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Introduction of New Mazda Premacy
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Hideki Matsuoka Kunitsugu Nagae Masahiro Maruyama
AR 6"

Kan Matsuoka

C

IRy N7 FADFNETNVE LT, BUTT L~ — (/M4 Mazdab) 1320054F12 70— N )V ITEA S
Nizo HA - BRIN -dek - 79 7 &MB TRZZHEERTON, 70— )V T CFHi S LT 3 i FRIfE—o
ETNTHD, T L~y —1d, HEHZ L) F (B, BEEEMOZMITHEL, BUITETVOMATS
LA v, BREEME, AT I v 2 RED AMUKL, BICREMREE KIEICHMILEEr LT, FATAFT
LV Zoom-Zoom & AT A & L CH#L 2720 MAV (Multi Activity Vehicle) Ak 7L ¥ ) 571 2K
L, HATFAF ZIVEARICHIE LWL 2 BT 728 2 LT, KRS L T4 OITEI#EBH AN A 25 5 1
A REL, FIANEHIIH L CREEMT LT v L EEHmOE L SHPHB IS L -REE D25 T,
FNNHET LT —Tdh b,

Summary

Current Premacy was introduced globally in 2005 as compact class 3 row seat vehicle. It is an only
model as highly evaluated in the world, even under different competitive circumstances by market of
JPN, Europe, North America and 4A,. New Premacy is evolved into a product to realize Sustainable
Zoom-Zoom, with enhancement of styling, functionality and Dynamic driving of current strength and
improvement of environmental friendliness, to comply with industry circumstances and changes of
customer expectation. New Premacy offers customers expectations of wider lifestyle activities with

families and confident driving and seductive styling as a drive, with MAV (Multi Activity vehicle)

original flexibility. That is the New Premacy.

1. FUBHIC

T vy — 3R THE— 7 g — S UIZERET a5y
NS A4 XD —FETFLTH S, st E 2 A
K3F — bETEBAR, BN, KK 2 510 L
TR, BUTT L~ ¥ — 3 &5 CREMIIE (594
Vo MO LX) LERENMNE Sy r—Y, 254 F
F7) A@EKICTlivd3Z 2k, AMEDH 5 rdqh
ROV g =V MEAISRIN L 720 —0F, HiGERBRIEIMZE L
BEROMIEBIIREDY L=, FilT L~ =13, BT
OPEAYE - BAEES LD, HiBEOZICHib L, Bk
PERE A KIEIC b X ¥ 5 Z & T, RO EZ A 5 X<

kA TRV 2T A4 F TNV Zoom-Zoom%E RBLL 7-H %
Hig L THIFEL 7=,

2. BmmartE7 bk

a7 ME, MAmYy — v TN T vy 2R
KLUTIHITSA~— b7AB L LT, [Contemporaly Smart
Choice] & L7z, THEXADRN - FIETOMRITICE VS
727730 ==L LTOHNRT X, F72TREHTOW
B2V 2 L5 v AOB»TRE LA L e LT
Lo TIHTFA LS, 7730 —H—& L TOMRENES T
T, RHAHEBETOZZA4 ) v a2 X, HIEOREL
X LYol ARG A, F I A AG ORI AT 58

*1, 2 70T AFARHGEAT

Program management Div.

*3 AR
Basic Design Dept.

*4 RS
Product Planning Dept.
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ZHIE L, ZTD720DKey Value& L T,
1. New Stylish Design
2. Intelligent functionality
3. Intelligent & Dynamic Driving
4. Environment friendly
EENLUTHFEL 2, & Valuel
hRD,

IOWTOR A IS

3. EmIFH

3.1 New Stylish Design
(1) F¥4varvx7t

Bfr 7L~y —id, A4 FRT7TAR—T 4 BT ¥4
YELTRFIANSGNTD, BEELVWSIEOT YA v
ZKR =T A BTHA Ve DBAETIZHIL 2B WIS
HoTWb, TO-HHMT L v —Tid, New Stylish
Design®D A4 * =V % “YEh-Z a3k lhTHIL

AENBE LS ABNENEED “Seductive
smartness” (FE92F%) OFFA vavykv 7T rog L
¥ L 72,

(2) o2 Z2TVTTHA YV
WL~y —O®FBIE, 7727 TOT7 73—
7 x— A&, HIZ3ODEWE “NAGARE” #EIF
IZADTT YA VERBIL 72,
@ Impact... FHEIZTE ~HRTECZBNTHA 1
Ve T VEROEDICZE—Y g FAREEE T T
L, ExoticXElegante 7 ¥ A V4 X — T &5 L 7=,
@ Innovation.. A54 FF7A2FEHEDI=ZNVOFDILD
5K, RF—%s v arvnT7I9 b, 54 FL—
NEWSTERHT 4 ThEA A=V EHRL, EZI23
B0 PTnAEY - H25 LOWEBOFRBEHIEL 72,
(3 Harmony... IS E LTHRDA X — U & 525
S BKOFNE R T —BARTHICRB L (Figl).

Fig.1 Exterior Design

3) AVFIVTTHFEAL Y
A VT TTIE, TV ELTAR=YI=ZNV5
LW “RIAnNA) 7y R BEEELTTHA v Eh

72, FEERREIZ T o 2 V= b DA A — U TR A FERERIC
BlEL, Sty Yy vy ILkEEcaryzr—47
LEZEE L, ERE A -2 T - FEWE»O6MHEE 3
“NAGARE” #EEcamirtrFH4 v & L7z (Fig2).

Fig.2

Interior Design

3.2 Intelligent Functionality

Bfr 7y vy —id, Sy =Y R THEA RIS
W= — 7 R AE FED, & LT e — 2 VLIZEWET
fifi % MG L 7z, AT Z ORI A5 M E, BiZHn4
V—F95, 4TV Y2V N Bty r—o FRENE
EHT LY —IZBfif X g5 RAFEAE A Z— P L7z,
(1) BEMRICIFEEG S 7 — 2 OMFK

T L2y =Sy r —VREICH D, FTRLIZ

BEMOFEOMENE &7 -7z, TORE, BT
Loy =0y r =iy a—nUl@mangEds iz is,
T L2y =2 TZho &fKT 52812k, 3=

VRIS BERD LR = — X
NHREZ & F A 7=,

BREMRICERZ R CTIEWE ETIT- 72, 28y r — VEHil
DOFERER» 61%, KHNOMEEFOF L, EIT, KOEIH
DZENZ DN TBest In ClassDiHli 2R T T\Wp Z &
AT,

IIBAFT TN Z &

2nd row evaluation
100%

80%

60%

40%

20% |

0%

Premacy Competitor Competitor Competitor

A B C

Fig.3 Package Clinic Result
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5 AR D O FMAIRE 123 L 7222, " w0 b 588
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New Premacy ‘competitor-A competitor-B [ competitor-C
2pd seat type independent bench bench bench
width of ou:l:))?:j:,?;m 575 (564) (584) (570)
width of °”:g?;‘f:er:;m> 604 (533) (542) (601)
i ofcerler ammres 260 235 185 217

Fig.4 2™ Row Seat Spacing Comparison

7, FRTSLYY -0 27 ) TG, HTERE
SIS D 72 D12 TR U 72 2R 2 B & BUTH IR S5 4 MErs
L, “HID LR g WENY 4 X7 ZfKL 72,
(2) “4YyFUY Yy N Zifb L 7-HE6EN:

a7 b “Contemporary Smart Choice” % #HEM:
P CHBUL T 2125720, ROLTHA S, fioTATH
DEEEN 31544 7)) Uz v FRSREDN FIZHETI L 7=,
O v—-t7TVLUYY

WMT L =D — b7 LUV, Sy =Vl E
BRRICIeE, vV AMED “6+0ne” ¥ — bbb A4 7% b
MR LT, V= b T =LV AN x— o A -2
LTHRBIZIBCTE L X ER 2L DTE 22 HE Y 4 — 2
NR=2ZH, fHEIZFIOZIEOM N E B> T b,

Fig.5 6+0One Seat Flexibility

PRI L2y — T, ZO2=— 2 k% HhIEIL, &
AR T S TORAL AT DIAA L, KT, [EN
FFARIZA~N Y FL 2 b, 3Ry — b UL b 2 BIIEYE L 7z,
ENRFT XmETIE, Y= b YA X&KL, Y= by

Vg VERE & 2 4+50mm, ¥ — Yy 7 K& & 4+50mm, %
neEnnkL 7z,

Current Premacy

New Premacy

-

2" Row Seat Ehnacement

Fig.6

@ ZF3A4FF7

7L~y =T, “6+0ne” Y—hL A7 bED
MARDEIZL D, IS ND R 2 FefaE A 51 e il
MZ2TA FFT7EMEL LS, FIZREH TOMRLEIT
DAAE, VXY FT7D7 vy FE#CET—MZFTHL, B
V-t E L “W7 v F” FREHFHL, VY
N7 OFER, 2508 & T LS o R a2 m b, 728
B2 54 F K 7RSI, )Y R 7 BB EY & RN
THERT7TENRERIES “FyFrryH=" ZHH, V¥
F 7Ry — A0t vy oiaick, FHofEx &
DD KA RE L U, B TORIEROR D& E
M kX7,

Fig.7 Double Latch for Sliding Door

® TysEw Db

T L~y —0ay sy MERSREE T, EBMEE
HCTHIEYT “BoxIcs=) 7ROl L %29 F—
ML, EEREEREO Led X2 L7z,

R T 4 2TV A FOR & Gt A B BEO BRI A JH
W, SRR A GRT 572012, kv 2 —F 4 2T 4
ABUTH 425 EAICEE L 7.

72XV H =X OEMESWEHIZ DWW T, HEREEIC
B OB PIE LA HE L CRE S 5 20— ¥V SEiE IS
KRB E PN EEDSL LT, HEOLRT
A ICHALE L 7z
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3.3 Intelligent & Dynamic Driving
(1) Harmonized Dynamic Feel

WRIT L=y —TlE, 77 ARZ b+ OEPKIC X 258
THELXEZE IO, 773 —h—LLTOPE
P &b FEAEDOEL XOWMAHIELE[BOE
NS =7 & ] BMELRA Y MICEREL, TR -
ZFTYVVT - T —F s REERT 4 — L L E
5 it l - bFBE o —dHOHEOEHE—EL T
[Dynamic FeelDfft—k&] % HEIZHHFE L 72,
2 [#h»s] 257007 -y F) v 7ol
PARYVY g UV AT LIZTOY M9 T 7 =) VR
Fow bR, VYIZvLFY v RARHL, WREORTE
FLDY AT LETIZY T 74V Lz, ATFT7IVY T vy
TV aA Y EEICIEIN—Hy ) VT EBENIL, 7Y
I aVEDEWATT ) VAR TR AT
TVYTT 4 —LERE, 72, VI8, ZAAE 54 ¥
DY ARV Y 3 v F2—=vrOull, HREEBIIYEZ
WEL, WOELBNYFY YT AL FERD LA S
KICTEBLZ, $iTL vy — T, 3 — B EER
PIZL, V=7 THOLENYF) VY 7EELD S LIS
L7z, 2hoDffi— &N 7zFeel 2520812k D &
V=V TOGHODEND EHLE, FIANEZGFTEL Sy
Y VY v SETROEENRE, ROED b 2 P, DM
BEDEE L WHLA &L X 272,

£

Fig.8 Front and Rear Suspension

(3) [#2]| 8T xr—~Y 274 =D)AL
7RI B 20y bUEE - oYY

N L2 Bk & owifl, BT L v L —TiE, RAPEAA
AR ANRCGO M T & 2RIz =71k, 27 v 7l
BN K BNEE Y 2 v 27 2580, XL FEARIAR RIS
IBCTHET 27 4 —La ) =7IicL, HiglcA EBhAT
TEPHNRT L, HIRAR LD HFITH LTI IA4 DR
X942 [BOFHIZ] FBLOIHEAL L,

(4) 79 ZRZ b OYEY:

Pl 2 XY 3 YRR, U 7 b= MR - 2Ry
g YHUSREBRIE 7 v 7, Wb ofoul, k%2
JTitRE o FEL AR, 2752y FLXILDFFI v
A - AVIST b A X EER, EREER L R

DR RELWE L2, 72, AT —R Y % v bk
SR & 0 JREE S AR L, B PE  CEdR LT
THIF A LS5 1Z L7,

(5) ZFAXRZ | DMEILOFEL X

FiROEY, Ly —Tlk [Box o] Kb
FHIETE L X & ROE, /4 X - FOHEEES
X0V 5 9 2L THEIEETE 2PuEMIZ L s hz |k
BV AT A4 F TN Zoom-ZoomZs Eiis A FEHE L T 5,

3.4 Environment Friendly

HRIT L~y —13, 7717 TEVIHEiZEN TS B
Bipithi & BRH, IR A XD, BB & Harmonized
Dynamic Feel#lj3az &85 Z & & HFL 7=,

(1) 75 Z by 7L RLORENRE

HA - WNmggarz Ay ) vy v e LT, istopll
DISIH VU v aBIZH b X7, [EiEL - L7 24 3
VIODRBELEED-TY YV Lo EORREL, Hih
B D EIRENT R e XV A ER, BRINEMTH
TIFCOEIS BRI L D DWW S 5D IZE HEKL 72,

7, YA 2ZHHIE LT, YUy F I T o uY—%
HHLUZEA 2Ty OV OF v 2 ) 2 MZERHL, fidk
HEROMHEET0~90%H L, AEFICERL 72,

(2) BBxLE R 72H5< D
DO 7R by FLNILDZEMRE

WAL~y =i, 727X IO 7 ) I H 525
DABRHMH STIZ X & — XI2H$ New Family Facel#id %
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“Novelty” that New Premacy Challenged

Mo = &
Koji Tabata
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Summary

In the expanding minivan market, the design of the second generation Premacy, which was
launched in 2005, received high acclaim as a smart & sporty minivan embodying Zoom-Zoom. Nowadays,
however, competition in the minivan market is growing increasingly severe due to shrinking market
volume and other manufacturers introducing new and unique products one after another.

New Premacy is a car through which we sought high novelty by directly expressing design ideas.

While this was a great challenge for us, we perceived through our development activities a further

possibility of design in this increasingly competitive market.
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Fig.1 Show Car “NAGARE”

22 27D =

FEIT L vy —DOFHA VIR TIE, 220815 T
YA YO AEEEEH L7,
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Design words

Fig.2 Design Words
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New Style
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Lightness
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Fig.3 New Style Image
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Fig.4 New Premacy (Exterior)
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32 IVRFUTTHALALOHLVEA
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Fig.5 “NAGARE” Image
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Fig.6 Flow of Body

(3) “NAGARE” #0381
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Fig.7

“NAGARE”"Trial Panel

4. A>FUTTHA L
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Fig.8 Driver Oriented
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Idea Sketch

Fig.9
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Instrument Panel (L/H & R/H)

Fig.10
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Seat Design Concept

Fig.11
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Fig.12 Exterior Color

Seat & Fabric
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Development of Harmonized Dynamic Feel of New Premacy
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Daisuke Umetsu Takahide Okamoto Atsushi Yagi
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TVL~v ¥~ Mazda 5i%, 70— N)VIZEBTL232 /837 FI =NV ELT, BMNZE LD ETLEHTY
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X, M—EOBEL ER2NICHEL, ATT7) Y7772l voBUiEIcB»TRERMIZEEETREnE
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Summary

Premacy has top-level vehicle dynamics in Europe and other markets as the compact minivan sold
globally. The development of new model focused on “Harmonized Dynamic Feel” to achieve
“linearity that enables operation as intended”. By setting due parameters, improvement needed in
each attribute has been identified. The linearity among “driving”,“turning”, and “stopping” feel has
improved to deliver dynamic feel for drivers and passengers.

This paper describes the development process for “Harmonized Dynamic Feel” and Premacy’s

vehicle dynamics characteristics.
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Fig.2 Concept “Harmonized Dynamic Feel”
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Fig.3 G-G Diagram (Limit Driving at Test Circuit)

23 G-GHA 79U 7 LFIROBESRTE

T, (GO BNR W] EIFBEKRMIZE ALIRRET
HAHIh, BB L& S, ZBEMAKZEOT—F & WM T3
& FITIEEE, Wok-HER g & N S WAL TGO RS b
ANET D, ZZTHIDERDORVIRELE, Z0
N7 MVELAHEGI, TADbBATE BN RAL ISP TS0
ERIFFIC R E DR ICENT 2 ETH 5., ThEG-GH
AT77 5 ECERBELEBES, OO0 I—FY V7 h
SG-GOKRIZ, WG E BIG, NEGHO Y — 7 &k Dk
SHEIZE 2. ZO&5 5EBORE, FEOWEIBIZMN %
i ko afEndiekn (Figd), EREHEICIXLE L 7=
RS LR § 2 5 72 GEPEHIlARS SR .

WIZGOD ) BHEOIREL X, T OZALA Wi,
HEINVIHELGAETHD, FEIIF I v o LzHlO
FEAEBCTLES., ZHEIG-GFA T/ 5 LT HFE
LD, EICGOEBRBEEINTHEWVWIRETHS, 20D
LA, REO Tl HlEE) & OR U & > TEHRRTE
ALIZL L, BTl I N TS WIEEIZ A I E 4 ik
bhaZL bk, RN AIHERRIENESKE 2 -7,



No.28 (2010)

SV &%

A Poor linearity leads to jerky feel.

@ Good overall linearity leads to smooth feel.
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A Poor linearity leads to jerky feel.
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@ Good overall linearity leads to smooth feel.
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Fig.4 Example of G-G Shape
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Summary

New Premacy/Mazda 5 is aimed at achieving significant improvement in environmental

performance by embodying Sustainable Zoom-Zoom while inheriting fun-to-drive and excellent

packaging of the previous model.

It is also targeted at achieving performance feel which enables

drivers to control the vehicle at their will, and passengers to enjoy a comfortable drive.

The following article introduces the powertrain that firmly supports the product concept

‘Contemporary Smart Choice’.
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Fig.1 Direction of Fuel Efficiency Improvement
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Table 1 Fuel Economy & Emission (JPN/EU)
ENGINE T/M | 10-15Mode F/E | Emission
km/L
2.0L DISI
JPN i-stop 5AT 16.0 (15.0) SU-LEV
2.0L DISI | 5AT 15.0 SU-LEV
() : With Power-operated sliding doors
ENGINE T/M | Mode F/E | Mode CO: | Emission
L/100km g/km
Eu | 2008 e | 69 159.0 Stage5
i-stop

3.2 MICHET
1) zvyv
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L, BBERT VY v LR ETFL TS, HHEREIZ D0
T, EHEILEED T, =T Yy Yy UL T 2L IV
(LI#%S-VT) O KAEEIfA & 1A T, 2Bl JIPERE % #E
LTk, MEEERLAMIZIGE CS-VT & REza Y b
U—)L§5Z LT, Bk #HMFL 505, (KIREL
ZFEB L7 (Table 2, Fig.2-1),
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2, FERETHTOMRE 2 KIFICdEE L T s (Fig2-2),

Table 2 Engine Main Specifications

Current ENGINE New ENGINE
Displacement(om3) 1998 1998
Bore x Stroke(mm) 87.5x83.1 87.5x83.1
Intake valve close 37°~ 67° 40°~ 80°
S-VT Maximum valve angle 30° 40°
Compression ratio 11.2 11.5
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Table 3 Fuel Efficiency Improvement Menu

RN

Knocking limit learning control

12.|Elec. Fan operate frequency reduced
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Summary

Since Mazda unveiled “NAGARE” Concept at 2006 LA Auto Show, it has worked to develop a model
with its sharp character line adopted as the design theme. This character line is the symbol of Mazda
design. It was therefore a big challenge for us to precisely reproduce it on the body. In order to
precisely reproduce the character line inherited from “NAGARE” Concept, we reviewed our “process
for assuring surface quality”. This paper describes specific efforts we have made in developing New

Premacy.

1. FUBHIC
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Concept Car Mazda KIYORA
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Peter Birtwhistle Benno Gessele
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Yasushi Yoshimura Toshinori Sakamoto Shoichi Kamimura
E 0

[~y &) &, BMfEORNCY sy [ A7 457 “Zoom-Zoom™ BEE] 12D &, 20154FI27 10—
PNV R A 20084E HT30% L E T 5 T L A HIET 20T, YU BRTZHEOOEOEEKBIL /a3~
LT NI —ThHb, ThbLbE [TRNTOBEHRIELRPLEN-REERZRMT S ] 72012, BB
PHRREZZER L V6 YL LW "EYOELS" 2EHILLFROI LT VI —DETH L, HHFED
wREET ) vy ryarye 7 [wY 4 SKY-G L3L) kit t—r~Fv 7 bS5 A3Ivvava
Y27 b [ % SKY-Drive] Zf#ladabE, #LLAMEDOT A F) Y7 ANy 7Y A5 A [istopl %,
MILANVFEES AT L &R B2, FH7 7 AOBATHEY 5 100kgDEERALR 22T OUELZ TV, BERE—F
WX D#ETT VA MR LTI0 - 15— F32km/L & W) BIERE * EBH T 5,

Summary

“Mazda KIYORA” is a concept car expressing “Sustainable Zoom-Zoom”, a long-term vision of
Mazda’s technology development, aiming to improve the global average fuel economy by 30% in 2015
over 2008. The car realizes both excellent environment performance and Mazda’s Fun-to-Drive. The
car employs “Mazda SKY-G 1.3 L (next generation gasoline engine concept)” combined with“Mazda
SKY-Drive (next generation automatic transmission concept)”, “i-stop” and a deceleration energy

regeneration system. Moreover, with 100kg weight reduction from current same class models and

aerodynamics improvement, the car realizes ultra-low fuel consumption, 32km/L (10-15 mode),

without an electric motor assist.
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[Graphic representation of global market share of powertrain technologies]
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Fig.2 Environment Technology Expansion Forecast

B Gradual application of electric device technologies

We aim to further boost environmental performance by gradually adding electric
device technologies to base engines with excellent environmental performance.

Gasoline
Idling Regenerative E> hybrids . Plug-in
stop braking "> hybrids*
system system Hydrogen etc.
hybrids

Step-3 Hybrid system

Step-2 Regenerative braking system

Step-1 Idling stop system “i-stop”

Base powertrains MEZO3T SKY TECH

* Hybrid cars with batteries that can be recharged from a residential
power source.

Fig.3 Building Block Strategy
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Fig.5 Mazda SKY-Drive
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Fig.6 Concept of Light Weight Design
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Fig.7 Upper Body Structure of KIYORA
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Fig.9 Protect Rear Seating Space for Adults

4. THA >

41 IHJRFVTTHA L —T7 +ILLAEHEORMES

FIFLDEENHIOE Y FEL [V & ik, <
VEDEHELE DT 74 TKRA VY VTV NEABIED, R
T —ERII3RICOBEEREIMA S Z LT, YIETHA v
DNADOEAL L 728D H B 7 AL T 4 v 7 TAKR—T 4
BAAANERBL, WOEPEFY T2 854 VI3HAIIT
IZohTHED END, V7 2AR4 T —KLTBL
Iy bEhEoTWnb, 184 VF TN IKAL =&, FHn
F =NV IZKY, NNy T =V BB E AR —T 4
BB ARB, 2082 P AERTF - HROOEEIZLD,
AT R A /N & < A 72, SIS, Rhmiciis i cmeET
EN7=AR T —KEDOEIK, KTOXHEI Y ba—1L7T3%
TR, VZPh—T KA T 5EIZX-T, B2 IRE
EEBHL, EETOREERREDNR (hOHPUH & A
HETHSE%) IZHGLTW5,

Fig.10 Improvement of Aerodynamics-1

Fig.11

Improvement of Aerodynamics-1
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Fig.12 Cockpit Design
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Next-Generation Powertrain Development Concept
“Mazda SKY Concept”
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Summary

Mazda's next-generation powertrains are currently under development based on our “Sustainable
Zoom-Zoom” long term vision, which commits us to provide driving pleasure and excellent
environmental and safety performances to all our customers. We have announced “Mazda SKY
Concept” as the development theme for these next-generation powertrains. With the Next-
Generation Gasoline Engine Concept “Mazda SKY-G"**, diesel-engine-level fuel economy and greatly
improved low- and mid-end torque have been confirmed. With the Next-Generation Diesel Engine

Concept “Mazda SKY-D"**, 20%-improved fuel economy and clean combustion have been confirmed.

The Next-Generation Automatic Transmission Concept “Mazda SKY-Drive’

9 3k 4

delivers roughly 5% -

improved fuel economy and direct shift feel at the same time.
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W Anticipated expansion in adoption
of environmental technologies (through 2020)

[Graphic representation of global market share of powertrain technologies]
/4 Hybrids

/Ao — Idiing stop

-~ system

Electric devices

Base engines
(internal combustion engines)

2009
« Introduction of hybrid technology
and idling stop technology

] k Hybrids
-__ Regenerative
braking*

+ Internal combustion engines

_____

Electric devices

Idling stop
system

Base engines
(internal combustion engines)
2015
* Expanded use of electric device technologies and

increased introduction of electric vehicles

*A system that decelerates the vehicle by converting
kinetic energy to electricity, which can be reused.

- Internal combustion engines
|

Electric
vehicles

Regenerative
braking*

1 Idling stop ‘

: s Bas;:- engines
« Stricter fuel efficiency standards globally /. = o
« Need for big boost in energy efficiency (internal combustion engines) .,
» Expanded adoption of electric device technologies 2020

Fig.1

Electric devices

" Internal combustion engines

Environmental Technology Expansion Forecast

M Gradual application of electric device technologies

Wo aim to further boost rformance by gracualy
idfing Regenaatve o e Pughn

Step-3 Hybrid system
Step-2 Regenerative braking system

Step-1 Idling stop system “i-stop”

Base powertrains

* Hybrid cars with batteries that can be recharged from a residential
power source.

Fig.2 Gradual Application of Electric Device Technologies
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Fig.3 Mazda’s Fuel Economy Improvement Target
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Fig.4 Internal Combustion Engine Improvement
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EPerformance (torque) Improvement graph
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Fig.8 Performance (Torque) Improvement
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Precious Metal Dispersion Achieved by New Catalyst Technology
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Newly developed
catalyst
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S

Several tens
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v

Precious metal particles do not
become agglomerated as they are
embedded in the base material.

Fig.9 Mazda-Unique

Single-Nano Catalyst Technology
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Fig.11 Fuel Economy Improvement
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Fig.12 Performance (Torque) Improvement
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Fig.13 Comparison of Ceramic Base Materials
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M Lock-up range improvement case
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Fig.15 Expansion of Lock-Up Range
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Summary

Mazda RX-8 Hydrogen RE, for which commercial leasing started in 2006, features the dual-fuel
system enabling the car to run on either hydrogen or gasoline. While a hydrogen injector and high-
pressure hydrogen tanks are newly added, many of the parts of its engine and body are mostly
common with those of the RX-8 model in production. Consequently, Mazda RX-8 Hydrogen RE can
be built and serviced at existing facilities.

In Norway, various national projects aimed at building a hydrogen-energy society are underway.
One of those projects, HyNor (Hydrogen Road of Norway), and Mazda agreed in November 2007 to
collaborate in the development of hydrogen fuel and hydrogen vehicles.

As a specific cooperation action with HyNor, Mazda carried out the development in a bid to comply
with Norwegian requirements, including the left-hand drive system, and enhance marketability,
based on Japanese-spec RX-8 Hydrogen RE.

This paper describes our newly-developed Norwegian-spec RX-8 Hydrogen RE.
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Fig.1

Japan-spec RX-8 Hydrogen RE
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Table 1

A FEIZ T 4 — F

Major Spec of Hydrogen Vehicles

ltems

Domestic Specification

Norway Specification

Dimension OAL 4435mm/OAW 1770mm/OAH 1340mm —
Seating Cpacity [[4 persons —
Engine Hydrogen rotary engine Norway Specification

Dual-fuel system

Installed

Installed

Fuel

Hydrogen and gasoline

—

Max Power

=Hydrogen mode

80kw(109PS)

—

= Gasoline mode

154kW(210PS)

Max Toruque

-Hydrogen mode

140Nm(14.3kgm)

80kw(109PS)

=Gasoline mode

222Nm(22.6kgm)

140Nm(14.3kgm)

Max Speed 170km/h —
Transmission 4AT 5MT

! -Hydrogen mode _ [100km —
Draive Range -Gasoline mode __[549km 45km

Fig.2 Norway-spec RX-8 Hydrogen RE
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Fig.3 Hydrogen RE System
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Fig.4 Hydrogen Burn Control
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Fig.6 Improvement of Engine Torque and Power
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Summary

Mazda successfully employed an “Urea Selective Catalytic Reduction System (Urea SCR System)”

to the CX7, which is an exhaust aftertreatment system that cuts NOx by using urea aqueous solution.

Mazda is the first automobile maker that adopted the system to a passenger car. This report

describes the overview and features of the Urea SCR System for passenger vehicles.
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Table 1 Engine Specification

Displacement(ml) 2184

Bore x Stroke(mm) 86 x 94

Combustion type Direct Injecton

Variable swirl system N/A
Intake shutter valve DC Motor
EGR valve DC Motor
EGR cooler with
Compression ratio 16.3
Valve driving system DOHC,chain-driven 16valves
N Open BTDC 6°
Valve timing Close ABDC 30°
EX Open BBDC 40°
Close ATDC 8°

Valve lift((mm) IN:9.5mm,EX:9mm

Fuel injecton system Common rail system

Max Fuel pressure(MPa) 200
Variavle geometry turbocharger
Supercharger system (Improved)
Inter-cooler with
Max. torque(N-m) 400
Max. power(kW) 127
Diesel paticulate filter with
Linear O2 sensor with

HTH5, SCREMEIZYF 54 b RfiEAMHL, IV
IN=Z D EFRICIE I FY —20E, T2 LiEREZk o /-
DIZSCRAMMETVRICNOx » ¥ A BiE L 72,

POWERTRAIN
CONTROL
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EXHAUST GAS
TEMPERATURE SENSOR

)
SCR
CONTROL
MODULE
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Fig.1 System Drawing
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Summary

Sophisticated electronic control units and data communication among the units are becoming
increasingly important as electronic systems are widely used in the environmentally friendly vehicles
such as i-stop and hydrogen vehicles. Therefore, long term monitoring of conditions and
communications in the electronic control units are very important to ensure product quality.

A unique compact data logger, which can record internal conditions of electronic control units,
data communications, and environmental conditions such as temperatures, has been developed. The
unit automatically starts and stops the recordings in conjunction with driving conditions. This report

explains the design of the data logger, which are widely used during the advanced development and

product development in Mazda.
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Summary

As an environmental strategy, Mazda is promoting “Building Block Concept”, with which electric
devices such as regenerative brakes and i-stop have been phased. As i-stop/regenerative-brake
operations require large charge and discharge of a battery, the state of charge (SOC) greatly
fluctuates, and excessive discharge and fast deterioration have to be prevented by Battery
Management Technology. However, the conventional Battery Management had a limit in SOC
prediction precision due to the polarization phenomena of batteries. This time we theoretically
clarified the polarization mechanism, and the SOC prediction accuracy is significantly improved. We
also established a new Battery Management Technology that considers the state of health (SOH) of

batteries and state of function (SOF) of electric devices as well.
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Table 1 Causes and Solutions of Low Voltage
monitor cause judgment solution
Low EMF Low SOC auxiliary charge
Sulfation inhibit i—stop
Low SOC auxiliary charge
Internal
Corrosion inhibit i—stop
resistance
Battery temperature pause i—stop
increase
Active material loss inhibit i-stop
Current increase electrical equipment pause i—stop
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High Functional Paint for Aqua-tech Paint System

e AR AT PR W oh B o5

Takakazu Yamane Hiroshi Kubota Sakura Nakano
v E - B A B O 7T M oM R
Kazuhi Koga Takako Ishibashi Teruo Kanda

L )

HE)F & T ORBERED 2O KR OBANER L T 5o KEERFEIIVOCOHEH & & KME IS
5T ENTE L=, BEBEOMREZERHCERTOKIZERESELT Ty v at 7 TROBINVPLEL %2
B728, HEROEHER LB L T AV FHEIZL DCOPHEENIBMT 2 & v ) MEzH -7z, ZOMEE
RS B 70, EIREEEREOMIEIC X 5 BETHOEHIL L BE TR TO T AL FHEOMHNZ L - T, COMF
MmOz L2, KIEZVOCHH ORI Z FEHT 2 HRMEEE L 274 (LT, 7277y 7 8%) &
FEL, 20094E6 7 & ) Fam— T~ 0EAZ IR L7,

T T Ty 7 ®¥EIL, COMEE 2 BT X THIHIL 2725, VOCHEH =% KIEICHIK 2 2 & T, #57+
kM TLAOVOBRBEMERE R EBIT & 720 WIZ, BEmMEIINECRERFFL L2 ER L 72,

KT, 77T Ty 7 BEHMDH L, FEITEERESEORIEIZOWTHET %,

Summary

Introduction of waterborne paints for the environment protection of automobile paint shops has
been progressing. While the waterborne coating greatly reduces VOC emission, it requires
temperature/humidity controls at painting and a flash-off process to evaporate paint moisture,
resulting in the increase in energy consumption or CO, emission over the conventional solvent
painting. To avoid this, we have developed a new waterborne paint system, Aqua-tech Paint System,
which is an integrated paint process using newly developed high function paints, which requires
lower energy consumption. This system significantly reduces the VOC emission without increasing
CO,, and was adopted to the Ujina No.1 Plant in June, 2009.

The Aqua-tech Paint System achieves the top level environmental performance in the industry due
to the large cut-down of the VOC emission with equal CO, emission level as before, while maintaining
the same or even better paint quality compared to the previous system.

This report mainly describes the development of the high functional paints used for the Aqua-tech

Paint System.
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Fig.1 Actual State of VOC and CO, Emission of Paint Process
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Fig.2 Outline of New Waterborne Paint System
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Fig.4 Structure of GA Steel
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Fig.5 Flaking in Zn Plating of GA Steel
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Fig.6 Assumed Mechanism of Flaking in Plating

P bziE 2, @6 LERDBEAGAHINR & O
T bigatERE 2 fEIR 9 5 720121, BRFE L 72K~ —
2L e 2 ) TR, 8 o RO RS B VIEE TR
DFEZVHIICIHICZ 22 EEELL, ThEHEICHE
PR AT O BDEN D 5,

(1) FEEk
1) & ZHEEEREDRIE J7 ik

Fig7lommL7=F o ¥y 7 F 22 2 HWT, —EDHE%E
IRILFIZBTEEEY Y TILO) - 2 HEERAHIE L 72,
2) o XEOEME S

WEIILFIZLZF 9 ¥y B ERD, W - x)E
R & MR E T ROEOMEIZIE, Fig8D kS
75 FBARGE " & 72,

3) FEEY VT
AR U 72336 v 7L O & Table LIZR g, 21U 7

Test panel

Test condition
Velocity of stone 130km/h
Weight of stone 0.4£0.1g
The number of shot | 50 shots
Temperature -20°C

Fig.7 Outline of the Chipping Tester
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Clearcoat
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Fig.8 Experimental Equipment for Measurement of Strain

Table 1 Specification of Test Panels
Sample Basecoat Clearcoat
No. Resin Resin
® Solvent ) i Epoxy-acid
borne Acrylic melamine
)
® Acrylic melamine 2 pack
@ Acrylic melamine & Urethane type
Water Acrvii - urethane
borne crylic melamine & Urethane & R
® . - clear paint
Energy absorption material (1PHR)
Acrylic melamine & Urethane &
@ Energy absorption material (5PHR)
Film build 15+ 2um 35+ 5um
Baking 140°C%x20min
condition | Flash-off process 60°C*2min (only waterborne basecoat)
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Fig.9 Relationship between the Strain and Flaking in Plating
(The numbers in the Figure are Sample Numbers in Table 3)
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Fig.11 Anti-chip Performance of Limit Speed Condition
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Fig.12 Issue and Measures for Weatherability
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Development of Process Integration Technology
for Aqua-tech Paint System
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Summary
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For environment protection, further reduction in environmental load in vehicle manufacturing

processes is required.

To achieve this, we developed a new eco-friendly waterborne paint system of an integrated and

efficient process with high-efficient paints, which significantly cuts VOC and CO, emission. On this

report we outline the technology that achieves “Space/Energy/Material saving”.
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Fig.1 Actual State of VOC and CO, Emission of Paint
Process
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Comparison with typical solvent borne
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Comparison Reduction Effect with Typical
Solvent Borne Paint System
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3 Wet-on paint [ @] Bak'"g[ﬁ ﬁ &] Baking

Primer , Base Clear

E-coat Top coat

High-efficient paint technology
+Energy saving booth conditioning
-High-efficient Flash-off

Bakln
Aqua-tech paint 9| Process Baklng
integration

E-coat

ngh -functional matenal
i of primer f

Fig.3 Outline of New Waterborne Paint System
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Table 1 Resource Saving Technology of Aqua-tech Paint
e 1) Energy 2) Space 3) Material
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(DEnergy saving booth air O
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@High-efficient flash-off O O
@Space saving cartridge
paint supply system O O
@sharing paint piping with
solvent borne paint O
(pipe cleaning technology)
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Fig.4 (2)

ooth air conditioning of
cal waterborne paint

Fig4 (b)
Booth air conditioning of Agqua-
tech paint

Keep both temperature and humidity Keep absolute humidity difference
cc?\gm‘l cmﬂ iy
(Keep evaporation speed as constant)
Relative humidity Relative humidity
Pl At 7. o

Aupiuny sinjosay

| Comnral only humidity
with conceming
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_.-._
| Little energy |

- -
Huge energy 1

Fig.4 Comparison of Air Conditioning of the Paint Booth
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Function pursuit of flash-off : Evaporating certain quantity of water from film

Agua-tech paint process

& & e o] mecm
o 8 & E‘@@.&@g&j. & g

‘Basecoat‘ ‘ Flash-off ‘ | Clearcoat ‘

'

Typical flash-off Flash-off of Agua-tech paint

Cool down whole body (40°C cold air blow)
Continuous hot air blow

Huge energy

Process time 4 min

Fig.5 High-Efficient Flash-off of Aqua-tech Paint

-Cool down only body surface
(40°C cold air blow)

- Intermitting ON/OFF

Little energy

‘ -Process time 1.7 min ‘

{- Heat up whole body (80°C hot air blow)

+ Heat up only film (80°C hot air blow)
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Equipment for solvent borne paint Equipment for Agqua-tech paint

Fig.6 Insulation Method by Cartridge Supply System
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Typical cartridge system
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Inside booth T .....................

Expansionl

---------------------

Inside booth T

Fig.7 Space Saving Cartridge System
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Table 2 Elemental Composition Analysis of Residues

Sample Position Elements detected (mass%)
C (0] Al Si Cl K Ca Ti Cu

90.7 | 6.3 0.4 - 0.1 0.8 0.7 - 0.8
915 | 81 - - 0.2 0.2 -

Residues in the paint pipe|

415 ) 207 | 262 | 04 - - 11.2

m[o|o|m([>

852 | 112 | 04 - - 0.3 03 2.7
Paint samples -

(H700.34F)

818 ] 53 4.2 6.0 - - 28

Detectionrange : Na ~ U

Residues

in the paint pipe

Raman Shit (cm-1)

Fig.8 Raman Analysis
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HWVOC emission B CO2 emission and reduction technology

Due to waterborne paint
40 (increase of energy by evaporating process)
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Energy saving by high-efficient flash-off

Fig.9 Reduction Effect of Environmental Load Materials
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Development of Automobile Interior Parts
using Developed Polylactic Acid

oW tho o2t M M FE R — O R
Yushi Matsuda Takahiro Tochioka Yohei Ichihara
P NI = B A S NN G = S £ | S O

Michihisa Iwamoto Katsunori Shimizu Yukio Iwayama

E

INAXRAT T ATy 71%, MEEEIZBIT 5 A IREERRES, COFFHICELA—Rr=Za2—-FF7 V0 Toh
Lo Bl S, FROBEBHEHBIEME L LTEETH L, RENBNAF AT TIAT Y 7 THLKRY
FLEE (PLA) 2 X—=2& LT, 7avzR)y7Fa¥lLr (PP), # N7 BILOMBEALAIZEAE L7231+ 75 A
Fv 7 BRI L, ZOMBLHIE LT3 E I35 2 L12X D, 100C L Lo @il #id & B2k
% R o 7PPEPLAL O 7 O A MO EBEMEZNET 5 2 A TE L, FFELAZPP/PLAT O A %, W&
13m, E&H0TmE& KT, BREZLMWMITAHE L TwDL T L ~Y Y=g Fad = YRENS 7 v FOKE
&2 =12 HEH L7,

Summary

Bioplastics have a great potential as future resin materials for automobiles because of the less
fossil fuel consumption at material production processes and the carbon neutral advantage. We
developed a new bioplastic based on Polylactic acid (PLA), a typical bioplastic, blended with
Polypropylene block copolymer (PP), talc and compatibilizers. Application of three kinds of
compatibilizers improve the impact resistance of PP/PLA alloy of high heat resistance (>100C) and

moldability. The developed PP/PLA alloy is applied to the large H2 tank cover (about 1.3m in width,

0.7m in length) of the Premacy Hydrogen RE Hybrid, positioned close to heat-up parts.
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Technical Research Center
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Interior & Exterior Components Development Dept.
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Fig.1 Approach of Material Development
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Fig.2 Chemical Structure of PP and PLA
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Table 1 Effect of Additives
|n|120adct Elongation Heat
P at break iresistance
strength
Compatibilizer A — — —
Compatibilizer B Vel — N
Compatibilizer C — Vel N
Hydrolysis inhibitor D
(Carbodiimide) AW N\ \
Talc NN\ W
Table 2 Control Factors and Levels
Control
Factor Hydrolysis
Compatibilizer | Compatibilizer | Compatibilizer ly hed
A B C nhibitor
D
Level
1 High None None None
2 High Low Low Low
3 High High High High
4 Low None Low High
5 Low Low High None
6 Low High None Low
7 None None High Low
8 None Low None High
9 None High Low None
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Fig.3 Example of Load-Displacement Curve of Impact Test
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Table 3 Material Properties of Developed PP/PLA

Item Unit Target D;‘;T(';Eﬁd
Biomass ratio wit% >25 28.9
Deflection
temperature under °C >100 108
load (JIS K7191)

Tensile strength

(JIS K7161) MPa >20 26.5
Flexural modulus

(JIS K7171) GPa >2.0 2.2
Izod impact strength 2 -

(WIS K7110) kJ/m =4 4
Specific gravity

(WIS K7112) - <11 1.07
Tensile strength

retention after % >90 100
hydrolysis test

4. BENDEH
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Mazda Life Cycle Assessment
om % BT O ®# AT
Shigeki Nitta Yoshihisa Moriguchi
E B

XYY, FHAEORNE Y a ¥ [ AT+ 70V “Zoom-Zoom” BEE] IIT, ¥VYHEEMEAL TV
W2 RN TOBE S TIELHRC L ENERLENREZIRET LI L Z2EF L T i,

PR L, BRI AL, L2 S 4 OBFEMEREOR EAOR) A EZ B AW, BEHEO T A
T A 7 VAR TR % 279 5 Life Cycle Assessment (LT, LCAE W) OFREEUDNET > TWb,

¥V FIE, RX8NA Fuyx YREDLCA%Z, KIEZHE L Lcun—y )oY yEE LTIHRTHO TE
i - AR LTz F, FBIT LYY —TlE, IhETRMIATON TR E A LT N AR B L 7RO
7L —FOLCA%Z &7 L— FTEBL, BUEHBIMETFIY TRl L7z, £ofR, CO0HEMEDS, HEHRE
TWAZHART, RX8/N 1 PP = YRETHT %M, #HE 7L~ —T6%WHT 5 LAVRE N7z,

Summary

With the long-term vision of “Sustainable Zoom-Zoom” in Technology Development, Mazda
announced it’s offer of driving pleasure and great ecological safety to all Mazda vehicle purchasers.

Importance of the Life Cycle Assessment (LCA) is increasing, which assesses environmental loads
of a vehicle during its lifecycle, in view of comprehensive eco-performance such as fuel efficiency,
cleaner exhaust, and vehicle weight saving.

Mazda is the world-first maker that implemented the LCA on a hydrogen fuel rotary engine
vehicle, the RX-8 Hydrogen RE. Also, the LCA which had been applied only to the specific grade
models equipped with fuel efficiency devices was carried out on all grades for the new Premacy
(assessed based on the weighted average of each model’s sales volume). As a result, CO, emission

was reduced from the previous models by 57% on the RX-8 Hydrogen RE and 6% on the new

Premacy.
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Technology Planning Dept.
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Summary

We studied on optimization of high speed cutting for Hypoid gears that is built into the differential
units of automobiles. The cutting process, Face Hobbing, is complicated and Taguchi Method can not
be used, and to assess the process conditions, we had to test every parameter and check the blade
chipping and machining accuracy on the gear flank after each test. To achieve a better process, we
designed parameters. Firstly we evaluated cutting energy and weight of chips generated in a cutting
process as basic functions, but as the Face Hobbing is a complicated mechanism, we suggested a
method that clearly expresses process features. Two features were reflected in the parameter, one is
that chip load changes in a cutting process, and the other is the Face Hobbing is an intermittent
cutting process. As a result, this new method was proved to be effective, which could be used not

only for the gear machining but also for various cutting methods.
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Table 1 Noise Factors
Blade Wear Blade Hight Step
N1 no wear small
N2 wear large
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Fig.16 Standard Deviation o of Waveform

Table 2 Control Factors and Levels

levels

Control Factors 1 2 3 units
A. Blade Relief Angle small large deg
B. Feed Position small | medium | large | deg
C. Feed Angle small | medium large deg
D. Cutter RPM low medium high rpm
E. Feed End chip 1 small | medium | large mm
F. Feed End chip 2 small | medium large mm
G. Feed End chip 3 small | medium | large mm
H. Feed End chip 4 small | medium | large mm
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Table 3 Weight of Chip Removal and Consumption
Electric Energy per Unit Area (Data No.1) .
1 2 3 P
No.1|v Weight of chip N1| 4.64 8.63 | 11.55 &
removal g N2| 4.65 8.67 11.63 &
J Consumption electric| N1| 257.47 | 391.75 | 475.89
energy w/mm? N2| 281.58 | 422.97 | 513.35

Table 4 Variance of Electric Energy in Each Section
(Data No.1)
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+11.63%x513.35 =10948.37 (5) SN Ratio db Sensitivity db
(L1+L2)2 6) estimation | confirmation| estimation | confirmation
FeEOLEE) S, :ﬁ:957390-60 Present -5.19 -7.86 32.55 32.76
o Optimum -0.92 -3.34 34.2 34.74
L> L .
N g Spoy = 2+ § = 122424 o Gain 4.27 4.52 1.65 1.98
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Table 6 Results of Confirmation Experiments
Conventional Methods and Standard SN Ratio

by Conventional Methods by Standard SN Ratio
SN Ratio db SN Ratio db
estimation | confirmation| estimation | confirmation
Present -15.16 -18.06 11.57 8.73
Optimum -13.55 -17.32 13.08 9.46
Gain 1.61 0.74 1.51 0.73
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THFRTORGERIRBOBT2 S, BEFRTEAT 2WH HHEORBIIEZERETH 5. RRETI,
T B EEOSFAETENE 7 5 HOEM % 573 2 5 EMIIENIC (Neck Injury Criterion) OEMICEHL, Z
N T 50 FEE2MAT 5. £92— MEWEmOMERE 2 WL L T3 7 A —% e L7z, CAEM
MEGEHL CRE LIESL N T A=y e FEht L, Btz b L7z 2OE, NICZIUIKRE D
28%MKIK T & B EhahAFE O RN T v A% B L7z,

Summary

It is extremely important to reduce whiplash injuries caused by rear-end crash accidents from the
viewpoint of decrease in the number of collision casualties in the real world. This paper focuses on
how to reduce NIC (Neck Injury Criterion) that is an indicator to assess the distortion of the neck
during the whiplash accidents with analytical methods. First parameters were determined by
clarifying the function of the components of the seat, and then the characteristics of the each seat
component were optimized by parametric study based on quality engineering. As a result, the

analytical methods led to the optimal balance of seat component properties that can reduce NIC by

28%.
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Table 1 Market Test Trend
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Fig.7 Parameters

Table 2 All Parameters

Level
Parameter 1 2 3

A [Head Restraint Stiffness High Normal Low
B [Head Restraint Backset Front Normal Rear
C |Head Restraint Height High Normal Low
D |Seat Back Stiffness High Normal Low
E |Inner Frame Width Wide Normal
F [Inner Frame Stiffness High Normal Low
G |AHR Locking System Add Non
H |Lumbar support Stiffness High Normal Low
| |Force Receiver Area Large Normal Small
J [Lower Rod Stiffness High Normal Low
K |Lower Plate Stiffness High Normal Low
L |Seat Lifter Stiffness High Normal Low
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Table 3 STEP1 Parameters

STEP1 Parameter Level Optimum

1 2 3 Characteristic
A |Head Restraint Stiffness High | Normal | Low A3| Low
B [Head Restraint Backset Front | Normal | Rear B3| Rear
C [Head Restraint Height High | Normal | Low C1] High
D |Seat Back Stiffness High | Normal | Low D3| Low
E [Inner Frame Width Wide | Normal E1| Wide
H |Lumbar support Stiffness | High | Normal | Low H2 | Normal
| |Force Receiver Area Large | Normal | Small 11| Large
L [Seat Lifter Stiffness High | Normal | Low L1 ]| High

[
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Table 4 STEP2 Parameters

Level Optimum

STEP2 Parameter y > 3 Characteristic
Head Restraint Stiffness High | Normal | Low A3| Low
Head Restraint Backset Front | Normal | Rear B3| Rear
Head Restraint Height High | Normal | Low C3| Low
Seat Back Stiffness High | Normal | Low D1| High

X|l—~|@|T|O|O|w]|>

Inner Frame Stiffness High | Normal | Low F3| Low
AHR Locking System Add Non G2| Non
Lower Rod Stiffness High | Normal | Low J3 Low
Lower Plate Stiffness High | Normal | Low K3 | Low

\Y*\ fﬁﬂgﬂ V"

A1A2A3) (B1B2B3) C1C2C3 (D1D2D3) | F1F2F3] G1G2 J1J2J3 K1K2K3
—— —

Fig.10 Sensitivity of STEP2 Parameters
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CAE Technology to Analyze Dew Condensation in Lamp
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Summary

Head lights and other vehicle lights play an important role not only for vehicle safety but also for
exterior design. Therefore, the design of light has increasingly focused on how to accentuate the
intricate design execution behind a lens and, accordingly, transparent outer lens has become
dominant. As the result, dew condensation caused by temperature difference between outer surface
and inside of lens has become one of the major issues to be validated in designing lights.
Conventionally, the dew condensation had been evaluated mainly in physical tests, which
encumbered the development efficiency. To improve this situation, we analyzed the mechanism of
dew condensation generated behind a lens and identified natural air convection caused by
temperature distribution change in a light unit as one of the critical factors. We have developed CAE

technology to efficiently design lights by forecasting this natural convection.
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Fig.1 Head Lamp Model (Surface of Fluid Part)

Fig.2 Head Lamp Model (Solid Part)
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Fig.4 Velocity Distributions at Outermost Bulb

Fig.5 Streamlines Inside Headlamp Unit
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Table 1 Case Study on Holes and Others
Base Spec.—1 Spec.—2 Spec.—3 Spec.—4
Extended Extended
Hole#1 Base Base area to Base Area to
400% 320%
Hole Hole
Hole#2 Base deleted deleted Base Base
Hole#3 Base Base Base Base Base
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Cﬁ::g;s N/A N/A N/A AA 2 oles & 2
Solid Parts
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Table 2 Exhausted Air Volume and Ventilation Cycle

Base Spec.—1 Spec.—2 Spec.—3 Spec.—4
Exhausted | - 50 323 1278 487 4256 |L/h
Air Volume
Air Charge 71 41 16.2 6.2 543  |1/h
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Fig.8 Velocity Vector Distributions (Spec.-4)
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Fig.10 SVE3 (Age of Air) Distributions (Spec.-4)
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Development of Scratch/Stain-Free Plastic Interior Parts

oA F o W O AT L o — P
Shinya Nakamura Masato Sadano Ippei Yamachi
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Tomoyuki Abe Yoko Hanada Takashi Fukumaru
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Summary

One of the frequently-raised customer complains is that interior parts are prone to scratch/stain
and difficult to wipe it out. In case of this development, in order to meet these complaints, we have
identified interior plastic parts which are easily scratched or stained by sebum, shoes and oil of
fingertip, etc. from layout viewpoint. Regarding the surface of those parts (grain pattern, color,
gloss, etc.), we have identified what kinds of factors lead to scratch or stain, make it difficult to
wipe out, and make it conspicuous. By establishment of the method to evaluate scratch of stain,
wiping out of stain, we rated their severity through the quality engineering method. By quantifying
them to a numerical rating scale, we developed a simulation analysis method to determine the
severity for each combination of different kinds of grain pattern, color, and gloss. Introducing this
analysis method enables us to predict the scratch/stain-proneness of a certain plastic part thinking

over the countermeasure of quality in the early stage of development of design, which had been

difficult on a desk-top analysis basis in the past.
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Grain

Grain section

Fig.1 Variation of the Shape of Grain
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Area of scratch and soil

Door Switch Area

+Scratch Door Upper Area
-Sebum =Scratch

-Hand-stain -Sebum

- Sun-block-cream stain ~Hand-stain

- Sun-block-cream stain

Dashboard Area K i
-Scratch /] )
+Hand-Stain 2 NN —
-Dust N /, ) - A
-Sebum o \ K l
-Sun-block-cream stain ; / L : " | Door Lower Area
z -Scratch
j" \ -Shoes dirty
v ) q T 7 ~Mud soil

Console Area
+Scratch

Lower Panel Area
+Scratch ‘
-Shoes dirty -Hand-Stain
*Mud soil -Dust

Fig.2 Area of Scratch and Soil
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[ocor trim . upper area

Interior Plastic part Soiled : FT diagram

Soiled by sebum.
Mechanism : Sebum seeped by plastic part, then leave on surface.

—{Surface condition |{Grain

—|Surface finishing Grain of top |
Roughness of surface
e ]
—Material F—{Hardness of top |
[Surface coefficient of friction |

—@pe / Layout

Grain section and factor

}—|E_asy to hit the arm or a back of hand.

Surface finishing Corner R of top

Grain of top \
3 Width /
Depth D ——
P R of to| .
N\

Grain of bottom ‘ Angle
‘ Grain pitch

R of bottom

Corner R of bottom

Fig.3 Example of FT Diagram for Investigation
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a

b

Grain: Type(60%)
Corner:Normal
A |Depth:Normal

Grain: Type)(100%)
Corner:Normal
Depth:Deep

B |Depth:Normal
Grain of top: Type I
Gross: Low

Grain of top: Type I Grain of top: Type I
Gross:Low Grain:High

Grain: Type@(70%) Grain: Type@)(100%)
Pitch:70% Pitch:100%

Depth:Deep
Grain of top: Type I
Gross: High

Grain: Type®@)(70%)
Pitch: 100%

Grain: Type®@)(100%)
Pitch: 125%

C |Depth: Shallow Depth:Deep
Grain of top: Type I Grain of top: Type I
Gross:Low Gross:Low
Grain: Type@ Grain: Type®
Depth: Shallow Depth:Deep

D |Gross: Low Gross: High

Grain A Pattern a
z T

L, ThoHEAOHE - Hh OB %2 Bliti{t L TH
WCRL7Z3DThH b, TOMAARERY G, F30FH%H
TAEL T B A L0 IS DAAE, ZDRKDAA
PR AR EEOR T & U, &K T OR8N & 3.2 FHfiAHE

LERAL 2, (1) 1 - B oG %

SO A8 220 OFHIEHY v LB EE TO T a2

Fig.4 Specification of the Plate for Evaluation

Table 1 List of Factors

Factor list of scratch and soil B AR7zH, FEEICE - o ERT X, BybsReT
ﬁ?& ﬁ??ﬁ? X, RO T XOEHE, BEEIUE, EBEONEHY,
penunffenivnlie (155 > — ¥ & BUE U 7258l - VIl & § 2 TESBETH
T | R I %o ATz KR T OTEIAND B & J5 G vk TR
o — == lenmam 712, IRITRR LTl % ORI, 5
fomerRoflop e | R W, FROME, FeiGhs & ORMIi T, bk
%Hﬂm = ?-}E U RWELE. ZhHOENE, EEOHR (REOMEL
Granoftop___[R oftop EAEEN | A E) AFDE LMV ZENTERVDT, EED
o rbiness o - BRUISEVU R ASBIN U 72, £72, ZOREHESE R
E Fed 2 A, IO APENEMNE &5 Y — VRGN
D EAME L CRE L 72, FigbIiZqHii 0 HEl o —

(2) EAREDBNEGHGHA Y AR,

FERETEEO T, KME#ZIZEMICIT 2 2 R &M
L, LISERRIZLA2MATEH NS Z LIZL -, K
K (v R) 1213 % < OFM (EK) HEHET 2720, $iy
0 S <1 (1] =7 N el RO D B N9 s Gy Nt e 7 T T e 2. Measure the lightness of the
AR, ThENaliz(i-72, RO, @, porton. Eﬁﬁ
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’Evaluation method sample of sebum resistance ‘

1,Reciprocate the arm once
with an appropriate load.

’Applyi ng an appropriate load

Movale arm with an
alternate material of
sebum soiled

Table 2 Combination of Factors and Levels
Grain A Fig.5 Example of the Evaluation Method

Factor Area of top CO";E;R of Depth Grain of top | Grain of top | Lightness Gross Hardness
Level Type Depth . . N . "
1 60% Shallow a Shallow | Gray Tow Soft Figﬁ(j_ﬂ’(j‘ﬁqzmﬁﬁ\(ﬁ(i, F-OHPE I U 72 1K,
2 Base Normal Normal b Normal Dark Gray Normal Normal
oL e Tome T Tbew T oo v Tww ] Royioy i Asifiihl= (4555 2 L AR L 728 O Th 5.
__ (2) 85 - HAEAVOR RN HIE

Factor Area of top | Grain pitch Depth Grain of top | Grain of top | Lightness Gross Hardness

5 &g 22Eh A HL BR300, ED #EVIRER, B

Level Type Depth

e et e b ] FMAVRIE LT, R AR LN EO7 & B
sl L o Lo o Lo L v L tee | oy 5 720002, —#OBERISH LT, [aaiko &b
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Dark
Black
60%
Base |
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Deep §
Low
High

Normal
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Shallow
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MEZT AT ENTER, 2ZZTHEAV FERDZDIE, 2.2
TNz &Sz, PSSO EIEIL, 7 OO EIC
Ko THERHENDNEOMAENRAEZ L THD, L
25T, BRFNRKTH S W= - RO OB (A
1) 2B AR AMMROEW 2 TR, ThZhoiBm
O - HhBiEORE AN E RO 5 Z L3 TE R0,
(2) FmiAROM A RoE LTk

Z 2T, HRNRXA S K, EEIC K 51 - 15
NOBLERAEAL L, T2, @52 & ORAFHE %475
DI L2l - FROEBEE AP, Thb &HiT
AbHU Ml ZFH Lz, DF 0N RN & Eimo
Rk 2l AT 282 CThb, ZOEZ %
Fig8lZmd, Zhid, F7 bU & E#E Pz L ¢,
B, FREOMEOE ORI M 2§55 2 523
. Z ORI & S 5 Z & TER S EICHE - VERUEED
RAENLVREOBELRERT I ENTE S,

Door Upper Area

top R of top top
e T Depth
°p \. A we J P \. J
. . . Door Upper Area
il 450 =
Fig.6 Figure of Factor’s Effectiveness (Scratch) T P e e | |FSoraten 5]
o " L +—" |FSebum 10 |
Scratch - Hand-stain 8
- Sun-block-cream stain 8
5.00 o -Shoes dirty 0
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Fig.7 Figure of Factor's Effectiveness (Sebum)
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i

. Score
Grain A 353
Depth Mormal -0.04
izrain of top (Type) g 0.01
izrain of top (Depth)  |Mormal - -0.1%
Area of top ﬁﬁ”"_‘ -0.02
Deep
|
|
Lightness Elack -0.19
3rQss High -0.02
Total score 2.92

Fig.9 Format to Calculate the Points
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Bounces of Making Contact Relay on Braking Time
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Summary

Bounce is one of the phenomena that promote degradation or melting of electrical contact of

electromagnetic relay and is generally considered to be attributable to mechanical factors such as

collision or vibration. Using a hinge-type a-contact relay, which uses diode for a surge suppression

coil, we filmed how it breaks with a high-speed camera. This paper describes how we confirmed the

bounce not attributable to mechanical factors and investigated its generation mechanism.
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Fig.1 Image with High-Speed Camera
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Back Stop ® ® Armature spring
Moving Contact / @ Armature

@ —
Fixation Contact
Coil bobbin @
Coil @

Core @

@ Yoke spring
Fig.2 Name of Relay Parts
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Fig.3 Test Circuit
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Summary

In 2009, Roadster marked its 20" anniversary. Seizing this milestone, characteristic changes in
technology that have supported Roadster’s “Jinbaittai — Oneness between car and driver” feeling
are reported. “Jinbaittai” means that car and driver can feel driving pleasure as one and FR layout,
light and compact body, perfect front/rear weight distribution, and small yaw inertia moment are
listed as important concept. Regarding constructional elements of them, that is, body technology
that achieves good balance between high rigidity and light weight, chassis technology that makes
complete control and enjoyable driving possible, and engine technology that has a good response and

comfortable sound, various targets, their approaches, and key technology that has been developed

from them are described.
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Fig.3 The Third Generation Roadster

IVDERTEDEMAAT
BfoFoRTIZ -4 15
WAL KL GBBD

usTRRE SuEvaseEns
ik B ARG

RAofMzTe

A5 B TG
Meirtbz Tow T3

ST

Ty-AlAEsEn BERHED

Fzu M WIFED

FskhaT
ackzbosa
Eapsts
¥IRT FLLHNE

WRES o RAESLY A
W 5 (I TEISD
EVETONTUAN A

B 50
AL TIRRE 45— EVEFOU-PEFED
ot I H-SFRRTL %

et ¥
ADEIFFAL
iyl ERRELan

A =T
ELEZETIRTD =,
BAWHRES > Toaaetd
Rarsas [T 2P BT

Dt eHET
HTRED

BRuEeounT BRefEaLs
SIRFITB Db
EopTEs FhlnEITL-*

Fig.4 Fish Bone Chart “Jinbaittai”
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Fig.6 Body Structure (Bottom View)
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Fig.9 Rear Suspension
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Fig.11 Engine of First Generation Roadster
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Fig.12 Engine of Third Generation Roadster
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Induction Sound Enhancer
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