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Summary

The Current third generation Demio introduced in July 2007 has been recognized as a new Bench
Mark Model, returning to the starting point of compact car. This in-cycle product enhancement first
for the domestic market has delivered SKYACTIV-G 1.3 DISI that breaks the image of common sense
of the gasoline engine with Mazdaly design and functional interior. This New Model has achieved
“Ecology but without Endurance” and “Liner and comfortable driving feel” by the tuning emphasized
on harmonization as in Premacy. Also, with the driving skill acquisition/improvement support system

“Intelligent Drive Master Gauge (hence i-DM)”'’, and the safety reinforcement such as DSC"’, new

Demio has further evolved “Fun-to-drive” and “Environment and safe performance”.
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Fig.1 New Family Face Front Design

Fig.2 New Design 16inch Aluminum Wheel
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Head Lamp

Fig.6 14inch Light Weight Aluminum Wheel

Fig.7 LED Rear Combi Lamp
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Fig.8 Interior Design
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Fig.9 Seat Fabric
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Fig.10 Fuel Economy
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i-DM Teaching Information Sample
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) Intelligent Drive Master Gauge DWEFR
) Dynamic Stability Control DEEFAR
) Bii£ : Mazda 2
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SKYACTIV-GiZ, WA O ZRMERIZER L, HXTHBERICHoMB LMD O G2 7L —7 A

WV —HAMT TRBAIZIA LS TS, ZORTH T I

FIZHEEHOSKYACTIV-G 13LT > ¥ i, BRI E 1

R EML, B ZBREICT S L%, R—OREEMILI40E A7) v FEIEO30km/1 & ) FIRE © 5

BL7z. AT,

Summary

COI Ty OFEMERE & BRSO W TN T %,

For the SKYACTIV-G engines, the efficiency of internal combustion has been pursued thoroughly,

and both fuel consumption and torque, which conflict with each other, are being improved

drastically by the use of breakthrough technologies. Among the SKYACTIV-G engines, fuel efficiency

performance was especially valued for the SKYACTIV-G 1.3-liter engine mounted on New Demio. As

a result, the world’s highest compression ratio of 14.0 and the fuel consumption of 30 km per liter,

which is as low as that of hybrid vehicles, were achieved without sacrificing driving performance.

This article introduces the engine’s performances and adopted technologies.

1. FUBHIC

WA 7)) FERLEKHBEOTEAERLL,
BTN AT & B IRBEUECERAR QR HEA TV 5 23,
202041 T E HEJH O 2 < (TSR A i L T B &
ZEAoNTOBY, N Ty FHEOBEBRT /A 2O %
T REE X EBITIE, FDR— 2 & 75 B NIRBEB ORI A
WZ ENHEETH S, Thar B BLd 52SKYACTIVE v ¥
YOEIME UTHMT I A h, HR—-OEML
14034 7Y » READ30km/1 &0 S (IRE A B L 7207
BHFE1.3LT v ¥ ¥ OFEMERE L Mk 0 A BB 23§ 5.

2. EFEOR SV

SKYACTIV-GIE, ¥V EXDT TV N Ayt =T ThB,
%25 4 F T I Zoom-Zoom%AE HBUL$T ATV LT,
ENZ-BIEMRE L E D H O A ERIT TIN5 Z & 2 HigL
Tzo HVN VIV Y NEBAOBEAN DT 5 7280

KERAT 9 TL LT, JEMELERAR Y THRERGEIZ A 2 &2 A
h, HIZT 4 — YR T BT O — R ORI % 12
5wk L7,

ALV VR ZOEIHE LT, BGEFF7 9 b7+ —240
FIFIZHERE N, NMMTVYRIE ADERRE ZFEB L7280

Fig.1 SKYACTIV-G Engine

%1, 4, 5 TV VEHEHB
Engine Design Engineering Dept.
*6 /87— b LA VA
Powertrain Planning Dept.

%2, 3 TVYUMBEBHTEH

Engine Performance Development Dept.
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Vi, TOHRTERICRBUREIEHLZEDTH S
(Fig2). FithbWOEBD-D, HR—OEEMEI14.0&
LM 5, BRBEIIRN & HEbs© % Bk e, KY 7
HHI20 % (KK 5 K O, BEMAKPIB0%IKIRIZ KD, =V YV
DRERAZBUTT Y UV H12% KI5 Z & # HIEE L 7=,

3. IVIVER

SKYACTIV-GiZ, &k T OBEE % F2B1§ 5 BRIBERHH,
ARV TEIACIREE, AU 2 Pl oA i A
XS FHARE CET2IEY 7T —FF 7 F v LTS
N, KTV Yy TIEHEL 2 RERERTIE LT, Cooled
EGRIZ & A BRBELER, H LY v — FIUEEHEIN L2 L& Ok
PARPUS I % BRI L 7= (Table 1),

4. PREWERIN

41 SEMHAE

EIEE I & 2 U, SR/ v 7 B I &
k2 A IV OEAIZES P ZETR, @SSR
BETBXOWKEA 2 2 iS5y 351285740 =y
VaVOREREETHE, ThDHEETL -2 2 —
U, s eE A F2B L 728l % LU FIOR .
(1) 7 v 2k HHHE RIS

Iy 2IZ KBTI, TR LA & D, TR e
TOOFNH ZDWERIEN B ERT 228 T/ v LT
%KY, 7y oD rks 4 Iy rEEARLL TE A
552 & THEWRIME T3 2 DIZA, OB A R
{ o TEGHEME T2 ZERTELFRTH 3,
O RN 2R

BREURT- OBRIAL & FRINANOFFEFHZ K 0, RO XL
BN & 25RO 2 A 7 2 BUEIGEAETHYy, 6T~ ILF
A=Az a (MH) ZERHLZ (Figd). B2, &
BoIFv vy, SUbaISE 8572012, BRG] %
WS TREFP 2B 1 23 8] U -SRI & U 7z, TR 23 A
DM #FERE L, HENEH &35 2 & TlRE ML,
RAKEIRIR O H ZRE RTINS % Z & 2B L7z, Z
DOWE ISR E L0SKIR & RSO R EZ L BN, TD
R DM, v A EGEEL, 1,500rpmD 4 b L 2%
55%Im U7z, F£72, Cooled EGRY 27 4 (Figd) %+RH
L, EGRZ — 5 Tl X W 7= YA 2 % KU X ¢
HOEHEAREE TORMA RS $52 LT/ v o7 &2HIL,
EETRERO Ly Ea X,
@ BREEIE R E

BRI D 720128 2 b VEEEEIR &2 %D T B 6
Fig5 (@) 1" $ 75w PEZ b v aRHWS &, BREEHE A
KT LA L4 5, ZHUus, PIIASKEAE 2 b Vi
FHL, ZZTkEIHHISNUEPHE S22 eE

h
@ | Current PIF SKY;(I;I-:-N G
3 g
g Power-Fuel economy
£ high-dimensional
° balance
‘5 ek Preceding
> through SKYACTIV-G SKYACTIV
£ Power-Fuel
= economy balanc:
a SKYACTIV-G
Fuel economy
Especially valued
Current Engine
Fuel efficiency
Fig.2 SKYACTIV-G Engine Development
Table 1 Principal Specification
Engine Current 1.3L SKYACTIV-G_1.3L
Max Power (JIS net) 66kW/6000rpm 62kW/5400rpm
Max Torque (JIS net) 120Nm/4000rpm 112Nm/4000rpm
BorexStroke (mm) o74 x 784 @71 x 82
Displacement (cc) 1348 1298
Compression ratio 11.0 14.0
Intake- Open(BTDC) -12~28 -36~38
valve time Close(ABDC) 80~40 110~36
Exhaust - Open(BBDC) 31 9~52
valve time Close(ATDC) -1 48~5
Fuel Injection PFI DI
(6Hole Injector)
Combustion Chamber Flat piston Cavity piston
Cooled EGR w/o. w/.
Int.S-VT Hydraulic Electric
Ex.S-VT wi/o. Hydraulic
Valve train Direct Roller follower
Tappet clearance adjustment MLA HLA
Camshaft journal finish STD mirror finish
Crank main/pin journal dia. ©50/¢p40 ©43/943
Chain type Roller Roller
(STD) (Low friction)
Qil Pump drive Direct Chain drive
. Electric control
Oil Pump Control wi/o. (2-stage)
. . Alternator belt
Accessory drive belt Serpentine + Water pump belt
Accessory drive belt tensioner Mechanical Hydraulic

Fig.3 Multi Hole Injector

Fig.4 Cooled EGR
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A bNb, %2 TYHKROERE T HNEZ  VIERE
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BT DT TR O P AMRIL 2%, ZhickD
1,500rpm42=Hd b L 27 13894 % B U 7z, SIS, fRiIAGRE) & 50
B3 72 DITKR — F ASH, 2L T A E At d 3
ZEeTHa YT (Tr) 225805 @2 EBIL 7=
(Fig6)o F7=, BUTLLZ v Y vz, 2E—LK 71l
% T & TRIABIRIEEA R < USRS R 2 X > 72, Z
FUZ XL D 1,500rpm%=pH b L2 AT IZ9%A FTX /-,

(a) Flat piston (b)
Fig.5 Configuration of Combustion Chamber

Cavity piston

INS DEGROMGAAIZ KD, kT v ¥ VI ADIRER
FEAFEHIL, WAL AR LTI T b kit e
L7z (Fig?). ZOHIHEMEE =02 Vil K OCVTHIE
DF 2 —=v kD, EOURIIBUTT I4A DL XL
FLoD, 77 ¥ UfEica L) =7ichd L tw< Y
750 AL 72,

(2) FEIRBERAEIST B a8

[ AR (] S Gl € o ¥ DN b TN AR SE =D (N
BDEGIRIRNEC BTV A =y ¥ 3 vk EOFREREHE
kB, EMEGEKEA 2 & A, S, W, BRI
fEL, A2 2 v, SARIHEME, S, KO eRed: )
22 L %%, SKYACTIV-GIZiit 7V 4 7= ¥ 3 VR
Ra i 2728, WSUHERME T HIES A PR L 72, 2 OF5R
R Y NG A S BRE T D T L ATREL
50, KHE Ly or ERXN . £z, BiEE, Bk, B
PERZEDZIFIZH L TaNZ MZT B0, U472y
v VTPHIRIEARRHL, T4 =y v 3 VIRFICESD
Wz L TR (IVC) 238 & ¥ TARIEAEL %
THFBZETTVA T =y 3 VIRED S DRKBIE MR L
T3 (Fig8). HIZ, WX —T VAT =y a ViREST
BEMEIZA - 723548 T RS OB LA A + v BIROZAL
ELUTHIL, ZZRIERIVCOa Y ba—) Lk )45
=¥ g VIR AT N N RV AT AL LT,

(3) JEAwHoE i & % Bohkds
FAFERIBIELRE 123, A A2 138 RIS BT & RER

ENGESTBIZE DR LE (Fig9) . ZORKKNE, 7
F PHEDERORBR A 2R 2 b v BEEREE G CEld 5 2

Fig.6 High Tumble Ratio Head Port

©
o
=3
o
w
=
m Current 1.3L
(CR11)
—O=—SKYACTIV-G 1.3L
(CR14)
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Engine Speed [rpm]
Fig.7 WOT Performance
13 — - -
Effect of fuel injection during the compression stroke 1000rpm
12
°
2 1 A ~ control range
H 0 Preignition limit/ normal -~ of VC —
g
g 9
8 | SKYACTIV-G eff.CR w/ preignition control
2 8
g - — - - — - — — — — = |
& 7
Current Engine eff.CR = 7.6 control range
6 T T of fuel-air rafio
Ve 75 75 77 91 101
Injection.T. Closed valve Closed valve Closed valve Closed valve Closed valve
Corppression Nominal Nominal Nominal Bad Worst
Ratio
Fuel Average Average Average Average Worst
Intake air temp. Normal High High Highest Highest
Coolant temp. Normal Normal High High Highest
atmosphere P. Normal Normal Normal Highest Highest
Humidity Normal Normal Low Low Lowest

Fig.8 Relation between Pre Ignition Limit and Effective
Compression Ratio
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Fig.9 Relation between Compression Ratio and Fuel
Consumption
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LT KB mHIEEOBAL LI TH B Z & h 727,
FADEREF v v 4 ¥ X b v (Figh (b)) 12k D PR
AKX b VBRI RS B IR A KR % Z & TrmARE %

8L, MR EAC A BERREL < E TEGE L7z, ST

I A TIdStep AT & Pt U TR Sy BT D f FHAHEE 3
WCVT (Fig10) kAL T %, Cooled EGROFRHIZ &
D EERIRD /o F 2 7 A % b 5 Z & TREEAEIAR
DEGHFBEEFEB L 722 D v LCVTE AR DY, FUSH
s B OUGE &R L 72 (Figll).,

BMEP [kPa]

0 500 1000 1500 2000 2500 3000 3500
Engine Speed [rpm]

Fig.10 Engine Operating Frequency Map for CVT

42 R ECTORER
Ry ra 2 &K 5720, WKL T ORI %
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Timing) (Fig.12) OFMIZ X O NEBEGRAE K42 Z & TF

YT 2 ER20% KK L 720 PEK, T Z % TURAGERA L
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AR TE 5 2 & 5, M RENE AR L DD

KifzAR Y€y oo 2{EAFITE 22 (Figld), Hr#E

faf MR T, WA VL 7 B A ABDC105/ % TE#< LT
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PEELATME LTS,

43 IR
DUITHARORBAAIZ L D, TV Y v RO % BifT
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0D, R OB 20 % KR L 72,

(2) BRR:T—5T7xa7OEM, HLV T I —T DR
WIZX BT 2T v SREIG, 7149 v —F L

TN TS & 0 RO BT 2 54 % K3k L 72,

(3) Fz—VR:@RAMEZ ML= HA4 FOEMIZES
Fx— Vv EHA FHOBEFPURIES, L Y—IEHT 5
FESESEIC L T = — VEBORETF = — Vi
NERETsEeL8s, Fz—Vv ) Y 2ERERAEL
Fr—v&HA FHOMBERKAGE S E72K7Y) 2 3
VF = VOERMICKD, Fx— Y ROBMIHIE30%
IR L 7=,

Good Load in heavy usage of CVT

A t 7777

1 I compression
1 1/ ratio14.0
1  w/Cooled
™ EGR
effect of Cooled EGR : />
' compression ratio14.0

w/o Cooled EGR
Poor 1

improvement
of fuel consumption [%]

b sy

0 100 200 300 400 500 600 700 800
BMEP [kPa]

Fig.11 Improvement of Fuel Efficiency in Cooled EGR
Fig.12 Dual S-VT
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Fig.13 Pumping Loss Reduction

Fig.14 Light Weight Piston and Conrod
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Fig.16 Oil Pump with Qil Pressure Control System

FiRoHfc Ly, Ty OBREREREEEK L 7
(Fig.17) .
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BORHF v 2 G OWTE, MUAHY 2 — Fick Dk
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MEs iz, ST —75 v NEEOHMNED L
Fa—=vrEIFEuL, Rl IREL RN maL X
w7 (Fig.21),

@ 27037 FRACDIREIE YT =TT M EEROD
HIRIZ K B IRE L N DI EHGIT 5720, 27V 7R
DAL D IRBIEHEE L ST =T 5 v MEEEOF 2 —=
TEIT, 7T o Gl IS & 2 BRI & K HRE)
iy X272 (Fig.22),

Average of each engine mount (RHS/LHS/RRR”)vibration level |
*1 RHS:righthand side, LHS:left hand side, RRR :rear role restrictor 1.3L-1.5L(2000-2010)

Distance between RHS
engine mount bracket and
node is "Short"

Distance between RHS
engine mount bracket
and node is "Long"

Fig.21 Tuning for Nodes of Power Plant Bending (PPB)
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Fig.20 Engine Vibration Level (Middle Frequency) at WOT
(Measuring Point: bases of Engine Mounting Brackets)
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Introduction of Battery Management System for New DEMIO
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Katsumasa Yoshida Akitomo Kume Kazuya Kodani Masamitsu Yuhara
I E S 7 G = R R & 7 S Be = oh B °
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G

< FIEERESAT E LC [istop) #20094E5572DT 7T/ Mazda3hHEA L7z, EDHIET V7, T
~ T — EREEE A HRIER LT E 72,

BT IATIE, Ny T I)XAT AV MATLAOEACE Y, BERAIC L 2BEME, 74 F) Y7 A
by THEEOR L, UEO/NY 71) 2358 L zisstopy AT A (LT Y 70Ny 70 Y AT L) 12X B/ R
wibEFEH L 72,

CHCED, HIZELOBEKIC [BEN-ESEMER] 2BmIT$5 2 LRI R o7,

Summary

“i-stop” was for the first time introduced to 2009MY AXELA / Mazda3 as an environmental
technology. Since then, Mazda has deployed it to new vehicles one by one, including BIANTE and
PREMACY.

The newly released DEMIO features the evolving battery management system, which enables fuel
economy improvement through the regeneration of deceleration energy, frequent idling stops and
downsizing / weight saving by reducing the number of batteries in the i-stop system to one
(henceforth Single Battery System).

As a result, we are now able to deliver the“excellent environmental performance”to more

customers.

LIS RS IA T, SNuFUTRTAY b U AT LEREL
1. - X@gBZ LItk BEAKIEICHE EXxa, ViR
vV ad, BeRERIZi-stop, WOET AL FEIET 2T EFEBILANS S, EWEEMEEHIRL .

L, B— 2R EOBRT N ZAEEATS [ ARTREINN Yy TV RIV AV PV AT AIZDONTH
FuvrTay s EEELTW S (Figl), R

INEDOY AT ATIE, WEEHCHAET2EST 1 LF
EEREMICHEML T ZEA2HBLTWS, 20720,
HETINA A TH BNy 7 ) ANOERISTREEIH AL T Drive technologies

WL, ThEDERIZIBA 720, EWRKENERE, Har
MEEAMA 7Ny T, BXUNYyTUIEXIA VTR
TFLANRREL LD,

Step-2

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

Fig.1 Building Block Strategy

*1~7 28U — b LA v Y 2T AR *8 T THHFELS
Powertrain System Dept. Electrical & Electronics Development Dept.
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Fig.2 New DEMIO
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Fig.7 Regenerative Braking Force Control
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Table 1 Dual Battery System and Single Battery System
Dual battery system Single battery system
Battery Main: N-55 (B24 for Idling stop) . .
Sub: 26B17L (Standard) Q-85 (D23 for ldiing stop)
Alternator @ 128 90[A] @ 128 150[A]
Battery Sensor Maln_: Hole type Shunt type
Sub: Hole type (with ASIC)
(with Temperature Sensor)
Other Power Relay DC/DC Converter
Charge Relay (200W)

Battery Sensor

attery Sensor
(with Temperature Sensor)

~

Power Relay

Fig.10 Dual Battery System

Battery Sensor
(with ASIC)

Battery
(Q-85)

Single Battery System

| DC-DC Converter

Fig.11
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Fig.12 Weight Reduction
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@ DC/DC Converter
10.0 B Charge Relay
8.0 O Power Relay
o0 O Battery Sensor
_g 6.0 B Alternator
%)
40 [ Battery
2.0
0.0

Dual Battery System

Fig.13

Single Battery System
Downsizing
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Fig.17 Intelligent Battery Sensor
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Fig.18 Battery Life Management
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Fig.19 Battery Life Cycle for Idling Stop
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Outline of Intelligent Drive Master (i-DM)
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Yosuke Ishii Takeatsu Ito Naoto Kawahara
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ELTHELZHEOEFZ, BElAHEH > CTOLHEMEER N Y FVIEAET 2 b L12, BHELTWLADEA
G205 N%RKDb, TONEZTAFEEEOROEFH X%, HEICERL WL I Ea— YN TRESDHKZ
R L 72N AR AT IR, B0 L7208 X 25583 5. ROLNTMEOH) & 5 5 Bl
ZAECBASE L2 MIRIEIC K B L, EEERT DA — ¥ IS L ERETHERREZ ) TV A A
TIEA Bo B2, EEMGL O EEEN T TO, FEBERTRICEI NI A Y 71 2 VeRol a3 ERs
BEFMEE L TERL, HOOBEHEREPIEYELZEDRNTELLICL TS, COVATLARZEHTS
CEICEY, v FBHAEETALEL DR ITANDEL CEEHFNOM LS TEL I EEFMHELHELEZLD
Thb,

Summary

We aimed to develop the system which would help drivers improve their driving techniques so that
the drivers could enjoy driving, offer a comfortable ride to passengers and consequently reduce the
fuel consumption. The system calculated the effects of the G force generated by vehicle behaviors
due to operation of the accelerator/brake pedal/steering wheel on drivers/passengers by using the
vehicle speed and steering angle signals of the vehicles. A series of body movements of the
driver/passengers during driving is simulated with the mass point of the spring mass model set in the
computer of the vehicle. The computer calculates the body movements of the driver/passengers
based on this spring mass model simulation. The calculated body movements are rated as per the
evaluation criteria which was uniquely developed with consideration of the driving characteristics.
The rating is displayed on the dashboard in front of the driver’s seat on a real time basis. In
addition, the ratings in the course of driving (startup to the course of driving) and after the entire
driving (startup to driving end) are shown. Therefore, drivers can review their driving results and
get to know their own driving habits/skills. We developed this system, hoping that our customers
would enjoy driving more than ever and upgrade their driving skills by maximizing the system.
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Input by Vehicle

Spring Constant : k  Acceleration : (t)

L.

Position of
Mass Point : x

Damping Coefficient : ¢

Acceleration : G

Fig.5 Imaginary Model with Spring - Mass - Damper
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Table 1 Comparison of Fuel Economy [Driver]

*Perfect Score : 5 points

Average Evaluation by i-DM Average
. Vehicle | Way of Operation | Frequency of Operation Fuel
Driver - -
Speed |Longitu Lateral| Total Longty Lateral| Total Economy
(km/h) | -dinal -dinal (km/L)
General | 502 | 2.92 | 1.00 | 1.40 | 443 | 446 | 445 | 13.7 | 7%/
Expart | 49.7 | 425 | 500 | 5.00 | 492 | 500 | 5.00 | 14.7 | base
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Table 2 Comparison of Fuel Economy [#1]

Change of ltem Evaluation by i-DM
Vehicle Speed Mild Smart Rough
Ave. F/E (km/L) 11.31 10.19 9.28
Di(s)t::c?ek'qnzigm Comparison base 10% | | 18% |
i Number of times 8 12 6
IR Ave. F/E (km/L) 7.83 7.06 6.27
Digta:coek'g‘égm Comparison base 10% || 20% |
i Number of times 4 6 5
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Table 3 Comparison of Fuel Economy [#2]

Evaluation by i-DM
h Smart Frequent Operation
Distance ltem 0—60 0730/60 0/20/40/60
Once Accel. | 2times Accel. | 3times Accel.
Ave. F/E (km/L) 7.21 6.08 5.83
190m Comparison base 16% | 19% |
Number of times 10 6 5
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Mazda Life Cycle Assessment (2™ Report)
- New Demio -

7\*2

Yoshihira Moriguchi
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Shigeki Nitta
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by Y AT L (istop), £ T I Tz b 94 7<A% (DM) % E [ A5 A F 7V “Zoom-Zoom™ ‘.
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Summary

Under a “Sustainable Zoom-Zoom” slogan of a long-term vision for technology development, Mazda
announced it would provide all Mazda vehicle purchasers with driving joy and excellent
environmental and safety performance.

We applied devices that realize the “Sustainable Zoom-Zoom” to New Demio, including a new
engine “SKYACTIV-G”, Mazda unique idling stop “i-stop”, and an intelligent drivemaster “i-DM” as
in-cycle product enhancement. Production efficiency and energy saving at the vehicle production
process are also improved. To quantitatively measure the emission of various global warming gases
including CO, due to Demio, we performed Life Cycle Assessment (LCA) that assesses
environmental loads of a vehicle during its life cycle. The result showed that CO, was largest

emission among various global warning gasses and the Demio emitted 11% less CO, than the

predecessor.
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New-Generation Technology “SKYACTIV Powertrain”
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Summary

Mazda has announced “SKYACTIV TECHNOLOGY” as an all-inclusive name for our next-generation
technologies. “Breakthrough”, which is the act of resolving two or more conflicting issues
simultaneously, is the principle which penetrates the SKYACTIV TECHNOLOGY. Breakthroughs are
realized by technical innovations. This paper explains each breakthrough through the introduction of
representative SKYACTIV powertrain units. SKYACTIV-G achieves significant improvement in fuel
economy and torque with an unexemplified high compression ratio. SKYACTIV-D achieves clean

combustion while fulfilling further fuel economy improvement and high responsiveness. SKYACTIV-

DRIVE achieves improved fuel economy and a direct driving feel.
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7 SKYACTIV-Gl#Elx T O#E7r
Introduction of SKYACTIV-G Control Technology

LA R W JEoogtt 5ok ko2
Keitaro Ezumi Atsunori Tsukuda Tomoyuki Imamura
e = D G S S A S M N 3 e

Takashi Ueno Satoshi Komori

Kouji Endou

E

T I 4 H Y DI E N OB T ASKYACTIV-GORSEIZ472 D,
HWI 2720, =02 vhilila R s B L T—H L7

BEMIIE, vy s 2V U OERTH BRI, =T, DISIT > Y » oS HIE %
WL B2 REAE R 2 REHESH1#, SKYACTIV-GOF# CH 5 BEEMIL 2 v 2 7200 RE
PRBERH - IHEIHIE, REIN EO 7200k Ristop/Ny TR AT AL b T AT LARBRERARE, BLO
(DB 2FERT L7005 HH#EZZETH 5,

F 72 2 S OFIEFAT 2 @Y BIE S & 5 720 DO L\ Powertrain Control Module (BLFPCM) R @i ik 2
BHTLLEBIE, ET VN AMBOERLE/IT CEFHRIAEOTEEL N - 72,

e T H WD HRRETERE & 52

Summary

To develop SKYACTIV-G, which will be installed in Demio as its leading vehicle, conventional
engine control was thoroughly reexamined and completely renewed to achieve functionality and
performance beyond common knowledge.

Newly adopted technologies include intake / exhaust gas control and airflow prediction as it is the
base of gasoline engine control, fuel injection control to optimize air mixture utilizing DISI engine’s
high flexibility in fuel injection, and abnormal combustion detection / containment control, which
takes full advantage of super-high compression ratio that SKYACTIV-G supplies; furthermore, next
generation i-stop battery management system and optimized fuel consumption control improve
vehicle fuel economy while driving force control delivers“fun-to-drive.”

In addition, new PCM hierarchy structure was adopted to properly operate those control

technologies along with model-based development technology to enhance design verification.
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WA, oM, ETHERECEREMREOM LA H > THF 4
AL TE 2R, ZHUTPE S THIME G KB, ML
L, ¥4 32 YOROMERTET & Z D204 T1001% & 47
AL T3 (Figl),

ZOES 5, vYAMAD [ELT 4 v 7Tay 7§

W] B KO [NBREB D 3steptE L HEAE ] 12H] 5 7
SKYACTIV-GOFRAFIZ M7= > T, ETMRE & BRERE %
KRz kL, 2ORROBEMEAHERT 5720, =0 Y
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PR FRIZ OV TR T 5.
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Powertrain System Development Dept.
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Fig.3 Optimized Intake/Exhaust Control Strategy
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Intake/Exhaust Estimate and Control

Target SVI/EGR

Target Torque
= Target Intake,
SVTEGR
Target

Endronment, . cuiation | gy

Fig.4 Intake/Exhaust Control Structure
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oans| DIOWDacCk[g] Blowback occurs to fuel injected
o before intake valve closing.
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a
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1456
136
125
115
105

correction < blowback amount.
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~ .
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Fig.5 Behavior of Air-to-Fuel Ratio at Transient
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reveals distinctio(q.

Fig.6 Wavelet Analysis of Knocking Signal and Noise
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Fig.7 Knocking Control Strategy
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Fig.8 Correlation of lon Current and MFB
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PICHEREZWGHI L, K0S 2 b8 & £ OBROBBRE
B DK EX > 72 (Fig.9).

Conventional SKYACTIV-G
Smoothed with accurate charging

based on requested torque

Engine Qo 0 S

Speed ’
Continuous combustion |mprovement |/~ Smoother speed up with
leads to smooth speed up I i reduced compression loss

Smooth start without
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Excess Air - ﬂ" Excess

Charged |
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Spark retard ! Reduced Spark retard
Timing o

Fig.9 Comparison of Re-Start Behavior
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Eyesight \‘ g Unit Target
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Fig.10 Driving Force Control
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P : Power to produce desired vehicle
acceleration with offset for weight, rolling
registance,and air drag

— Non-adjustablework

Pg : Alternator and/or A/C — Adjustable work

Adjust Engine speed

BSFC[g/kWh]

Possible to raise efficiency
at that speed?.
Y

Add Pg within best efficiency point

Stop Ps, unless urgent request

1. Determine A/C operation
- switchable load
- weak storage

2. Adjust Alternator work

- continuously variable load
- strong storage

Qffii]

Fig.11

Power[kW]

Flowchart of “Optimized Fuel Consumption Control”

Fig.12i&, BAE it il Ay O 2Lk TRl — 0 — b %2
frlfebzon, 2y VSHEAMEEZ YT LF ¥ — b T
INL728DTH %, AHIENIC K > The d 2D A R il
(CRARER) 2> 72 BT FEBIT & 7,

1
Best

: : : : : :
BSFC |/ "Optimized Fuel Consumption Control" =

Engine Torque[Nm]

00 2800
Engine Speed{rpm]

Fig.12 Result of “Optimized Fuel Consumption Control”
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Model Model Model
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v
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Fig.13 Plant Model Structure
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Fig.14 Screen-Shot of Hi-Speed MILS

4. BHIVJIC

W ST — b L4 v & L THOSKYACTIV-G A 528K &
H5720, vy UHERBTFLEEED T—HL, 20
BHEIME 37 IATIE, 752y 7D10-15F —
FIRE30km/LIERICEHNT 2 & & 312, EDIZDNTE
T XIEIF L TR D ) =7 TS A A B g 4 5
HL7,

$72, ZOBEBC Ty Y VIEIOETFILN— 2B
RATEDLEITh 72,

FlEHEE, SHO~Y FONBER B LU0
HEAL T X 720y,



No.29 (2011) EQVEEE

45 : SKYACTIV TECHNOLOGY

8 SKYACTIV-GIC BT 3EET O XAEE
Development Process Innovation on SKYACTIV-G

wmom o5 5w M ok BT ow N i 2
Yukio Masuda Tomomi Watanabe Hiroyuki Arakawa
VA== I N (R B N (| < A S (I

Naoya Matsuo Hiroaki Sugiura Kazuhiro Tomizawa

L )

Tald, TNETXRVEEMIAIIC X 2 REOZ2MELEEL PV E2ER L 2RI TV ) 2oy
YSKYACTIV-G%x f% L 72o SKYACTIV TECHNOLOGYDRA%EIZBWTI, B 7 UL AWM THH LWVELD
HAEAED T E 7o BAICIE, WEERESLMEMEOR Y ), 3T —F727F % (CA) HEL O
HMATH Lo

PERE - EHEME - NVOZFEEIZ, ZoH L wHE 7o A4 #5252 6T, PEXEE, AmirtEmIz L S
HEEICED ST, IEEOZ Y Y U He—4HET A2 I EDPWRRE Loz, THIZXDAER I D S HHFERE
ZRIEICED D EEHITMEDOINZ MEEZRIETE 2 L) 12% o7,

Summary

We developed new generation gasoline engine called as SKYACTIV-G which achieved remarkable
improvement of fuel economy and torque due to high compression ratio. In this SKYACTIV
TECHNOLOGY development, we introduced new development process as well. That is the approach
such as function development, quality certification method in the market field, common architecture
(CA) concept and so on.

By applying this new development process to all technical attributes such as performance,
reliability and NV area, bundled development of the engine family could be realized, which has same
functional characteristics regardless of difference of engine displacement or difference of

specification due to the market deployment plan. Finally, this approach brought about robustness of

the quality guarantee, as well as drastic improvement of engine development efficiency.
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Engine Performance Development Dept.
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Engine Engineering Dept.
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Development
of superior product

Sustainable-ZoomZoom
| SKYACTIV TECHNOLOGY

"Monozukuri"-innovation

I t

of business e F bramd el
. Batch development, of brand value

efficiency

Improvement of
development
efficiency

Improvement of

production Common architecture
efficiency Function development

| Flexible production line | Model base calibration

Fig.1 Mazda “Monozukuri’-Innovation
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Example of Structural system

1.NVH:High stiffness and Light weight structure
that have high ability to compete at 2020.
2.Fuel economy:support LOC improvement and
piston ring tension reduction atthe same time
3.Travelling performance:Establishment of full range
knock control
1.Eng.mount vibration Reduction
— -Main bearing support stifiness
-Vibration node position control

| Concept |

Common

| Function |

Hard

variable I

Fig.2 Concept of Common Architecture

(2) PRBERFPEDCALL
A, IRBEVERE TS, WIRIRRE [ - RS

2.Robustness of cylinder liner shape retention

3.S/N ratio maximize Knock-sensor position
1.Light weight and high stiffness Lower-Block

+Mass and stiffness distribution optimization
2.0pen deck structure+Deeper water jacket
3.Vibration control structure at knock sensing frequency
Bore x Stroke, appearance dimension
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W - ENRE] 25452 THRREICK ST, Rk
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Fig.3 Combustion CA
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Fig.4 Volumetric Efficiency CA
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CA concept
System selection

(DConduction of
function deployment
and mechanism
clarification

. Development
vision of the
future

|( i )Basic function definition |

[(ii )Functional limit ("CIiff") definition |
production
tolerance

(iv)noise factor

usage
(@Selection of control factor extraction _—I environment
combination that
insusceptible to noise and —I
remain within the functional
limit ("Cliff") when all
noises are considered. L

(iii )control factor
extraction

deterio
-ration

distur-
bance

(@Determination of control
factor range that comply
with the merchantability

(quality) target

l

@Conduction of the vehicle
driving evaluation in the market
for verification the certainty of
depelopment process that
noted avobe

Fig.5 Function Development Process
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Fig.6 Philosophy of Function Development
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Fig.7 LOC Function Development
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HABBEO /N Z PEATERL 2658, METH S
LOCIE, RBRBLD =012 ) v 7K % 5E KR LK
URIEIHEL 722 b bd, /4 ZOHEEZELTEH
FHEICT 2R AMERT 2208 TER (Fig9).

4th Order Liner Deformation (Stroke area Average)

Large

H //
lWorst Ring tension |
L I
\/ 4
Effect of Noise \

Allowance N
el
. )/ Quality limit

[>]

(Amount of LOC)

LOC 6000/WOT

<

-

\
——

A

Function Limit
L (Bore deformation)
Small
Small <—— C—— > Large

Liner Bore Deformation(ium.)

Fig.9 LOC Function Limit
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9 SKYACTIV-GIC & (T 5CAEDEHA
Application of CAE to SKYACTIV-G

(/S S < S T B NI S M | I I O
Kiyotaka Sato Yoshiharu Ueki Yoshitaka Wada
A 4R HerEmoN B R MO e e

Hitoshi Hongo Yuma Miyauchi Hideaki Yokohata

G

T FE A FECREHE B - ) % KIE L2 B & 5SKYACTIV-GO RIS ICB W TIX, &b TEL L OfIfIKRT
BIFAET B 720, HEROEMIEE TCIZ L 2B TIEZ OFETCIE O RBALICIE AL H - 720 BEOE LY
1t - k20> 72912, CAE (Computer Aided Engineering) % 7 VikH L7zBFs & #E0, FEARMREZ 1T T
BRAUNAMEZED Ty VR ERTE, AT, £ OCAEEMAEBOR S, EIHNTE), #
BT AT & OIS T 50

Summary

In the development of SKYACTIV-G that greatly improved the specific fuel consumption and the
engine power, traditional experimental verification development style had limitations in the
optimization of specification due to a great number of restrictions. Aiming at a high quality and
short-term development, we take full use of CAE (Computer Aided Engineering) to proceed with
the development of the engine, which improves not only a basic performance but also robustness. We

explain chiefly about the in-cylinder vortex and fuel spray analysis among a lot of CAE applications.
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Engine Performance Development Dept.
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(c) Calculation Results in New Configuration Parameters

Fig.1 Comparison of PIV and Calculation Results of Internal
Flow
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Fig.2 Comparison of Homogeneous Combustion Calculations
of Different Combustion Chamber
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Table 1 Engine Specifications
Bore [mm] 83.5
Stroke [mm] 91.2
Compression Ratio [—] 14

(a)Lens Tpe Piston
Fig.6 Cavity Piston Shape

(b) Bathtub Type Piston

(ii) 35deg. (BTDC)

a) Lens Type Piston

(b) Bathtub Type Piston
Fig.7 Spray Behavior in Cavity Pistons
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SKYACTIV-CHASSIS
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Tadanobu Yamamoto Haruaki Iseri Hiroaki Higashi Katsumi Ejima
Y [ W FET O B M R REYn M W O OB
Hirotaka Mochizuki Masaya Watanabe Tomoki Anotani Shinichi Kaihara
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SKYACTIV-¥ v ¥ —Tl&, E2EV0OH % 5 H#0 & BEMREICEHT 2 K2R b2 FEB L7 LT [TAK
—EORIAEC T TV Yy —] L EYVO]] 2 M ESE572012, —KE - L0 - Pl ICHEET 5
%ﬁﬁ%%%ﬁﬁfﬁﬁ?é(TV—72W—)&W%“KWEAEOE% YARYavEAFTY) VU
TIE T O BRI & e g MO T A7 [ I 0 B & e L 0T 37 TR AL & 471 3 2 ALkfE
DM OT V=27 2V =iz, 7L —FHElTld [BeElb@iMtomr] & % LFREomz] o7
L= AN —FMi &ML L7206, ¥ v ¥ — 2K THiTMazdab6 7 7 AH14% 0= bz FEH L 72,

Summary

In the development of SKYACTIV-CHASSIS, in order to enhance “driving pleasure of oneness with
the vehicle” and “driving quality” while reducing the weight significantly so as to support the
environmental friendliness, technological breakthrough was pursued for achieving conflicting
attributes at the same time: the oneness with the vehicle, stable & safe, and comfort. With new
suspension and steering, compatibilities between “agility at low-mid range and stability at high
speed”, “agility at low-mid range and ride comfort”, and “weight reduction and dynamic
performance” were accomplished, and with new brake system, compatibilities between “weight
reduction & thermal control” and “effectiveness and NV” were achieved while reducing the weight of

chassis components by 14% compared with the current Mazda6.

s - Oneness
1. (FC&IC with the
vehicle
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F OB ARSI RIS Z E12 K 5 —KRR& - 0% - Dol
PEDRNZAHAET B 5 MERE % B 0T T (Figl) §5 2
LARHME L, =i
ARECEHERE L ANV Y gy c ZAF TV T
L —F O LB, SER U - EHlERE - v 2T 25 ECo

WTHRITT %, Fig.1 Development Target
*1~3 ¥ x ¥ —BH¥ER *4 KT — BTG *5~8  PELVERERHFEER
Chassis Development Dept. Body Development Dept. Chassis Dynamics Development Dept.
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Fig.2 Trade off & Technical Subject
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BURIIZIE, 371 —FI0ES L 2 SEE)E — 4 &[0l X
BENE TV —FaF8 w5, MBI T — 28I
Bhailhg ) 4 ZEICER R AL F L UTHEA,
ZOZEADKN GEIRSIDKN) 128 5T 2757 2 — & %4
fRFE LT Lz, Zho R 25U W T3 25m L
PRE) T 3L DN ODRGE T B G A L L 7,

Calliper

Fig.28 Brake Energy Measurement System
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—J, HRMEIZIOWT AL (T — RO
Pt A RmMICREL, FEfEoa) L — 3 vickk
O EREARIT OREE 2 L &2, fit 2 4 RO BER
727V —FEE AL L7 (Fig29),
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Fig.29 Shape Optimization by Complex
Eigenfrequency Analysis
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11 SKYACTIV-RF ¢
SKYACTIV-Body

AR B Z2UW K BE RO oW WY N m IR B

Takayuki Kimura Shinji Kiyotake Katsunori Sakai Masanobu Kobashi
¥ OOE BTl O &' R O (1 N e
Masaki Ueno Kazuo Kondo Tsukasa Ito Satoshi Okamoto

G

BE LIIRE 2 UET L2720 CTol, Ty Vv ofiEr 7 VB &ML, ES - 5 - kF A L) HEE
DOFEARMEREZ RIEIICI L Z 25720, [ELEO] 2RKUNCT LY FI2L o THEDTREFEHTH %,
NT—=PL A2 ETTy b7+ —LOREERFE V)RR ZEH L, SFREOHED 5 R 7 — OBEE %
BRLZET, FTEORM - MR A2 REILT 2 70 A% 0K LT, B - Foeg et L et
EVIOMERAMV. S LHMO TV — 7 ANV —% Ko7z HAREKEIINFORIEENIZ HRY), TTREZR R
DIEATHER T2 [A ML — Mb] EKHOBEEZTHRL CRESES [Ei), ADEREimicgp s
LDOTIERL, L OWMBIIHKBERNT YV ATHHREIES [YVFu— XA 2#arer e L, F1H%
Tk =)V FRY FRARy MEEAHR L, R CIEERDSRM OERIR R ST, 5IE T IV
30% DENER L, HF by TV o et (N7 A MIE D) 8% DEEILE EBLL 72,

Summary

Reducing vehicle weight does not just boost fuel economy; it also complements engine’s
performance potential and significantly improves vehicle’s basic attributes when driving, turning,
and stopping: thus being one of the priorities for Mazda who values “driving pleasure”.

Taking the renewal of power train and platform as an opportunity, we identified the ideal body
structure from the total optimization viewpoint. By adopting new methods and iterating material
optimization processes, we tried to achieve a technological breakthrough @ a lightweight and highly-
rigid body with excellent crash safety performance. As for the basic frame structure, going back to
the basis of mechanics, we pursued three main concepts : “straight structure” where frames are
straightened as much as possible, “continuous structure’where frames function in union, and“multi-
load paths”, which disperse loads to multiple parts rather than concentrating in a specific part. By
increasing the number of spot-welding points and weld bonding points and expanding the use of high
tensile strength steel, we have enhanced the stiffness by 30% compared with the previous model and
achieved world-top-level crashworthiness (according to the internal test) while reducing the weight

by approximately 8%.

. BERL, HiiOT L — 2 2 — %53 Z LRI T 5
1. 3L LAETH 7 (Figl),

GEAERC] & R v T UL OB - Rt % AFTIE, ZOBICKTAFAS, BTz, M
FH U2 B¢, TR & WO HEGREA ERRIC Tl S ORI MR AT %,

*1~4 KF—FAFEER *5  MEIEIERER S *6 NVHYERE - CAEFETHE 78
Body Development Dept. Crash Safety Development Dept. NVH & CAE Technology Development Dept.
*7  PRLVERER TR *8  HiG IR
Chassis Dynamics Development Dept. Vehicle Testing & Research Dept.
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® Rigidity improved by 30%

o Top safety

® Weight reduced by 8%
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B
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&
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b

Weight reduction / Fuel effeciency
Fig.1 Aim of SKYACTIV-Body

2. EHEIOEX

21 RF—ERIOLZEAETH

BT ot 2L LT, £TRF —BEEDERL —» 5 FE.
L, I L7, 2 LT, ZFO—2—DDEEDH 7 7 V) i}
ARSI AT 5720 22T [H5321)] L3, ﬁ%@
B A FRRERM ORI B D, ZhE BTS2
%%@kbfﬁi%mbté®f,%®¢-fXﬁ~XAJ
LEAEL TS,
ZNOOBERICHDE, K7 —fidE, J1E0FERE A
LUTAMAKI VT ML L,

® ZbML-—1HE

@ et

@ vILFua—FI3z

Z LT, VEREE A & YuE U 7-ARERL RS U, i IE 7«
TIEE R E R L 72,

BRI, BRGEARERR Lt 10 & 5 % Wi e 4 nlhE L
THAXRY T —F T F viEE, RRET 1 Mbizk bR
o — LR EED DT LFY TR YR - TE B L

12, PAREIT 572,
HRRDFTE 7 0 ¥ 2 &2 WS LD BT I LT, KT ut 2
DExEYD, K0 EEE LSRN CH#EL ¢ (Fig2).

Performance Karakuri
Clarification , Distribution

of Function= MultiLoad Path

Characters

Various Substitutive
STEP2

Structure
Optimization
=>Straight
Continuous framework

STEP3
Optimization of ASSY
Process=Machining Datum
Increase SW.

Weld bond

Fig.2 Body Development Approach Cycle

22 H7Z7 ") AR KBRS

B &% &5 ICHMjO VRIS LT, ZDAF 2
L, KT —DOREE - BEERC IS 2 — F L7z, il
FHMPERERE TR 5.

BT T — OEBAL - il & &I AMERE IS 2 BRE A E
W, vy ¥V LT MO MAEIT 57, ZHUSLD, MK
T RHVEEE - HRER —H THIS»NITAD, ZhoEM X2
WHEMRET & et &3 T LRI & w72,

3. BEDEHR

31 BEDORHE
(1) Zbr—1Hb

AT —HEE& 45 LT, JeoFMFEINC 5D, M
A A T RE AR D AR THERC L 720 RS T T 9 F 7 — 4
IZBWTE, ORI EIT A2 2 Lz L= MBIRE L
770 PERIT, BAET B/ —PLAVRREIA TV T IO

B & e 72012 7 L — A SVEHIRRIN ATk A & - 7=
A, ST — LA v ED—HL, HliERAEHIE &
K5 E G LU CRMCED 22 ik, Z ML —Mb
ZRBLZ (Figld).

<SG Bla == » | —

' = MO ="1
w Straight Continuous
= [ EE]

Continuous

.; [ )-licl |Deﬂect|nns
Eﬁ § i‘ K‘f
X :

Dls(on(lnlous

F|g 3 Straightening of Basic Framework and
Continuous Framework Structure

(2) itk

PRI, — OO THEEMERIKHATI 2 X A Tz
D%, MO BIEA B Z T, Hentd L T, srHi
H A LIS OB RIS TE 5, BAMIZIE, 2L —T
RO TV =225, 70V b»5 ) Y THEET MK E L
7eo A ML= MELZZ BT, HIFBAS &3 %8500 E5T
3, BEAO T L — sk SRS L, 22 mTHEZRRR D PHI
MkHEE 952 8T, MIPEZRERRL 25 5 OfFRICAZ <
Hitx# T 3,

by 7y b B RIS ORI & LTI RE X # T
W3, BEIZIE, FigdlRL72L— 7L —LPBE S —
ERFLHETEI TNy P eT Ty b Tr—2D)A Y
Tr— A AV VEEKTIODY) VB AIBRT 52 LT,
A F—DEEME &R FX ¥z, HIZ, Ay 3y - W
TV — LS HEE L, BUROMIMEN e & B, K
7 —IOHUHE D e b A X% Z & TAmiER FicE S
XFTWWB, 7, R =N ZANBOEHEE L NS 7
HIER I8 > TG 2 il L 72,
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B-pillar and platform
connected via
a closed section

Rear damper mounts
connected via
a closed section

Sy ~ 42
Front damper mounts and [l Top hat and platform
rear damper mounts connected via
connected via a ring structure

a closed section

Fig.4 Ring Structure

(3) wILFua—FKI82

AN EREROTNLZ T TR 2D TIFAEL, £ OIS
/N7 v 2T E ST, BETEVEKREIES
FTEBELEZSTTH D, T TRELS O, #F
MMM EREET TRk 4 5 .

32 I
(1) #HmEt

g t] & [whrFo—F82] OERBTEE LT,
=T L= LB E )Y ARV Y 3 V)4 VT r— A A
VPRSI L NAER Y FABFHLZ,

/759 T+ —4TIE, YL FRY FIZHHETZ
Ay MEERBREP L, BMokaEzmty2s2LT
0 — F A 2Kk & MPEZE A ez (Figh).

Il Weld bonded sections
Il Increased spot weld points

Fig.5 Weld Bonding, Increased Spot Weld

(2 kw2207

Ry b2y T e, MRER0CIZENL T T L 2
THUE &[RRI 2us (S5R%111,200~1,470MPa) % &1
5 FET, IO IS & RATF CHOBM: & 38 & RIS
WRT2EDTHD, TNAEBET—UA VT4 —Z AV b
IS L7222 & T, #ERDT80MPa A T ¥ # Tl
VERED S50 |, VA YT+ —Z A FORENZEIZY 4~
TH—=ARA Y IPRETH 5728 DEFEIET S ENTE,
R LEFHL - (Figb).

FRRIZ, 70y b - UYosvosu 4 VICEERAL, BRE(L
T o7,

SKYACTIV-Body

Delete Reinf.

Current model

¥ within Reinf.

-HSS -Smoothen B Pillar geometry

-Reinf. within Reinf. -Apply hot stamping to B Pillar Reinf.

Fig.6 Manufacturing Method (Hot stamping)

33
(1) A4 7 V8ibbt (SR I8A)

FRRIPE B A REACAEIC TEN L TED, 20 L
THEZEVERE FAREE 2 MBS, = L F RN & B -
SRR EN A 7 ViR A B L7z, SR, T
LWy PUEIRICRE S Z & ALY, N1 7
VHINCE % (B EH) 3BTCDE S X VY b T40% 2 5
60% IZHER X BTN 5, Ty AN L RO A B
TV 5590MPaff A 7 v Hi DR 2 L7z (Fig.7) .

Current model

SKYACTIV-Body

. 1500MPa high-tensile ¢
C it Model 2
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£
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[ skvacTiv-Body | 60% \:lmmompa high-tensile )
-

D 270MPa steel

0 0 w & w o

High-tensile steel usage rate (%)

Fig.7 High-Tensile Steel Usage Rate

34 RTF—EEHILR

IO 7 0t 2, M - T35k - M EFOZZRER, &
T4 b ART = THERE T8 % DR RAL &R L 72, [F]
RHICDY 7' 4 v F O T2 FB L 72 (Figd).

E _°JPN-A

Body weight [kg]

° JPN-B Current model

BIC (Best in class) line

8% lighter
than BIC

SKYACTIV-Body

Vehicle plane area [m]

Fig.8 Vehicle Weight Per Projected Area
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41 ERMEE

A v TR MR e RS, — A
¥ % AfEANL S 5 728, [ Ze T 3L SIS 1) o |
Wi e TR MM L] 2 FEARERE L N2 6110, &
FAREN RS SR T — WS A FBIL 72,

(1) e HARRIRO T FOLFWIN S F 1) *
PEREREOT I EIZ T Y P T L —2D LS HFET
FOL WAL 2 Fu N X B0z, ZHusxil, 4l
DARF—TlE, wLFua—FS2av+7 M 5FHEL, 70
VIV =D ET A LD L < DT L F
W% X5 Z & T, MK < T 3L FWINEhE % &1 F T
5, BlZE, ATEZEREDO ATI T XL, [T7as/bTL—2L7»
57 VA—TaT N [T TIPS TONNET— [ AN g4
TIL—=LST Y A—707N] O, 3OO L 7=k (o —
RIS Z) 2B ML T3 (Fig9).
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Under Floor

Fig.9 Multi-Load Path Concept

WIZ, Zoa—FS2aye 7 MIEEDWT, HREERD
HOE R R 21T 5 72, T D7291Z, Figlolomd ko &
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73T A~V AETFILEFARE L 7=, ORI
JHCTER SN TE AEEABINL, o BEmE .t
BT E AR DETET Ty — 21IZDIEZ 245 4 Ok
5, BEEBRICRLENmNE A R L2 (Figll),
(2) el A JE8ld 2 RnE bRl

HRKIHOREEE, (1)OHREERONM ) HIEEIZHEDNWT,

Spring
(=Stiffness)

Fig.10 Concept of 3D Mass Spring Model
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Fig.11 Optimization of Body Stiffness Balance
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Fig.12 Multi-Load Path and Cross Section of The Frame
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Fig.14 Road Noise Transmission
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@ HKRESEFECEL TR, VY7L —2aDZ L — ML
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BT AT 27T L — ARSEDORAIZ KD, Hi&D
WE %R LA 2 P4 72 (Fig16).

@ NFLOFFHIZBELTE, £y 2 —T7a7RNods 0 X
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Fig.15 Front Structure
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Fig.18 Road Noise Performance
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Fig.19 Body Stiffness
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Fig.20 CFD-based Aerodynamics Optimization by
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Fig.21 Flow Streamlines Around under Floor
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Development of Concept Model “SHINARI”,

an Embodiment of Next Generation Design Theme

2R E NV SR R <
Yasushi Nakamuta Tomohiro Ishihara

C

vV, WYY Ty ROBERLBALKROBERE OEVLODEY ) # BIFL, 71 Y IZB1F HDNA
Thb [BHEoERB] B LT T,

SHEBERICLVBEVEEIZ R U T2 S e HigL, &Y 0 HEICI A > TR E I ROG <
OB X 2 RBT 2 kM7 A 7 —~ [318) (Z2&9) -Soul of Motion] %HEEE L 72,

[y &8 (L) X MEREEITRAIICL) LesIRED, I A VTFLEAE- 2R SE5
HaEF—712 [3H) (2 &) Soul of Motion] ZEILL 7z, KT A > DE—GHTHL, v~V & T4
IS BERA R TEEICE Y (38 (2 &) -Soul of Motion| % EAAELL, BEERIZIRMEL T <,

Summary

With a goal of reinforcement of Mazda brand and bonds with customers, Mazda is pursuing the
expression of “motion” as a Mazda DNA.

To deeply impress the customers through the expression of powerful and speedy living motions
that remind them of “Will Power” of animals heading for their targets, we have setup a next
generation design theme“KODO - Soul of Motion”.

“Mazda SHINARI" is the first model of the next generation design depicting the “KODO - Soul of
Motion”, with a motif suggesting accumulated high energy in a metal forced to be bent and the speed
when it is released. Mazda Design will continuously take various approaches to embody the “KODO -

Soul of Motion” and provide the embodiments to the customers.

1. FUBHIC

VY EPYIOFMHELE U CTEWERM:EBELD W2 24 1) V7 %5 72Mazda R360 Coupe 2% L 72196041 L
K, ¥YVEDTHFAFIE, THAFTTHIAMMIIONTEZ LI LS BTIEELLT, HAZBEETE LS ETREEEZY
DEIBHAELELTOI LT ERBRLES L LTEZ, ZREYY X THA VALK ERI A F v L VDL TE LY
VYEDTHA T 40a)T 4 ThHb,

YA T T NREE [Zoom-Zoom| A4 — b LTLRYY &£ FH A4 ik, Bjga2 7 —~ICLAERBUIKSTAY Y
FVT 4 EMELLTE, SHREBNVEEE [LODERD ]| 251 F, (B2 OXRH] Oz HIELGT 5,

AR, v HORMKTYA v 75—~ [3H8) (ZE5) -Soul of Motion] &, Zha#EKLLZ [wY &8 (L
D) ZDNTRITTT 5.

*1, 2 FTHA UAER
Design Dept.
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2. YVETHAL L DER

21 FUTFUF 1 BROES

R360 Coupe (Fig.l) 12hAE 519604 ~T70iERD~ Y £ FH A VIZ, A LEBHOZ 24 LR THEHD AR5
IYEL LEERRTAF v L VY UDIMTH 572, EVDA A=V ERRKN LA LAY V2 THRBLL 72Cosmo Sports
RPHIRRX-7 (Fig2) DFHFA V&ML T, v VLS5 LIDERL LS [ZK—F 4] L2z HFTET -,
19804 L ~90HEMUZIZ, [EZOZDTFHA V]| EFRLT, 2LV EFTREE/LIZL 20 E0 S &2 fiEIC
BLESEL, RF—DOF ) r— M SHEBRICE->THELZEMET Y VU —LTE52LT, TE—Y 3Tk
T A LERBEE &SI 72, MX-5 (Figd) R3CHRX-74 X ZOHRORENET L TH D, HAMIZE
i AT, v YA THA OB OEE AR 7,

‘ ,mjg - P

Fig.1 R360 Coupe Fig.2 RX-7 (1978) Fig.3 MX-5 (1989)

22 [E1E] IC&kBAUTPF )T 8L

20004Ef%1212 [Zoom-Zoom] EWVHIHLWT IV F Ay =V DL, TALT 4 9w TCAE—FT 4 LEBIZF v L
VYV LTe AR—T 4 BEBBORATH S, P DERBARDEOSH L7+ 048, SAEOTT Y ) LK
M7y BEREESY ZOTHFA VRES 72, P87 7 V¥ (Figd) RRX-8 (Figh) #hved 5, ¥
RTOIYZETINEFHL 7=,

B, K, B, ®, BWESEARRICHEETS [H1E] OFELSEAMDAAZH LI LYOERIZF v L VY
T35 [KH»AN (NAGARE) ] FH¥A vAikF—~LL7avEe Tl b —4aRETELLERIC, T L <Y — (Figb) I
WL 7=,

Fig.4 Atenza (2002) Fig.5 RX-8 (2003) Fig.6 Premacy (2010)

TYATFHEA R [BE] OXBIZXD, FOXVDF ) T4 VTR E LRI, BWERNESIZMNT, 2D
BAERES S 5 0 E MR P TEOEHE 2572,

3. XtRFY¥1>F7—~< [388 (ZES) -Soul of Motion]

3.1 RERAORY) A

SOBRERHEMENER I NP EN T, —BNICEAROBRNIBEN OB ETH D, v VLT HA ViE, £
DESIBRIKNTHA06Z %, B2 ) =R TR TAOREISHRA2T 22BN 28 > &mphidas hun
EEZ TS, ANBOEPARLEZMO XD BIEEA2KC X823 TEMBZ 7 LI EL, 25 L2 kD
WIRM 22 > RN L2 LD DR THA VHRIZCZEDHE I LT %, 2LV DORKRDI-DIZGSUE KR Z
LeELS,
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TVETFHEA F, HROHEED E) - P30 MWREE LRI, ADOLEBRLSE2T [#x] OXBHOT
V=2 2 =12 [T AL T 4 w2 ] R [HAAR (NAGARE) ] OF A v Y, ZThETOTF— 4T 25015,
[Bx0XH] 2#txes (Fig?).

Mazda Design DNA = Athletic : expressing motion

Ongoing pursuit of expression of dynamic motion, focusing on the running form

NAGARE

nature flow : newness, uniqueness

Fig.7 Mazda Design’s Aim

3.2 [BEE) (Z&3) -Soul of Motion] 3>+t 7 k

SIVATHFA L, EEVHPREZ RO EOMIREL &% [HEXOKRB] OFMOLLEL TS,

BZX, W2aHo TEEHTEEBO 7 + L 4 —HARERORETH 2REDHEED—BE, &H5\VTF — 2 1 W%
Ho THEBODROH S K5 LR KOEHNE2ET 2B, IEEEINLNDONT V22, BERNES, 28—
PR, e U-BRE, MOV ZEL IREX V-7, ADLEZE»TZE—Y 3 V2R LESELND
(Fig.8) »

TVETHEA VI, ZO—RD [EMBIZHINDLEZDIELHE | 27 LVvDOTFHFA VT —vE L TEHTEZ
LAEAEEL, 207 —~%% [3i#) (Z&£ ) -Soul of Motion] & L7z,

Fig.8 The Ultimate form of Motion

3.3 [588) (Z&>) -Soul of Motion] Z#EHK T 2 ER
VYA THA idkkA s [ANOLEBI»TEIE] AL, [388) (2L 5) -Soul of Motion| #&BiT 27 %4 DRk
AHEZEDTO3DEHE L (Fig9),
SPEED (miE%) : 2 ¥ — FI&EAEDERK
RAHIEDHY HELZ20] EWIREERZ <85, mOnnERks R84 3,
TENSE (B85ER&K) : &8 s BREE24EL 7 1L 4
HADE DO D OFEATE» L, MEAPEL, Bx L35,
ALLURING (B2 ¥) :Ifbuy, Bio I VEK
XA O S IT X, WA EEBT S,
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%peed

_—\ form, proportion  ~—_

~

/

/

| KODO{ SOUL 6f MOTION |

‘Tense Auring

structure, face  ~—_ __— human touch, quality

Fig.9 Kodo’s Elements

4. [588) (2 &H) -Soul of Motion] FRIRFENDELY) #HA

41 ZREAT1EH

2V ETHA I [B0E) (ZE9) -Soul of Motion] DB ZAEHHFEIZH -0, WHEOTFERS o 212 5bh
BORDMAZET 72, THAFTRET I 251, HWEH-> THA T B DA A —VRGEDEZD—BL L, %
ADBDIZHINZA A=V EFERNLDIZ, BADPBOEWVIZZY v F2 oL 4 Kit) #i-THBISERZ 2 7 4 3E8)
-7 (Fig.10),

Fig.10 Mazda Modeler’s Study

42 L#iY

ZOWHOR» 62 £ TFH A4 Uik, BOSNCK > TEDAZHIROZIZEHH Lz, BOEBISEN T2 b - 721
ZOEBIRD L6 LFHIZTLOIRENRA S ETH3RFED N ETT, MA S NIHES Lhuded13E, RIFENDEKE
b, TOZRIFITEHARY, BOTXILFLHNZAE - FEEALT I &2 N5,

ZOFRTDEHITHRNVED 25723 DERC > DT Lz 2, MOWKENEBOENS LAaSH,IZL
A= [LaD]E AREZYRHCEZ2EAHTZ0I, RELAESPLIIEFEIELI LA A -V ¥ 5,
TUETHEANIZO LD ] 12 388 (Z&E95) -Soul of Motion] #BEBULT2E OO EDE LTouieM% /i
L, BETHEELTOR 2T 4 EHEAL,

Fig.11 “SHINARI” Art

43 FHALALETMNETI [ZVEH (LkY)]
TYETFHFA VIR (LD ] 2MBNAEBEI»SRLICILIDHN A FANEELEE, [V 28 (L)) OFHA
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vEeLTHBHYLL 7 (Fig.12).

[ &8 (L)) &, > VETHEAL VABETH -7 A v 57—~ [388 (ZE£9) -Soul of Motion| %, fifith
RPBETFNLTRBILIAN T4Y =2 AR =Y 7 = ROHMAETHFA a2 TV ETALTHD, WD ANEDRE
MOFEE NI LE -V g FABRPICTER7ZVETAS vV 4T H A4 VOO EMBICRBI L2 [318) (Z&5) -
Soul of Motion] DVEDDETH 5,

Fig.12 Mazda Shinari

5. [wY48 (LkY) | T9XRFIVT7THL>

51 Z’OKR— 3>

HAZRRIZELS A F -0, FF—DOBITFEHOEN-L I BERERBEIALIRF v E VIR, ZLTC70
VT 2V B ERERPFRDIKT ) XLEIZLD, WRIZETRUOHZS 950D L5 O E, —Kicadi)iT
B TBR A A =D XEB K- 3 VAERK L (Figl3),

BASIC AXIS : DIRECTION OF OVERALL POWER STREAM + CAB BACKWARD PROPORTION

— EXTREME ATHLETIC FORM et SHIINAR/

Fig.13 Proportion

52 H—7xX

RX-87 ShtE 5724 4 YO(FAER A BT 282 HICEL S 2N E 70y P 7o v 212k, #4392
ERT =9 A FOBIZX AL HY bR DAR =T 4 IZBE 72872, 2070 b 72V Eh6hANAPIEZE )Y T 2V
S HBENCN S B & A EREICA S5 2L ICkD, MOERREELS LA BB O D508 D 2 RKBL 72,

72, TRTCORT—WITFIZZLL, —@alrmidav, fzE, 4 FYuio bmzms, 7oy b»560 v
IZTTHRIICAELEZ Y ba—L L, ZIEEE L TALY - FEREERBIL T3,

Fig.14 Surface

53 7O k714X

Juy 7oA A, SAED 7Y b ) IR SIS X ¢ vv&i%yF%%D%<iﬁé%to%
DTV EFITIZ U2 EZ IRV 2y b, T2V &, Ny RTVT, ZLTNVIINEBRSTWDS, FFZY
AhENy KT VT *#6%E%®%—wiibiwm&1t—bm%iﬁb,ﬁwaJ&wrﬁﬁ/%ﬁkbf
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Ty T oA ZAERMOT TS, FORIZHEENY FIVTIIRE SR EZLZHLICLETY 2L Y DN
MR AR L, ¥EMEH> 3o &> sEas 2E0REEZEZBL T3 (Figl5).

Fig.15 Front Face

54 FTa4T7—Jb

TOAITREAL =, T THEMBIZESLETT [LAED] OF—vEKEL, AE-FEELEIZADF
TIED L7y P AL PO LI BIL EFICK2EMBETT L I 7 4484 A -V ERBLZ (Figl6),

7y PRV ISUNE, THET VX =7 a7 A AORMOBA LA R L 7-BIRICLT, ¥4 PV LEE
WERF—Ro L7y 8—T70a7OBHEMEIZXK DR EED 7=,

72, AT A7 —1F, WHEEEREA A -V IEIERE AL T —-EFHAL, N 74 MIEE<EEIC, vy
FE LoD EBELSEBRAD ZLICX D VREE WO 2R MEBHOMS 2 FB L7z, HRJIWH > T2 FEADH 5 HE
FEfEIFCL K AR, MR E V> HAN G EERARBL T\ 5,

Fig.16 Detail

6. [¥Y58 (L&Y) | 1>FVF7PTFHF1>

6.1 ZRIERK

AVAZDMLXY DS E DD =I5, FIANREIE, ZUVICEDIAAZRIZ P A NN EamAD &5 7,
FEIZHERTEAMT LzT v 2 By b2, Sy D v IR A V2 ML Y PSR DEIREKL L, KF
ILAY MIKDIRARERDE AR oA 2Rl e 52T, TV N T A OFRWERFER &2 RS L 72,
MAT, VAYIRIZEHZZERBL 2GR 2MAGDESLZ LT, AE—-FE&E, AV VDPEEMIZTI 2= —
FTEBRNIANT YT YTy FRZEMEREMICERIL TWS (Fig17).

Fig.17 Interior Space
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6.2 HEEL AT b

ANBITH2BEHLU TR 743,089 2 v P v ZNENOBIEICRE L BERHEO LA 7o P &, Biko L 4 YIROE
BLifxd, To2DEHMEINIA A —VERBTA7T AL, ERAOT) 7EHMNIZE b2 T KB
LT, BREEMZAERMEEZ LR L (Figls),

Fig.18 Function Layout

63 777 w2y T

T A = AN B EBOBEEE, FMOERUC S ELEDT Y b7 2 MK D EREKRISHRVERE, 1D Za%
U Sz, &7, 7TAIZT20OUHIMMTIZED, G214 v FHICHER» 5 H& % 5 2 72 (Fig19).

o, BHEVZERVOA VA MUY PSIILRZIIHL, = PR EHAMICHIVEMEEZRHTSZ LT,
A 2= 2O B ZHARIIG L, MOBZXAEESEDE Ty VORIV G AR 287 (Fig.20).

Fig.19 Material Fig.20 Color Coordination

6.4 [EHRIESR

FIANLEZY DA 22— 3 VDD — 7 EIEERIEMESRE 2 IR L Lz, 70 —F 1 V7 IRBEBICERE X
NETAZATVARBHEITAEZET, FIANERENS vy Vv ZNFRITIRE A EEAEIZHbEDL I ENTE,
INEU 7 23 B sh R KO IE R A TTREIC 5 (Fig.21).
ZDYVATALATIEY—=VIZAbE,[EVXZ - E=F][TVLVPy— - F=VF|[ZK=Y - E=F] OD=ZDDE—- %
Bz, WA [FLyoy—-F—F] TR, PEERESL DRIy 4 —F 4 v AV VAEML, P74 PEBA
FEIZA VTV TOFMKAEEHETESL0E, ThEhOY — VIZhby - Kee s i it3 5,

Fig.21 Information System
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7. BHYIC
LIk, NODL#EH»THEORB [38) (ZE5) -Soul of Motion] &ZhzHMKLL TV A vaveT I+ EFL

(v &8 (LaD)] OB EIT- 72,
=N ETFHEAL VDA VNSRS THEREXEE [ a8 (La)] ik, Yy—F ) X b Er63E

WIZEOWFHT A5 2R TE =, 5%1F (388 (ZE9) -Soul of Motion] ZHFEHDALIZEHIT SR, BFETETIL
NEERT 5,

TYETHA VI, IYEREL ST TV R THIEVDNAFEII AL ZEA#HMBLT, Bh3 247 4 %0
WMUENG, VDO LS LRHEREBIAEKC XL T4 VESHEBRLTHL,

s
rhAR %R YR
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8 - W

13 #2542 4774 QEREICL DRET 1 AMEEEETHIN OB

Robust Production line Development Method Utilizing
Combination of Online-QE and Offline-QE

oW EH AT R W 7 R s M o e

Yoshito Ida Yukitoshi Nakata Katsunori Takahashi
E 0
BMEITA L DTA T A 7 NVERIC AEE Y BEENAW SO0, NS O EMEFkE: - [k

f%%nﬂxb&&@vX%A«®ﬁmﬁ*b%ﬂfwéo

Slal, B LY (QE) & LTHOTO [ 74 Y HEEET, BREPEEFEBA~O®H | 23HAhiz. 714 S HEEK
BCBWT, BEITA L OTA4 7H A 7 VEKIZBIT 2 ME L EEED/NT v A EHHEL, SNIt, EETRA
BRI 2 5-Mi 2 ER L, TNV IA VEHICE ) ZORMMEZERE L 72, BICHEIEAFOLHR
A VHBERIGEE L 225, ZOFEiEE EHr O REICEBEHCTE AR I 2L —va VAT AL
LCHI%E - AL, TNHZIEH LZEHlOMAR, ISR LdiskE +8%, SNIoFI#AE31db (FRHLE
), HHEAS6%DT A oA TGE L2007 0 S miE L MG L7z. F72 TSN RIS & DI L, %k
IR & D EEEIRM ET A, DF D MEMETIAMERTE L] 2L 2O TEIEL .

ﬁ%%:i F T RGEAMORI AL & BB R oL (CAREH, Zafike, VcipdEo L

TEE ) OB HEIC L7z, RICHE - é%ﬁv&»m%muﬁwﬁgk&5@%&%%%@:xb%

ﬁ>54nﬁﬁmgw‘W@WLth%%?—&«ﬁﬁt,%ﬁ-%%%-@%%@@%tbf%@&sl
L—% FICHB L7z 94 VHEBEZEIZ, A4 2DT4 754 2 VEME LI (RiTLE, &MH1L,
N ERE, VEENS Y FE) 252, 7754 YQE (ST X —F&Eh ICX AREELEH L 72,

Summary

An evolved robust production system is required, which concurrently achieves high quality and
productivity in the life cycle of the production line, and improves its stability.

We tried the first application as Quality Engineering for “Conceptual production line design and
Operational verification”. At the conceptual production line design stage, we developed an
evaluation method that concurrently and comprehensively assesses the balance between quality and
productivity in the life cycle of the production line with “Total Loss (Loss function)”, “S/N ratio”,
and “Sensitivity”. The effectivity of the method was proved by the application of it to a model line.
In addition, following to the various production line planning ideas of designers, we developed this
method into a standard simulation system which is accurately and quickly applicable to work.

According to the evaluation results, we decided the line specs that achieved “8% Up of the
production count”, “3.1db gain of S/N-ratio (repeatable)”, and “566% cut of the total loss” from the
initial conditions, reaffirming “Increase in S/N ratio reduces Total Loss, which improves productivity.

That is, quality improvement leads to cost reduction.”

%1~3 37— b LA vIEhER

Powertrain Production Engineering Dept.
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1. EC&IC

DRI LOFFRARHE = — X DOWEOH T, &
SVEL & E A PR A T X OO NS O M & ks -l
FETE BN b REFEY AT ANOHALARYD 5 Tn
%, &M, WEILY¥ (LLTQE : Quality Engineering) &
LTHIDTD [ T4 v REEr, BREMGEETS O H |
kA, AV 74 VEETY (LUTFOn-QE) OEETH 3
[HEEL] &4 754 VEVETY 0855 4 — 285 OfFkE
Ths [SNIL][&E] T, #Es 405479420
BRIZ I BB LA FETED N T V2 A RO Rl R
THMMEEEEEL, TFLI4 VEICKD ZoaMM
ZIGEL 72, HICRETEASO LML 7 4 v AR ISER
Lsh o, Z OaHilisk % IEHE DIGEI 5w C & 2 FEdE s
2ab—VaVIATLAELUTCH - BALL, KFETIE
Z DD FANE - BRI KOS H%ROMEERET 5,

2. WROMERERE

I 4 v HEMERENZE, HW &9 5QCD (Quality, Cost,
Delivery) #2356 X5 EE T 4 v Ok ERET 5 ¥
WThd, BIRIZIZIA4 v 47y b, TIEmK, 2
RWEEDIEHE - 1Ak, 1E3EFHBOE S O R A DORRGE
BThy, WERDEHEIZIZAE ZBME - WK% 5§
B2 THEL, TOROEEHEMEHFLEET A VD
QCDIZIERE LREIZZ KA V32 v 2525, Thw

A2 Z ZTORMB O - mﬁ&ﬁﬁﬁa&5# e fi
AL S BRI D RIZ & 0 @GS O MG B HE
ﬁ%k#é¢,%ﬁ%f%h%ﬁ5%%ﬁ%% ZH L7
RUDHTHERD T 4 RGNS, 74 v RPEEREf SR
ELTOBEMEERT LS BRSO D S, A DHTTEERE
RE I A MEFICHIET 2 L ORI FIRAE X, L LA
R TOARARE, KEHR, BMELEEIRE) Z7%2EA
72IRRET & HIEIRAK R HE R R A IRGET 2 &0 ) W, 72
bEIZDIRETERADINT + —~ v A &fi A 5 &5 kit
THEDR—RENTH 72, 65T, TOHDOARE, HE
ORI EDOZENF IS L, T4 DT TH A4
9»%@Dt%ﬁ%$#6u@tb%ibé@ﬁt%o

o TZT, BEEHELIITHEMFIZOn-QEDE 2 )i &%
%74/ AEPERIRE RS ORI EH L O EE I Xt D

WL X 0, TR (REESAT - M - Hd B R
4F), MGt MAEOMEYE, RAETHTHEORSE, T

RFRZEDEAVE) %5l - Fod(b§ % 2 & THRHEOH
It JERE L, “QEICE T B E (=HK) " ORIk E 5

IZL7z DF0, [HEMA 5 DT a/hE < UK
THILid, TRARRSHREES] ZezdahtL, &
PEAT EORE & LT [HEERIZ, Biff7 4 ¥~
720 TIRRREHRFIC K O HBUCIRA 2 H 0, B 74 Vi
B2 & DI Z 2 A3 DEE] THH T LEM5

MLV UEEMEZ [FAVDI4 TH A LS

A% U 72QCD % A By A D fm FLAY 12 34l - eowfb T %

B IaHE - Gl AR L T 5 T A4 VRGN OBRR ] %

FREEE L7,

WK, BAEFFIE T A VBRI 2 ORI (R,
A, & MRS e o [Tk - Bk x—H - R
& AL &, PR - THEEKR - 38010928 - &%
BRHIS AW CCTIRE L, ZhEpifie Lk - TR
B - L5 E RO ME IO W TR@MRGE & On-QER
WL AL U CTHEIMET 2 OB8BENTH D, HEEFHE &0
HEBEMNZHMITERDAD TELT I 4~ OFRIE0n-
QEERMM 5T DIZE > Tz, ZZT5H, K
W72 aVE - AEEMED T & Z PO B L A BB IR
REMHERFO 72D DOFH I 2 N &, WA 5 0n-QE
Mt CERAL - REL T A EABETHDHEELS, T
haeEz, Lit2807294 VBRI EIZS54 D5
A 739 A N ERELZINLE S A2, 8E4M (Man,
Machine, Material, Method) DIRREZAL & ZHIZfES IR
RBIBEROE B OBIE A IHIEIC U7z B T3 F X — & %Gt
IZHGATD Z & T, AN L WWE ORENM: 2SN - IR -
LR THNT 52 & A2F Az, ZORBDZDIZIFROIY
AR % R4 5 B D - 72,

ERREY - Hig T REAPEY 2 7 2 OPIMIRIED E 3%

PRRE2 ¢ [T A VG TEME - Yo R E LR E [ G
AMODIRREZAL | [HHIBI %] oD B D BATfEAL.

FRRES : Bt e 2 SRE20 B H O & G B IS K O
D5 [F—a&HuaYy s | #HAA, SNIb - &
& - HRAIRIE L § % 51l 2 nTREIZ 3% [QCDRRA AL
filish: | OIRE & AR

3. HEHEE - HEEDRE

AL L, i - WXk - EEEFOEM A
BFTHBEETA VENDDY ZF LA, LT
BHPEY AT LADE X EFiglicE®H L7z, B5E LA

MR LT, FRMEE T o 2 ok () 28 LB R
IZh DT LML LT,

{

Y= B M Signal factor M Loading hours (H)

Characteristics Y |Production count (volume)

Production count (volume)

Loading hours (H)

Fig.1 Ideal Function of Production System

WIZBE2IZ U, 74 ¥ R RGBT Rkl g~ X
MEPET R 2B U, [TRRBEEMRER] 5LV
[543 7 4V AMOIREZAL (TPM - 12kv 2) | & OB

ZHPIL 72 (Table 1), 94 VRGIOEX L L THMSZ
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Table 1

Relation among Elements of Production Engineering, 12 Major Losses, and Elements of Loss Function

Elements of Production Engineering
Jig,Hand
Process design | Facility and Transfer design | tool,Cutting tool Inspection design Education
design
¥ 3
o
-5 . ~ » o c
S S 2
) c 3 o e S S § 2
) ) — < o 2 S Q
3 @ x 2 w0 ] g c 2 €
a @
S -ls E 3 £ Z 5 S < s
= © =] = B = =
c 2| c © < | ¢ 3 s w H 2 S I
S K2l S B s| .o 2 > | ¥l a S5 <
3 ol & K ] 2|3 K] 2 2 |5|e s1e 3]
o ol @ -2 E= 515 = o} =l = IR RS £
LM IR 5 Slel (2] |8 | 2 |%]< k= 8
~ o = © 1z o) c
e |32 = |25l 5 m 2 |<|S |E[8|8 2
~ = £ 5| £
? | Sle|[Z] 8l w| & |2 ol 8] | =] 2|28 w | 3] & 2| =% <
c|T R = N N P ol &l 5| &1 5|52~ < > 5 ol wo| 35 =
S| Sl sl &2 5] ¢ a|l 3|25 8|12 5 |2 o €2 S
2| ® 2l =12 8 = — |3l E| ol 2] 5.0 51312 I I 8
w | 2 Sl w|>| 2| © s|lo|>|o]| 2| 0|85 K3 21> S=1S 5
@ e o| @l 5| @ ] sl ol 2| 3|=|°® S|l S| w 5
S| e 2l €l ] | 8 s| 2l <3| S|ISE| & c gl c|e c 2
tlE gle|lBls|s] ¢ |2]c]=|s|8|s|85| 28] AR 3
ARG o 38|zl 2| S|l c|lElolBls58l 5 |5]c¢ s|Els 5O
° o| & sls| « |=|38|le|l=|5|E o s|§ cl8 g§Q
o 3 slw|lels] < c cl|lcl|ls| < =l cc o cl|s c|l | ¢ 5
E].€ | E|l ®| o ) 0| c| ©| 0| w| w| 6 S El S|l ® ol ol [oa=4
slos|g8loel=slel el § |Elslelelelslss|l - [S]l8s5|E|l5]|38w S5
o| 82| 3| ol o & o - S 8|E| of @ @] Q9 | olE .2 of of o & T ®
L1263l ol 2| o] ™ ] 2l €]l ol ol cs]cs|laQ 1 ol Gcw| o]l ©o| ©.E S8
oles|8lelelels]|] 2 |25l e|lc]s|s|ge| £ al o8| alalag| o8&
> @ | £ S| >l ol o T T o} alwl|l<]|<]| 2@ = 2| a ¢ o [ BT Q c
OlooslalrlolwnlDl < I<|>]lnlD]loflo].c.c < Sloolclclcol OS
Equipment Breakdown Losses Ol O TO]O [6)
Set-up and Adjustment Losses [e) O 10 o 10
12 Major |Cutting tool Change Losses (@) [6) [@) [elKe)
Losses Start—up Losses [e)
that can  Choko—tei minor stoppage & Idling Losses Ol O l0]O
impede |Speed Losses ol O (el 6]
Equipment Defect and Rework Losses (o] 6] [6)
qd\F;\l xeriManagement Losses [e) (0] Kol Ke) (@) [@)
a?‘F OrKerTMotion Losses (6] [@) (6]
ine Balancing losses
efficiency | ine Bal | 6] @) (6]
Material Handling Losses [e) [e] Kol Ke) (@)
Monitoring and Adjustment Losses O1lO |0l O JOlOl O [e)
Z [Current tolerance [] [] []
A [Loss on producer side e/ e (1K) [
B_|Measurement cost [ EKIN) [] ol ® (0fl0® []
Elements [ C |Adjustment cost [ ] [ ] [ ] [ ] [ 1K) [ ] [ ] [ ]
of Loss | _ng [Current Measurement interval [ [ ]
function | _ug [Current adjustment interval [ ] [ ] [] (]
Dy |Current adjustment limit. [ o] ® [} (1K) [ [ ]
|_|Time lag [ ] (I IK] [ ] [ ] [ ] []
0 . [Error variance of measurement [ ] [ ] [ ]

[Conventional] [New evaluation method ]
(After MP) (At the line conceptual design stage)
E O:Current, ©: After Development, A : Proposed draft by designer,
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Condition of 4M to
Elements of Loss
function

+Calculated
optimum
value

Convertdd Elements of Loss
functioh to Time(minute)

Elements of Loss function
(mm,Piece,Yen)
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Data Base - (Produstion count/ | -S/N ratio dvy =y sy 2 OWHIET 4 VT

Loading hours) = Sensitivity e o .
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Evaluated
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(Yen/Loadi
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Fig.3 Flow of Data Conversion to Time (Minute)
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Table 2 Logic of Conversion from Loss Function Elements to Time (Minute) < Logic - ¢ >

[ Per Quarity characteristic ] Conversion logic to Time(Minuite).
/ |Current tolerance mm (Calculated through ng, ug, Dg)
(Calculated through ng, ug D)
A [Loss on producer side Yen per piece P
P perp *Reflected shortening of CT, Operation time.
Gurrent B [Measurement cost Yen per time | (B * (X.“ng)) ./ Lavor wage rate
total loss | C [Adjustment cost Yen per time | (C * (X ug)) ~ Lavor wage rate
Lo no |Current Measurement interval |piece CT * ng
Elements (Yen/lChara Up |Current adjustment interval piece CT * ug
of Loss | cteristic) - —
function Dy |Current adjustment limit mm (Calculated through ug)
) . Measurement time for all characteristics
| |Time lag piece §
we measure at a time
O o |Error variance of measurement|mm? (Calculated through ug D)
Optimum n |[Optimum measurement intervallpiece CT * n
total loss L 00 timum adjustment fimit (Caloulated through u.)
(Yen/charac ptimum adjustment limi mm alculated through u.
teristic) u |Optimum adjustment interval [piece CT * u

X CT=Cycle time (mitute per piece), X=Production count of targeted time zone.
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Table 3 Noise Factors

S 100
o
. . Z 90—
Machine Process Variation of z B Management Cost O Quality Loss
deteriorati stability Tool wear Operation Ratio of Mixed o 80 ——
on (Variation of | (Tool life) |(Experienced/Young, models 3 70
(aging) Dimension) Physical condition) €
— — — z 60 ——
Break Variation: L . Variation of A model=50% S
N1 | Those Levels reduce output down:L | Defective:L Life:S Operation time: L B model=50% { 50 ——
Break Variation: S . Variation of A model=33% ~
. 40 —
N2 | Those Levels enlarge output down:S | Defective:S Life: L Operation time: S B model=67% E
> 30—
3
20 —
Table 4 Control Factor 3
— 10
Al . . S
Level Level.2 Level.3 E o :. ) - )
(With or without of . . _
A |sequence control Dedicated model) Without With H1 H2 H3
Overlapped operation: |Overlapped operation: Overlapped operation: F|g5 Reduct|0n Of LOSS FunCtion (H'Factor)
. Without Without veriapped op :
B [Allocation of Operators . . With
(Type.1: Quantity (Type.2: Quantity (Free)
of Machines) of Work) ree
C |Variable mixed model ratio of No.1 Jig-pallet AB=Ls AB=M:M AB=S:L 102
D |Variable mixed model ratio of No.2 Jig—pallet A:B=L:S A:B=M:M A:B=S:L H3 /
E |Variable mixed model ratio of No.3 Jig—pallet A:B=L:S A:B=M:M A:B=S:L © s
F |Variable mixed model ratio of No.4 Jig—pallet A:B=L:S A:B=M:M A:B=S:L g S 101.5
G| Buffer storage  (Before each Zone) S M L 5 / >
antit & (Multi-layer strage) S M L Sz / E
a Y (After finished product) S M L - T)i 101 // =
=) o
. ; ; - ontimi 53 3
Interval and time of Interval : S,Uniformity Interval: L Uniformity Intewal,qpt!mlze,Each O o / 5=
H Sumpling inspection (Conventional) (Based on Actual charactaristic ° 3 / 2
Method of quality data) (Based on Online-QE) S £ 1005 ,
production line . = / H2
X Interval : Re—examining, e o 5 * Q
management . Interval: Set at MP Interval: optimize Each 30 @
Interval and time of Constant . < * o
T start,Constant cutting-tool ° 100 i
ool Change © ional) (Based on Actual (Based on Online-QE) ° H1 / 3]
onventional changing data) ased on Online a / Decrease| Total |Lo S
. Interval: Re— o 7
. Interval: Set at MP L Interval: optimize Each 99.5
Interval and time of start Constant examining,Constant machine
Machin mentenance ( L (Based on Actual break . 120 100 80 60 40 20 0
Conventional) (Based on Online-QE) .
down data) Total Loss (Yen) Converted as Level. is 100.
Fig.6 Total Loss vs. Production Count
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Table 5 Result of Confirmation Run _ . o
SELHTHEENRTH S (HEATL%).,
Conventional| Optimum . _ - N " 2, N
condition | condition Gain INGITHED AR ER, WM T - AKUEEZ
i . . — _ 2 ] N =] N
S/N ratio | Estimation 1939 1570 369 B L 7= 1185205 A 20l 1 3 U ek % P L T 20074
(db) Confirmation -18.90 -15.82 3.09 o )
Sensitivity S |_Estimation 2613 2563 -0.50 25 REERAG L 72,
(db) Confirmation 26.11 26.05 -0.05
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Table 6 Functionality Evaluation (Noise Function)
{A: Before Modification} A. Before modification Season Work-shifts
Variation of
Machine Process stability Tool wear Operation Variation of Ratio of Mixed
deterioration (Variation of (Tool life) (Experienced/ Operation models
(aging) Dimension) Young, Physical (Day/Night)
condition)
NT| Those Levels reduce output | Break down:L Variation: L Life:S Summer Continuous A:B=M:M
Defective:L operation
N2 | Those Levels enlarge output Break down:M I;/eafr;zi(:/"e:"rll Life:M Spring Day shift A:B=M:M
{B : After Modification] B. After modification (2 years later) Season Work-shifts
Variation of
Machine Process stability Tool Operation Variation of Ratio of Mixed
deterioration (Variation of (?:ol“l’i‘::; (Experienced/ Operation models
(aging) Dimension) Young, Physical (Day/Night)
condition)
N1| Those Levels reduce output | Break down:m | Variation:M Life:M Winter Continuous c:B=S:L
Defective:M operation
) Variation: S o . Continuous .B=| -
N2| Those Levels enlarge output Break down:S Defective:S Life:L Spring operation C:B=L:S

| (A) Before Modification

| |

(B) After Modification |

< A. Before Modification & Actual line>

< B. After Modification & Actual line>

——N1 —A—N2

(a) Actual line
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Fig.9 Result of Functionality Evaluation
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Table 7 Result of Functionality Evaluation

(db)
S/N ratio Sensitivity S
a. Actual |b. Simulation] a. Actual |b. Simulation
A. Before modification -22.3 -16.7 26.2 25.8
B. After modification -18.7 -14.3 25.6 25.4
Gain 3.6 2.4 -0.6 -04

LNV TTF = a0 EEREM L ZSNIL - & (A-a, B-a)
ORI L 72, 2 OFER, SNILOFIFEHEL, A
Sab—vavidEIAvomEisEBLE (Fig.9,
Table 7).
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Establishing of the Die Design Process to Optimize

the Characteristic of the Production Facilities (Drawing Die)
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Summary

In a activity to pursue the efficient production, the uneven force on each cushion pins is analyzed
by the structural CAE method with the view of pointing the dents on them which transfer the force
to the blank holder for binding in the drawing die. The layout of the cushion pins and the
characteristic of the facilities are discovered as one of the causes. This report introduces the

development of the structural analysis tool to evaluate and the die design process which has

analyzing the structure in the process to improve production efficiency.
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Fig.6 Pin Layout after Change



M EER L 2R 2RISR 70t ADIEE

No.29 (2011)

~ after
= before|

Force Level

Cushion pin No

Fig.7 Comparison of Force before and
after Pin Layout Change
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Fig.9 Comparison of Force Distribution by Type of
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Fig.10 New Die Design Process
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6. HbHVIC

SRIOH D fAIZ KD, K0 RIDR e 25—
. b2, 7y a v/ fifdElGEEE 4 v 74 Ll
5. EREH GRIZE T X ZAREBTE 2, 5%, ZOMOBRIET
P oW #HAOBEHFERAENTT 5, WHLUZRHIZ  F, SAEREL SIS OW TR MAEEML, ZEd
GRG0 ¥ 2 &2 Fig 218§, 7 vy a YEVHER  FEANFSTLE LI, BEEMBRETOSET NI4T
AEARS, 79y a YEVOREAZE L - SRIREIC T RO BIBREREANE DA Tn L,
522L7T, BMEEEDIETAMKD L —LTEE
(Fig.13),

[ Press process designing }

[ Evaluation J :
TR

Decrease sieletee st | Decrease
force level - *7T force level

[ | a i |1 [bady

Add pin layout = Add pin layout

Die design

Fig.12 Example of the Case Applied
in the New Design Process



STEFREDORBETEHAIBEDFHR

No.29 (2011)

X - FEER

(eS|

Yasuhiko Nishida

&

15 HITERZOERSFGERBBEDRFE

Development of Structure to Reduce Pedestrian Head Injury

EE OB b oW ZT B %O BT
Nobuhiko Yokoyama Masaki Ueno
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C

T CORERIRIE OB 2 S, BITEREROKBMEIEERETH 5, AMETIE, SITEEHBEEHIC
(Head Injury Criterion) ®OfEW7 0¥ M AT ZRAERIZER L, T2 B@s s FEzBnds, 3, 70
YK T AR ERO RIS & B ETEH 22 & E L7z RICCAEMIT 2 L7289 X = 430Hic & b,
15 L HICHE OBRE BHREIC L7z ZOFEE, HICEZBURE DE0% M TE o2& 2B M L 72,

Summary

For reducing traffic accident fatalities, it is important to lower the pedestrian fatalities in collision

accidents. This paper elaborates the method we developed in order to minimize pedestrian’s HIC

(Head Injury Criterion) intensified at the windshield mount. First, the design variables and design

freedom space in the windshield mount were determined. Then, the relation between structure and

HIC was clarified through parametric analysis utilizing CAE. As a result, a structure that reduces

HIC by 50% was established.
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Fig.7 HIC Calculation
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Fig.11 Design Space & Design Variables for Cowl Panel
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Development of Method for Visualizing Radio Propagation
of Side to Rearward Sensing Radar
Fi H & #%* & H R B OHEHERRT 8 H o &M

Takahiro Inada Yasushi Hamada Marie Tsurunaga Yoshitsugu Hanada
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Fumihiko Nishida Yasuyuki Endo Youichiro Nakahata

L )

<A, AR B SRR E B A 720 SR - PR ORME L #ED TV, Zo—
DL LT, WEWEHRT AT L2 EHHIEALTE,

COREEYERY AT LAORFETIE, WHEGEHIO 72014 2 BB COETHIE F 2 —= 2 78
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Tt T 28T L =52 EDD LD, KL TIEEIZ24AGHz i OER = FH L7257 — 7122w Tk~
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BL. hERAE 2R T 2 RS L 7.

Summary

As part of the development of driver support/active safety technology to contribute to enhancing
convenience and reducing traffic accidents, Mazda has been introducing obstacle warning systems
into various markets.

In the development of obstacle warning systems, in order to assess the market compliancy,
parameter tuning based on vehicle driving test in wide variety of environment is required. For
obstacle warning systems, various types of radars are used; forward radar to detect frontal obstacles,
adjacent rear radar to detect obstacles in adjacent rear areas, and so on. This paper describes the
study results on 24GHz rear adjacent radar.

For the adjacent rear radar, focusing on clutter observed during driving, we developed an
electromagnetic simulation method for visualizing radio propagation. Based on the mechanism
defined, technology for reducing clutter was studied and efficient evaluation methods were

developed.
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Summary

To improve smoothness of coating for plastic parts, smoothness of wet basecoat surface was
focused on. Reducing basecoat viscosity at atomization is effective on improving the smoothness of
the wet basecoat surface but it causes unacceptable basecoat storage-stability such as pigment
sedimentation.

To overcome the above mentioned technical difficulty, dispersibility of rheology-control agent was
focused on and tried to be controlled. As the result the basecoat viscosity at atomization can be
reduced with maintaining acceptable level of the basecoat storage-stability. Applying this technology

and reducing viscosity of the wet basecoat with raising the ratio of its high boiling-point solvent

resulted in achieving targeted smoothness in all basecoat colors.
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Table 1 Wave Length of Wave-Scan DOI
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Fig.7 Comparison of Transparency between Low and
High Dispersibility
3.3 EE&
T3 D& HI & § 52175 7=,

(1) B EHT & 2 X — 28RO #E 5fF & e
U, TRERFOERRLE & SR OB 2 M. T X %
bR RS i ke Vi O/ e

(2) PRAERFO BRI & BRI O BRGSO H R & K
T 5= 2 EHOTWAR ERER 2 REET 5. & 7%,
31 THRART= A — Z RO il rVE AN DT DN R I TR
#%ODT vy MBI AL, Wi AR A MGET 5.

(3) MEWFOURRLIE L WL D Y = v D EIEREE DK
12X 2 Wdm_ERERICOWT, BEOPAM:EMGET 5.
34 #H#
22LRIUCEM, 774K, 20 YEBEMHERAL,

N—=Z PRI DN TIUE, B & S S Al ORI 8 7

T 5HkkE L7z (Table 3),

Table 3 Specification of Test Panels

Basecoat
Panel No. Primer Transmission | .. e ratioof Clearcoat
high-boiling-point
solvent(wt%)
1 45
2 55
3 Solventborne | Solventborne 65 5 Solventborne
4 Polyolefine acryl 75 acryllisocyanate
5 85
6 65 10
Film thickness(um) 10 20 30
Baking condition 90°C/20minutes
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(1OZE @B N — 28N, BEEOE AR T
X3 XS ICHRAEEE LR — 2B AR AL 72,

(1) & (2)0KE & WAHIE I~ — 2 8BH2iE, R & WdA
ORI O BERR R — 2R A B L 72

(3)DOWdifl ExhROMNAEMEEIZIE, BAEREN— 2%
BHE RRRICWAS HEE % T2 AR H, hXUHR
N— 2P EFHERAL 7,

3.5 BEZXMH

2.3 [RBRIZEREL 7=,

36 AIEFHE

S B 0 UV-2450 (e d)

- Wd : Wave-scan DOI (BYK-Gardnerff#Y)

- PRAEIEDOUERPESE - Physica MCR LA 4 — 4

(Anton Paartt#)

RO BRPREEE © CAP-2000+ L% (BrookfieldtL#Y)
37 WREE=E
(1) ZEREOYE

KVER O o3 BE 23 B e 22K HO N — 2%k (Panel
No.1&No.2D R — Z 8K 12 DWW TEMEEAWE L 724
B, SEEOENI LD RN—= 2B OZEEFIZENEL B
ZENMERTE S (Fig8). 72, BHEOZIIMITEIC
WARTEBEEDOHTAKREL, 800nmPHETRATH > 727
¥, AR TIZ800nmIZ BT BB ML A B L 7=,

60
High
dispersibilit
40 P y

20

Transmission(%)

Low
cllispersipility

Il
600 700 |800| 900
Wave length (nm)

Fig.8 Comparison of Basecoat Transmission between Low
and High Dispersibility of Rheology-Control Agent

0 1
300 400 500

WA, B O BLESPE 2 R U O A 0O 2 ik % 1Ak
TR ZBHOERE L GO 72, EEFEIZ45%,
55%, 65%, 75%, 85% D5/ #E (Panel No.1~No.5MD
N—Z¥K) L L7,

R A D AR, RO 7L — b
15,000/s) & fRAERFOBEERIE (2 2 7L — b107%/s) I
WFhEK L7 (Figs).

75 HE 50 % LA 1o 55 A 12 W O ORHRE B o H R
(=<5mPa - s/15,000/s) Z#EKTE, BEENT5% LT D
LA RSO BBIRE O B (Z2Pa - s/107%/s) %3
KTESHZEDnbh o7z,

L7zhi 5T, BIEHREDO RPN & R4 R O BORDRE I i
FFE AR 5 72 0 12 BB 7 X — 2RO 8 SR Hi P 1%
50%~75%Cdh b LERIHLE (Fig9).

(mPa-s/1.5 x 10%/s)
Basecoat viscosity at storage
(Pa-s/10?/s)

Basecoat viscosity at atomization

40 60 70 80 90

Dispersibility of rheology-control agent
(Transmission(%) ]

Fig.9 Relation between Basecoat Transmission and
Basecoat Viscosity

(2) Wdifl 3RO EE

Bl L RS AA5% DX — Z R (Panel No. 10X —
28R LBEEEA65% D 72N — 28K (Panel No.3
D=2 &HOTWAR_ERR 2 BGEE L 726558, Wd
210K 4 ¥ kL7 (Figl0).

F 7z, WEREOBBPRE OMKIICINA T, EilrivaAlo
VRINERBEAN (Panel No.6D X — 2 ¥ 12 X ) ®MEH D
Y oy PR E A2 BEEO50Pa - s/107/sIZIKIK L 7= A
B, WAdRTEIZ5R 4 v b kL, #EREHR—-20Wdd
FREDOW20LL T % 3R L 72,

dispersibility of
rheology-control

40

30

20 (- .-

Wd

10

Panel No.1

Panel No.3

Fig.10 Effect of Improved Dispersibility of Rheology-
Control Agent and Increase of High Boiling-
Point Solvent on Wd

Panel No.6

REPEA O EcEm B & - THREERF O BOBPRY I 2 {0 L
7 HWE, BER A REA KM TSI Th o7z, £I T,
HOE I 0 OBER TR A BHTE TS 7 E S
POEMTFTEES 720, EROX— %R (Panel No.1D
N—= 28k Lot LU 2 xX— 288 (Panel No.3
DR — 2R OBER T8 % K 100fF M1 L TE¥ME %
BHU 7=,

ZDFER, WERD R — 2B OBERFPEDF-HE I
45 umTh > 72h, FHEE N EU 72X — 28R OB
FREOTPIMEIZ30 umTdH D, WEK T EDIRIRII R AT
BeE s Z s L7 (Figll).
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Fig.11 Comparison of Diameter of Paint Particle

(3)  Wdm LR OPUHMERGE

TR X — 28Rk & [R] U o albE v bl 2 A RCR R,
Ak KOCER— ZEBHIEH U Z2#5R, Wdidlok4 ~ b
kL 7z,

REPEAN O 53 B 2 ) b & 72 BESR — 2R S s
Al 2 @ H U 726558, WAIBEIS5R A >~ b
EU, WFho®EE e HEOWI20LL T 2 EK T Z 7~
(Fig.12) .

RaPEA O oy Bk b & b a0 RIS & %
Wdiia R P BEEE RS L S RBIL 727280, BED
PHAED & % X — 2B T d % T & PHERET Z 72,

Improvmg dlsperS|b|I|ty of

Organic Organic Organic
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Fig.12 Effect of the Basecoat Technologies on Wd of
other Colors

4. £&®

BB ENT T ZF 7 HEEERE L 2, FE&m
NIRRT (ORS R O sy Bt E el &, (DRI &k %

O BRI 2 YA A R A A AL A S o 72 (2) X — 2R

MK DEHL 2, 20K, WFREBEIZEOTHED

Figi% (Wave-scan DO X 2 Wd20LL ) AL, &

WICH T B FEEOENE RN T H I LN TE 2,

(1) REEERN O Sy Bk F LA« R o 43 2 e
FHZ K 2R THE L U, R RRSI S B e PR
HEDURBRPRG BETHE LR & WRBEHF O RBPRY K% & 57 3 5 72
¥ D& D i & F L 7z,

(2) N — 2GR - REPEAT O 2 B PERIRENC K B 3O
GERPREEE ORI, b nvA RO EIZ K 2 ERBD
v x v PEEREORKEZMAGDES I EIZL 5T,
HRAEEEIZOWT LRCRhRE 25—t L 7=,

5. b VIC

KEAE T 7 2 F 5 7 HERIZIREI NS L DTl %A
<, AT —MVEAITE KRR & A T & 5 nREME
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Development of Multidisciplinary Design Optimization for Body Structure

ICE B
Kohei Amano

N

Takehisa Kohira

S A A N
Masato Koike

L )

AR an OARE fe B LT Tk, BRRLEIME SO BT iy L 72 LT, RiEE 2w OWE R T
WS BIENTE, GHNLZMELZRODL ) A THELREM TH L. L L, FFRIELHOMOEHLEMRER &%
) B, FEMZEERBATRHESROMEZHRT A2 LFHL V. 22T, fEftitEod.L 7ot
ATHHLEMETVIZER LT, TOFERY 7)) 7 FEB LURBETFVERTEZ TRL, FERBED
SRR O SRR & W1, NVHS 2 ARSI Z 2 el L 72,

Summary

Gauge optimization technology which can predict the lightest gauge combination of parts while
maintaining crashworthiness and stiffness etc., has a potential to pursue an optimal structure.
However it is difficult to maintain calculation accuracy during practical duration of analysis in the
case of crashworthiness etc. which has a strong non-linearity. In this paper, data sampling and
approximation model have been improved focusing on main process of optimization analysis, and

design optimization technology for body structure subjected to stiffness, NVH and crashworthiness

with strong non-linearity has been established.

1. FUBHIC

e ERURIEAL 109 5 AR E o HEHECO P E DO
HlsR L % 20 C, HEEOBREIKIR, &0 b HERICEK
ShaptE b HEZF4 & E > Tnd, 5T, BRLYE
PEREZ EOBRBIHEOMRES, T 5/ L XL TRD 5
nTkh, gt BEHEOMEREDOMIZREEIZ 2 D DD
H5,

Zh S BEHEOERLCE R OB E DR FPE & L
T, CAE (Computer Aided Engineering) #%ffjdo &> T
b B o (L Eire, 2 ORI A OWIEA A TH
2", BlZE, HAEOWIYE, 2 WIEEEMEREAKT X ¢
ZLxn<, KoBEAMEAEN T LEY, Z0%E
bR A TH S, B2, KD ZLOMREARIRICHS Z
& 2 o - E B ERE L4 (Multidisciplinary Design
Optimization : MDO)"*D#ff7E & A TS, L2 L, H

BHEOHEKROL S, N LT 2 REHIEZE ) %~ Wik
5, BRI A RN TR E THA TH D, FaEfl
FHRLRFE D TR T 2 T 7L DR DR AR &
K& k> T b,

Z ORI TIE, 3 HARREICEOR SN 2 MIME (G
W - BNIE) , IREDERRVE, d K OMEESEVERE (R fE2E -
RITmAEZE - L) 275 &N TEIWE - MERE
LD 27 A 2B L, W2, HIAME ORISR
WA Z M LT, IO RANERBIR O E
T OREGERER A 4T > 720 I, FEHEEET L2 A0
THEBOMREHEAME LoD, B2 (KT 2WE - #
B et (VAR RE & HifERR L 72,

*1~3 el err

Technical Research Center
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RE{LEET S 2 T LD

21 HEHMEERE LRI
ERERE AL &3, RO BE A SR K < Rowil
J 5RO Z & T, X (21) ~ (23) TERLEh
3",
ME flu(x)) (2.1)
W% gkuk)=0 (2.2)
h(x,u(x))= 0 (2.3)
22T, ux)iE, A (24) Kkhkwohs,
Ay () oy ()

A(x,u(x))= ] =0
e (2

An ety ()

X (21) FEMBEE, X (2.2) IAEXRREE, X
(2.3) FERFRIRNETH S, F72, xIFHEHEEK, v (x)
3R (2.4) OERANEREMENT TR 5N 2 IREER, nid
RO TH 5., RIBHIAMOREIL, & F 580N
ez IRREZ b L, BHMBIK ST ERTE %5
THD, HIEKOMHIZ I TE, MERHEZE L & OO
PERE & B /MU & W78 2 MRS O &2 RDEIZIT S T
ENRTES,

22 RE{LHEIRD AT L

X (21 ~ (23) ITEDSWT, BB KA HKEED
wME, SRR AR RO KM OMRIE - ME S L, IR
G LT, HIROHE - B L EROMREE TS Z
AW[REZ:, FEBRETHE & TRIE T & A G D 7 R
BEDMRIE - ME i LT > 2 7 & &2 1EK L 72, Fig.1ic
ZOET O X 2 ERT,

FEREIM Y (Design of Experiments : DOE) &, &l
EROEFPERER B RIS KT T B A R L T 5
DT =4y TV FHETHD, ERET L
(Approximation Model) 1%, PEBEMAT I YT{LLBE Bl s i
WA DT L TR A HIKCE 2 FETH S, £EH5
& e LA TR, —IICHW ST b, G
ik, ERIETOL, RE(LFEO BERN LRI T Th
%

FERGIE © 7 7 VTR
WERLE T« S
R LT EENT7TLT ) XA

77 ViR ﬂ%ﬁ&éﬁﬁ@kbfmn&ﬁ
5, FEBR A Rk JWWW —IZA &, EROR
%%%zé_&#fgémf,#ﬁ%ﬁ@ﬁw@%ﬁ%@
FhRElEE LGl TH 5 EZ 5, kb, MEEARGZE

Buz¥ 3
HHifi7% (Response Surface Method : RSM)
Tz ZEHABE TERBT 2 FETH 5,
[X|Hh D Statistics Analysis i, S8 OMHEF 5 % U2
T572005L — FA3H, @J‘M&a%ﬁéoitwL
fEMT OFEREMERE D 728, X OError (R fiazE) TH

W4 5.

DOE

Lt MEOBEREELRE LTk . 0%
i3, PEREMRAT

[ Statistics Analysis
Vv

[ Approximation Model ]<—]

v
Multidisciplinary Design Update
Optimization
v

Fig.1 Multidisciplinary Design Optimization Process

3. Bl EFILOEREE(

I, IO RREZEBIR & A OB B R (L
T, EPETLOREME T T 5, Fig2id ZoM&%
N, ZONKEEAED B0, EE, EEY Y TLO
Bame iR, WAL, 2xkoIEiim % kg it
By 5 -0cbBEadgy Yy 7Sk, & 31) TR
B ohs",

S=(]'+1Xj+2)
2

(3.1)

ZZTCHEGIEB DR T H 5 A, HEH O ARG D
K THGEIEBA L WIGEIE, EHY VT OBA KIS
B0, MERENTIE LKA R R A e T & A 5 FEH
THV, £ 2T, BmBRANOEEM A &EIZ, FHL L
if%ﬁ#yf»ﬁéﬁzbﬁﬁe,ﬁM%T»@ﬁEW
LR %17 - 72,

f(X)] e Experimental Result
= = Approximation Model

Fig.2 Schematic of Accuracy of Approximation Model
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31 EBRY D TIHOBIRK

FERY Y LB OHIE, BhRD 5 T VTR EO R
EWHLED ST, 77 VBIIKEDEERY v 7L
Z, I ETHNL, EEOERY Y IR AERET S
ZENTE, ZTOV VY TUENKERE RS, ZIT, &
SEBOBEERIHAZBE L 506, KEBEONRE A HEHE
& U CRETREBINIZY 120§ 2 KHER & WRE G 0, 52
B v TIOVE R YR USRI 24T > 720 RIS, % DFEER
FR» 5, BRETEBOBEEIT3T 2 &HSR0 (&
PERE) DL — MM A G L 2 F S5 2 110, S50
RO AR A BT 2 2 8T, DnEERY Y FTLKT
2R DI LR OTER & HE & L 7,

3.2 FEBEMICES(HEERL
KIZHERBIROENIFH LT, EEF L OEREL
ICHO MLA . BRI, MIREZEO K 5 1l RS
2 (KECTiE, BB TER) BERNLEE DL,
T T 722 R0 R T 722 0D & 5 12 TS i 8 i & ol o B 5
(ERIEREETER) PEALTWE 801855, ZOJE
BIEME OB T, MEEE(LOBR E 5T L, 85K
A U7z, Table UZIEREMEDBENZIB L 28GE A T v
TERNT,

Table 1 Process of Accuracy Improvement
STEP1 STEP2
Side Frontal Rear
Crashworthiness
Impact Impact Impact
flexural flexural buckling
Mode . . .
buckling and axial compression
Nonlinearity Weak Strong

(1) 9IERIIERE I 2 kgL (STEP1)

SHIERIEBLR T & 2 (i O i PRI 2§ 5 R
LN %, SR 720 % BRI SIE & 3 % s (LT R
T L 720 s LA 12 O 7256 & 70 & gt
ZfF%#Fig31Im 7,

H R E M

[ ESEER TIimEZE « AEAZER = B AR
RS HREFEER 37 24
WEETNE . 0.6==3.6 (=1,2,...,37)

Fig.3 FE Model and Analysis Conditions

OEALIFIT RS R % Table 2128¢, ZPOO~GIF, #

HROREHHIZ I 2722 MR, “True Value” 13
MEAARIZ 360 2 AT, “Predicted Value” (I i
ROV O PHME, “Error” ETrue Valuek
Predicted ValueDFRZETH %,

5ODFMNAETTIREN0% A T, THIKE
BAMENZ ERNGh o7z, ZORRELE L2 ROMS
ZFigdlONT, O KD, R EsFERG % TR
L 72k at 22 MNIC b 2 A 0FE (RIhdDType A) &,
e A A TR T A TR E U 2zt st (RH Type B)
2B BEADMEITTONDE ZENnr o7,

Type ADFRFED K E S %3l § 2 728, SEHHmw % F
WTER L 2R E FEM TEFR U 72 MERE D AHBY % Bl R 7=,
ZDREREFighllnd., Th & DR2BENF0.9LL E L&
<, IEHIE O VHKGE IZEN T &30 - 7z,

Table 2 Accuracy of Response Surface Method (RSM)

True Value Predicted Value | Error
(FEM) (RSM) [%]
Weight 82 64 | -23%
©) 33 142 | 328%
@) 44 126 | 186%
Side
® 59 151 | 158%
Impact
@ 68 135 | 100%
® 81 169 | 109%
® Experiment Result
f(x) . RSM
[ ]
| !
i /e i
| X A Type A
| N . .
frgem <L | '
- | _Design Space (DOE)_;
Outbide of Design Space; '
X
Fig.4 Factor of Low Accuracy of RSM
250
= 200
w
[
S 150
£ 100
=]
3
x 50
0
0 50 100 150 200 250

Predicted Value from RSM
Fig.5 Correlation between RSM and FEM

&KIZ, Type BTOVHINEE & # N7z, &EH2EHENTO
HED728, FRRGEHERNOIERE L & 2 PIHIHREAR D
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PEgE & IS 2 AW T PHEIL, FEMTRD 72EgE & L
BRU7z, ZOFER % Table 312789, Table 2k D B
IZH 2205, WIHAHARDMERET N 61T & I Hhf DK
NHENZ LWy o7z, 22T, ZIRELRROFEY T
DB &R E TNz, ZORMREFigblInd, #IHR
JEEM o E (Kb i) 284 52 FEBRAITE< &
50, TNLUTOEFHN DT EngnrD, FEEGEHH
BT ORI FEBOEFMAGHER, FLA L0
ZENFEEELOFHRKEEZ 5N 5,

Table 3 Accuracy Verification of Initial Thickness

True Value | Predicted Value | Error
(FEM) (RSM) [%]
Weight 104 94 | 9%
@® 96 74 | -23%
@ 89 69 | -23%
Side
©) 90 93| 4%
Impact
@ 125 121 -3%
® 89 173 | 94%
* *
* * * *
- PP A * %
‘“ ’0’00’:0: ~* ’0 e
= :,“ e TS 0 e ‘
E- A4 °, * :0 *e o * “”
E’ Initialfe— - & — — = — — 5 L G T
2 X *
Neighborhood of Optimal Solution
0 20 40 60 80 100
Experiment No.
Fig.6 Mass Distribution of DOE
LNt R
. ’0 S o T L. ¢
§ RN % o .“0': v.’.ov'..
Einitial | o0 o _eeste_ %00 0,0 0 00 00 0
2 * - 4
o TR e * L, . . .
= R .o Yo% ¢ RN
Neighborhood of Optimal Soldtion™®
0 20 40 60 80 100
Experiment No.
Fig.7 Improvement of Mass Distribution

ZOxHE LT, FREHEAD T AEDRD T, #
HE (0.6=tj=3.6) 7 5 HIHILARIZ 9 2 HEHE (B 2

i, £30%) ICZEHE L, EEHAS DY OB E YL
FROERmDIPEIT 120 M5 K ITAEE L 7=, Fig?
IZEHEBOE R, Table 4127 OFEEMGERE R %R T,
Ihbs kb, ZHEGOEEIIREFEEZE 5 MmL, dl
ETNDOMBENRE L 72T L E2ERL 72,

Table 4 Verification of Accuracy Improvement

True Value Predicted Value Error
(FEM) (RSM) [%]
Weight 107 107 0%
® 101 105 4%
® 97 110 13%
Side
®) 114 116 2%
Impact
@ 147 157 7%
® 190 190 0%

(2) SRIERPIEREIS W % EkEE L (STEP2)

WIFMIEBIR T b B HiA 7 & v b5 & Smfige i<t
Ui, Mo s w4 7 & o N2 & R flioe 2 i A
7= R ST TR B L RIR D 9 & 47 5 72,

HBI% : B R/ Mb
GEIESESCaE

B A 7 &y M EZE 0 b =K — FERE =< H

{I[TTR Ti A e e i - e =R i

B« 2 v o 1) TAE< B

AT AR E ARSI 3T A KL

MRIEZS G+ -30% <tj=<+20% (j=1, 2, ---, 37)

FEE MGEAS S % Table 51278 § . #POO~®1F, Hifk
OFFHIEIC BT 5 =K — FiBE, EffeiE, 4V
s X)) TEBETH B,

ZORERD S, IEHBEOHERR O T ERHHT A 7
Yoy MEZEORENMENZ E 200, 32015 & [HkkIZ,
K BALER O &2 175> 72, ZDHA, FigdDType A
1A B A & FEMOMBIR2(R 501304 £ 2 &
Nah otz ZOREREFig8IIRT,

Fig CIERimiA 7 2 v MEED, @i OIREEZ R
T, ZOREY, WiEA 7 &y b EZEEEE R
DEAMNCRET 2MHEBRR T 57280, 2KOIE
TIEZOBRE+HFICET UL TE T AENWEE L /2, JE
BERZORPEFLELTE, Z2a—F)Fy bT—2
O —FEDORBF (Radial Basis Functions) "2MEE &N Tk
D, ZOTEOWEHERATZ, TOME, FHIEE & Rk
WERIETF L ORENLFEL 22 & 2R L 72 (Table
6) .
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Table 5 Accuracy of RSM

True Value | Predicted Value
Error [%]
(FEM) (RSM)
Weight 98 98 0%
@ 42 29 -31%
@ 6 20 221%
Frontal | @ 33 12 -64%
Impact 14 16 99 .
P g A Fig.9 Frontal Offset Impact
23 22 -6%
® 24 31 31% o
0 110 110 0% Table 6 Verification of Accuracy Improvement by RBF
()
@) 105 106 2, True Value | Predicted Value Error
()
FEM RSM, RBF 9
Side | ® 108 111 3% (FEM) (RSM, RBF) [%]
Impact | @ 123 125 2% Weight 101 101 0%
® 159 161 1% @ 30 30 2%
® 208 207 0% @ 7 8 19%
. D 62 52 16% Frontal | ® 27 30 11%
ear
imoact @) 140 138 2% Impact | @ 13 14 6%
mpac o
® 165 160 -3% ® 20 25 21%
® 21 23 1%
® 108 111 3%
25 @) 103 105 3%
E 20 | & ¢ Side | ® 106 110 4%
"'E- Impact | @ 122 124 2%
s | ® 159 163 3%
= 3
g 107 R?= 0.4089 ® 209 208 0%
> 5 o ® 60 54| 0%
A Rear
(14 0 Impact @) 137 140 2%
p
20,
0 5 10 15 20 25 ® 161 159 2%
Predicted Value from RSM
Fig.8 Correlation of Frontal Offset Impact WREZSHEE © 20% <tj=<+20% (j=1, 2, -, 67)

MEZS NS © 440, 590, 780, 980MPaf/ N4 7 v #4
SELE FOL 0 2R OIS T
[ =Y N —_— ap £
4. BE{LBHTY 27 LOWEERET (LT LT %
B CRASE L 72 Bl LT s 2 7 4 %, BPFERTRO K
B F OIS - B IRECREHZEA L, 7 ORRE & ot L AE S % Table 71289, WERLE T O PHIKE

BRMEAERGE L 720 s bt &2 LU IoRd, 5% A0 & FOAKREET, FEH EREO R WL NILTH
%, £z, ROEMIRNIES ZENTE L, 572, &TD
HBI% « B R/ ME PEREHIE A E L DD, 3.4% DR EIH 2467 5 HAk
BRI« HifkA U 0 M= B R BEEIML, AOMEAMGET S I LN TER,
KRB K = H
DX b o T BRI H 5. R&H
22« HARGEA R =< B s LT OB ME T VICEB LT, FERy v 7)) v s
V=T 2Ty i = H FHEEIBREBRRO S FEICUTO T REMA T, Hik
PRETER  NVHR6TH & O THEE 25 2 WM, BRE), EEHR A A B o T >
H22 R 39EB M DT & B 2T LERFL 72,
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- EERETEEOEERM A S DX, HIBE
PRATHIPH 2 B8 U 722 & 8 3%
CBETERBUN T A — 2 QKU YIHIE A & ORI TE

#*

IERIE OMOBROEPREEE T L ORMEE LT,

RBF % i@ H

K 27 L g O HAR BT RGE OB R LREH

MUL7ze 25, PEREHEZMWE L DD, RO %z

ANCE ST vt

AHTH B LR L7z, Sk, HiliD W 7 5 RS

206 U 72 it

oM, A¥ 2T LAnHEREREOERLRENZ

ZiE

DFFES, SR L =S8R 2 R A 5 s i > 2
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Table 7 Application Result
Optimized Error
Target
Results [%]
Weight Minimum —3.4% 0.0%
Body Stiffness =A >A 0.1%
Torsion
=B >B 0.4%
Frequency
Bending
=C >C 0.0%
Frequency
~ | X(RH) =D >D -0.4%
Dynamic o ') >E ~E -0.3%
Stiffness
Y(RH) =F >F 0.5%
of Rear
Y(LH) =G >G 0.9%
Damper
T Z(RH) =H >H 0.1%
op
Z(LH) =| > -0.8%
) =J <J 1.0%
Side @ =K <K 1.7%
Impact (©) =L <L 21%
@ =M <M -3.1%
Roof Crash =N >N -4.5%
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19  EEEERCEBTILI =Y ASESY ORISR
Wear Resistance Modification of Aluminum Alloy Casting
by Thermal Spray Technology

AN I = T - (AR NI D A
Nobuyuki Oda Satoshi Nanba Takayuki Ohshita
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TV IS, SRR X 2 BELE BMIZE O ABEMICHRH ST 2%, ITEEEA RO
I B 2 DS TTEFEMEREIRD 720 ORMLE O —EThH 2 EGHE, MEREEOBHED R, 725
WIHBEFEEATER T 5 2 L2 5, 4E, ST EEFEIED 2R S N2 BB~ OBEFH OEHI G L > Tnd A
FaCld, SFBRICEMLEZEL T2 T2 U Y HBIEMZ 7V I$WIL S 212H720, ¥ — Xy MESZET L
ZOHFRERE LR AT %0
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EL#EYZHVIES /g s 5 2 & T, T2 Y iEEERah 1208 L 72T BRI 2 R 2 2 LT E %o

Summary

Aluminum casting is often adopted for automotive components as substitute for cast iron. And the
wear resistance shortage often becomes the issue of replacement. In recent years thermal spray
coating, which is one of the wear resistance modification method, is started to be applied to
automotive components that demand high wear resistance, because it has flexibility of material
selection and high potential of wear resistance. The application of the cermet spraying and the
material specification were examined to replace aluminum casting with nitrided cast iron for engine
components.

Cr;C,y-NiCr high velocity thermal spray coating has high scuff limit and wear resistance. These
sliding properties have a high correlation with HV hardness of coating. If coating hardness is HV 700
or more, wear resistance equivalent to nitrided cast iron can be obtained. And the lower coating
hardness is, the higher scuff limit is. Cr;C,-NiCr thermal sprayed aluminum casting with proper
coating hardness by optimizing powder and coating condition has suitable wear resistance as engine

components.
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Fig.1 Wear Resistance of Various Surface Treatments

Composite
plating

ey

2

T

T, Plasma

Q.

IS

o

© Arc

IS High velocity

@©

[ flame

l Flame .
Detonation

8

- Low <—  Particle velocity —> High

Fig.2 Schematic of Thermal Spray Process

Table 1 Process Comparison in Carbide Thermal Spray
Thermal Process | Energy Interpar.t|cle Adhesion
source cohesion

Flame 4 2 2
Combustion
gas
Detonation 1 4 4
. Arc 4 2 2
Electricit
eciricty Plasma 3 3 3

DROERT L — AR & EE L7,

23 BEHE

A TR ML & 2 EFEEREE, B ZICKE T F
Ny VTERTH S, TI T, BEMROREIZE, Era
VT4 22 e BRIC K B BN & BRAGTHI & F 72, GRBRSA %
Table 212789, ERFOEFARHIZ, RN it EFEMEAL
BT & BCryCr25NiCr& WC-12Co % 38N L, FBFIZHE 8¢
By — LEMRE A M T & LT, B X BRI A L
7z FiglZBUT O8RS & i U TSR AR 4. #EL
TSR IR g & SRR He s 2 PR AL
T, Cril NiCr2&k ) RIFTH - 7=,

PLEXD, BEHPELE UTCrCrm25NICr 4385 E L 72,

Table 2 Scuff Limit Test Condition (Pin-on-Disk)

Load Raised in stages to scuffing occurrence

Sliding speed |8m/s fixed

Lubrication Engine oil 0W20:100°C, 0.7ml/min
Seal A:Sintered iron alloy (Fe-3%C)
Counterpart
Seal B: Boron added ductile castiron
o [@Seal A
8 OSeal B
E ‘‘‘‘‘‘‘‘ -
(o]
C
E | |
3
O
(72 I B

Nitrided cast
iron

Fig.3 Scuff Limit Test Result

Cr;C,-25NiCr WC-12Co
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Table 3 Trial Production Condition
No Coating spec Spray gun Particle | W/D
(Target HV) [fuel] dia.(um) | (mm)
1 >1000 WokaStar 10~38
300
2 1000 [Oxygen/kerosene] | 15~45
3 1000 DJ-2700 10~38
230
4 900 [Oxygen/propylene] | 15~45
5 800 DJ-Std#9 10~38 180
6 700 k 215
[Oxygen/propylene] [ 15~45
7 600 180

LOAD

Test piece (disk) Heater

Thermocouple
Lubricant

Counterpart (pin)

ROTATION
Fig.4 Schematic of Sliding Property Test Method

Table 4 Sliding Property Test Conditions

W Frictional
Mode rear Scuff limit rictiona
resistance resistance
) Wear amount Pressure at Coefficient of
Metrics . scuff L
after 30 min. friction
occurrences
Load 6MPa fixed [Raised in stages 2,4MPa
Speed 1m/s 15m/s 2.5~10m/s
. Engine oil 10W-20
Lub t N
dorican © 0.17ml/min (Room temp.)
TPtemp. — 100c | 100°C
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Fig.5 Metal Structure and HV Hardness of Each Coating

25

2.0

Nitrided cast iron

1.5
1.0

Wear amount of
coating (Mm)

05 -

00 v L L L L
500 600 700 800 900 1000 1100

Coating hardness (HV)
Fig.6 Wear of Coating Against Coating Hardness

0.4

Nitrided cast iron

0.3

0.2 r

Wear amount of
counterpart (mm)

0.0

500 600 700 800 900 1000 1100
Coating hardness (HV)
Fig.7 Wear of Counterpart Against Coating Hardness

15

N
o

a

Scuff limit (MPa)

0

500 600 700 800 900 1000 1100
Coating hardness (HV)
Fig.8 Scuff Limit Against Coating Hardness

15
£
s 10
E
£ 5
)
0 L L
0 2 4 6 8
Porosity (%)
Fig.9 Scuff Limit Against Porosity

0.15
c I
ko) i
S I o
< 0.10 - g
k] i Al 8
E lrenvacdon =
3 005 | ¢ Nitrided cast iron
£ | ONo.4
8 - ANo.7

0.00 ‘

0 2 4 6 8 10 12
Sliding speed (m/s)
Fig.10 Coefficient of Friction at 2MPa

0.15
< [
B [ W
£ 010 | 7}
5 — A
z L
5 I o ;
3 005 | ¢ Nitrided cast iron
£ ' ONo.4
8 - ANo.7

0.00 . .

0 2 4 6 8 10 12
Sliding speed (m/s)
Fig.11 Coefficient of Friction at 4MPa

— 113 —



BREMICEL D TIVI = LESHM DM EFEER £

No.29 (2011)

43 TR

Fig 12125 |55 o & RS R 2§, Asiikid, &
SR i & JERAT I A U B BEOIS T, B &Rt
TH5EDTH D, L Lanrs, SRIOELRETIE, EH
Bl & Hph D FlgfeiL 7 <, TAGHBENS & $ 5 Al oD i ¢RI L
720 FEMAMTIL IS CIRE T H 5 7280, NGRSO MR
e <, IEFICEHOEEESENAHEON58DEE 1
%, SRIOFHIITIX, WEhORIES BEHE (T0MPa
F2) LIRS EOBENERT 22 LR TE 2,

44 REEAEORBIREE

BT ZEHIIC LD, iR, IEERENE, iR
HEVE & o 72 ELREFEIE, HVE X 2785 X — & & L CIEg
TEDZENDDP 5Tz, FEPIHE T Uit AGRER 270, B
SRFFE S HVAE & OB 2 Bk U 7z, Figl131Z, V) 77kl
LGB COEERER, B X UEBIEOILREEART, K
B2 30T & IASH RIS B TSk S b & RIS O 5 7 2 4 )
MiZzELTH0, FEREEZHVIEX LSO S 5 Z & h
Y572,

_. 100 [
g | .
AR | s ¢ %o
5 :
g 50
g : No peeling between
% 25 coating and substrate
0 L L L L L L
500 600 700 800 900 1000 1100
Coating hardness (HV)
Fig.12 Peeling Strength
__ 15
IS
2
% 10
< i HV830 —
_%) Nitrided
5 (53 cast iron
c S HV900
§ HV 1000
0

0.0 0.5 1.0 1.5 2.0 i jio
Wear in rig test (um)

Fig.13 Wear Relationship between Rig and Engine Test

5. £&8

BB BR X B = v ¥ VHIRRS O 7L 3§
X B12H720, MEFEMERN 544 & L TCrCr25NiCrD
T L — AR ERE L7, SEHCIE U 2 R A A BT
%728, IACEIPHTHVE & % 300 U 72 I8 RIS & fE L,
FefsAR & FAEReE & ORI AR5 2 LT, ITOHIR
137,

(1) ifEEFEME, HVEEE L@ HBIA % D, HV700LL LoD
B X T hIUT B ADMNEFRMEZGE 2 A TE
%o MHTBEEML, HVEES 296§ tEL N To 5.

(2) HERS 2L, HVBEES 2MRWEERTH 4, Zh
FRIEROKILAE A, A4 LEy + OREER=T 720

EEioh3,
(3) FEEHEPUE, WIhORRICBWTE LD &/
S, FRHCAHERNGEAITNE L 5 5,

RIRIS, AR ZHED 2125720 L K& T a0
2N TS DOBIRE DB RICTR# L £ 7

SE XMW

(1) WHS : FrAvEtREve~ Yy Y VAV ) v 4T a gy o
ORI, BB 2 2 0 2 AR 4, No.75-08
(2008)

(2) FME: @7V —2 (HVOF) AEGtOBUR L 3, %
4%k, Vol.59, No.8 (2008)

(3) %S : HVOFIESHZ & % CryC,-NiCrFz I o HL1AS
e OEBETE, WEETSmCE, B221E e
(2003)

a2

NHEAT R

— 114 —



AN REw L —EFE (20104-1 H~12H)

1. thobasiE (ot

* TR IR R I i 2 7R

H T K24 | H Fire ) e I
2010.3.31 University of Guelph Development of Mazda Biotechmaterial for MH #h2 | Bl 2emT
Bioplastics and Green Composites | Automotive Use
2010
2010.4.29 Austrian Society of Automotive Development of Premacy Hydrogen RE Hybrid #il o HOE | SR
Engineers
31st International Vienna Motor
Symposium
2010.5.19-20 | ESI Group 24GHz Vehicle Radar Performance Analysis with YEH HE | B TBEIEEB
Global Forum 2010 PAM-CEM BRERR |~ Y FE&T
2010.6.28-7.1 | ATAA Transient Analysis of Pitching Stability of Sedan- | Seeyuan Cheng | AL¥#E A%
28th AIAA Applied type Vehicle Models Using Large-Eddy Simulation | Y& Ak | Ak
Aerodynamics Conference TS HA] | IAEKRT
IR BT | BT
okt & | V=T sV AT A
2010.6.30-7.2 | The R&D Management New Methodology of advanced Technology W R | Bk A
Conference 2010 Valuation for compensatory multiattribute Product
2010.7.14-17 | Fifth European Conference on Large-Eddy Simulation on the Aerodynamic Pitching | Y& i | AE K
Computational Fluid Dynamics Stability of Road Vehicle Seeyuan Cheng | [F] I
5] | AR
R &S| Bt
RPN v I Ay ) D2 & N
2010.104-6 | VDI An Investigation of Influence of Misalignments on Ahmet Kahraman | The Ohio State University

2010.10.10-13

2010.11.12

2010.11.17-19

2010.11.21-23

2010.11.23-26

International Conference on Gears

IEEE International Conference
on Systems, Man, and Cybernetics

American Society of Mechanical
Engineers

ASME 2010 International
Mechanical Engineering Congress
& Exposition

The 2nd INTERNATIONAL
CONFERENCE ON DESIGN
ENGINEERING AND SCIENCE

The 2010 American Physical
Society, Division of Fluid
Dynamics 63rd Annual Meeting

International Symposium on
Antennas and Propagation

Root Stresses of Hypoid Gears

Active-Steering Control System Based on Human
Hand Impedance Properties

Impact Strength Degradation of Adhesive Joints under
Heat and Moisture Environmental Conditions

The Method of Determining the Vehicle Framework
in Safety Development Using a Spring-Mass Model

Aerodynamic Pitching Damping of Vehicle-Inspired
Bluff Bodies

Electrically Small Antenna for a Handy Terminal

Mohammad Hotait
(L] -

Hh B
mE
I s
K B
wi —5
=N 5
S G S
A #5A
aA W
/N
KE  HEth
A ff—

i %
e 5AM
A —

e W
Seeyuan Cheng
s A
IR BT
M &6k
V£ H
BT M
W 9
BRI
FilH  Efs
wH R

[Fl_E
787 —NA VAT B 3

IR KRB
A L

Tettibff e
Al L
SRR
FeAhihft e
INSYE N2

INSyNES

7] |

[A] |
Feher 52 i
7] k.

il P GE R 78
[A] I

7] |

AEvE K
[f] |
NSy
FEphiF 5%
g FEFER
AT NS

7] |

[r]

W~y XE&T
BTFFER
[A] |

— 115 —



2. sbohadE (EP)

* P S IR R I i 2 7R 4

H % F - K4 | H FKH Fro &
2010.1.20 V—=FIZFoVEy a3y | FLvy—=nA FaYzVREN 7 v FORFE | MK 2= | 7ar7 L8R HEEARE
Btk
$oMl Ay —T L bu=s A
i
2010.1.21 SR v ZIZF T SRR A wE— | RefrPA TSR
200941 55210 F By A hAE S | ~100kgDERALISKIN L 2280 [F 34 ~
2010.1.20 V=R Oy 3 vy | BEEREICET 2 IRBTIROMIT & & 2 I | il 2T AR
B4t
ol - HEE -1y bu=
2 2 PR - SP 2 -
2010.1.22 S UL B A% A T T b 2 HhERERET & 1 8 IESF BB | Behirgein
BB 2
2010.2.5 B ST AR L S AR B A KB B H RO HlA WA #% | 7ur5 ABRHSEART
F14ME L) —F 28— 2 ff
7% BRRERS
2010.3.1 KD - FHEARM R IR - | BRI AN OBEE A OF| A R 506G | BiTSE
RN
53[0 XAFSZ L —7 v v ou
b a VRRIHENES
2010.3.2 EEI LT TES FHAL T AR & SV REE s 88| HERERRR
S R R i A S )
2010.3.6 H A2 22 2 E VY XDAREL YV VEOEG TEIE | BehirgeiT
AW MRS - R
2010.3.8 LS TR S BEEMATY - LEFEBLEMmET I 25 | B A | Hdrgenr
I im WINCY R e v 7 AR
2010.3.15 ARG T 2R v & — FEENTE T — & X — 2 e 2 O G | ST
SE5ln| EBY TR T — & N— 2
e
2010.3.18 SET L EFF eSS WA THIIE DL T2 T4 T ARV Y a2 v | KE M | Hi2erT
HEFMEEETIME R S SRS 3T 1
2010.3.24 filBe a2 EEE N A1 SRR~ S5 4] HIE TR | BT
510500 fllEETER 2 ARig EH | Ak
(BRI T T M
EE O fZ | FHL
=R % | FLL
2010.4.9 (0 H ARG b7 A Ty =4 FuvzYREN 70w FOB | MK #5 | Furs L5l 5 HEAR
H ARG T2 el & 2 - — RESBOER
2010.4.20 S ey Ry b T4 Y - L =R EBRIC L B ERARB | G B | AR
PR 224F 18 BEFELEFEARS B ARAVAERT OB 7 A Jod | FEE
i) R N I e o
FHE F | FHE
FEE K& | Ak
W ' | BkirgeRr
RS —EB | AL

— 116 —



H F

B RN

i H

R

e

2010.5.19-21

2010.5.25

2010.6.1

2010.6.5

EEIEEFINES

20104 FFKRE FliaE 2

V=T
CHEIEE 5

R

B AILE— ¥ — AR

Az

HAGR A Lop 2 rh [E SR

BB L OHOKPERRE Y 2 7 4 ORI~ 28

B X B 70 3 =9 AR B DM RS

HEHE YA NV Y OF— 288 27 A DB%R

7 )L RV P Al O BIE B IE 5k
KBGO iR

Ky bIA Y —L—-HEEEHOZERRFO
RS VA TR D B R

7Y A HFHIMZR-CD22 74 — ¥ LTV P VD
iR

Ry b TA Y =L — FIRBIA BRI L B HENA
R B A VAR D B 78

Ay b UA Y — b= FIEBREERIC K B MRA
1B e AQ VA e D il 5

WREMREH RIS BT 2NN AV ZET L&V
HURFEA TS DY T

<5

[

A

APRH TE

PET i
i
FAM

JINFH
Fid
NI
A
Kk
e

By
WK
(G4
&7

SFEII:I
Wz
Hr]

B

A

KU HE—HB

Gl
¥y H
ELEN
KE
A

st
EA
ek

It
fif—

(e NI =

=1
A

H—
g
A

JEBRFS— BB

M
A
T
(35
A

Tk

(235
IIEN

FIE 3

M
-
TRYE

JEBF5—BE

(23
A

MEE v

i
HE
T

A TH >+

JEH B — BB

T
)
A
S

A

T
—H
—k

R lE

fri] L

ENS

ENS

Il I

fi_E

eI

ENS

Il I

28T — b LA R
AR 2E

[ENS

Il I

fi L

ENS

(R )1
et/

fi L

ENS

fril L

I L

ERElE

ENS

fril L

I L

JRERA:

fil L

T vV v VEREBH IR
Flrv AR VT

INSYNES

A L

Al L

[l L

[k
Bt 7 rr
Al L
NP
[k

Ak

Al L

Al L

Fephehff e
[k
TEEVERERH FE5E
Al L

[ L
il ] A

— 117 —




H F

B RN

i H

R

g

2010.6.7-8

2010.6.4

2010.6.10

2010.6.19

2010.6.24-25

2010.6.25

2010.7.20

2010.7.21

B LS
18 W LR AR

FTAFTIYY=T ) vk
Ean

HyperWorks Technology Conference
ANMAERS T v 4 —
HQLAI%E 58322010

HARAB T2

510 ke

HAE 22
A8l AR

PESERGNRR AW
BrE v 2 — B A
V7 AR

S3BMIATHLNH: AT Y A

EEEETE
No01-10% v AV 4
FAREETERZ 3513 % COMII D
HERH — S RIGER & difARtE b —

TEAEIR i OREREVERTA 35 5 % A T IR D BRET

*VIA4 Y- XA TI4 VQERMEIZLBELET 4
VAR RN O T 78

Hili RCAEX 15 Y 2 7 A CPAsDEST

HERATH) T — 4 N — 2GR 2 O EIRY
ST L BRI S B 1 B DENIS
KB ERAET RO

H By RS s i ook H 1L

Ak T OB RRE HLIZB T 5 058

7Y ZIZBT B354 F v ZFHOHLD A & TR

JRVET 222 W22 HE O MR EIKICB 4 5 7%
FFFREIZONT

E B 4 L0 PR BRI O AL & BTGB

BIR) HA 2~ A4 2L OB (A#)H
HRIZBE L C) ~

Wl
(LI
[

il
EH
SFl
AH

&
e
A
R
[ELAC
FA

bt

LHO

JEH
T
G

FANCE|

kG

A
eY

(LT
KE
A
ek
S HR

A
R
K

HA
fri&
T
=

L
S

H ]

T4 e

A |

A |
IV v HREHE
[Al k-

I VY VPR
Weas vz

A |

I8 — b LA AR
[\l

[\ k
NVHPERE - CAES B

Fethibff e

Bt 7
Al L

FOR LR
[ENS

Bt 7
HORLERY
IR
JRRE
Ak

PR 7T
Al L
Ll ] FEA

Hi R TR
[Al_k
T4 e
== ) =S
G RPN

[ | HLg FH A

FU B

Wy HE
LR
M 2 B =R

Wy s EH B HIER
H 2 E B =5
T
b3 & F R
HE il FEA
Rl ENES
OB

— 118 —




H - K24 7 H FRKH T &
) A4 2B E BEEEA L L TOCOMRR | Hia ek | 3 atHlssmn
KN P 6 g s BEEER
PR SRS | H ) EL R
BH OB | RETER
=1 EE I~/ I = = ) X
A BRI | HER AT
ANl WEHE | EAUEE R
AR RS PR SRS | H R EL R
E112 S 1 I I M=) X
Wy PRRD | SO R GR
wEH BT | S LEITER
[ EE I~ I = = ) )
AH - ASER | ST AER
Al WEkHE | GRS R
2010.7.23 HASEE 1225 - $hECAENZE | - sRIGIC AR & 5 5 Wi W15 o0 Ji e KB AL | ST — b LA EERER
IS
$EECAED NG & VA > v
AN
2010.8.8 KRS - Rl VY RIZB T ARMMREABHEON AL 7/ | R WFE | Bkt
CERRIEE MR A 2 N— o3 v | MRS O W
25 A8 —Tas I LEhELY
7RI RE
2010.8.27 B T 2 B VY SR RE) - BRSOy I 2L = g v AT KT & | NVHIERE - CAESfiRR
20104F- B 55 1 TGS 2
2010.9.1 MARRI M S o~ 7 | EIHEIEBRE 2 ¥4 2 L Edh e R | ST
VTN - Tx—F 4 P g s BEER
[Ry v —+200D8: L 12 FRPESR RS | H R B
T—Fvs VURYTA wH O | e E ER
=R 1 I = R =) =X )
AHE BRI | HE R A
ANl WikHE | ERURRE A
8 4 — 5 — DM RD 5 7 7=CO,HIK o v s B
FRPYSR SRS | H R EL R
BmH OB | B RETER
| N3 2 AEER
A IR | HERR AT
ANl WEHE | BB SOEE R
W RE | SRt
20109.7 NSRS aneiitt sy v A OERBENOWN D MA~KEABHFHTEN | AR 2E | TorIaRFHBEAS
H30MEE - P E - DU E B R | OPkR~
VAR T
201097-10 | ba—"YA V4T 2—2%% | EEHHHEADBEEIFZEY 27 20 AR | WA —2 | $ilivrgen
La—vUAVE—T =AY | THNEH Hfs | Ak
VARV Y 42010 i1 I B
2010.9.15 HAG M2 HOEXAIN , SR I O R HEIC & 2 | FIIE R | IRERY
HEER F 4 b RIXAFSHIE 2B 5 Mt AN R | AL
AXRBHESC | FLE
BN | R
HERZ | Bl
BRSNS

— 119 —




H % F - K4 | H F&KH Fr &
2010.9.15-18 | filfEaE 4 Lean/Rich¥ 4 Z L2k} 3Pt-Rh-7 L H V) 1 | Bl R¥E | KOKE
10600 fliET a2 &R ALY T O Nox W ST 2B O W% AR e | R
W 4| FLL
e thfE | Ak
U] 2 =1 I S 3R 0T
R OFE | FLL
A A MREM A AT 5 Ze-NORPMABEMAE | S —ES | 322
OE AL B3 77 = ol B M
1 N R
(1] = = I T
= Mgz | FL
EROEFE | FL
FL RN A S R~ 2 5 ¥t HE A | B
fEE 506 | AL
=R | FL
20109.20-22 | HADHEAES HW YO 2 -~V 77 27 2W8IC B33 8| AkE & | Hlirgeir
74l K 5 4 RO
2010.9.24 SEIE R TES INA T VS OSFEREREEPIEEE EOEY MAa | S B | ARG
SIS (T'V A - Vi)
2010.9.24 H A 2 2 BRI TEAEHOWZCFRT VY D Vs 5 | A AME | BREKE AR
BAL L ER A6 AR B S 7 7 OBAESRT BE T | FREHRSFEE AR
Hrp &7 | 2 2 A0
B EW | So— AV
2010.9.28 VL B BCE T B RS 2 | BREHO OB & RRIEY, vy £ OBER | W FE | 3T — b LA AR
B2 2WNWT
20109.29-10.1 | By HE A2 ARXE FIIZ K % #ii A N TN BE - 2 6% | WA 27 | Belinrseir
20109 MRS Filiaii e e o RsE | AR
TU=TH=DEX Yy b F— 2 EEH LA | il s | ST
fa Rt Dt AR % | Ak
wnE | FLL
R OBV B 3 BifRREE ot > 2 7 | /NE Rl | BErs i
L OR%
TPWEENT T A F 7 HEED BT s B | ki
2010.9.30 FSBEHY 27 A e IAERUZ BT A1 Y 2 T 4 OHLD filA LA K | Belirgear
UTMS+ 3 +—2010
2010.9.30 RIS - RENEATITSE 2 HEJEIZ T 2R - B DY 32—V 3 v | KT V5 | NVHIERS - CAEH iR T3
SR 224 20 SE 2 Fefhi
2010.10.7-8 | NS IRBRRETIR R Fy NIAY L —HRBEICKBEBOLRE | L Z | RERE
RSO &Y VR Y Y A PR EE A2 Je ONZE A Bk T VA TRl O BR 78 G B AL
A o | AL
i) G N I
e I N B
W ' | Bk
AEBERS—EB | AL
2010.10.11 HABE 2 TR AL T WSS % B 535 PR % 5 Al D 3% 85 IR 2 AT | IR BF— | BefibFoein
M&M2010 #E 2 H v 7 7 L | KE et | FLE
v Liao Lijuan | A& K2
o B | AL

— 120 —




H F

B RN

i H

R

e

2010.10.12

2010.10.14

2010.10.23

2010.10.23

2010.10.25

2010.10.30

SEULEFAITES
CILF AT 4 TEHMERS

FABA DY 2
35le] BAHRS ¥ K 4

HAL 2
K224 S (LA S R—=V 3 v
I A A

AR T2
20104 eI e el 2

EEIEEFINES
H By TR PR

HARAM L2
#4300 i - WESBAE

Ta—=TH =Y U Ny T2 EEHLZ
bRk O M E

AREE AT T AARAE LA S O PR T )1
B9 2 %%

BREGZR & LWL 5 OMEHE

AT DR O B T Ok T

ML TR & VB IRGE

2T T VI BAEREOREE L NUIZES ARO
Tt v =4 v 20

NELVA T L - VIab—FOMEERY
ARV~ D3

BELRT WY T 9 F3I— b)) 7OME

AT 7Y VI EAEROWRE L VIS ABO
Tt v =2V 2D

NAARAEIRF O B A B E L ORI RERE D
M HBER

T 1 7 B O TR B 5
AHFEHIONT

Ly
i/
ase
HA
/M
&1
i
i3

ey
TR
Jeiil

WA
i
s
i
A

EsHRELEEE S

Ve
SIS
R
et
Gl

INAE.

R
M
i
(LI
LA
=N

K

KAEAE

fit A
IIEN

B I
i

KHF
il
i
i
it

(i
il
BiR
st
Gt
it

KHF
vl
BR
Pl
it
LSl
BR

o =
N WS OEE O A I

&

el

| o]
& JE D

&

e
[F] L
[F]
Heptihik 72
Ak
[F] L
[F] L
[ L
el E

R VERER
Ll FEA
TEEVERERH FE5E
Al L

[ L

HLAREATS

INSVNS
NS
Ak
PRt 7T
HH SRR
Fephebit e

Bt 7
Al L

AL

[ L
SR
Al L

Al L

[ L

IR RAERFBE
Al L

Al L
Fethibit e
LTI i
Bt 7
IR R ERF B
[ L

[k

H SR
A L
Fethibff e
LTI i
Ak

A L
Tephibff e

— 121 —




H F

B RN

i H

R

g

2010.10.30-31

2010.11.2

2010.11.10-12

2010.11.17-18

HARE bk 2
A8 LA R 2

EEIE =PI

VVYRYY A

B HEER D A 2010
—BB LD 2R L 2RI
@)% —

HAKE 222
21NN S VR D 4

TUFehitin 2
TFili v — 2 ¥ 2 » 72010 in
TFHE

Yy F ¥ o PREl S oD B 2 7 1 D B AT

WREhHG oy o & RBR O RE I K i-stop A
7 L DOIEBEHRE DK%

INIREBE D 7RIS
BRI T VO Y ORBSGEEEIZ DN T

AT v Y OIIEEEENC DOV T

i-STOPDEEZ S & T2 o EEFED RS

OTCBIR T TV & e 7 1 — YOLIRBE Tl
Heht DL

R XSG LY ) VIEFHED K
&R GFEE T

T4 — EOEBIC B 1 2 MMERTEIR ORI &
B PEXUEIN —EGG MBEEa v 2 7'+ OMGE—

[ T 4 — LI O FEFHEE IS KT g e AR
LAEFEDHE

TV 2 GRERGHE LR A ALY 5 &
Loy R

TV 2 DIMBAEIRRE T 1 & 2 DR

Seeyuan Cheng

SR
gy
BR
b

YR

AR

Ve
(Lol
T4l
T
[LEN

ik
HLH]
75
ot

Hf

ek
1E3%
1E

54
AL
ECE

Ve 2 A =
EAcHZE—

TN
GRS
AL
K%
/N

(212
At
NI
FH A
15
ek
fiaA
Gl

A
F e
Ve
E]

GRS

&
M
K

Firii

— R

iy
i

/N
H

PaH
AL
T
=i
JIH
Pakf
beIL g

AL
el 3
bl
75 fot

i

55
ST

%

1k
A
b
it
]

SEE

LY
g
KT
N
.
N
]
¥

FIER
SN
[oE

=

Jetd
Rk
K&

ALt R
Ak

INSFS
Fetibft7EiT

IYVZTVT VAT LR

T2 D PR TEER
PTH#Ni 7N — 7

28T =LA Y BAFEAE
R G

28T —MA VTR R
Gl

il

A A S b
VY VPR
Gl

287 —NA AR SR
VY BT
Il |

Al -

Gl

VY BT
PTfEMNT 7L —F
Gl

T VY UYERERH R
Ak

Il |

Al -

Gl

VY BT
INZYNE N T
Gl

Gl

VY PR
VY VR
BTV AR RS LT
Gl

Gl

VY VR
28T —MA VTR T
INCFNE e
Gl

A _E

R RO I

Gl

Gl

HEARFERT

Al -

Gl

— 122 —




H % F - K4 | H FKH Fr &
INVIS—IRIEH A 2L & A4 LS5O A e v | HmETE T T2 2 HiliGr

2010.11.25 A= E=T Y4 TTVALTE | vVEOINT = b A VKL ZNEZZBIT | AR R | 789 = AVEIRAT
¥ Z+¥ I+ —2010

2010.11.26 | BERARIE AN A A~ XL Y 2 — | U EANAF T o T ) IO WH the | S Femr
INAFVAF =TI )—

2010.11.26 EEIERFT( T REXE FH B2 Ok AL B D i A WF— | Belilrger
No.07-10% v EY 4 [HE)H I I ST & 571 17
OBEFHEEOMA %2 M5 4 Pi S S I = = L) 1 )
5fhi & TR | Matd  fESC | b2 2 HRE

eI | RBRCZE R
Ve TP | o TR
2010.12.1-3 | HABMEES it — 2 ) 2V U v ERWKRRBECE | B HEE | UK
LRI N D A % ILRERTSE 10T " S W R4 53 g
T B | 2 ST—bA VSR BT
ha Bl | Uk
A St |k
HlL B FAL
RHE E— | [H L
ROREMSE AW ARKFe -2 )2y Vv | B BB | UK
FRIZBT % I 5% M APE] | 2 ST—NA VBRI
#NOR~ | AL
R R | LR
A g | HE
HFL B FHL
HE E— | Ak
BIEMELE V) Y2y O v O KEIOKIERL | 220 B | ST—NAARRBRS
PN Y 2 BN Al | A R
)l EM | FEE
Ko EL | SRR R KRR
FE T | PRGOS E b

2010.121-3 | HAKW =S KARHALAKFEAHCCUREEIZ T4 s Yk B | FREERZERERE

21K S v RV 4 FH OB | SI—NAVER B
I wt | AR
M 4T | 2 2 &40
HE T | FRRHOCEER AR b

2010.12.2 CAESEKI.com Hlj ONVHIEBER R %13 2 CAEDHE i fH— | NVHYERE - CAESEH 7656
SH18IAARE IS EHk 3 2 CAE® 2
+ —

2010.12.3 EHESHESCERERIIXGEE S | vV A ORMAST — P LA VICB T 2B | 8k 8 | ST —PAVBHTEARSES

L bl

20101245 | HAARMTLH2 AR T2 D 72 9 O BiE &t ORG HLEE | BkiroeiT
K224 BB A S — - B - EAHORR —

2010.12.7 L —HILER Ky PIA Y-V —-WEEEHOZEQNRTO | JLEEG B | Sl g
BTAN L — T RS | SR, SdUA R O R

2010.12.8-9 | HAHE =2 H By O A R L IS IR E MmO E | ANE Wl | BT
sHolnl fw ks VAR D 42010 | KL

2010.12.10 EEIERFE(TE i—stop ¥ A 7 & ORABIRHET) 0O Tl & tat WH A | T v RSB RS
AR PT#N 7L — 7

BRbE & MRB)¥R 5 PERED g 3.

— 123 —




H T - K24 G| H RRKH [/
20101215 | AR AV ) v 2y YR | vV ARMRAV )y 2y av e T P ORI | 8K B | 28T — A BIFEATR
DAV
20101215 | I3 F EOMmEME LY 4 — ¥V LR SRR OHLA M 280 | s G RE A
MR A NPT A &
b2+ 3 —
2010.12.16-17 | SOFCHi%i 2 ¥4 /0 F 2 —TSOFCAND VL2 =7 EIFHE | MR H— | s
5190 SOFCHI%IE %2 TR Sk (R | AR A DI
£ A 4 I I
2010.12.20-22 | HAFIK S22 On the Aerodynamic Damping Mechanism of | Seeyuan Cheng | ALifE3E K2
SE2ARBETA 1Y v RV 4 | Vehicle Pitching Stability Using Large Eddy | Y& k| Ak
Simulation TS A | IREKY
IR BT | Bitlitf o
M v | Hi g2
2010.12.21-22 | HAH ARG 72 A=) TG L7z ) VIEFEDRSA | R VSEF =N T
kLY Y RO v 4 Ko & RUKfERR m E | FEE
ik ki | = v U VEREBRFEES
Bk X | v #EKT
W R | RS KRFRERE

— 124 —




3. thAhERE

* P S IR R I i 2 7R 4

F oM oA BNV il H FRKH &
Vehicle System Dynamics A Study of Dynamics Performance Improvement by | &% 2| Bl gemr
Vol.48, No.11, pp.1285-1303 | Rear Right and Left Independent Drive System
JUNRZEREBE BOH2EIE BOERETSEbt | ARX Models for Time Varying-systems Estimated by | % 2 Uk
Journal of Math for Industry Recursive Penalized Weighted Least Squares Method | P§Hf #EM | [6] |
Vol.2, 2010A-11, pp.109-114 LR | BB
A Wor |6 L
fiie 2 Development of High Performance Catalyzed DPF | JFHVE—ES | $ifhiffF 7 ir
Catalysis Surveys from Asia with New Soot Burning Mechanism I #&aE] | [FEE
Vol.14, No.3-4 WA G | [k
i W | E R
EE L EEEs &
Vol.41, No.3, pp.775-780 | F T 4 /SDLAMERITEIMKIO 728 OEAA 2 Al | i8H At | PEERie e
DEHFE B e | Ak
FEP S5 | AR
WA HEs | BEabIroE i
p=3= B v i
Vol.41, No4, pp.927-932 | RGBS E T L & WV - —RH bR mC B3 % ¥ 7 | BE {8 | Bdlbrger
A 7D FEHE I E T L O R WA el | AR
BEH | FELE
Vol.41, No.3, pp.623-628 | 77 v ) YHCCIHEBIZ 45 1 2 BHRME L B KIS | 38t B | /U —PAVE RIS
T 5 MET GR2w) —BRER AR A BE A2 2 2 | Il BN | EE
fili D & 7 IOVIRN & B 7= i pT — M #47 | 2 2 =40
FRE | SRR T
ZEJE X501} Vol.64, No.6, pp.60-63 | ¥V X DT F v FERIG L HMT 2 £ S OFHA VS | HrH | | F¥4 VEIK2 2 O
(Bt 7 —F 94 ¥ O S HE | EE
Vol. 64, No. 7, pp.40-45 | BRI &AL D H 7= 72 B A ARIE | L G ATS
Vol.64, No.8, pp.33-48 | FeFHHEL (fFE45) A B | i O3S A
WH s | Bk
HO #A | HE
N CE | THA HRIE A & O
BR A | BB FEHEES
Vol.64, No.8, 2010 | #iz) - B & - 3.0 NEL PR | NVHEERE CAERARHF
Vol.64, No.10, pp.60-65 | 4 ~ 7 7 IR AERIIE > A 7 L2 O KB e ekl | kG JE§E | Bl oo
Fik a b |k
=W #BZ |k
WA s | E R
Vol.64, No.11, 83-88 | BREEIZ{E L WV ARMESRIE S 2 7 4 DFA%E AR A | Bt oe i
AfRH % | Ak
HE — | EE
h¥r <5 |k
A B+ | HE
AR FER | SR
[ R A TR
M R | AL
Vol. 64, No. 12, pp.30-35 | ERGEEN A > ¥ — & v 2 & BIAALZZT 7 ) ¥ 7l | B B38| IREAERERE
HR (AN|2E TR S 2 0t
ENTI - R
R | JRERTERER

— 125 —



H oK BEAY | H F&KH Fr &
H B AT B P S = 2 — X CO, Mk 1A 7= BRI AL A ASEE | HP AR
55375, pp.2-3
IV VFsuv—L ¥ 1— IR ST — b LA VIFT T SKYavv T | K Bt | ST — LA AEES
2%, H3E A i | EL
igEs 3 = |6 L
S2LMINIRAERE > ¥ R U 4 - Gl | KIRE Yy T U 2 3 Y X v M ORF Ak ER |PTY AT LRIRES
s SCH No.10-17, pp.111-114 FER] W | Bl
EHHOBIE | PTY 27 48306
NS A | RLE
S HECE | A R
s | HE
H AR B 25 $52%, 161% | HEYELHEH 2 3L il o By ER BIFE | Bk gT
[okFE M ] 20104E4 5 7Y L2 BARK AT HEORSE TERE B | Bk
Vol.9, No.3, pp.33-37 biis! J1 | ALk
G R bt ANBOIRER — B EE B RIS < A A v 7 ) | Hp B | IREKRFPRFR
Vol.46, No.2, pp.123-129 | 7 - /% o — ¥ D fiftfrEli e )| Ak
¥ b R | il
=i & | FLL
eI —% | EE
RIR BT | HfieiT
& R | IRERERER
LUERIN) 2010.127%5 | 7’V A G RIERGHNE &L AWM 588 L o U | ATL FIER | AR
Vol.25, No.12, pp.54-55 | &t Fufsl g FER | Ak
Wil HE AR
HE AR B 2 O—42) =TV VORKT T IEEDRRIRIET L | B T | Bl
W ait 2 h 74 7S [Eqrmz -
Vol.113, No.1105, pp.924-925
b2 T3 Vol.63, 6+, pp.495 | W42 DB 5 I BEE] | B e
HATR Y bR SR A T LA A F O 2 BRE M e EER | BARTREE
Vol.28, No.5, pp.639-647 ANEPETRIEY | ] |
epg 1EM | [E Lk
RO | Bk

— 126 —




LTI S

20114E3HITHICRAE L 2R HAKRERIZK D, #keh7=EE i, DKODBRENHRL LT Ed,

X, VY A2, FHEL LTI DRURFE LB [~V 4 5 34] & [SKYACTIV TECHNOLOGY |
ZRO B Lz, v &iE, 20079-3H ICHMiBEDOEME Y 3 v [ 254 F T “Zoom-Zoom” TS )J
ZBWT, Y XHEEBAWEZZVETRTOBE S FIC [E38Y] & [Bh-REiatibs] 23Rt 3
ZEEMRLE L7z, 20114513 [H 2T 4 F 7 “Zoom-Zoom” H5| IZHDNTIT 5 T % 7= 35RO
A, BT I A AR IR E LTS8 A$ 5 SKYACTIV TECHNOLOGY JCAE & iS5 Th b 9.

FHETIE, vV XORMNEN IO Y 3 v EBRT 5720, WhIlHifilE 7L —2 20— 12 A, #
L TEEZOPIZOWTRETLE Lz, ZOMOMm - RHiL i T~y £ OHEEDOERLHED 2T Tn
72 FEEEATEBDET,

BRI ED 52, RHAKREREKELEE L T4H3HICY Y #R&D Y ¥ & — B CHfE X = [452300
O—F24— - Fy VT4 7)=v="y M 2, AL TOEYYZHERONy 7 F V=R LE L,
ZOF FEIFEME B L THARFPRICH G SR E Lz, IR0 TEHD T4, #HRIhEZEFD
HELZH G TEEFENTT,

CHr HHsest)
WO ' B 2
B K El EHE REEISATS S i
WitERE  HRD /A RGNS AR H i
Al B/ THAVERET FNYATHA V22 VF
AR AR R REAES R EH
A W HEIFHREAN Y v v — B
SPH K HMGBHREAEE NVHYERE - CAESL I FH &5
Kk JC IST — b U A VBHRBAE ST — LA VY AT ABRE
R E Bl
S ST TT] I 5311 N < 7 e S T
fithErg  BTH SR RESERIEAER Bl e
VYA 295 Mazda Technical Review No.29
& 47 20114F6 H June 2011
RITN S ERE Publisher Hirotaka Kanazawa
MmN HEil Editor Michio Tomiyama
[EsE RTH s Bureau Shigeki Nitta
RITHT Y A2t Publishing office Technology Planning Dept.
R e I A el e Product Strategy Div.
T730-8670 Mazda Motor Corporation
IR SR I T3 7 15 3-1 Shinchi, Fuchu-cho Akigun,
G 082(565) 2198 Hiroshima 730-8670, Japan

©2011v v kA2t (GERENTEREY)

ISSN 2186-3490

— 127 —



	2011_No000
	2011_No001
	2011_No002
	2011_No003
	2011_No004
	2011_No005
	2011_No006
	2011_No007
	2011_No008
	2011_No009
	2011_No010
	2011_No011
	2011_No012
	2011_No013
	2011_No014
	2011_No015
	2011_No016
	2011_No017
	2011_No018
	2011_No019


	動きを見る: 
	動きを止める: 


