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Mazda’'s Challenges for Fuel Economy Improvement
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Summary

Since the introduction of Atenza in 2002, fuel economy of all products improved. And the average
fuel economy of Mazda vehicles in Japan improved about 30 percent from 2001 to 2008. Sustainable
“ Zoom-Zoom” vision was established in March, 2007, and by 2015, it is setting the target on
improving the average fuel economy by 300 over 2008 level globally. To response to the automotive
industry’s issues that are CO, reduction and anti-fossil fuel in future, in 2009, i-stop and Premacy
Hydrogen RE Hybrid were introduced into market. Moreover, from 2011 onwards, Mazda plans to
introduce new powertrain that improve fuel economy largely and also introduce new platform that
aim to reduce the weight by 100 kilograms or more. Furthermore, toward 2020, Mazda will expand the

deployment of electric technologies, and realize a sustainable environment for the future.

Long-term Vision : Announcement of Sustainable Zoom-Zoom

Mazda makes cars that always excite, that look inviting to
100000
drive, are fun _to drive, an_d make you V\_la_nt to drivg them again.
000002007030 000000000000000 for cars, or people and for the £an e
0000000000000000000000% Zoom- Basic Policy: st

Provide all customers who purchase Mazda cars with the joy

Zoom” O0OOFiglMOODOOOODOOOODOOO of driving and excellent environmental and safety
coogopooboooobbuooobobbuooooobo peremence

ggboboobuooboboobuoobboboboobooo
ggboboobuooboboobuoobboboboobooo
go* Zoom-Zoom” DO0UOU0OUOOUOOOOOOOOOU
ggboboobuooboboobuoobboboboobooo
gdboboobooboobboobooo Present =—p 2010 = 2015

Fig.1 Announcement of Sustainable Zoom-Zoom

0102 0OOO0OO0O
Technology Planning Dept.



ooboooooooooboooooooo

No.270 20090

20000000000

gobooboobbooboobboobooboo
ggbobooboobbooboobobobobooboo
ggbobooboobbooboobobobobooboo
ggbobooboobbooboobobobobooboo
ggboboooboobbooboobbobobooboo
ggboboooboobbooboobbobobooboo
gogbboooboobbboobooobuoobbooo
co00D0000lDooOunOOUnFrig.2td

=Energy conservation

CO, reduction -Use new energy

=Hazardous substances
reduction

Reduce environmental
hazardous substances

Buiwiem jeqo|o
uona|dap s92In0say

=Emission reduction

Prevention of air pollution .VOC reduction

uonnjjod |ejuswiuoIAUg

Prevention of water pollution / vibration / noise *Pollutants reduction

1970 1980 1990 2000 2010 2020
Fig.2 General Situation of Global Environment

Actions

O00000O0000ooOo0ooooooooco,000on
00o000oo0o00ooO0o0ooOoOoOooooOoOo
00o000oo0o00ooO0o0ooOoOoOooooOoOo
00o000oo0o00ooO0o0ooOoOoOooooOoOo
0o0o0oo00o0oo0ooo0oooOoooooooooOo
Multi-solution0 D 00000000 O0ODOO Fig.3d

g Y
] —
n
e b
> & m -
5 = SIFIHIBIBIE
3 iCO,Reduction || & |2 |[5||5|]z]]¢%
=4 m a a z m
= i Bl = m 3 ] o
= AN EHIE AR
3 @ 3 I E <
o m [ < 3
& ; . é 8 8
3 Clean Emission H = =

: W ) W B SR S

1970 ZUUU* 2030
Current
Fig.3 Multi-solution in the Automobile Industry

goboobooboobboobod

20020 000000000000 Zoom-Zoom” OO0
gooooogn Zoom-Zoom” OOOOOOOOOOO
goboooooooooooooboocooooooooo
goboooooooooooooboocooooooooo
0o000ooo0o0ooo0o00ooo0OFrig4d

MZR series petrol engines

- MZR-CD series, Mazda's own clean diesel engines
RENESIS new rotary engines

- Mazda Demio with Miller cycle

i :v;r;d;:i::;::;r:geﬂ fueled rotary engine car, @ - ’
o =™
e
:w% s “w.
s Over 500 Award Winning ’ i .

since 2002 Atenza

Cur!;ent '
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i-stop System
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Diesel Engine

New Clean Diesel Engine:

*Improve emissions and
fuel economy by 20%

MZR-CD2.2

Add DPF
MZR-CD 2.0 ¢ .
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Fig.10 Roadmap of Diesel Engine
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Automatic Transmission

New 6 speed Automatic Transmission:
-Improved fuel efficiency and performance

6-speed ovT

Automatic
Transmission
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Fig.11 Roadmap of Automatic Transmission
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Rotary Engine
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New Rotary Engine :
-Compact and lightweight by nature

- Substantially improved
performance & economy
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Fig.12 Roadmap of Rotary Engine

52 O0ODOOOO

gobooboobbooboobbooobooboo
oo0obO0obOobo0oOoz2e070O000D00ODODODOOOO
oooooi1o0kgD 000000000 ODODOODOOOO
goobobOobboopo210b0obobobobooon
000o0oopoolookgd 00O DO0O0OO0OODOOODOOO
gogboooobooboobobuoobboobbooboo
000000000000 Fig.13(0

Weight Reduction

Safe & light new
generation platforms:
- Reduce the vehicle
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Weight Reduction

Implement comprehensive weight reduction development

Optimize body architecture
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Pursuit for
ideal structure

CAE
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- Development
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etc.

Fig.14 Weight Reduction
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Continuity of Electric Device Technology
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Summary

Mazda announced that the new environmentally-friendly technology which provides both enjoyable

and safe driving to our customers would soon be introduced into Axela under the slogan of
“ Sustainable Zoom-Zoom”. The new technology described in this paper was the key to fulfilling the
commitment made by Mazda.

While environmental issues have vigorously been discussed worldwide nowadays, shutting off the
fuel of the vehicle in a stop state without spoiling” Zoom-Zoom” is an effective way to avoid the
wasteful use of fuel. This is regarded as an appropriate means to solve environmental issues in urban
areas where traffic congestion is greatest. The conventional idol-stop systems which rely only on a
starter motor have the following disadvantages. 10 It is not easy for the vehicle to merge into the
traffic flow because it takes too long to get it restarted from a stop state. 200 Sever vibrations and
loud noise upon restarting the engine hinder our customers from feeling comfortable and safe.

By taking advantage of the features of the direct injection system, we have designed Mazda“ i-
stop” for restarting the engine through combustion by injecting the fuel directly into the cylinders
while the engine is stopped and igniting it to generate the force necessary to push down the piston.
With this technology, we have successfully developed the new environmentally-friendly system that
not only saves fuel but also restarts the engine more quickly and quietly than the conventional idle-
stop systems, enabling drivers and passengers to feel more comfortable and stay stress-free.
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Summary

What is required for the diesel engineld DEO on the European market is to raise fuel efficiency,
environmental protection, running performance and NVH performance to higher dimensions, and
expectations keep rising further. On the occasion of the restyling of All-New Mazda6, we have
improved the MZR-CD2.0 engine in full scale to develop New MZR-CD2.2 engine, aiming to achieve

“ Sustainable Zoom-Zoom”. We undertook the development based on the experience of introducing
the MZR-CD2.0 engine from the original Mazda6 launched in 2002. New MZR-CD2.2 engine has also
been mounted on All-New Mazda3, and is planned to be mounted on future models. In this paper, the
aim of the development of New MZR-CD2.2 engine and the concept for the introduction of new

technologies are outlined.
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Table 1 Main Specification

Engine

MZR-CDE0

New MZR-CDE2.2

Displacement {ml)

1998

2184

EorexStroke (mm)

8686

8604

Combustion type

Direct Injection

—

Intake shutter valve

D Motor

—

EGR valve

DG Motor

—

EGR cooler

with

—

EGR cooler by-pass valve

i

with

Compression ratio

167

16.3

W alve driving system

OHC belt-driven
1hvalves

DOHC chain-driven
1fvalves

N OpenBTDC i —
WValve Close ABDC 30 —
timing Ex Cpen BEDC 41° 40°
Close ATDC g —

Walwe lift (mm) M 10mm EX:8mm IM:9 Gmm,EX 9mm

Fuel injection system

Common rail system
DEMNEOUZ-P

Common rail system
DENS0 U2-P(Improved)

Iax Fuel pressure (WMFPa)

180

200

Wariavle geametry

—+ Abradable seal &z
CGamber nozzle & Fosition

Supercharger system turhocharger

sensor

IHIRHF 4 [HI RHEFV 4

Inter-cooler with —
IMax torque (M* m) 330 400
Max. power (kW) 103 136
Digel particulate filter with —
Linear OZ sensor with —
EUT exhaust gas emission level Staged Ftages

(Bome model : Stagd)

0104 0OOOOOOO

Engine Engineering Dept.
Oed7 OOOODOOO

Engine Testing[] Research Dept.

05 O0OO0O0OOoooooo
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08 ODo0DoOo0ooOoooooo
Powertrain Technology Development Dept.
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Using Foam Molding Technology
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Summary

Recent imperative to cut CO, emissions and growing concern about higher prices of raw materials
have brought great needs for drastic weight reduction and material cost saving for automotive plastic
parts. Under such circumstances, a reduction of material usage by foaming technology draws attention
as a new approach to meet these requirements, in addition to the conventional thickness reduction
technique that uses high-strength and high-stiffness materials. The current foaming technology,
however, only allows limited application because of a significant decrease in mechanical properties.

We have developed an injection foam molding technology that uses super critical fluid as a foaming
agent in combination with the core-back process. Through this technology, a multi-layer cell
structure, which consists of a micro-cell surface layer that retains mechanical properties and a
highly-foamed light-weight core layer, is formed, enabling it to both maintain mechanical properties
and reduce materials significantly. A door module carrier molded by the use of this technology has

the potential for more than 22 % weight reduction.
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Table 1 Mechanical Properties of Foamed Sample

Relative density 0.875
Relative flexural strength 0.458
Relative flexural modulus 0.397
Relative energy absorption 2.186
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Introduction of Premacy Hydrogen RE Hybrid
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Summary

Mazda Premacy Hydrogen RE Hybrid is a vehicle equipped with Mazda-unique hybrid system based

on the hydrogen RE with a dual-fuel system that enables the car to run on either hydrogen or

gasoline. The vehicle’s hydrogen fuel range, driving performance and utility are significantly

improved over the RX-8 hydrogen RE launched in 2006. In this paper, we introduce aim and features

of the development.
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Table 1 Vehicle Specifications
Model Premacy Hydrogen RE Hybrid
Vehicle |Overall Length [4565mm
Overall Width 1745mm
Overall Height  [1620mm
Wheel Base 2750mm
Weight 1760kg
Seating Capacity |5 Passengers
Hydrogen:150L/35MPa
Fuel Tank Hi{:;h F?ressure Tank
. Hydrogen Rotary Engine
Engine  Type (\X/ith gDuaI-FueIrySyst%m)
Fuel Hydrogen and Gasoline
Motor Type AC IPM Synchronous
Max Power 110kW
Generator |Type AC IPM Synchronous
High Voltage Battery Li-ion
e oo
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Development of Hydrogen RE Hybrid System
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Summary

Mazda Premacy Hydrogen RE Hybrid has been developed, following RX-8 Hydrogen RE launched in
2006, aiming for dramatic improvements in hydrogen fuel range and acceleration performance with a
hybrid system. A series hybrid system has been adopted to fully leverage the recent improvement in
efficiency of motors and generators. The driving motor that electrically switches its windings during
driving has been mounted. This switching technology allows the motor to be small and high-efficient,
while having both high-speed motor and high-torque motor characteristics. Electro magnetical fields of
the motor and generator are asymmetrically designed to improve the efficiency in the regular rotation
direction. The lithium-ion high voltage battery, which has excellent input-output characteristics has
been adopted. The laminated cell structure, which has excellent battery packageability and eases
battery cooling has been employed. The hybrid system featuring these new technologies enhances the

hydrogen fuel range to 200kl 10015 model and achieves excellent acceleration performance.
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Fig.1 Mazda Premacy Hydrogen RE Hybrid
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Table 1 Specifications of Hydrogen RE Hybrid System

Fuel Hydrogen or Gasoline
Engine
Max Power 80kW
Generator Tvpe Permanent Magnet
P AC Synchronous Motor
Type Permanent Magnet
P AC Synchronous Motor
Motor Max Power 110kW
Max Torque 350Nm
High Voltage | Type Li-ion
Battery Max Output Power | 40kW
35MPa High Pressure
Fvdrogen Storage Gaseous Hydrogen
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Fig.2 Schematic Diagram of Hydrogen RE Hybrid System
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Table 2 Specifications of the High Voltage Battery
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Battery type Lithium - ion
Nominal Voltage 346 V
Capacity 3.65 Ah
Maximum output 40 kW
Minimum input 25 kW

Fig.8 Appearance of the Battery Pack

Fig.9 Appearance of the Cells
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Public Road Test of Vehicle-infrastructure Cooperative System

for Driving Safety Support
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Summary

The IT Strategy Headquartersd Chief: Prime Ministerd decided on a policy in January 2006
regarding the promotion of the vehicle-infrastructure cooperative system for driving safety support as
New IT Reform Strategy, aiming to realize the safest road environment in the world. On the basis of
this strategy, large-scale public road tests of the vehicle-infrastructure cooperative system for driving
safety support have been planned for fiscal 2008 in several special regions of Japan under the
cooperation between the public and private sectors, so as to accelerate the process toward its practical
use. We, jointly with Universal Traffic Management Societyld UTMSO and Hiroshima ITS public road
test consortium, have implemented public road tests in Hiroshima from fiscal 2007 to 2008, based on

the typical road environment of Hiroshima area. This paper describes an overview of the infrastructure

systems and on-board systems we have developed and the experimental results in fiscal 2007.
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Table 1 Support Levels of Driving Assist

Support level |Explanation Functions of on-board unit
Vehicle provides the
information

from roadside system without
any processing.

-Vehicle doesn't judge the risk.

*Receive the information
-Display and sound the
information

I Information
Provision

Receive the information

*Measure vehicle behaviors
and judge the risk

-Display and sound the
information

*Vehicle judge the risks
calculated from the information
of roadside sensors and vehicle
behavior.

I Reminder
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Introduction of All-New Mazda Axela
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Summary

The first Axela that breathed new life into C-car class vehicle exceeded customers’ expectation with its
dynamic design and class leading dynamic performance and became a brand-representative global car
selling approximate one third of total Mazda sales volume. Although the global industry climate has been
changed dramatically, we set the new Axela’s direction to“ exceed the customers’ expectation all over the
world ONCE AGAIN.” We evolved the original Axcela s globally acclaimed sporty and dynamic performance
using key phrase” exhilarating feel” for the driver. The key phrase was applied to the all aspects of the car
including situations such as seeing the car, getting onto the car, and driving the car. That is we attempted
an ambitious challenge.

We set the three key values. 10 Expressive & Dynamic Designl] More emotional design emphasizing
richness in expression and dynamism. 20 Sophisticated Driving Performancel Agile driving performance
providing the driver with rich comfort and ultimate feel of oneness with the car. 30 Sustainable
Technology & Advanced Safetyd Enhanced environment and safety performance where sustainable Zoom-
Zoom is strongly alive. All the factors related to these three key values were thoroughly refined and
realized as” Exciting sports compact car that inspires driver’s sensitivity and culminates in driver’s
exhilaration with its inspirational and quality drive.” That is the New Axela representing the Mazda brand.
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USA FF | CE | Core Grade 2.0L SMT/5AT
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2.0L 5AT
High Grade 2.0L DISI i-stop 6MT
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3.3 Key Value#30 Sustainable Technology Advanced Safety
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2.0 kg: twin-beam structure of instrument panel
0.7 kg: rear suspension optimization

1.3 kg: others

11.0 kg: body shell

Fig.10 Weight Saving

(3 DOODOODOOOODOOOO
coooodooboooooooobooooooooon
ooboooooooooooobooooooooon
goboooooooooooobooooooooon
oooooboooooobooooooocecoc.0ooonon
O0FigllM 0000000000000 0000

New Axela
Improvement effect (%) » GOOd
Previous Axela
PN Gy 1 zﬁ,,j,,,,,i,m,ﬁ,,,,j,,wjm
1.5L +5.7%
2.0LDI AT
CE .
2.0L DI i-stop AT +15.5%
23LT/C MT
EU (L/100km) ~ 10.0 9. 8. 7. 5.? 5.0 4,
1.6L MT +8.7%
CE 2.0LDIi-stop MT [EEEEEEsecasddsddd 707777 71410.5%
23LT/C MT +5.2% w/o i-stop
1.6L (Nl LTSI ST TS TSI IS T I TTS TSI TS TS SIS TS TS % +6.3%

T
(A7 I r 7777277777 77777 s 7 s 7727 o g ] +10.0%

IIIIIIIIIIIIIIIIIIIIIIIIIIINIII
f //I +6.7%

DE 2.1 Mid MT
2.2LHi MT

(mpg) é i 2 ‘} g
MT +42% +3 1%

AT

250 AT
23LT/C MT

USA

2.0L

CE

.3|_

Fig.11 Fuel Economy

— 46 —



No.270 20090

goooog

D StagesS 000 O0O0O0OMZRCD 22L0 0000000
obob0oooobooboobobooooooooo
gobooboobbuooboobboobooboo
gobooboobbuooboobboobooboo
goobooooo

@ 000000000000 000000000000
0000000000000 Oi-stopd 00 OMZR 2.0L
DISIO000000ODO0ObO0O00O0oooooOooDon
gobooboobbuooboobboobooboo
gobooboobbuooboobboobooboo
gobooboobbuooboobboobooboo
gobooboobbuooboobboobooboo
gobooboobbuooboobboobooboo
gobooboobbuooboobboobooboo
0000 Fig.12(1]

Competitor
M Axela i-stop

Axela -stop

Combustion
timing

i

Time

Engine
speed

Engine speed

Starter
motor

Motor off

| | |
Lime

Current

operation

Fig.12 Axela i-stop

® CcvIOMZR 15L0000000000000O000
goocvioooooOooooooooooooooo
000000000o0o000000000000000
000000000o0o000000000000000
000o00DOO000O00000O000O0O0noooon
0000000000000000000000000
0000000000000000000000000
oooooooo

@® 000000000000 000000000000
0000 MZR 2.0L DISIO MZR 2.0L0 MZR 2.5L0 MZR
23LDISITURBOL OO OO0O00OOOOOOOOOO
0oooooo0OsnmO000000000000000
0000000000000000000000000
000000000000000000007009000
000000000000000000000

(4) DOoDoOoooo
000000000o0o0o00000000000000

0000o000000000000000000000aQ

0000000000000 00000D000o0Oono

0DO000000000000o0o0oooooooooon
00000000o00000000000000000

goobooboobogobooAaBsODOOogoobpsCcOoooon
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gbobobooboUoArFSOD0ODODOODOODOOO
OFigl3 0000000000000 DO0ODO Fig.24
gogboooobooboobobooboobbooboo
O00OFigl50 0000000000000 0O0O0O0ODOO
goood
ggobbooobbooobboooboxobboo
gooooboo* MAGMA” OO0O0OO0O0OOooOoooon
ggobbooobboooLwltrRO0cbbooobbOoo
gb0ooobobooobooedbbOObObOOoUObObDOODbO
gboopoooobooboooooobooooooooon

AFS effectiveness in lighting corners

Fig.13 Adaptive Front-lighting System AFS[

Fig.14 Rear Vehicle Monitoring System

= .
Blind Spot === _ Blind Spot

_Vjsible Ang

131°
Fig.15 Back Monitor Camera

— 47 —



cooooooboooo

No.270 20090

400000000040

000000000000000000000000
(1) 000DO00DO00000000000000000
00000002000 000000000120ccO0
180cc0 0000000000000 O0DOO0DOOOONO
000000000430 /h0 05000 /h0 USO O O 550
n/h00000000000000000000000
00000000000000000000000000
00000000000000000000000000
0ooooooo
(2) Bose®D0O0ODDODDDOOODDDDOPFig.160
10000000000000Bose®000000ODODO
000000000000000000000000o0no
000000000000000000000000o0no
000000000000000000000000o0no
0000000000 0O000D0D00D000000Bose®
0000000000000 00000000ooooo
00000000000000000000000000
0000000000000 0000000o0oooooon
00D0Bose®00000OAUDIOPILOT™2000000
000200000000CDO0000000000000
00D0000D000000000000000OBose®
Centerpoint"0 0 0000000000000 DOOODO
00000000000000000000000000
0000000000000

gl g =

i o
!
bl
i 7
-l £ e

Sedan
Fig.16 Bose®Premium Sound System

5Hatchback

(3) Bluetooth®"0 000000000 ODOOO0O
OO00Bluetooth® 0 000000000000 OOOO
O000000000Bluetooth® 0 0000000000
uobooobooooooooobooooooooon
OOBluetooth®" 0 0000000000000 O00O00O
0000000000000 0BIluetooth® 0000000
gobooobooooooooooocooooooooo
gooon
(4) DOODOODOOODOODOOO
oooooooooooboooboooooooooon
gobooobooooooooooboocooooooooo
gobooobooooooooooboocooooooooo
gobooobooooooooooboocooooooooo
gobooobooooooooooboocooooooooo

gogoooostooooooooobobbboooooo
gogboooobooboobbooboobbooboo
gogboooobooboobobooboobbooboo
goboogoobooo
(5) DO0DO0DDODODO0OOOOOoOooOoO
gobooboobbobobooboobbooboo
goooooobobbbboooooooooboobooboboboon
gogbooooboobboobobooboobbooboo
gogbooooboobboobobooboobbooboo
go00ob0obOobo0oobooboob40eoc0bobooon
gogbooooboobboobobooboobbooboo
good
gooobocoobobobooooobobooobogooog
gogboogooooobgoo

sO0ggnog

gobooboobbooboobooobobooboo
gogboooobooboobobuooboobbooboo
gogbooooboobbooobobuoobboobbooboo
gogbooooboobbooobobuoobboobbooboo
gogbooooboobbooobobuoobboobbooboo
oo

— 48 —



No.270 20090 ogoooao

oooooooooboogoo

O Joooogboobogobogn

Design of All-New Mazda Axela

ooooooo®t
Kunihiko Kurisu

goo

oooboodooboooooooooooooooooooooooooooooooooooboOoooboogn
oboooooooobooooboobobooobooooboooooooooooobooooonoooOooon
gobooboooooooooobocooooooooobbooobooooooooooooooooooon
goooooooooooooooood oooooooooooo” o ooboooooor"ooooon
goboooogoooooooooboooooocoboobooobooooooooooooooooooDoOooD
ooooboooooooboooboOobooobooDbooboooo® Zoom-Zoom” ODO0OOO0OOOOODOOOOD
ooboooooog

Summary

We aimed at exceeding customers’ expectations once again with the new Mazda 3 given the fact
that the outgoing model has been successful. The key was to what extent the design should be
evolved. In order to find it out, we conducted researches in markets and clarified what customers
really need in compact vehiclesl hereafter called C cars segmentld Combining the clinic result with
outputs from designers in branches, we decided to develop expressive designsl rich countenancell
with incorporation of the family face. Vehicles in the C cars segment have been running toward

dynamic directions to enhance strong presences. Under the circumstance, we targeted at expressing

“ Zoom-Zoom” clearly to take the No.1 position.
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Summary

1st generation Axela realized practicality / functionality, compact car’s basic requirements, and

sporty and energetic styling / performances, together with well-balanced price and improved

equipment, to be enthusiastically supported by global customers since its introduction.

In developing All-New Axela, we first thoroughly analyzed customer’s voice and set development

target to further evolve its features and excellences.

Packaging plays a role in achieving above target, so focused to make driver experience Zoom-Zoom

feeling and driving enjoyment in everyday driving, such as commuting and shopping. This report

introduces details of packaging developments and its focus points.
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Summary

The new Axela has been developed to even more improve the former Axela’ s dynamic performance,

and to achieve prominent positioning among its competitors.

Handling follow ability and line traceability has been improved through suspension development.

Improved response and thorough stability has been achieved by improving rigidity of each parts and

increasing efficiency of stabilizer. Also perfect handling and thorough stability has been achieved by

establishing precise locating of front tire, through improving fixing rigidity of the steering gear box.

Body is developed to strongly support this suspension. Is has been developed by focusing on local

rigidity and structural hysteresifl phase gap in tensional displacementll And usage rate of high-

tension steel has been highly increased, which results in gain of 1 star in each US, Japan, Euro-NCAP.

A light weight and highly rigid body has been developed.
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Summary

The power train of new Axela is a new generation product developed based on “Sustainable Zoom-
Zoom” which is the long-term vision of Mazda’s technological development. We advanced the
development aiming to achieve “Performance Feel which enables drivers to control the vehicle at
their will and to experience exhilaration” and “Low fuel consumption, low CO, emissions and clean
exhaust gas” which positively responds to environmental issues.

Specifically, we have realized compatibility between enjoyable driving and environmental
performance by adopting the newly-developed idle stop systemO i-stopl] clean diesel engine, and
CVT well reputed in “Demio.” In addition, we have matured “driving fun” which is Mazda’s DNA, by

elaborating engine sound through improvement in the intake & exhaust system, enhancing

“Performance Feel” with optimized calibration, and adding new functions to the transmission.

1oogd

0000000000 0ooooooooooooon
0000000000000 ooDoooooooooon
0000000000000 ooDoooooooooon
oooo

0000000000 0ooooooooooooon
JO00O000000OPerformance FeelDOOOOODOOO
000Do0000oooooooooDooooooooon

000000000 0O000D0O00O0000d4Performance
FeellOOOOOOOOOOOOOOOOOODOODOODO
oooad

200000000000000

0000000000000 00000oo0oooooa
00000000D0D0DOO0O0O00dPerformance Feeld O
goooooco,000poo0OoOonoOoOonDoOoOonooOooo

01 ODO0O0oOoOoooooooo
Powertrain Development Promotion Dept.
030506 O0000O00O0OO0OODOOOOO0O
Powertrain System Development Dept.

0204 ODOOOOOOOOOO
Drivetrain Development Dept.



No.270 20090

goooog

(1) Performance Feel
gooooooooooooooooooooooon
gobooooodouoooooooooooooon
gobooooodouoooooooooooooon
go00o0oOo0o00oobo0ooGcGhooooooooobooooa
godoobooooooooooooooooooooono
000000000000 0oo0o0oo0o0ooooooooao
“ Zoom-Zoom” OO OOODOOODOOO
(2) oooo
go0o0ooooooooooooooooouooon
godooooooooooooooooooooooono
godooooooooooooooooooooooono
godooooooooooooooooooooooono
goooooooooooooood

3nggobooaoboog

gbofdoooooooboooobooooooooonDoo
OO00000Performance FeelOOO DO OO OOOOO
gooooocvioooooooooooooooooo
goooobooooboooooooboooooboooo
00ooooooooooooooooog

3.1 Performance Feeld OO
(1) Performance Feel0 00 0O O

gdo000000Q0O0000000O0O0UoOUUoood
00000o0oooooooooooooooooooa
OFiglD0O0O0OO0O0O0OO0O0O0O0OO0O0O0O0O0OOOooOgo
0000oooooooooooooooooooooa
0000oooooooooooooooooooooa
0000oooooooooooooooooooooa
odooooooooooGcGoouooooooooooo
0doooooooooooooooooooooeoO
00000oooooooooooooooooooog

monsana

iahe, Wyoming

Bt Liks lowa - 3
oy NoOaSKkS  pomana W iar

Wamam  INOIS jngigna 2N

¢ @ Lgum Cincirnes @
Missouri'

Kentucky,

Teqnesses .
Arkansas

Algers
Mississippl
Alal

Fig.1 Driving Area for Development

(2) 00OD0ODOO0dPerformance Feeld O
godoooooooboooobooobooooooo

gooooooooboooooooooooobooon

gooooooooboooooooooooobooon

0000000000000 0000000000000
000000o00o0o0oooo
(3 DOODOOOO
@O DOooooooooon
0000000000000 000000000000
0000000000000 0000000000000
000000000000 00000000Fig2000
0000000000000 0000000000000
0000000000000 0000000000000
0000000000000 0000000000000
0ooooogoo

Fig.2 Air Intake System

@ DOoOoOooooooooo
0000000000000 000000000000
0000000000000 0000000000
OFig30 0000000000000 D022,8000%0W0O
558.30 0HO4930 00 000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
CAED0D0DO0O0O0O0D0OO0O

Fig.3 Intercooler Cooling Duct

® 0000000000000

gboooooooboooooooooboooooogn
goboooooooobobooobooooooooon
gbooboogolootz20HzOOOOO0O0OO0O0O0O0O0OO
obooboooooooooooanzooons3,000romd OO
goboooooooobobooobooooooooon
gooao

— 67 —



ooboooooooooboooooooo

No.270 20090

2002500 00000000D0OODU0OODOOOD
gobOoob0o0obU0oobO0oobOoobDoobooOo200
goboboooooobbbbooouoobbilloo
0000d2dBO00O00O0O00OOCODODOOODOODOOODO
ggboboooboobboobooboboobbooboo
000000000000 D0O00O00D0O0OFg4D OO
gobobooboobboon

[dB{AI]

-

==== : Curent model -—=="T
— T Mew model
T Poas [
j S - S | .
’ k. , "--,_‘ 4

= > S 17
M~ W

Sound Pressure Level
LY
i

IWONN

1000 1500 2000 2500 3000 3500 4000 4500 5000 5600 E000
Engine Speed

Fig.4 Sound Pressure Level

® ODooooooo

20,0250 00000000000000000000
0000000000000 O00VolumeDOOOODODO
0000000000000025L00Dbual00O0000
0000000000000 0000000o0oooooon
0000000000000 000oooo
23l00000000000000000000000
OO0OVolumeD OOOODOOOOODODualDOOOODO
00000000000000000000000000n
O00O0OFigs023L0 0000000000000

Main Silencer
18.1L

Pre Silencer
4L

Fig.5 Exhaust System of 2.3L Turbo Engine

(4) DO00OO0OO0O0O0O0O0O0000

@O 0DooOooooog2sLd

Performance FeelD OO OO OOOODODODOOOOO
2500000000000 O0Mazda60 0000000
J00000ODO0O0O0O0O00000ooooobooooDO
J000O0bO0bO000O00O00O0obO0obDOobOobOOoon
J000O0bO0bO000O00O00O0obO0obDOobOobOOoon
JO00O000000OPerformance FeelDOOOOODOOO
O0O000000ATOTCSO Traction Control SystemO O O
00000000000 000000ooooooooDO
Jo000ooODO0O0OO0O0000oooooobooooboo
J0000D0ODO0O0O0OO000000oooooooooDO
Jo000oooooobooOooOOo0O0O00o0Ooooooooo
i0 00bobOobobooooo

00000000000 0bO0bOobOOooboooooo

oo ooooobobon
ogoobobobooooboobobobooooobobon
gogobooobooobooobbooobboobooa
oo ooooobobon
gobodboobooboobouobooboooo
Performance Feell LinearO LivelyO OO OO0 OO0OO0O0O0O
i 000000l uoooooo
goboooobbooobobuoooobobooobbo
000000000000 0OATOTCSODODDODOOOOOd
oo oooobon
g ooooo
@ S5O0AT
0oooooosgoATOD DO DD DO 0oooooa
OOFSSA-ELO 0O DOO0ODODOOO0OODOOOODODOO0O0
0o0o0ooooooooooOoATODDOODOOOn
oo oooobon
oo oooobon
000000000000 DbOOo0ooDoDOoOoAASODODOO
oo oooobon
gododdddooooo@moooooodoogogoo
® ATOODO0ODO0O0D0O0D0O00D00O000ODOAASO
0000000000000 000000DOORX-800
gl ooobbon
OO00D0AASODO0OO0DOOOODODOODODOOODOO
DNAOOOOOODDODDOAASOOOOODODODOOOO
gl ooobbon
gl ooobbon
gl ooooooooboon
000000000000 0000Lineard Livelyd OO
goooood
® ATOODDODODODDOOOO
doodoooooooooooboboboooboooooog
gl ooooooooboon
0o0o0o0ooo0dooooooooboboooooDbb b
ogooooooooooooMooooooooooon
gl ooooooooboon
gl ooooooooboon
0o0o00o00oooooooooooooooooooog
0o0o00o00oooooooooooooooooooog
0o0o00o00oooooooooooooooooooog
0o0o00o00oooooooooooooooooooog
0o0o00o00oooooooooooooooooooog
0o0o00o00oooooooooooooooooooog
ooooo0oooooooooooooooooooog
oooooooooooOoobpooooooooogog
ooooo0oooooooooooooooooooog
ooooo0oooooooooooooooooooog
ooooo0oooooooooooooooooooog



No.270 20090

goooog

O0000Fg6ODOO0O0OO0O0OO0OODOOODODODODOOOOOO

Shifting down fo use the engine brake fo
decelerate on a downgrade

Driving with shifter in
‘D" (Drive) position

Tap the DOWN’ button
to start engine braking

Engine brake’ mode is
maintained while
proceeding downhill

Returns to regular ‘D" operation
when accelerator is pressed

Fig.6 Typical Scene where Direct Mode Excels

G MTOOOOOOOOOOOO
O0D000OHWmanO OO OOOOMachineOOOOQOO
gooooboooobooooooobboooboooo
gooooboooobooooooobboooboooo
goooobooooooooo
i0 0ooooooooood
gbodoooooooboooobooooooooonoo
goeommUPOO0OOODOODOOODOODODOODOOOD
2000 000000000000 000O0DO0O0O0ODODOO
gooooboooobooooooooboboooboooo
goooooooboooboooooooobooooooa
il 000doobooooooooon
do0o0b0obooooodouoobooboooooooo
gooooboooobooooooooboboooobooaoo
gooooboooobooooooooboboooobooaoo
godoboooozommdoOOdoOoOoDOoooooooooo
0000000 00dFig. 7t

Shift Characteristic
N->3RD

—— New Axela
= === Current Model

Target

Shift Effort [N]

Shift Stroke [mm]

Fig.7 Static Shift CharacteristicC) NO 3rd0J

i MTOOOOOOO0OOO0OOoOooooooao
coooooooooobooobooooboostooe
goboooooooooooobodoooooooon

00100150 000000000
00000000000 000000D000D00000
000000000000 00D0000D000DO0000
0000000000000 0000000D0D0O00D
32 0000000
ooooco,000D0000D00DNONDNDnnONOonn
000000000000 000000D000D00000
00000000000 000Cco,000000000
(1) Doooooo
0D000000RI00000000DL5L/CVTO 01500
OD020Listop0 00250002 0L0FFO00D01500000
00000000000 0000D0O0O00DCco,000
000000000000 000000mMO00Do0oon
i-stop0CVTOOOOODODODODOOOOOODOODDOO
000000000000 000000D000D00000
000000000000 000000D000D00000
000000000000 000000D000D00000
ooo0Oo0oDOooDo
@ i-stop
00D000000000000000D00000000
00000000 DOistop0020L0000000000
O0istop00D0100000000001001500000
000000000000 000000D000D0O0000
00000000000 0000000000000.350
OATODODOOODO0OO0O0ODODOO0O0ODO0ODODOOOD
000000000000 000000D000D0O0000
000000000000 000000D000D0O0000
Oistop0 00000000 OO0OO00D0O0
® cvroon
OD0O0000CcvVTOOOODODOOoocvIoooono
000000000000 000000D0O0DO000O
ooo
i0 000000000 O0O000D0O0OO0O00000OD
0D00D000o0o0ooo
i0 0000000000000 D0O0000DO0DOO0
0000000000000
i0 0000000000000 D0O0000D0D0ODOO
0D0O000O0Oooo
00000000000 000O0Fg80DO0O

Fig.8 CVT Cross Section



ooboooooooooboooooooo

No.270 20090

® 0000000000000000000015L01.6L0

0000000000000 000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000ooooo
® ODoooooon

gooooOooOoPWMOODOOOODOODOOODOODOO
000000000000CcO000000000noono
00000000000000000000000000
0000000000000 0000000oooooon
0000000000000 0000000oooooon
0000000000000 0100000000000
ooooooo
® ODooooooo

i0 0000

00000000" Zoom-Zoom”OOOOOOOOOO
0000000000000 0000000o0oooooon
OFig9M O00000000ATOOO0O0DO0OO0O0O0OO0
0000000000000 0000000o0oooooon
000000000000000000000000o0on
000000000000000000000000o0on
000000000000000000000000o0on
00000o0ooooooon

Fig.9 ECO Lamp

id O0OO00DO
Oo0o0DO0oO00oO0o0o0obDOo0oooo0oOooooOen
uobooobomooboooobooedoooOooOon
uoboooOonmooooooobodoooooooon
obooobooooooooooocooooooooo
obooobooooooooooocooooooooo
oo0o00oo0o0OO0o000oO0o0oooOCbcoO0O000D0Friga000
obooobooooooooooocooooooooo
gobooobooooooooooocooooooooo
gobooobooooooooooocooooooooo
gobooobooooooooooocooooooooo
oooooooopboOoOooOoocOoOoooMOoOOOOS/L
gbooobooooobooooooooborobconOOoOn
gobooobooooooooobodoooooooon

gobooobooboobbooboobbooboo
gogbogpobooboon

-
L

EGO Zone

Accel Pedal Position[%]

v

Vehicle Speed[km/h]
Fig.10 ECO Zone

(2 DOODODOOOOOOO

00000000o0oooooooooooooooo
0000000000000 0000000000000
0000000000000 0000000000000
0000000000000 0000000000000
0000000000000 0000000000000
0000000000000 0000000000000
00000000D000D0000000Figl1M o000
ooo

B Conventional catalyst
PGM B\artil:le
@inwing Y "

B Developed catalyst
PGM particle

© Support material A
 Support material B
(O Support material C

Fig.11 Single Nano Catalyst

gooboooobomoobooooooooooogon
gbooooobooboooooboobooooooooon
goboooooooobobooobooooooooon
gobooobooooooboooobooooooooon
gobooobooooooboooobooooooooon
goobomooooooboooobooboooooooooa

— 70 —



No.270 20090

goooog

goboobboobboobooboboobooboga
SsmO 00000000000 DOO00OOO0O0DbOO0O0
gogbobooboobobooboobboobooboa
gogbobooboobobooboobboobooboa
gogbobooboobobooboobboobooboa
gogbobooboobobooboobboobooboa
0000000oO0DooDOoOoasy/L000DODOOD
goopoJcoschoJcosHO O O OOoODwyOOoooOOO
HBOoddboooosu-LevOboooooooooboooo
goboOobobooO0O0sStagesOO00O0OO0O0O0DOOO

A00000040bo0o

0000000000000000000001.6L00
O00O0OMZRCD22L0200 0000000000000
oooooo

(1) MZR-CD2.2L
00000000000000000MZR-CD2.2LO00O

0000000000000Og20MPad 0000000

00000000000000000000000000

goooooooboobobbbbobooooooooooobo

gboooooogisopsD00ODODOOOOOODO
goboooooooooooobbooooooooon
gobooobooooooooobodooooooon
gobooobooooooooobodooooooon
gobooobooooooooobodooooooon
00doo0oooooooOoO0OO0OO0OOStages0 0000
oobooooooooooooMZrR-CD22000000
goooooood
(2) 16L0000000000DDOOOODOOOO
ooooobooleLoooonooooooooooon
ugobooobooooooooobodooooooon
ugobooobooooooooobodooooooon
ugobooobooooooooobodooooooon
O00Fgl20 00000000000 0O0O0ODOODODO
gobooobooooooooooocooooooooa
gobooobooooooooooocooooooooa
gobooobooooooooooocooooooooa
gobooobooooooooooocooooooooa
goooooood

Fig.12 Cooling System of 1.6L Diesel Engine
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Summary

MIDO Multi Information Displayll is a product newly developed as a vehicle information display
device. Since MID can display more information than conventional display devices, it serves as an
effective method of communication from a multifunctional vehicle to a user. Our focus in the

development of all-new Axela was to make the information display necessary for driving easier to

understand. This article introduces the background of the development.
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Summary

Mazda Biante made its long-awaited debut into the tall type mini van category called “tall type”,
which is one of volume segments in domestic auto market. Following Demio and Atenza, as a product
to represent sustainable “Zoom-Zoom”, needless to say environmental and safety performances,
Mazda Biante ensures “spacious cabin”, a basic feature of “tall type” mini van, and “high
functionality” as well as its achievement of perfect balance of “vehicle’s primary attractive design”

and “driving pleasure”. Mazda Biante is the evolved® tall type” mini van to achieve exciting

experience for all of the occupants.
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Table 1 Ingress/Egress of 1% Row Seat
Biante Competitor A | Competitor B [ Competitor C
1st Row SgRP to
Ground (CW) 708 765(+57) | 753(+45) | 741(+33)
1st Row Floor to
Ground (CW) 319 441(+122) | 415(+96) 393(+74)

SgRP : Seating Reference Point CW : Curb Weight
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Fig.7 Front Quarter Visibility
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Table 2 NVH Data
Road Noise™ PT NVH Wind Noise
60km/h(dB) Loudness(sone) 140km/h(dB)
Biante 57.4 26.2 34.0
Competitor A 58.3 24.4 39.0
Competitor B 58.7 26.6 38.0
Competitor C 62.4 29.1 36.0

3% :Smooth Road
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Table 3 Power Train Lineup

Engine
Traction Displacement Trans. |Emission
2WD 2.0LS-VT DISI 5AT SU-LEV
23LS-VT - 5AT SU-LEV
4WD 2.0LS-VT DISI 4AT SU-LEV

2 Torque
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ZPower
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e
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Engine Speed (rpm)

Fig.14 MZR DISI 2.0L Engine
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Fig.15 Steering Shift SwitchO 2.3L0O
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Fig.18 Side Body Structure
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Design of Mazda Biante
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Summary

The target customers for Biante are Japanese family. The integrated approach has been taken to
incorporate ideas which make all the family enjoy this vehicle into the package, the proportion and
the styling theme. Features unique to Mazda and target customers’ needs are reflected in the
exterior dynamic form, which goes beyond the conventional concept of minivans. For the interior
design, the cockpit, which delivers open feel, is designed in a way that all the passengers share the
exciting driving experience. We also embodied distinguished looking and bright colors in the all the

series.
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Fig.5 Advanced Family Face
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Fig.10 Top Mount Wide Meter
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Summary

Biante, passenger car to carry many occupants, was developed especially for family with children

to

offer an exciting experience to all passengers” and“ make all passengers happy once they get

into a car.” Biante ensures minivan's basic requirements of packaging,“ spacious and versatile

interior”, evolves them into* comfortable and easily-handled” cabin space and functions, and

focused to develop an athletic styling.

This report introduces easily-handled functions and craftsmanship, which support above-

mentioned focus points.
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Noise and Vibration Development of Mazda Biante
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Summary

Through the development of Biante, a superior performance was achieved in terms of noise and vibration

0 hereinafter referred to as NV among competitor vehicles in the category of Japanese domestic tall type mini-van.

Moreover, in order to minimize development man-hours and costs of actions, we applied so called” Scenario

Verification Style Development” to enhance the upfront development stages[ i.e. target setting, target cascading,
and predictive analysis and verificationl[]

For the development of powertrain NV performance, we applied CAE analysis to predict the performance change
caused by interior volume and shape modifications from a base model vehicle, aiming to achieve the performance
target. For the development of road noise performance, we applied TPAO Transfer Path Analysis[] to clarify the
weak point of the underbody and leveraged CAE analysis to the fullest, aiming to achieve the performance target.
For the development of low-frequency NV performance, we carefully conducted the modal alignment of upper body
panels, aiming to achieve the performance target. For the development of sound insulation performance, we applied
Hybrid SEAQO Statistical Energy Analysisl] as a trial case of* Scenario Verification Style Development”, while

performing a unit-level evaluation of the front cut body aiming to both cut costs and to achieve the performance

target.
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Tall Body Development of Mazda Biante
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Summary

Based on a sustainable® Zoom-Zoom” declaration, we put Demio and Atenza on sell as the second
generation® Zoom-Zoom” product in previous time. In this time, to propose® Zoom-Zoom” in the
category of tall mini-ban, we must produce the exciting design, the emotive driving by an advanced
steering and handling, and the comfort- calmness- safety. We created the only Mazda style car to
enjoy driving, satisfying not only width and functionality but also minimizing the weight accretion
and the reduction of rigidity with growing in height.

Holding upl Zoom-Zoom Tallld as a development concept, we efficiently add to the strength of a
structure focusing attention on an overall viewpoint and a local stiffness. So we attained a capacity
that is able to support force from a suspension and a quick and light driving by a lightweight and

high rigidity. We evolved the body rigidity of a C-Tall Wagon that was established in C-car segment.
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Enhancement of Powertrain with New Roadster
00000O0o0™ oooOooOoo™ ooooooo™ ooooooo™

Akinori Wakasa Osamu Nozaki Tomonori Nishida Tadashi Saito
00000ooo™ opoooogoo® opooogogoo®
Kenji Sasaki Masami Hamada Tetsuo Fujitomi
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Summary

We have facelifted the third generation Roadsterd MX-500 under the slogan of* Sustainable Zoom-
Zoom”, aiming to strike a balance between environmental protection and enjoyable driving so that
our customers will be able to feel® Jinba-ittaill Oneness between horse and rider more than ever
before. This paper describes the highly-evolved New Roadster Powertrain which not only has
achieved enjoyable and safe driving but has enhanced environmental performance, resulting in low
CO: emissions and clean exhaust gas, engine rev. limit rise, exciting engine sound that quickly
responds to accelerator pedal movement, and upgraded 6-speed transmission.

Refer to“ Mazda Technical Review No. 24, 2006” for the third generation Roadster Powertrain,

the base of New Roadster.
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Table 2 Environmental Measures
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Summary

The present study has the following two aims[ The first is to reproduce the kinematics of a dummy

lower leg observed in a frontal crash. The second is to develop a methodology to assess various

theoretical design parameters of a foam pad to reduce the risk of lower-extremity injuries. To address

the first aim, a simulation model was developed. To address the second aim, a genetic algorithm was

used to optimize the geometrical design parameters of the foam pad to reduce the lower-extremity

injuries. Based on the results obtained, causal relationship between the foam pad design and lower-

extremity injury was discussed, and then an optimized design of the foam pad was proposed.
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w/W [-] | h/H[-] | delta A[deg]
Base 0.27 0.50 -
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Summary

Car radio is essential on-board equipment which supplies drivers and passengers with necessary
information such as traffic and weather forecast and entertainment programs such as music, sports
and talk. Car antenna is an important device for ensuring stable reception of broadcasting contents.
While the conventional capacitance-loaded window glass antenna, which has been applied to
production vehicles, receives broadcasting contents with high sensitivity though not having an
antenna amplifier, it is susceptible to electrical noisell radio noisel] generated by the on-board
electrical equipment because this type of antenna uses the defogger directly connected to the wire
harness as an AM reception antenna element. With the growing need of improvement in safety,
environmental performance and comfort, more and more electrical equipments were mounted on the
vehicle, increasing the man-hour requirement for removing radio noise. As a result, it was hoped that
an antenna highly resistant to vehicle noise would be developed.

With this situation in mind, we have developed a new rear glass antenna that ensures highly-
sensitive reception performance and high resistance to radio noise, by optimizing the system
configuration and designing a new antenna pattern.

This paper describes the detail of the technology and its application to New Mazda6.
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A keyless entry system[ hereinafter referred to as keylessl utilizing radio wave has been
spreading as a product which enhances vehicle convenience. A weak radio wave of 300 MHz band is
mainly used in Japan and it is therefore important to enable a receiving antenna to receive the radio
wave efficiently for remote operation. To receive the radio wave inside the metal vehicle body, we
need to know how the radio wave behaves inside/outside the vehicle. It is known empirically that the
radio wave receiving performance varies depending on reception points inside the vehicle. In the
conventional design method, we had determined a reception antenna installation position
experimentally by using prototype vehicles but we were required to develop the reception
performance by simulation to achieve prototype-less development. In our research, we studied in-
vehicle electric field distribution and simulation method for reception sensitivity and directional
characteristics of an in-vehicle keyless reception antenna. As a result of the research, we established

a design method to determine keyless reception antenna location by virtual evaluation.
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Fig.4 Directivity of the Keyless Operation Range
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Summary

In recent years, through MDI-I0 Mazda Digital Innovationl] the development period for new models has
been shortened as we aimed. From now on, higher-quality products need to be offered through MDI-O .
Since the foundation of digital development has been built in MDI-I, the quality and speed of work must
be enhanced in MDI-O by expanding the application of virtual development. To that end, we have
innovated the quality of 3D CAD datall hereinafter referred to as CAD datall , which is the core of virtual
development, so as to adapt it to the work. As CAD data is increasingly utilized for analysis,
manufacturing feasibility check and design engineering, users expectations for the quality of CAD data
and additional information it offers are rising.

In order to respond to those expectations, we have (1) improved the design efficiency and quality by
developing a CAD template for creating basic shapes, (2) improved the quality of CAD data through semi-
automatic check for clearance and interference and automatic verification of welding information, and (3)
accelerated the circulation of CAD data by adding information required for manufacturing and CAE
analyses and applying it to the virtual development of Body area. This paper describes the efforts we
made in this innovation.
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Summary

CAE technology has continued to expand its applicability year after year as an effective method
for product development. Meanwhile, it is increasingly important to shorten the CAE development
period as well as the entire development period to bring products to the market at the right timing.
With this in mind, we have worked to automate the CAE work, from the modeling to the
evaluation/analysis, and to enhance performance analysis functions which allow early identification
of the areas countermeasures need to be taken against. The CPAs2 system, which is introduced in
this report, covers processes from the calculation to the evaluation/analysis in the CAE work, and
includes a variety of automatic processing functions and analysis functions. This report outlines the
CPAs2 system in the NVH field, and deals with the performance prediction evaluation function for
road noise etc., the performance analysis function for panel contribution etc., and the automatic

processing function for creating evaluation/analysis data.
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Table 1 System Specifications

Item Contents
oS Windows
Framework MS .NET Framework
Graphic Library MS DirectX
Analysis Processing On Local PC
Calculation Processing Network w/ Super Computer
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CPAs2 Common Framework v2.5

Multidimensional data management,Data comparison,Document
management,Controller panel control,Panel control,Process tree
control,Process completion & panel/activation control

Microsoft .NET Framework 1.1

Fig.2 System Framework
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Summary

For the commercial production of gasoline HCCI engines, it is important to understand the effect
of fuel characteristics on HCCI combustion and SI combustion. In this study, using model fuels
composed of paraffins, we analyze the effect of octane number on two Auto-Ignition phenomena : 10
HCCI combustion with intake air heating and 20 knocking in SI combustion, through experimental
and numerical approaches in a high compression ratio engine. As a result of the analysis, it is
clarified that in HCCI combustion, the fuel characteristics in high-temperature region are dominant
to the combustion timing. The higher the intake air temperature becomes, the smaller the difference
in combustion timing by octane number becomes. In SI combustion, on the other hand, the fuel
characteristics in low-temperature region are dominant to the knocking limit. Therefore, with even a
high compression ratio, the knocking limit shows a correlation with RON. In the course of this

analysis, a characteristic phenomenon was observed in the heat release around TDC, thus this

phenomenon has also been analyzed.
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Table 1 Engine Specifications and Operation Conditions

Engine Type DOHC 4-valve
Bore X Stroke 87.5mm X 83.1mm
Compression Ratio 14.0

Combustion Chamber Pent-roof

Fuel System Direct Injection
Water Temp. / Oil Temp. 88°C / 90°C
Engine Speed 1500rpm

Table 2 Properties of Test Fuels

70RON S80RON 90RON

RON 70.8 81.2 90.5
MON 73.3 83.3 89.7
Density 15°C (g/cm®) 0.6903 0.6915 0.6923
IBP 325 33.0 34.5

el as 10% 57.0 57.5 57.5
D'Srl"é’;m” 50% 101.5| 1020 101.0
90% 152.0 151.0 150.5

EP 188.0 189.0 186.0

Reid Vapor Pressure (kPa) 60 59 60
n—Paraffin 16.8 4.6 4.3

iso—Paraffin 83.1 95.3 95.7

Composition [Naphthene 0.1 0.1 0
(vol%) Olefin 0 0 0
Aromatics 0 0 0

Benzene 0 0 0

Net Calorific Value (J/g) 44392 44374 44354

gobooboobboooboobooobooboon
gobooboobboooboobooobooboon
O00000OO0O0DbO0o0oOobOOoOobodHeciooosigoo
gobooboobboooboobooobooboon
gobooboobboobbooboobbooboa

2000000000004

21 0OO0OO

O000o00O0oO00o0oOo00o0ooOdOTable 10000
gbhougHCCIDOOoDoosiopooooooboon
OooOoHCCIDODODODOoOoOoOoooDooooooon
ooooooooooooboooooooooogooon
ooooooooooooboooooooooogooon
ooooooooooooboooooooooogooon
O00000O0O0O0O0O0OCHEMKIN-O"OOOOODOOO
OO000o00oDOoOoDOoOOoOooOPRFOODOODOOOOO
Oooboooooooooboooos3ssouooossann
O0000000°00000000000000000
gooboooooooooboooooooooooon
goobooooooooooboooooooooon

22 0000

OO0000000000000O0Table2000000O
gooboooooooobooocobooboooboooooaon
gooboooooooobooocobooboooboooooaon
gooboooooooobooocobooboooboooooaon
gooboooooooobooocobooboooboooooaon
0000000000000 00RONDOT7008009%000O

00030000000000Figl00O00000O00OCFR
0 Cooperative Fuel Research0 000000000000
O00JPIBR5-930 000000000000 0OODODOO
00000000 0OD0O0ORONODODODOODOODOOOD
OMONOOOOOODODOOOO0OO0DO0DO0DO0OO0O0oOoOooooo
gooodeoddidoooooooooooooooon
0000000000 DODOORONODOOOOOOOO
MONOOOOOOOOODOOOOOOOOoOOoOoOooo
gooooboooooooobooobooooooao

100(1/sec) 2000 (1/sec)

1

A5 MON

I
[}

Ca
n

a
[}

=l
n

o=l
=)

Pressure (MPa)
=
=

| |
[ 1
| 1
ANZN

AN /AN
10 {
600 700 800 500 1000 1100

Temperature (K)

Oald Ignition Delay of 70RON

cn

~ALA

&
DN
>

100(1/sec) 2000 (1/sec)
40

BZN
.33 }
g | !
Z a0 .
0 RON MON
5
[72]
[72]
(]
a

1
]
i/
I

/ A
I

500 700 200 500 1000 1100

Temperature (K)
Ignition Delay of B0RON

100(1/sec) 2000 (1/sec)

A
A

RON ~ N MON

1.4 oY /

.

Nl
~ AN
/ AN\

1.0

O bO

+
[

(o)
in

(o)
]

[
n

D

Pressure (MPa)

i

1
\
|
T
600 700 300 30 1000 1100

Temperature (K)
O cO Ignition Delay of 90RON

o

Fig.1 Ignition Delay at A 1.0 and In-Cylinder History

of CFR Engine

— 137 —



gobOoHCClIDOOoOoooobooooboooobooooon

No.270 20090

Ti=250°C
__ 40 1
%" 80RON A=5.2
3 TORON 2=5.2 /, 90RON 1=5.2
S0 b =5.
o SN
o
= 0 I T A
-30 -20 -10 0 10 20 3
Crank Angle (deg. ATDC)

O al Intake Air Temperature 2500
60

Ti=225°C
40 |
[T
] 80RON A=4.5
S50 L 70RO A=4.5 90RON A =4.5
o
=
0 L L —== S
-30 -20 -10 0 10 20 3
Crank Angle (deg. ATDC)
-20
O bO Intake Air Temperature 2250
60 T,,=200°C
7J0RON A=3.5
40 \
=T}
§ 80RON A=3.2
)
20
o
o
:I:. 0 L L L
-30 -20 -10 0 10

20 3
Crank Angle (deg. ATDC)

OcO Intake Air Temperature 2000
Fig.2 Comparison of Heat Release Rate at 1500rpm WOT

go0o0obO0obOOooooboooaDbOOl00b0b0OO0ODbDODOO
gooboobooooboobuobobobooboon
RONOD O OOOOOOOooosokooooooooo
goooooooboboobbboboboooddoogoMON
gobooboobogsookDoscokooooogoo
goooobobobobobobooecoK DD oooooooa
goboobooobooboboooo

3ngoobooodg

3.1 HCClOO

O00000HCCIOOOOO0O0O000000o0o00
000000000000 00000000000T,,0
02500 0225002000 0000 0000000O0OWOTO
00000000000000AD000000D0O0O00
(1) OooOo

Fig20 000 0000000000000 O0000OD
T,25000000000000000000000T,00
000000000000 0000000000000
T.,2000 O O90RONO O OHCCIOODOODOOOO

(2) DOoOoOoOoOO

Fig20 DOODOODOD0OOO0OOOFg30 0000000
0000000000000 000o0o0oooooogA
000000OAD450000000000000000
0000000000 0000D00s5000000000
000T,2500 00000000000000O00000O0
000000000000 00000000T,022500
2000 000000000000000O0000O0DOOO0
000000000000000000000T, 20000

25 (1/sec) 500 (1/sec)
40 :
L
.. 35 '
< \ 200°C 225°C 250°C
SN
[
N
(7]
(]
RN
sl
/ |
600 700 800 900 1000 1100
Temperature (K)
Oal Ignition Delay of 70RON
25(1/sec) 500 (1/sec)
40 .
RRN
35 \ \ AL
©
200°C 225°C 250°C
£ .0
: VAN
é 25 \ %
i 20 |
N\
10 ]
600 700 200 900 1000 1100
Temperature (K)
O bO Ignition Delay of 8ORON
io 25 (1/sec) 500 (1/sec)
» \\ AN
©
200°C 225°C 250°C
=0
. AV
525
(%]
(%]
: oV
NRWZ0
10 :
B0 700 800 900 1000 110D
Temperature (K)
OcO Ignition Delay of 90RON
Fig.3 Ignition Delay at A 4.5 and In-Cylinder History

of HCCI Combustion

— 138 —



No.270 20090

goooog

000000000o000o0ooooooooooonooo
0000000000000oooooooooonooo
OO0O00OHCCIDDODODOODO0O0D00000000o0
RONOMONO DO ODOODOODOODOORONOMONODOO
000000000o000o0ooooooooooonooo
ooooooooooo
32 slOoO
O00O0OHCCIOOODODODO0OOODOooooosIo
0000000000000oooooooooonooo
ooo0o0oooooooooon
(1) Dooo
Fig4AUOOORONODOOMONDOOOOOOODOODO
0000000000000 070RONDODOOOOOO
00000000000oooooooooooooon
O000O0O0O07RONODDODODODOOOOOOOO
0000000000000 0O00ORONOMONOODOO
00000000000ooooooooo
(2 DOODOOOO
SiI000000000000000000000000
g0o0o0oO0o0oO0ADl0000000000000000
Figs00OO0OO0O0OD0ODO0ODO0OODO0ODOO0OODO0OO0DOO
gooogeUUooooooooooooosiooon
000000 000o0ooOoTbCcOO0O0OO0OOODOOO
TDCOOO0O0O0D0O0O0O0O0O00D00D0O0OO0o0D0oooa
0000000000000o0ooooooooonooo
0000000000000o0ooooooooonooo
00000000000 0FiglO0OO0OCFRODODOO
ORONODDOODODODOODOODODOODOO80KOOOOO

& 15
B0 |
a Boost =-13.3kPa
(@] 5 |
(0]
=)
EO
3 5 ./.
S Boost = 0kPa
2-10 ‘ w w
4
60 70 80 90 100
RON
Oad RON
& 15
E10 |
m Boost=-13.3kPa
[@)]
o 5 |
=S
EO
- _5 ./.
5 Boost = OkPa
o Il Il Il
S 10
60 70 80 90 100
MON
ObO MON

Fig.4 Comparison of Ignition Characteristics at 1500rpm

100(1/sec) 2000 (1/sec)
7\
. 90RON ,,if 80RON

AL
VARNAN
AN

500 700 300 800 1000 1100

e
o

=
=]
|

A

Pressure (MPa)

[
o
|

w

=1

Temperature (K)
O ald Ignition Delay of 8SORON
i 100(1/sec) 2000 (1/sec)
A
39 T~
=39 1 90RON = 8ORON

Y <p e\
o AT N
s AT AN

AN

\II

\

1000 1100

600 700 800 B0
Temperature (K)
O b0O Ignition Delay of 90RON
Ignition Delay at A 1.0 and In-Cylinder History of
S| Combustion

Fig.5

0000000000000 000SIo000oonogon
O0D00DO0O0OO0ORONDODOODODOOOOOOOOOD
0000000000000 0Table 200000 ORON
OMONOOOOOODOOOOODOOODO0ODOOODOO
0000000000000 00DO0000DoOon
RONODOODODOOODO0OODODO0OODODOOOMONDODOODOO
00000000000 D000D0Figl00D0O0000
0000000000000 0000000000000
0000000000000 0000MONDODOODOD
0ooo0ooooooooo
(3) DOoOoOoOosIDOOoOo

Fige0 O DO OOD0OO0O8deg ATDCOODOOOODOO
000000000 TDbCOOOOO0OODOODOOOO
8OROND D OODOTDCOOOODOOODOOODODOOOO
00000000000000000000TDbCcOOO0
0000000000000000Fig70PVOOODOO
00000000000 O0Fg60 0000000000
00000030 000000000000000000
003000000000000Fig.8080ROND OO
QOROND 0O DO0O0D0OD00OO0OD0OO0ODOOO0
00000000000000000000090RONO

— 139 —



gobOoHCClIDOOoOoooobooooboooobooooon

No.270 20090

H.R.R. (J/deg.)
P

-30 0 30 60 90
Crank Angle (deg. ATDC)

Fig.6 Comparison of H.R.R. at TDC
0 1500rpm WOT Ig.Timing 8deg.ATDCO

3000

2000

1000

0 100 200 300 400 500 600
Volume (cc)

Fig.7 Comparison of Pressure-Volume Diagram
0 1500rpm WOT Ig.Timing 8deg.ATDCO

1200
——90RON O: Knock Limit
—o— 80RON
< 1000
i~
]
= 800 |
600
-20 -10 0 10

Ignition Timing (deg. BTDC)
Fig.8 Characteristic of IMEP at 1500rpm WOT

uboooobooboooboO0oonbodnnnddsorRONO
uobooooooobobooooooboooooosioon
goboooooooooooobodoooooooon
goboooooooooooobodoooooooon
goboooooooooooobodoooooooon
00000000KIVA3V'OCHEMKIN-OOODODDODO
000000000000000"0000000000

godoooobooooooboooooobooo2o3
0000000000000 0o0o0o0oo0ooOoooLen
0 0 05910 Chalmers Gasoline Surrogate0 00 000 0O
O0o0oo000oOPRFOODODODODOSOODOOODODODOOOS
0o0o0oo0o00o0ooDoooooDooooooooonorFig.s
gooobobboooooooouooooooobob
8deg ATDCOODODOOOOODOOOODOOODODODO
goddebO000O00OOOODDDODODDOOOOOOOO
oo oooobbon
00000000 CHEMKIN-OOOOUOChalmers
Gasoline Surrogate0 0 0 00 0001000000000
oo oooobbon
goopoocoOocH,oOH,0,0000000DO0O0DO0
OdCHOCHOICHOODOOODOOOFIgOOOOOOO
8deg ATDCOODODOOODODOOOODOOOODODODO
oo oooobbon
FigloOOODoOOoOOOoDOooDOoOooooooooooo
oo oooobbon
oo oooobbon
oo oooobbon
oo oooobbon
oo oooobbon
gl ooooobbon
0o00oo0o000oDoDoo0oDoDo0Oo0oOFrigeOOO0O0O

0. 020

0.015

0.010

Mole Fraction

0. 005

0. 000

Crank Angle (deg.ATDC)

Fig.9 Calculated Chemical Species Histories

Velocity (cm/sec)

Laminar Burning

addition addition

Intermediates none
Temperature (K) 759.6 759.6 887.6

Pressure (MPa) 2.9 2.9 3.5

Fig.10 Comparison of Laminar Burning Velocity

— 140 —



No.270 20090 goooao
700K I 1000K 000000000000 00000000WoOOo00
gooooboooooooobooobooooooao
A 0000000000000000000MO00000
Oal 80RON oo
(1) Y.Urata et al.0 A Study of Gasoline-Fuelled HCCI
I Engine Equipped with an Electromagnetic Valve Train,
[ - - ]
SAE paper N0.2004-01-18980 20040
ObO 90RON . .. .
Fia1l In-Cylinder T Distributi (2) G.Shibata et al.O A Study of Auto-Ignition Characteristics
ig. n-Cylinder Temperature Distribution at
9 Y b of Hydrocarbons and the Idea of HCCI Fuel Index,
8deg. ATDC

oooooooooboboooboboboooooTDben
gooooobobbooooobobbboooooooboo
FighUDOODOOOOOOODOOOOOODOOOoOOoO
ggbobooboobbooboobboobooboo
gooooooooboooTbcoooooooooo
oo0oooooooobDDDoDDOo0D0KIVA-3VE
CHEMKIN-ODOOOODOODOOOOOODODOooOOooo
ggbobooboobbooboobboobooboo
goooTbcoboooooooooooooobooooo
OOO0OPRFOODOOOODOS0OO9000O0O0OFiIg.110
8deg ATDCOOUOODOOODOOOOOOOOOOOODO
goooTbcobOoooooOoooooooboOoonoo
gboboboboboooooooboboboboobo
ooooooooobOoooooooobooTbcobonoo
goboboboboooooobobobobobooo
goboboboboooooobobobobobooo
ooooooooobOoobooooobOoooTbeod
gbobomooobobobobobooboooooog
gbooboboboooooobobobobooooo

40000

Oo0O0o0ooOo0oO0o0oooOoOoOooooodHecciooooo
oobooobooooooooobodoooooooon
gooooooodcciIooosiooooooooooo
uobooobooooooooobodoooooooon
gobooooooobooooooogo
lHCCIOODOOOOOOooOoooooooooooooo

ooboooboooooooooooooooooood
ooooooooooooo
200000SsI00b000o00oo0ooooo0oooon
ooooooooooooooooosioooooooo
ooooOoOOoOORONODOODOODODOODOO
sgbooboooboooooosiooooooaoTbcoon
oobooooboooooooooooooooooood
oobooooooooooooooaoTbcoonood
cobooooboooooobOoooOoooOooooooa
ooooooooooobooobooooboooooon

Review of Automotive Engineering, 28, p.169-1740] 20070
(3) G. T. Kalghatgi et al.0 The Available and Required
Autoignition Quality of Gasoline-Like Fuels in HCCI
Engines at High Temperatures, SAE paper N0.2004-01-
19690 20040
(4) R.J. Kee et al.0 CHEMKIN-O O A Fortran Chemical
Kinetics Package for the Analysis of Gas Phase
Chemical Kinetics, Sandia Report, SAND 89-8009
0 19890
(5) S.Tanaka et al.00 A reduced chemical kinetic model for
HCCI combustion of primary reference fuel in a rapid
compression machine, Combustion and Flame, 133,
p.467-4810 200301
(6) A. A. AmsdenO KIVA-3VO A Block-Structured KIVA
Program for engines with Vertical or Canted Valves,
Los Alamos National Laboratory report, LA-13313-MS
019970
(7) 00000000000 0000000000000
godddddooooooooooooooooon
JddddOoOoOo3oooooooooooooo
000D00000D00ODONo.66-050 p.7-100 20050

m000m

— 141 —



coooooobooobobooooooooboooooooa

No.270 20090

ooooo

26 OUOobOO0O0O0O0O0O0O0O0O0000O00O0O000000O0
Effect of Spark-plug Arrangement on Flame Propagation

of Rotary Engine
Dooo0oOoo®™ & o0DO000™ ooooooo®®

Nobunori Okui

Yoshitomo Takahashi Ryoji Kagawa

ooooooo™
Michihiko Tabata

goo

cobooboooocouuooooooooooboooboooooooboooboboobobooooOoooDooo
oboooooOoooooOoocooboOoobooOooooocoO0ooOoOoOooOoO0obOoOoOooooOoOooooboOoon
goboooooooooocoobooobooooooooOoooOoooOoboOouoboOoOooooOoOoOoooOoboOoon
uoboooooooooOoocoobOoOoobooOoOoooocOoOoDOOoOoOoOOoO0OobOOOoOobOOoOoOoOooOoboOoon

gobooooooooooooo

Summary

Amid calls for CO:z emissions cut, our development activities of Rotary Engined RE are focused on

the improvement in thermal efficiency for not only gasoline but hydrogen as a fuel for the future. What

is particularly important here is to understand innate combustion characteristics of the RE which is

unaffected by fuel components. In this paper, we observe combustion phenomena of RE in depth using

an optical RE to clarify its combustion characteristics. Furthermore, based on this observation, we try

to improve combustion performance taking advantage of the RE combustion characteristics. In the

final chapter, new technical knowledge to improve RE combustion efficiency is described.

1oogd

goobboooboobbooboobbodobUOoRrED
goobobobobzeo3aoobooboRrxeooon
REORENESISOUOOODOO0OOOOODOOOOOODODOO
0000000000000000"00000 20060
goobobDORX8ODOOOooOoOOREDDOCOO000O0
00000000000000Y00000000REOD
ggboboooboobobooboobbobobooboo
ggboboooboobobooboobbobobooboo
gooboboboooooobobobobobooo
UOREODDODOODDODODDDODODDDODDODOOOOOOO
REDOOODOOODOOOODODOOODOOODOO
gooboboboooooobobobobobooo
goobobobobooooooboobobobobo

gobooobooobooobbUoRrREDDOOO
goooobobbbooooooobobbbooooooo
UUOREDDOOODOOODOOODOODOODDOOO

godbooooboobooobobuoobboobobooboo
godbooooboobooobobuoobboobobooboo
gobooooobogoon

0000000000000 0b00004d

21 0DO00ODOOOODOOOOO

OOREDODOOODOTable 10O0DOOFig1O0ODOOODO
oobooooooOoOoobooobo0ooooooooo
ooTboomoobDOoooooboooLLOcoom oo
oobooooooooooooboooooo

coobooooboooobooooooooooooon
ob0oo0O0d0OREOOOODOOOCOODOOO2000RE
goboooooooooooobooooooooon
goboooooooooooobooooooooon
O0000000D0FrRg20000REODOOOOOOOO
goboooooooooooobooooooooon
00 00Phantom V7.10 00000 12,000fps0 0000
goboooooooooood

0104 ODOOOOOODOOOOO
Powertrain Technology Development Dept.

— 142 —



No.270 20090 oooogoog
. e G
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Engine Type 13B - MSP TP e S 4 gas
Displacement 0.654L x 2rotor TT-flame
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Summary

We applied an approach to lower the friction loss aiming at improving fuel efficiency, and developed a high-
deposition-rate Chromium Molybdenurhl Cr-MoO plating for rotary enginél RE[] A Cr-Mo-plated RE rotor housing
processed in a catalyst-added plating bath showed far-improved wear and friction properties than that processed
in a bath with no catalyst added, while both rotor housings had the same hardness level. However, wear and
friction mechanisms were still not clear. A micro-structural analysis of plating shows that a high compressive
residual stress inhibits oxide film debris falling off, resulting in reduced wear and friction. It is confirmed that the

newly-developed plating is effective in improving both wear resistance and fuel economy when it is applied to RE.
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Table 2 Test Level of Condition

Level
1 2 3
A [Cat.Contents 2.2g/L | 4.4¢g/L | 6.6g/L
B |Current 35A/dm?|40A/dm>?[45A/dm?
C |Bath Temp. 55°C 60°C 65°C
D |Electrode Distance| 20mm | 25mm [ 30mm
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Table 3 Results of Cr-Mo Plating Properties

Cat.Contents | Coefficient of Friction | Hardness | Deposition Rate
0g/L 0.062 Hv 1006 23.2 um/Hr
2.2g/L 0.052 Hv 984 41.1 g m/Hr
4.49/L 0.051 Hv 984 41.0 4 m/Hr
6.6g/L 0.053 Hv 972 41.2 £ m/Hr
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Application of Quality Engineering for
Piston Geometry Selection
O0o00O0Ooo® ooooooo®™ oogogooo®™
Yasuhiro Sudou Hiroaki Muranaka Masahiro Koizumi

O0o00O0Ooo™ ooooooo®™ ooogogooo®®
Tomohiro Yamauchi Takahisa Furuno Kazuo Kisuna

ogoo

gobooooogoooobgooboboobo* bbb -0b -00b00” Dbobobooooboboobobob
oKhogooboboooobboooobboooobboooobbbooobbobouooobobooooo
gogbooooobooboobbooboobboobuoobboobuoobDbooboobboobOooboobo
gogooboooooboboooboboooobbbooobbbooobLbbooobboobbbo010O
gogobobooobobooooboboooobbbooobbs ooobboor bbbooobbboooobo
gobooobooboobbooboobbooboobbooboobbooboobboobooboo
goboooobooboobbooboobbooboobobooboobbooboobboobo

Summary

In the current development process of the piston, functional target attainability has been verified
by traditional” Testing verification method”, in terms of* Plan and Design - Prototype Fabrication
- Testing”. With ever-increasing market demands, however, this development process started to
bring”“ rework”, such as target shortfall and necessity of rebalance between incompatible attributes,
in the design verification stage. For a resolution to these issues, we applied” parameter design
method” in order find one solution to satisfy all quality requirements of piston system by improving
the only one key function, for finding unique solution against each requirement Moreover, by
utilizing the CAE technology which is progressing drastically in the recent, we have successfully
improved the piston slap characteristics and enhanced its robustness, which had been one of the

neck engineering in the past.
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Optimization of Spline Coldrolling System
on the Basis of Energy Evaluation
0000000 0oooooo0™ ooooooo®®
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Summary

Thin cylindrical parts for automatic transmissiond ATO are manufactured with using plastic
forming such as stamping. Especially, for the spline shape of clutch drum, we adopt of spline
coldrolling for high dimensional accuracy. So this time, we defined the ideal spline coldrolling, in
which could shape all products shape are formed with high accuracy and efficiency. For optimizing
the process, we used Quality Engineering to challenge“ parameter design on the basis of energy
evaluation” for the first time in plastic forming fields. At last, we improved quality more than
current one, and processing efficiency up to 5 times compared with current one. We also established
the method of spline coldrolling that can reduce development period revolutionary. This paper

introduces our development.
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Table 1 Control Factor and Level

Leve|

1 2 3

Al A2 A3
A |Feed Speed A4 A5
B [Roller Rational Spead Fast Medium Slow
C |Roller Shaps c1 cz c3
D |Rational Resistance High Low
E |Rolling Direction Reversal Mo rmal
F_|Forming Method of Coldmlling Start F1 F2 F3
G |Material Retenthvity Force Low hedium High

D E E

Fig.11 Explanation of Control Factor
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Table 3 Prediction and Confirmation
SN Ratio Furmlrlwg I‘u‘ulume _. Enelrgg‘r ITlrlne - Ener:gg.r .
Prediction | Confimation | Prediction | Confimation
Optimum
Gondition 8.61 333 11.8 1370
Conventional
Condition 1.6 3.29 745 973
Gain 1041 662 43b 397
e Farming Wolume — Ernergy Time — Energy
Sensitivity Prediction | Confimation | Prediction | Confimation
Optlmum —40.84 —4012|  -2382 -2316
Condition
Camentional -40.77 -4081| -28.18 ~26.66
Condition
Gain —017 0.69 426 350
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Application of Parameter Design to Human Operation Process
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Summary

In 14 engine production line, human operation is effectively utilized to improve flexibility and
functionality. The evaluation that stepped to potential problem is usually difficult by counting fault
number that surfaced in a human operation process. Therefore, it is necessary to shift to the duties
that measures potential malfunction by* the evaluation of quality of the operation” not results of
the operation to establish mass production preparations without reworking.

In this study, I applied a quality engineering parameter design to the sandbox assembling process
that was the human operation process of the casting factory and evaluated robustness of the true
path for the ideal path of the sandbox in SN ratio. As a result, I could make the factor which

stabilized the path of the sandbox in the sandbox assembling work and reduced path unevenness to

1/2. This report introduces the activities.
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Table 1 Extracted Control Factor

Category
Working Height

Measures Example

Worktable

Easy-to-work

Hold Position Mold Position Fix Hold Position
Mark on Mold
Guide Arm
Temporary Table
Guide Arm

Guide

No Forced Attitude

Gravity Setting

How to apply force |Lengthwise
Crosswise

Attitude
Weight Weightless Tool

Easy-to—Visual |Brightness Lighting Spotlighting

check Ceiling Area Lighting
Opppsite Color of Mold
Natural Light

Marking Machine Mark on Footing
Mold Mark on Mold
Laser Pointer
Noise Sense of Speed Recognize Production Speed |Counter Installed
Noise -
Odor Protective Equipment Implemented
Dust Collector Implemented
Tactile Vibration Lifter Structure
Electricity
Mental Influence |Stress Reduce Repeat work Process Shift
Misstep Flat Floor Implemented
Cuts No sharp Edge Implemented

Table 2 Extracted Control Factor

Control Factors and Levels Level1 2 3
A Weightless Tool Mark Without With -
B Brightness Poor Medium Strong
C Guidance Pointer None 1 Point 2 Points
D Temporary Table(Relay Point) | None 2 for Left-Right Center
E Guide Arms None Right only Left-Right
F Working Height Low Medium High
G Weightless Tool Guiderail Without With With
H Fixture for Hold Position Without With With
Table 3 Experimental Data
time (sec)| Ny(mm) | N;(mm) [ Ny(mm)
La 0.0 120.9 123.7 112.9
1.0 250.6 393.9 258.1
1.5 461.5 465.3 469.3
2.0 1105.7 1143.7 1081.5
Lb 0.0 59.7 59.3 52.3
1.0 131.0 124.7 116.0
1.5 227.4 242.7 220.7
2.0 508.0 598.0 531.0
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Table 4 Estimation and Confirmation Result

SN ratio (db) Sensitivity £ ;

Estimation | Confirmation [ Estimation| Confirmation
Optimized 44.00 41.32 1.01 1.01
Conventional [ 36.03 35.36 1.00 1.03
Gain 7.97 5.96 0.01 -0.02

siggnbogagoggn

000000000000 00000000Fig.90O0O
gogboooobooboobobuooboobbooboo
gogboooobooboobobuooboobbooboo
gogboooobooboobobuooboobbooboo
gogboooobooboobobuooboobbooboo
gooooood

B : Lighting installed on Guiderail Pillar

G : Guide
“‘\\\“\\‘

D Relay Points
e

Z1

—

E:Guide Arms

A:Marking

Fig.9 Production Line Spec.

eLU0D

00000o0o00o0ooooooooon

(1) OO

@ 0DoDO0OoO0o0O0O0001/20000

@ 0000000000000

® 000O0oOooO0v700000000

(2) OO

@® 00000000000000000000000
000O0O0OsSNOOOO0OO0D0O0O0O000000000
oooooooooooo

@ 00000000000000000000000
000000000000000000000000
ooo

® 00000000000000000000000
0o0o0oo0oo0oooooooo0o0o0oon

— 167 —



goboooboooobooooboooo

No.270 20090

(3 DOOOO
O 000000000000 0OD0ODOO0O0O0O0ODDOO
0000000000000 Mm
® 0000D0D0ODO0000D00ODOO0000O0O0D

goog

(1) 000D00D0000000000000O00O000O0
0000000000000 014030 p.69-740 20060

(2) DOODODOOOO0OODOOODOOOOOOOODOOOO
oooooooD0O000000012030p.44-5000 20040

(3) DOODOODOO00O0OO0ODOO0O00OOOOO0OOOO
100000000000000 D ps86-890 20070

ogooo oooo ooono

— 168 —



No.270 20090 ogoooao

ooooo

31 goooooooooooooooobobbboboo
In-Process Quality Assurance of Wire Harness Connector Mating
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Shuhei Kubota Takashi Toi
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Summary

In order to improve in-process quality assurance of wire harness connector mating, Mazda has been
developing the connector having a structure for preventing half lock. Immediate quality improvement
in wire harness connection is now critically needed in the trim & final assembly area. We have
advanced the connector having an anti-half lock mechanism as standard in the past, but it is
effectively difficult to further expand the half-lock-preventive connector because of structural
restriction of the mating parts. Therefore, Manufacturing Dept. and Engineering Dept. have jointly
established three new quantitative criteria for evaluating the feeling of normal connectors so as to
facilitate operator’'s judgment of connection completion. Based on these criteria, we have selected the
connector that assures higher in-process harness connection quality and better feeling of connection
completion as standard through launch activity of new Mazda3. We studied correlation between the
result of evaluation based on the new connector feeling criteria and that of actual vehicle evaluation,

reflecting it in the connector criteria standardization and the launch activity evaluation process.
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Fig.1 Inertia Lock Connector Concept
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Pf : Insertion force base point

F <45N 4p
45N <F < 55N 3P
55N < F < 65N 2P
65N <F < 70N 1P

Insertion Force

Cs : Stroke coefficient
X <4.5mm 1
4.5mm<x<55mm 0.75

¥ Sioke  55mMm<x<65mm 0.5
X Stroke X > 6.5mm 0.25

1

o
=

Insertion force point = Cs x Pf
Fig.3 Insertion Force Point
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g Pd : Force drop point

= r>20% 4P
£ 10% < r<20% 3P
3 5% <r<10% 2P
= r<5% 1P

Stroke
Fig.4 Force Drop Point
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Table 1 Connector List

Wire Quality | Connector | Used/
Part Name Harness Svstany Connector # Ranl Type New

|BLOWER MOT(K70) 67240 HEATER MK-DL-2F Normal Lock |Used
F STURN LH 67010 BCM MNB-WL-2F Inertia Lock |Used
F SITURN RH 67010 BCM MNB-WL-2F Inertia Lock |Used
F POS/L LH 67010 BCM MNC1-WD-2F Inertia Lock |Used
F POS/L RH 67010 BCM MNC1-WD-2F Inertia Lock |Used
PURGE SOL 67020 PCM MNC-WD-2F Inertia Lock |Used
G COIL1 67020 PC MNE2-WD-3F nertia Locl

G COIL2 67020 PC [MNE2-WD-3F nertia Locl

G COIL3 67020 PC MNE2-WD-3F nertia Locl

G COIL4 67020 PCI MNE2-WD-3F nertia Locl

SPEED SSR(MT) 67020 or 670PCM MNF-WD-2F Inertia Lock |Used
EGR VALVE 020 PCM MNF-WD-6F Inertia Lock |Used
HOOD SW 010 BURGLAR __|MNF-WL-2F Inertia Lock |Used
TURBINE SSR 020 TCM MNF-WL- Inertia Lock |Used
BACK/L SW 020 BACKIL MNF-WL- — Used
SPEED SSR1 020 TCl MNF-WL- Inertia Lock |Used
SPEED SSR2 020 |TC [MNF-wL-3F Inertia Lock [Used
OXGEN SSR REART 020 [PC MNF-WL-4F Inertia Lock |Used

G/CL 020 MG/CL MNG-WL-1M — Used

PRESS SW 020 TCM MNG-WL- — Used
R TURN RH(SDN) 140(RH) [BCM MNHD-DL-3F Normal Lock |Used
REAR COMB LH(SDN) 140(LH) [STOP/L MNHD-DL-4F Normal Lock

REAR COMB RH(SDN) 140(RH) _|STOP/L MNHD-DL-4F Normal Lock

NOISE FILTER(STOP) 7290 A-AL-4] Inertia Lock |Used
CURTAIN INF(D) 05 AB-DL-2F Spring Lock _|Used
CURTAIN INF(P) 05 AB-DL-2F Spring Lock |Used
SIDE A/B INF D 05 AB-DL-2F Spring Lock |Used
PAS UNIT 3 A-DL-10] Normal Lock |Used
KEY INTERLOCK SOL 3 -AL-2F Inertia Lock |Used
SSR-EVA 4 -AL-2F Inertia Lock |Used
WASH MOTOR 1 E-WL-2F —

F WIP MOTOR 1 W1-WL-5F —
ALTERNATOR2 020 -WL-3F Inertia Lock |Used
VIS CONT VALVE 020 RS3-WD-2F — Used
ADD FAN 010 RS-WD-2F Normal Lock

Table 2 Connector List Revision

Connector Evaluation Actual Vehicle Evaluation Judgement

Work |Stifines
Space [ s

Visibilt
v

Inserion Force| __Stroke Force Drop | Lock Saund_| Total spac| Terminal Conne

stiffn| visibi| jud | insertion| Force
(N) | poirt| (mm) | point| (N) | point | (dB) | point o5 o

ss | lity | ge | Ferce | Drop

insertion
=====

T | 43 337

678 3. 9.8 [e]
487] 3 27 1 5] 4 7381 5 0[O

87| 3 | 27 I N

lolofolofolof ]
olofo|ofo]olo]>|

Confirmation in
actual vehicle
evaluation

Input evaluation result
of insertion force,
feeling, lock sound

olofo]olo]of>ofo]
O|ojof>(>|0|>|ofo|d
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Fig.6 Operation of Door Switch Connection

Table 3 Correction of Work Condition Requirement

Actual Vehicle Evaluation

Inserion Force Stroke Force Drop | Lock Sound | Tota| spac stiffn|visibi jud
(N) | point | (mm) ‘ point | (N) | point | (dB) ‘ point ! e |ess| lity fge
67.8] 1 4.3 1 (337 4 |698] 2 [ 7| O[ATAY |
487 3 - — [10[O OO |
487 3 10000

w310 No Change TsraToTol
514] 3 - [ ol[A[OTO 1 |
5141 3 | A | ConnectorPoint-1|[efAJOoJOV |
387 4 | | 90 A[O]1OF |
387| 4 . 9l ATOTO

387 4 x | Connector Point-2 [T o[ a7 0101 |
55 | 2 b— ———r——T————= | 7|0 [ OO | |
47 3 | 31 1 | 88| 3 |[716] 2 sfololo 1
47 3 | 31 1 | 88| 3 |716] 2 sffloloflol 1
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Fig.7 3D Evaluation of Door Switch Connection
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Development of Manufacturability Verification System for
Assisting Holder Part Design

O0o00O0Ooo® ooooooo®™ oogogooo®™
Kazuhiro Maida Shin Ishimaru Mikio Nakahiro

goo
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Summary

In order to respond to the concurrent production at plural production bases and global changes in
the marketing environment, in recent years further lead-time and cost cuts have been required in
the stamping-die pre-production process. To that end, we developed a 3D design quality assurance
process, aiming to achieve a pre-production process with no reworks taking place. This quality
assurance process, however, only allowed engineers to verify the design quality in the final stage of
the design process. As a result, reworks took place throughout the design process, thus interrupting
engineers work and requiring increased man-hours. To solve this problem, we have newly developed
a manufacturability verification system which allows engineers to verify the design quality both
readily and briefly in the design process. The development of this system has brought us one step
closer to establishing a process that satisfies all quality requirements in the stamping-die design

process.
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