is depending on the driver
seating position and the resulting side mirror aiming. To
be sure to detect cars in all possible blind spot geometries,
Mazda decided that the detection area should stretch
longitudinally from the centre of front side window back
to 10m behind the vehicle. The lateral detection should
reach from the vehicle to a distance of 3.5m, covering
also wide highway lanes. For defining the so-called
closing area of approaching cars, the relative speeds of
vehicles on different lanes and necessary reaction time
for driver of the detected vehicle need to be considered.
This lead to the understanding that this zone should
stretch 50m behind the blind spot detection zone.
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3.3 Detection and classification of issues preventing
lane change

Not every vehicle being in the closing or blind spot
area is a thread to the safety of the ego vehicle. It is
necessary to further classify the target vehicles to judge,
if a potential danger is existing. E.g. vehicles that are
entering the closing area from rear with a very low
differential speed (10km/h) need nearly 20s to progress
from border of closing area to the blind spot area. Here a
notification should be given to the driver of the ego
vehicle, when a Time-To-Collision (TTC) of 5.5s is
reached. This value has been developed based on
extensive driver tests, considering reaction times,
perception of urgency and its latency. However a
vehicle entering the blind spot area of the ego-vehicle
should always be notified from wherever it enters. Only
if the vehicle has completely left this area, the

notification can be cancelled.

lobe forvehicle
inblindspot

Primary radar
lobe forvehicle
inapproach

Fig.2 Radar Beam Forms and Vehicle Detection

3.4 Technical solution

In principle a detection of vehicles in the blind spot
zone can be done by different sensor types such as
camera systems. This has been shown already by some
OEMs. Such technical solution shows insufficiencies in
terms of weather robustness and especially the detection
of vehicles in the closing area. A very robust sensor is a
24GHz short range radar. Mounted well protected
behind the bumper fascia at the two rear vehicle corners
allows to detect vehicles in the closing and blind spot
area. The classification allows to distinguish stationary

objects like road signs from moving objects and to

analyze their location and relative speed very precisely.
Weather influences the performance only very minor, so
that a continuous operation can be achieved. The picture
on the right shows the beam shapes of the radar sensors
of the blue Mazda and the detected vehicles in the blind

spot and approach zone.
4. The Human-Machine-Interface (HMI) Concept

41 Warning the driver

The HMI should not make the driver give up his
checking of mirrors. (Misuse avoidance) Therefore the
indication of a vehicle in blind spot area or closing with
TTC<5.5s is notified by a LED light in both side mirror
areas. This is far out of the primary area of vision so that
the driver still needs to look into the mirror direction. In
case the driver neglects the notification and sets turn
signal for changing lane, an audible warning is given, to
prevent action. Mazda followed by this a two step
warning procedure using a warning indication based on
SAE J 2802 with fast blinking lights for the imminent

danger warning.

Fig.3 Indication of Car in Blindspot Area or Approaching to it

4.2 The HMI dilemma

Any lane change support device suffers one key issue:
the knowledge about the actual driver intention. Drivers
show their intention to change lane differently:

e  drivers set the turn indicator to show their will to
change lane and await a suitable “gap” on the target
lane,

e others set the turn indicator, when the “gap” is
present and notify the instant following lane change
action,

e finally some drivers do not indicate lane change at
all.

Mazda decided to change from notification to warning as

soon as the driver sets the turn indicator. This leads to a

safe warning of the majority of drivers. To assure that

the driver recognizes the warning Mazda introduced a

strong blinking of the notification LED and an audible

buzzer. The later one (f notification LED and audible
buzzer turn on at the same time) can be reduced in

volume or switched off to avoid driver annoyance.
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Therefore Mazda’s RVM fully complies with ISO 17387
that specifies system requirements and test methods for
Lane Change Decision Aid Systems (LCDAS).

4.3 Results from external research

Mazda reviewed research of field tests such as the
Integrated Vehicle-Based Safety Systems Project
(IVBSS) (6) among many others. The IVBSS used more
than 100 non-professional testers in a naturalistic, 40
day driving test on vehicles that were equipped with
different active safety systems, among them a RVM-type
function. The review showed: 25% told they increased
their turn signal use. 20% increased their general
awareness and 13% had more awareness of the blind
spot region. The RVM-type function was rated highest
for satisfaction and usefulness in particular when
changing lanes and merging into traffic. 7 drivers
reported that a RVM-type warning they received
prevented them from crashing during a lane change or
merging into traffic.
Mazda could confirm similar effects during the prototype

test phase done in various locations of the world.
5. The technical performance verification of RVM

5.1 Selection of test scenes

During the development verification tests were used to
confirm the production readiness, detection effectiveness,
but also the fault free function of RVM. Later tests were
carried out with external partners that should neutrally
confirm the performance of RVM. In Germany this was
done together with BAST, the Federal Highway
Research Institute.(7) 17 different scenarios were
selected that cover almost all possible configurations for
the approach of cars in a target lane in longitudinal and
transversal direction with speed differences of up to
50km/h. They represent all typical accident scenarios for
lateral accidents with lane change as stated in the
GIDAS research. Examples are shown on the right.
BAST measured the detection distance L, notifying
timing accurateness (5.5s Time-To-Collision) and the
possible influence on different turn signal setting timings
by the driver. This should give evidence that the
expected warn process of detecting a critical approach
and warning to the driver should he intend to change
lane, was achieved. A further important part was
confirmation of the absence of potential false positive or

negative detections.
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Fig.4 Examples of Test Scenarios for Critical Approach

5.2 Test Results

The test results showed that RVM is able to detect
cars fault-free and at required precision within the
designed areas. The calculation of the TTC was correct
and the warning was issued timely independent of driver
behaviour. False positive or negative detections were not
present. This is very much in line with the results from
the IVBSS project which had found that radar based
RVM-type functions have the highest reliability.

6. The application to Euro NCAP Advanced Award

6.1 The application of Euro NCAP Advanced Award

In 2010 the Euro NCAP consortium had started to
award automotive OEMs with a Euro NCAP Advanced
Award for introducing advanced safety systems to the
market without any legal obligation. As Mazda had
successfully tested and deployed RVM throughout its
core models, Mazda decided to apply for this award
through developing a comprehensive application report.

6.2 The Award

On 23 of September 2011 the Euro NCAP Advanced
Award for Rear Vehicle Monitoring was handed out to
Mazda during the Frankfurt Motor Show acknowledging
Mazda’s efforts to raise vehicle safety beyond the
conventional levels through applying advanced

technology.

EURO Ncap

Fig.5 The Euro NCAP Advanced Award
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7. Future outlook to lane change assist systems

7.1 Intelligent detection and function

The next challenge in further improving RVM will be
to detect the driver intention, even if the driver does not
indicate his lane change wish by using the turn signal.
This will only be possible by using additional information
from other sensors. It will have another big impact on
RVM effect.

Further RVM should distinguish the criticality of the
situation in a more differentiated way. Doing a lane
change, when a vehicle is already in the blind spot or the
TTC is very short, should effect a different, stronger
reaction of the vehicle.

Finally the driver of a car is facing the difficulty to
judge, if e.g. he better performs a critical lane change or
e.g. executes a hazard braking, if a lane is blocked ahead.
Here a criticality check and advice by RVM would be a
desirable new feature.

7.2 Human Machine Interface HMI

With regards to the HMI we expect also in future a
progress. Warning chimes should be restricted for actual,
imminent dangers.

As RVM is mostly dealing with less critical situations,
the HMI should be adapted. Research projects are
scheduled that aim at a lane change assistant that not
only detects suitable gaps on an adjacent lane, but also
can advice proper speed and steering to reach them.

Should the driver aim at a critical lane change that
would lead to a crash, a different interaction of the RVM
should be considered. This could be even a steering

impulse preventing the driver from lane changing.
8. Conclusions

Mazda has successfully developed and introduced
Rear Vehicle Monitoring, which supports the driver to
confirm vehicles in the blind spot of his mirror or in
approach to that. RVM is assisting drivers in a fact based
decision on executing or aborting a lane change. In this
way it is possible to reduce typical lane change accidents
that are quite frequent on multi lane roads / highways all
over the world. RVM has proven its performance and
customers put their confidence in its trustworthy
recommendation. Mazda is proud to have received the
Euro NCAP Advanced Award for introducing this
advanced safety technology.

Mazda is continuously developing new safety systems

towards the vision of a zero accident traffic.
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34 4WD
Introduction of New-Generation 4WD System
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Summary

During the development of the next generation 4WD system, like the same approach of other
SKYACTIV TECHNOLOGY, we pursued the ideal 4WD system with "precise torque management
that makes best use of wheel torque". The new control system detects road surface conditions in
real time and distributes torque to front and rear wheel before a driver can feel slip of wheels. By
analyzing required rear torque precisely and improving the concept of design and production
process, we also achieved 43% weight reduction of the hardware system and 25% torque transfer

efficiency compared to the current system. These enabled superior drivability and high

environmental performance of CX-5.

1.

CX-5 ZII U &3 DHPEAHT R D it d 4WD
VAT LEBIRT HIZNZY, AWD VAT AOHEEFEE
FLim, TS, RIBY A Y OBREN & BRKIRITEAT 5 2
L ThHD, FOEREFET 57201, Al i~k
Bl ELEIC Y ha—L L, R LA 7E
B &Gl AR x DEN )~ R A ML 72D, FHUT
X0, ROBID AWD Bt B, RE 7 CEREEN
REERAILSED ZEMRFREE 2D, 22=v b, T FR—*
OV - B - @RI B EERTE D,

AFETIE, BRE I~ AL R e, AWD VAT LEHE
BT % AWD TS A=y K, arBA—Rr M
DUVTHIITT 5,
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Drivetrain Development Dept.
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Moderate acceleration on snow road
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4WD Control Torque
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Fig.14 Total Energy Loss (with Winter Tire on Snow Road)

T2 ENTET,
4WD Driving Performance 1
5 Start on Sprit pSlope
3 BE\S/TJ

Slope Angle

CH5 CXT A B C ] E F

Fig.11 4WD Driving Performance
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35 CAE

Development of Advanced Keyless System
Using Magnetic Field CAE

BH EE
Toshihide Yoshida
FaH S
Takahiro Inada

e HE2

Yasushi Hamada

HOFEMEZFED LM E LT, TRRAVARF—LAVAT AR TETA P VAT LRED, R
BEEHNEV AT LAOEBAL Y ZITEDTE T, ZThH VAT LAOBEMERZMERT 720120, #
REEHOaA4 VT T ) LT LF 77 7F (LF: Low Frequency) ) %, HMOEEIRGATICLA T ¥
D MENRDH D, EHKE, RIEEEZAVTERIC LF 7077 0LA 70 MgE21ToCEan, &
EE L ZABAFIZRHS TR, N—=F v LFIIC L D@ E RN SLEL o TE R, 4F, BRI I
L—yay (BLF CAE) HifiZHAWT, b v AT AOMEHEEE ML L CRAEFTRE/E & BA% L=,

Summary

Mazda has been promoting the introduction of systems using magnetic field communications,
such as an advanced keyless system and immobilizer system, as products that enhance vehicle
convenience. To ensure the communication performance of these systems, it is necessary to lay out
the coil antenna for the use of magnetic transmission (hereinafter referred to as LF antenna) in an
appropriate place of the vehicle. In the conventional design method, the layout of the LF antenna is
determined experimentally by use of a prototype vehicle. To realize prototype-free development,
however, it became necessary to develop the communication performance through virtual
evaluations. This time, with use of the magnetic field simulation technology (hereinafter referred to

as CAE), we have developed a technology to theoretically verify the communication performance of

ot 1Efes

Masaki Numoto

these systems.

1.

HOFEMEAEODMEME LT, VX7 RNV R R
F—LAVRAT AOBAEM#EDTXT-, 7 RN A FF—
VALE, 22 Figl [ORTEIRT RV h—
BLFHF—) ZRTy RNy Zb R 42 &<,
HEfor vy 7, Tray s, TUUVIRBERREE TS
VAT A CHDH, INEFEBT DO, HENIMIF—
BT D0 OBRMTY T EBEKT 5, ZoREmy 7
i%, LF 77 HomEgEREm L, LF 77 F&dil
IR A RESED ZE TR L TN D, ZORRK LMK
Y TNICF—RHIUL, RIS — & BEREE 21T

B

F—HTffolza—PRHENDG LFHENOEH BTN
HENEHURITES, 22T, LF 705 FDLA T 7 RR
NSRRI Y TONETE 2R D, BRaE s &9
ReE2pn, ZiuL, SEEERAORI IO DEBIZED R
& PBEZFEM OB X I LT 5720 T
Hb, WHkD LF 775 LA 77 MNEENE, sEfEE A
WIEBREAHLTH Y, BUEHRHM% ORRFHATE A Hife &
L7zBiss & 72> T, R DBAROFLA T & S
DHIVES T, RIEEALOBITRMET 208038 %,

*1~3 ET-BASEHD

Electrical & Electronics Development Dept.

*4 WS AT LBRAFEED
Vehicle System Development Dept.

— 181 —



No.30 (2012)

Fig.1 Advanced Key
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[
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Analysis Model
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Fig.3 Vehicle Model and Analysis Model
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Fig.4 Magnetic Field Strength Distribution
vs. LF Antenna Layout
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CAE OMBIGREZAT o7,
(1) B HhZEMOREE

FTE, ARSI HLFT 7 B ORI
Sk, Ay at A REELSERNORGEELT., Bl
ZEMNZRIT DLET 7 T ORSRELL, WERERE © 2
Bmicxt L, HE) AMkme k<, EHERA(A/2x
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g L+ EL, ROITRT UBEASHEIN & 725700,
Bt 3 FIZKHBIT D, Figh &, LET7 T FOHBEZE
MIZHIT DRI DIERER &, CAERRARR, HHED
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IR T EDICLET U7 L EFR E L, R Xy
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A AR D, ZOREFRE D, Case2 MNHIEARER & PR
WL TEY, LET VT DA vy ot g X5 LT
1L, Case2 #fiL L E LT,

_ AL,z ()L
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Fig.5 Magnetic Field Strength in Free Space
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Fig.6 Measurement Conditions
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Fig.8 |Z5lfiE L Casel~Cases ® CAE FHE LR ZRT,

Table 1 Analysis Condition

Case | Material | Eddy Current |Skin Depth Layer| SIBC
Case1 | Material1 v 4 N/A
Case2 | Material2 | v 4 | N/A
Case3 | Material3 v 4 N/A
Case4 | Material3 N/A 4 N/A
Case5 | Material3 v 1 v

Magnetic
ield Probe

Fig.7 Measurement Conditions in Simplified Model
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Fig.8 Magnetic Field Strength in Simplified Metal Model
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CEREEICITATRECTH D Z LR LT D, 22T
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Fig.9 Analysis Model
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Fig.10 Analysis Range

Table 2 Analysis Condition

Mesh1 Mesh2 Mesh3 Mesh4 Mesh5

Count of Mesh 6,750,365 | 768,319 418,297 | 315,978 | 224,796

Size of Memory [Mbyte] 7053.1 969.1 535.1 427.9 305.4

Analysis Time [sec] 3790 260 96 86 73
1.0E+05 ——Mesh1
rrrrr - Mesh2
1 0E+04 —4— Mesh3
- --o--Mesh4
m —a—Mesh5
1.0E+03

1.0E+02 g B\%R&%\ﬁm
1.0E+01

Magnetic Field Strength [nTpp]

1 0E+00 L L L L |
0 0.5 1 15 2 25
Distance [m]
Fig.11 Magnetic Field Strength
in Simplified Vehicle Model
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Fig.12 Used Memory and Analysis Time
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R U7z X% Fig.13 12, EEHIZHIT 2B RERA > b
RERE A Fig.14 (29, F7z, Table 312, FHIERA >k
W) DR ORIERER &, CAE RIS ROMAEILER
[dBl &, #n=V 7 ORE S[ImmlHE LR ard,

Fig.13 £V, BARSRESMOMERNIL, HEREFEE CAE

— 184 —



No.30 (2012)

FHEMRTIHI—EL T2 DR DD, £7z, Table 3
£V, BET Y 7 OMESHERRAED T 30mm TH Y,
F—1 S DORE SITHETOEETHD Z LAV LT,
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Analysis Model
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- .

Measurement
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Analysis

Measurement Analysis
Fig.13 Comparison of Magnetic Field for

Measurement and Analysis Value

Fig.14 Measurement Point

Table 3 Comparison of Measurement and Analysis Value

Point Measurement | CAE Error Error | Absolute Error
[nTpp] [nTpp] [dB] [mm] [mm]
a 80.0 73.2 0.8 -30 30
b 86.5 94.7 0.8 50 50
Floor | © 42.4 37.6 1.0 -40 40
d 76.6 78.0 0.2 50 50
e 63.9 54.7 1.4 -30 30
f 473 36.5 2.3 -40 40
visor 9 48.6 48.8 0.0 0 0
h 52.5 52.8 0.0 0 0
Average— 30
3.3
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Fig.16 Communication Performance of
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36| AM/FM/

Development of Shark-fin Antenna

for AM/FM/Sirius Radio Reception

HEH —4E"
Kazuo Shigeta
RedE Eg T

Shinji Nagamine

Pl BG—*3

Yoichi Yanagi

A H HEART2
Tatsuaki Taniguchi
JE L sewmts

Hidemichi Inoue

HT T, HOTHA CEAFELRNE ) R BN EROHNEIBRPEEND, 20D, ~
UDNEFTERACEER—LVT T T 2% L, ¥I7AT U TTOBRANELNY I HERL SUV &
FLMZHEER L CTWD, UL, AEIYFoRE, R—nofrih /iy, EEOBIZHA—/LORD 4L
NLBEOMBEN, KRE L THET D, 2D OMBEEMRT 5720, @S 68mm DEKNIC
AM/FM 7 VAZEITMZ, KR TH—EAFOMET VA HMETH DV Y U R T VA OZIEHREE
ATy —0 74077 ERMBEL, CX-5IC#H# L,

Summary

Vehicle antennas should be low-profile so as not to disfigurer the vehicle designs. For this reason,

short pole antennas using helical elements were developed and applied to SUVs and wagons that

were difficult to adopt glass antennas. However, the short pole antennas still have some concerns

such as wind noise, broken/bent rod and rod removal required at car washes. Accordingly, a shark-

fin antenna was newly developed, which has a satellite radio receiving function as well as AM/FM

radio in a 68mm-high housing. This shark-fin antenna was applied to the CX-5.

1.
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BSEHRIT DT AT T FRe, ~) VR TEAVTR
—IVOR SR LR =T T SR ERL LT
W2,
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FHTERNEWVIEL H D,

*1~4 FETBAFES

Electrical & Electronics Development Dept.
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Fig.1 Short Pole Antenna
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Fig.2 Upper View & Side View of Shark-fin Antenna

Fig.3 Inner Structure of Shark-fin Antenna

— 187 —



No.30 (2012)

Characteristics

4
»

th

e

w

Element length : 800mm (1/4A)
Usable bandwidth : broad

*2A(wave length)=3000mm@100MHz

Wrofile
va? !Z
i l ’

Diameter b,

Element length : 180mm

(with helical coil)
Emission resistance : low
Usable bandwidth : narrow
Determinant factor (Da,Ha,d,N)

Element length : 61mm
(with helical coil made of substrate)
Emission resistance : very low

Numberof | Usable bandwidth: very narrow

Exterior Equivalent antenna
1/4 wave leng
Pole w /
antenna
Short
pole
antenna
Shark-fin
Antenna g,
antenna height

coils N

\Wire diameter d

Determinant factor (Da,Ha,d,N)

Fig.4 Comparison of AM/FM Antenna

|

Fig.5 AM/FM Antenna Element

Gain(dBd)

Passive(V pol.) —e— Short pole —@— Shark-fin

a8 90 92 94 96 98 100 102 104 106 108

Gain(dBd)

Active(V pol.) —e— Shortpole —@— Shark-fin

90 92 94 96 g 100 102 104 106 108

88
Frequency(MHz) Frequency(MHz)
Fig.6 Passive Gain Frequency Characteristic (FM) Fig.7 Active Gain Frequency Characteristic (FM)
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Fig.9 Top Plate for Sirius Radio Reception Antenna
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Improvement of Sirius Radio Reception Antenna Characteristics by Top Plate (VSWR)
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Improvement of Sirius Radio Reception Antenna Characteristics by Top Plate (Gain)
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Development of High Stiffness PP for Bumper Fascias

E TR g T *2 JF TEHE*3
Chiaki Asano Kazuhisa To Masao Hara

K IEB]*4

Masaaki Onishi

R & D BIEM B O R A TG 2 Lo B EAL DS WIRF S D, S USRIV 2 R I |
SHLZ LY, Wb EEBT 2 HHM B 2% Lz, MEto &Rt X 2@ Rkicis e, M
BHe U TR ORRBEIE, MEIORIME & @RI ST 28 EOmNTh D, 1k, EMThor R
Turvly (LLF PP) LifEEMEZA EIESTL, ZLTCREMTHLZ LI D 3 KR THoT=
MED 55, PP & T LAEBERERNIC 2 METORIET 52 LT b MaRe Lz, DS &AL
kKRB TR L%, WiEFRIZ, MEREEZHES &0 TR L2 RESEZ, Zic kY
KARFFIE 2 WL LR RN B RBL LT, 2012 4F 2 AICHE L7z CX-5 ICBA Lz, RBEEFIZLY,
20% DEERAL L IS A 7V Z A DO % EHL TV 5D,

Summary

We have developed resin material for bumper fascias that maintains the equivalent stiffness to
parts made with conventional materials while achieving significant weight reduction. Using this
material, the parts manufactured are thinner than those using conventional resin, resulting in
a significant reduction in the resin required to manufacture parts. When the material is used for
bumper fascias, it contributes to weight reduction of approximately 20%. In the bumper fascia
production process, this reduced thickness allows for shorter cooling time for molding, and by
using computer-aided engineering (CAE) technology, the fluidity of the resin material has also
been optimized. As a result, bumper fascia molding time, previously 60 seconds, has been

halved to 30 seconds, leading to cost reductions of bumpers molding process.

1. 2.

BB EORE eSS M LT DS, = VU MERETE NN E LTOBR BRENE, HERDOERS 2 A b & [F55LL
FC7<, 2R RO LA, ZAvE TRl RIZIER TT, 20%DRE(LAEERT D & & L, 20%EE ko
FTAYENEESTND, Te®IziE, BUROFEHHRIE 2.5mm & 20%HIE L T

= BRI OSEEE SR & U CHIMSORIE: 72 & O BLR 2.0mm (CTDMERH D, HRKIC L TR T L7z
LAV NS, S K 0 millE, il PP A 572, Table 1 O LBYIENE LCOBRHZT,
BHEBHFE LTz, S0 37p EOSTHIBIE ML, HROARO MR 2R TR L C 50%IH] 0> 2300MPa & L7z,

IR DIE ERIEEEL <, LS T DR R AWEIIARIRD 3 SRITHAIT 2 Z LD 50% Dl F iR
MERCBE T 24803, BEEEROL ITEMRETH %, M ETHERRET 528, REDTHONWTIL, Mg & =Ry
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T EfEETH DL AN P 7 r—L— (LLF MFR)
1L 25% EiF, 40g/10min &35 Z L2 HIELE LT,

Table 1 Properties of Conventional PP and Target Value

Value

Properties -
Conventional | Target Value

Stiffness Flexural Modulus 1570 MPa | 2300 MPa

Moldability Melt Flow Rate 33 g/10min |40 g/10min

High Speed Tensile

Strength(-30 ) 57 MPa

57 MPa

Impact Resistance

3.1
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MELTANY ZRA LT, Whbd 3 TROMEITH D,
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Fig.1 Relation between Flowability, Impact Resistance
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Low Molecular Type Elastomer
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Fig.4 Cross Section of Microstructure of Developed PP
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Table 2 Properties of Conventional PP and Developed PP

. Value
Properties
Conventional | Target Value | Developed
Stiffness | Flexural Modulus | 1570 MPa | 2300 MPa 2300 MPa
Moldability | Melt Flow Rate | 33 g/10min |40 g/10min 42 g/10min
Impact High Speed
Resi;)tance Tensile 57 MPa 57 MPa 61 MPa
Strength(-30 )
4. SUV
4.1
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Cycle Time for Molding [sec]

Conventional Developed

Fig.7 Cycle Time for Molding of Bumper Fascia
5.
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Virtual Development for Interior Feel of Quality

i R
Asami Yonezawa
faH fE17™4
Nobuyuki Fukui

JIA sE—*2
Koichi Kawaguchi

R AN

Matsuhiro Tanaka

BEEONEERICHT A2MFENEE 25T, vV XL CX-5 UUBEOFHHAPESLEIC IV T, Bk
EROV@EDDZD, THPA T L V=T RHAILTH LN T 7 b~ vy 7O A EH#ED TH
D, KV EUIOLOIEAEFERT L7201, EAREBLREME 2 &% D T < BRR O C A B
W2, HILW 77 h~r vy TOFMIBRICE SO TERRELZ TR T L ENEEL D, 20720,
INETEMORMEKFEMIZIEH L TE T —F v Vil E, NELSEOEEFMABARE Db D
WL ST DMERH -T2, AR TIE, BEEIC, I0VEVEROMENZRIEFTHE L L2 BRI 08
DHANE L, CX-5RHMT 7 oV ORMBABICHEM LIz ERERTT 5,

Summary

As customer expectations for the feel of interior quality is increasing, we have been promoted new
challenge of Craftsmanship by creative cooperation of car graphic designers and engineers in the
development of new-generation products including CX-5 and the all-new Atenza. In order to achieve
the closer cooperation, it’s important to predict the quality of production model based on a
viewpoint of new Craftsmanship in the very early stage of product development in which basic
shape and surface material are decided. Therefore, our virtual evaluation technique for surface feel
of quality needs to be progressed to the evaluation technique of whole interior feel of quality. In this
report, we introduce our technique, which makes possible us to provide better feel of interior

quality to our customer, and our activities to apply this technique to CX-5 and all-new Atenza.
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1.

I, RN T35 % RS REE RIS RT3 D B R kRO B
DEEY, WA A 17 | &5 Hh BT R
Thbd, TNET, ENEY AR, ERMECETL SR
FERESE, L THAZ~—T 54 ND I DDA F7 b~
YUy LT, BRIV MA TE T, CX-5 LI
PG, FRAERA LA BiEL, fekixmrv=7
VU TERICER A Y TN ey 7 b~ vy TR, T
A F O AREERIC BT DM A LTH Y T 7 b
Ty AT ST,

<Y ZHEOBEED D ORIl O TR R 5,

FHIMERIE D IATHTINZ, TV A AIERORFIRA > % VI,

AMEOBENEE CTH D Z LN bholz, TOMREEE
Z, TVALIT77 v~y b UGHIRREZ S
LIz, FICEOE2F LR Figl) 277,
Q) RV A > F VR
HENEOWNEEE, %< o=y TR ESh, Thbzi
BOUE, AL /ST T D280, BIRORMZ %, i
NEN, AvXU LEIZUAE BT B DOIIEFIZEE L,
TZTTYA VERBEND, THA T v=TR ),
(757 4v7), [RELHE] 2O THICEZ, A
YT VT EEKRE LCOFRIA > %V EOEBZ HIET,

*1~5  HE RN
Vehicle Testing & Research Dept.

— 195 —



No.30 (2012)

(2) AR

HERFM DAL, T Z L ITHEYIZRERC AW
Hb, L, BEHEICHW D FMITEESC A N, #
BRIECIHEE D Te DI TE 2 /M BRE S, AR
DFEM LRI DG EZTDHZ N D, 1 DOFIKE
LT, BHOGRLY Y, VRELATHDUMEIRAH
REM L B2 DT DITERRE G X TWEZ ERH D,
T2, RTRIDHIZRLfih-7- DT E—HIHED
ZLELEELD,

A i Form
[ ] an
[
u T271499
L] Graphic
[
. REAE
]

Surface Condision

IPHRRLT) 28,
Simpie P constintion

BHOEORRES [

FEME
Sukface Proce:

F1ET Wlaterial Quaity

Constitution/Layout
sl N\ :
( ﬂgib{ccﬂj RLEHOBRE
ERNECREELD

Matchingwith form
nd material

Fig.1 The Concept of New Craftsmanship

Utllity (Security domain)

FPAL L U537 hvry T, BEEED DO,
TEIEOREME OHARZ D DB (Fig.2) C, EHRME
DR UE L&Vl URGERSE S LT 20808 h 5, Fxld,
INETA VA MLAY h3L (IP) RFT kU ADR

BRI 54iE%% (BRDF : Bidirectional Reflectance
Distribution Function) ZFHAIL, fERAREMEDOT —
L LUCHRTS, $QOBMETIY, EHMEEZITH T
A NEHREZFHIIL, FREAOCCOEHRET U 7 %179,
F#%IZ®Rendering DOEMRNEFFAHSIELZ LT, #*
ACEZ 2BR 2 MEICHR L. (Fig3 OFRPER) , £
VRIS £ CERUNAT O 2 & 2 B E T2 2 O,
ELEIXAMD L I ZBERT 57 CG &ld—/am
L7z~ &40 F b CG kit 5,

(DModeling @surface @)Lighting @Animation
RO 30 Mapping HRD T +—TL—LORE
Expression of Light Settings (CEoEhmiER
Solid Key frame Settings

Rl i
LEFIL

Il Surface model
RIS ETIL
Palygon model

FEAMODREL
£
Decision of

Surface Material
and Mapping to
Model

/N

FeESHMEEER
Measured
pectrum
HEFFEH
Optical

Calculation

Surface Grain Measuremgrt

0 |

and Making Animation

8-

(B®Rendering
A EDREER
LR EhEDER
DfEdE-RT
Decision of Camera
position and making
G from set view

BRDF Measurement

2.2

=] %ﬁ;ﬁ 4

’ Al

w? f\v‘ i
Fig.3 Flow of Making CG

T EREDORHEN & L TN—F v bl BAgE LRI

WH L TE0, Zoilio

BALPSE S A o E RN

~ERL, EATE 28O HIRBERICETF LI,
AFTIL, HEASA—F 2 VOBABRFE O Y MHNE &,
CX-5, T T L P~ OMHFHIEAENT D,

KEtHE
Drawing
Release

SFEREL
Prototype
Evaluation

TYAL 0 F7 vy TR UIRHIBER ISR L, A
—F ¥ URREZ WIREL 57201, MBI ~SHA L, HEA
—F /L CORIBLRN A E L7 (Table ) ,

\

[Future Acitivity]
Virtual
Validation

[Activity in this report]
Virtual
Verification

Fig.2 Flow of Vehicle Development and Virtual Timing

2.1

—WWirar a—2757 072 (LLT CG) I
Fig.3 o7 T &9 20~00 7 0 —CEk &5, 7o—
N Surface Mapping T, AORTECREME L LT
RO OBE D 1) %47 5, % L C@Lighting T,
VERRE DRG0 % AT 0K D IR CTE D X O RET
U7 %419,

A alBE3E L= HTiE, @B CcRmDMIEIRS,

Table.1 Virtual Required Contentsfor Design Craftsmanship
Evaluation

FHfilE R . . .

Evaluation ;\—?’-—\'r}b'fﬁlﬁﬁ"\ﬁ‘l.ﬁﬁ Status  |Activity
Required Contents for Virtual

Contents

EEE I OE o) 2/ Color A === v

Harmony {7/ Gloss A =5 v

/Simplicity Xﬁlﬁ/Luminancc X == v
4R/ Grain @) -

Yk BBz R /Parts Form A == v

Genuine Feel A B E /Parts Arrangement X == v

B E N —F v VTR T A0, [f 2> %Y
B, TR BT Ta), Ty, T
FE),  TEBEIRAIR) ,  TERARECE) o 5 THH 2@ isl

THZEEEEE L, 260 CGHEIUZX LT, BT
DOEMH 'R Do T2,

— 196 —



No.30 (2012)

D &, EEO SO
ANHDBERLKIREINTE T D A=A LD, HENO
RO AT L EARD THPE A OS] % 1E
LR DT ENEEL 2D, BEMNEL RHEE, 72
L xIEY 3 = — AOBRENIR AN D FIEE T
L2k, F, IR EERLOMAREEOE ) e

BRDF FHAITHEE NI T2 Z L 0SRE CTH -7,

(2) HETRER L T T VAR OE
R & T2 DI OREIZIRE IE L < FEMCE DRE %

L, HENTIP, K7 b AMUOBEEGHZ FRHI B
LM FTRE & T2 BN B D, 7 N—F v L3I 2 B R
WCHEAT 5101, FERNZREE CRHE X 2R A v
= DVERR R E ML T A BN H -T2,

3.

3.1
(D BREEIEOFHI & CG N

SR (SR-BAR - TOPCON #) #HW T a—
N—LERER LT A M TS EFHIIL, Hicd=
WNTOSNDARZFHI LTz, Figd (ZZOFERERT, =
DI RKHT — 2 %, KA A Y Z LI
BRE LT,

U

Spectrum
800C (2

[Ty

sdE-z
S@E-C2

NG
28E-a2

E
Py A\

1 AN
16T 2 [
ogpE+0

) = e

===-Goor Wincow _— —Fr. Windshisld |

Fig.4 Spectrum of Evaluation Environment

(2) #EtoiEY)7: BRDF OFHH

BRDF %, FHAG O E & FHAME By FOREIC L
FKahEd L, BHEHIUCEIER L T OV TS IZE
L7z, ALY, ERTFHETIIRAOHOFRIRIZE &
Fo TV, AEEOFHNAREIC /o7, FBEO
REDEETIXRFMETIINL—varaio L, 3
BIRTE D ololo®d, Keikie 7 42 OB, JIESLIR
REDTRETY, ERHAMEICONTHiEYZ: BRDF
FHZ FTREE LT,
B =TV DIk

TERIINEE D BNET NWEARRLT D 72 DITHI N A v v
2 FZHHLCWER (Figh £) , T—4AXENEKIT/
D, EFHEOBCEIZNELS 20, EAMIC 2V,
FZT, ERMOPHURRS R 2R oML (CATFEERY) 1oL
TIEA v ¥ 2 B, TROERITHEO A v 2 2L
TN T2 Fl ey VO A v v a AT
LIZEY, WEEAHR LR, HLHELOTT VARE
Mzrz (Figh £) » FHUCEV =y 7 By FOEERN%

—EICRMECE D2 ET A EER LEEEEIS, /RN
180MB DT — X K& 72 >T2 b D% 20 53D 1 I1ZMA 5 2
EWTER,

Fig.5 Mesh Shape of Old Method (L) & New Method (R)

3.2
3.1 OHETER LIz CG EF OIS MOREHS B4
DRI~
3.2.1 GOKFE

T LomilT—4 L CG BT VOB IIEE
sRGB Tl L, ERMICEDO—EMEERGEE LT,

(D) BEiEHE

Fig.6 DX 572 @65mm DF— RIGIRTERRS 3 A0
PN 1~3 1Zxt L, EF L TMET A MPER T O®E
EWNTHHIA M L7z, FHUHTIIEIREHN & R Utk
WEFEREH L, o7 L EEORE IOV TIT
Fig7 lc7”¥, FWAEIE, KFEHE 0°L L
20°/45°/60°/85°0D 4 FE L L=,

YT VARRE— AR

P2 ARARE— AT L —

BTN VARNRE— AITA T L—

Samplel Sample2 Sample3

Fig.6 CG Samples for Color Verification

Light Source

Measuring
Instrument

60°85°
45°
20°

0

Sample

Fig.7 Relation between Measuring Instrument and Samples

— 197 —



No.30 (2012)

CG ET/MIONTIE, 8.1 (1) THE LR FTHE
PN ERIAED CG B E B LEFFHR S v/ il
LT,

(RTINS

Table 2 (X3FEH 7 VEHIRER L CG T NVOEHHE
DERAY TN TOUDO—FITH D, ZORREND, &
PrFE CG ETTNADOMOIE, RDAENEL L THITE
LTRY, BIZOWTHILAREE M LT,

Table2 Difference of CG and Sample1 in sSRGB

20° 45° 60° 85°
Sample{ CG |[Samplei:i CG |Samplel! CG Sample i CG
sR 41 40 a0 2l 20 49 41 42
sG 41 41 48 49 50 49 41 41
sB 40 43 46 48 49 48 41 41

3.2.2 YOG

¥, CG ETNVDERNT VU Ty 5 ENT
XRVOT, BFUTNE CG BTN EERGHMETE TR
FELT,
(D) WAL

Fig.8 D& 572 YiEWOFRI U RRY > 7L 4~6 %
FEY TN LRV TND CG BTN EZNENT & L
WA, THF A=k BAIZL D Y OB E OB IER
IR THBo77,
P4 VR —B @D 39 60°) R
PTG VAR — B GM) S m AL (60°) R
PLTN6 VAR — B GUM) S mAESO (60°) R
7'v 2l - Handy Glossmeter PG-1M Nippon

Denshoku %1/

Sample4 Samples Sample6

Fig.8 CG Samples for Gloss Evaluation

(2) HRATAESR

Fig.9 IZHAEFHIOME R AT, MliIEY 7o
Y OYERFHECH 5 7 v AE @, HEhXe % 23— k3
B LECGETFADY Y OBmE &md, VrO—Fm
BTN 6 ITOWVWTUTEENEM LTz, 7 AMED T 3
Wt TN THZEDBEN OIS W T 4 L BT
SONTH 4 ABEfFE LTz, ZOZENLCGETLTHE
TR RIS Y Y OE S OEWEFHE T 5,

9 Rank High A
% Rank 4B
= Mediurr N C
E Rank Lopw (a ¥
? XE
Sampled  SampleS Samplet
5.1 5.1

3.9
Gross Value of Sample 4-6
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Fig.10 Photo (L) vs. CG (R) for comparing luminance
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Fig.11 Result of Comparing Luminance Value of Real
Parts and CG Model
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Fig.13 CG of CX-5
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Fig.14 CG of All-New Atenza
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Verificated Color Decoration Panel

Fig.15 CG of Color Decoration Panel in New Atenza
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39 MBD

Fumihiro Tokumitsu

MBD to Power Window System Development

e S RIS VAT

Matsuhiro Tanaka

BRSEHARIAEAE & e 2 B0 L2 WNL T 572, B OB S MERERFECHE B b 7r & 2 F284
HEHIER L T o AEHICHEENPTY A THE, TOHT, RU—U A ROV AT ARRFEIC
FERE & B OB R fRAT 25 L7 E T v _— 2B Zm A U, PERERR 2 B L= H 2 RN 7 5,

Summary

In order to shorten development period and to maintain at high quality level, every car manufacturer challenges

to develop technology and process which can be realized the adequate architecture and verifications in an early

development phase. Mechanism and control were used for the development of power window system. And the

method is an instance of Model Based Development (MBD).
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Fig.1 Power Window System Organization
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Mazda Life Cycle Assessment (3" report) - CX-5 -

FRH FAT2
Yoshihira Moriguchi
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Summary

Mazda announced the Sustainable Zoom-Zoom long-term vision for technology development to

provide all customers who purchase Mazda vehicles with driving pleasure and outstanding

environmental safety performance.

The CX-5 adopts the innovative new-generation technology, SKYACTIV TECHNOLOGY,

achieving both pleasant and refined driving performance and excellent fuel efficiency.

The improvement effect of the SKYACTIV TECHNOLOGY on environment was confirmed by Life

Cycle Assessment (LCA). In the assessment, a new method was used, which is reported in this

paper. CO2 emission of the CX-5 was decreased from the equivalent of predecessor by 28%.
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Summary

We have been studying the future mobility in which the vehicle itself, with a high-level of
intelligence given, judges the driving state and exercises appropriate control and information
display. The emergent control system proposed here is a system to learn and judge the driving state
even in an unknown location and create a new control algorithm that can meet various driving
states. New logic which enables vehicle control along the driver’s intention, allows the real-time
estimation of the driving state. Accordingly the system makes it possible to correspond to the
change of time axis finely and will be expected further improvement of safety performance and
energy efficiency. This time we applied it to the engine control of a hybrid vehicle with a view to

improving the fuel economy and the battery life and confirmed a greater effect than the ordinary

control system does.
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Summary

To improve thermal efficiency of internal combustion engines, methods of cooling loss reduction
were studied using CAE analysis coupling a 0-D combustion and a 1-D heat conduction. As the
methods, the engine specifications optimization and heat-insulation materials on the combustion
chamber were assumed. And the influence of their parameters on the cooling loss and the thermal
efficiency was investigated. As a result, it was found that the indicated thermal efficiency improved
drastically by applying the lower heat conductivity and the lower heat specific materials for
combustion chamber coating shifting the surface temperature of the combustion chamber
responding to the gas temperature. It was also revealed that there was an opportunity to further

improve the thermal efficiency by the combination of an extremely high compression ratio and a

LT P

Hiroyuki Yamashita

lean burn.
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Fig.2 Calculation Model
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dQ = deisloerork + deuelilatent?heal + dQcooIingﬁluss + dH blowby (3)
+ dH chemical_reaction + dH gas_in_and_out + dH fuelinjection

dQcooling_loss = % aSm (Tm,n=l -T ) (4)
m=1
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Table 1 Specifications of Coating

Heat conductivity | Specific heat
NM No coating
VM1 Al x 0.01 Al x 1
VM2 Al x 0.001 Al x 1
VM3 Al x 0.01 Al x 0.01
VM4 Al x 0.001 Al x 0.01
VM5 Al x 1 Al x 0.01

Table 2 Base Engine Specifications

Compression ratio (&) 20.0
Cylinder volume (V,) 500 [cm?]
Bore x Stroke 86x86 [mm]
Connecting rod length 146.25 [mm)]
Inlet valve timing IVOI\:/?:_[(iZ%'ii:—:C]

EVO: 52 [deg. BTDC]

Exhaust valve timing EVC: 18 [deg. ATDC]

Inlet and Exhaust valve lift 8 [mm]
Number of valves Intake: 2, Exhaust: 2
Diameter of intake port 40 [mm]
Diameter of exhaust port 30 [mm]
Engine speed 2500 [rpm]
Intake air temperature 293.15 [K]

Intake air pressure
Target indicated mean effective

1.01325x105 [Pa]

pressure (P)) 400 [kPa]
Excess air ratio (1) 4

Start of injection 60 [deg. BTDC]
Injection duration 10 [deg.]
Calculation method of reaction rate Wiebe
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DEFINITIONS

unit unit
Cmp : Mean piston speed  [m/s] T : temperature K]
D : bore diameter [m] V : volume [m]
H : enthalpy [ ¢ : thickness [m]
m : mass [ka] £ 1 compression ratio [
p : pressure [Pa] x . heat conductivity WIm/K]
Q : energy [ p : density [kg/m?]
R : gas constant [J/Klkg] A : excess air ratio [1
S : surface Area [m7] C, specific heat capacity [J/kg/K]

lower

j : species (1~ns) m : wall (1~nw)
n : wall depth (1~nd,) r :valueatIvVC

mE El
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Development of Technology to Estimate
Deterioration of Structural Adhesives in Market
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Summary

Applications of weldbonding, in which adhesive bonding and spot welding are combined, have
been expanding as a means to improve stiffness and NVH performance. The epoxy-type adhesive
applied to weldbonding, however, has the possibility of aged deterioration caused by water
absorption. This may stand in the way of ensuring long-time reliability. With the focus placed on
the relationship between chemical changes of structural adhesives and its bonding strength, the
aged deterioration caused by water absorption has been quantified and a technology to estimate the

strength deterioration of structural adhesives in market has been established by using the degree of

hydrolysis as an indicator.
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Fig.1 An Example of Application of Weld Bonding
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Table 1 Mechanical Characteristic of Adhesives

Young's modulus Strength Elongation
Adhesive A 1500 MPa 35MPa ~10 %
Adhesive B 2200 MPa 40 MPa ~1%
Table 2 Condition of Water Absorption
Condition Time
50, 60, 70, 80
Humidity 95 %RH
(RH:Relative humidity)
1, 5, 20days
Immersion 50, 60, 70, 80
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PGM Single-Nano Size Catalyst with
High Thermal Stability and Low-Temperature Activity

JRIg ELH]*1 = lE AT

Masaaki Akamine Hideharu Iwakuni Yuki Koda
FEH 5LE"4 ERE = L BIF5 e
Hirosuke Sumida Masahiko Shigetsu Akihide Takami

ARWFZETIE, WHEWE L ARIRIEME O WA 0, S4B OBEMHICENZE&E Y v 7T ) Mk %
Wk AL S8, Z OBRIF 2 THEVE O & O BB By B R S B 3 A IS D W TG L 72, Ak
X, AT IS TRERMEE & bl U C U A LEUSIC B E R E S BRI AN L T\, B, =
VOUVIMAB O FEET I v v g VR TIE, oYUk =A— 0 FERMZE (Hot End) 12T, A&
AL AE A L 0 B 30% iV EE B E T, FSELIEREZ R U, AT Ol 3 R B
PERRIC OV T HAERAE L » HENTEY, L7 7—2 (BU T7H) HIROFREERRE ST,

Summary

Aiming to achieve both thermal stability and low-temperature activity, a study on a new catalyst
was pursued. PGM (Precious Group Metals)-single-nano-material which excels in controlling the
sintering of the PGM was made into fine particles, which were dispersed on a thermostable oxide.
Compared to the current catalyst, the new catalyst showed the increase in number of the PGM
particles after a durability test, which are important for gas purification reactions, and at the
vehicle emission test after the dynamometer aging test, it achieved the same level purification
performance by 30% less amount of the PGM in the closed-coupled layout (Hot End). Oxygen

storage capacity after the durability test was also larger than that of the current catalyst,

[EF AL

suggesting the possibility of reduction in the use of rare earth (Ceria material).
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Single-Nano Material Before or After Grain
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Fig.4 Comparison of Crystalline Structure of Developed
Material (XRD)
Sample information (Fig.3, 4)
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Fig.9 Amount of Oxygen Release of Developed TWC at
500°C After Dynamometer Aging (900°C, 50hr)
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World’s First Material Recycling of ELV Bumpers into New Vehicle Bumpers

BrH R TR INZs+-*2 RRlih 3 RS T4
Shigeki Nitta Kanako Ito Kenji Moriwaki Kazuhiro Furuta
HH RS Atz ™6 [ 0 *7 /N ARz 8
Nobutaka Tanaka Yushi Matsuda Kazushige Yamasaki Tomoyuki Koide
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Summary

Under the “Sustainable Zoom-Zoom” long-term vision for technology development, Mazda

announced it would provide all customers who purchase Mazda vehicles with driving pleasure as
well as outstanding environmental and safety performance. Based on this vision, Mazda has been
making active efforts to reduce global warming, such as improving the fuel economy, and also
working on cyclical use of resources.

Mazda developed and put into practical use the world’s first technology to recycle scrapped
bumpers from end-of-life vehicles (ELVs) into a raw material for new vehicle bumpers (As of August

2011; Mazda data). This technology was first translated into practical applications on August 21,

2011 to produce rear bumpers for the Mazda Biante.

The practical application of bumper recycling technology was realized in combination of

numerous techniques, including the engineering technique that makes the recycling easier, efficient

collection of ELVs’ scrapped bumpers, and the paint film removal technique.
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Table 1 Mazda Technology Development and
Implementation on Bumper Recycling

Year Contents

1992 Recycling damaged bumper to undercover
was commenced.

2001 Recycling damaged bumper to bumper
reinforcement was commenced.

2002 Recycling damaged bumper to grained bumper
surface was commenced.

2003 A technology to recycle damaged bumper to
smooth bumper surface was developed

2005 Continued recycling damaged bumper to
smooth bumper surface was commenced
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Table 2 Application for the Reclaimed Material from
Bumpers and Requirements(s)

o :Full requirement, :Partial requirement, > :No requirement

Requirements . . Paint qualit
Strength Dlrlnensw ey
PR nal : -
Applications 10 Rigidity stability Paint film [ Surface
the reclaimed performance appearance
Undercover. etc > >
Bu_mper o o > >
reinforcement
Grain surface © © © ©
Bumper o o o S
(without grain)
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Table 3 Setup a Target of the Paint Removal Rate®
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Highly-accurate Application System

of Liquid Sound Deadener
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Summary

To improve environmental performance and quietness of vehicle, light weight and vibration

absorbed body structure is required. However, weight has large effect for vibration absorbance,
there is confliction between weight reduction (WR) and quietness. In paint shop, several kg of
damping sheet is applied into inside of cabin for Road Noise (R/N) absorbance, and it has difficulty
not only with WR but also productivity, such as dirt defect.

We developed technology of application design optimization and accurate application system for
LSD (Liquid Sound Deadener), and implemented to RX-5 to achieve simultaneous improvement of
WR / quietness/ productivity. This report introduces these technologies, focusing on application

system development which significantly improved accuracy of application position and amount.
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Fig.13 Applying Trial by Developed Method
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