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Introduction of New Premacy
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Summary
With our vehicle development concept® communicative & dynamic”, New Premacy, featuring a
superb combination of* excellent comfortableness," versatile functionality,"” driving pleasure,” and
“ stylish exterior design” rendering a quality of driving that surpasses the level of a typical minivan,
offers customers the following 4 key values:
1. Time and space for enjoyable communication;
2. Outstanding functionality;
3. Driving pleasure embodying Mazda's DNA; and
4. Stylish and clean design.
Through our world’s first innovative' 6+One’ packaging concept: an extended sliding door
opening, well-balanced dynamic performance of Axela and comfortableness of a minivan, top-class
safety/green performance and so on, New Premacy enables every user to revel in this delightful

mode of travel.

0102 DloOooooooooo
Program Management Office No.1
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Fig.2 Interior

Karakior] T Sant

Fig.3 0 6+0Onel] Package Concept Overview
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Fig.5 Advanced Keyless System

Fig.6 Front CCD Camera and Steering Switch
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Fig.8 Rear Entertainment System
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Fig.12 Body Rigidity
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Fig.14 Curtain and Front Side Airbag
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Fig.15 Smart Appearance

Fig.16 Active Appearance
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Design of New Premacy / Mazda5
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Summary

Mazda’s global advertisement strategy “Zoom-Zoom” caught on with its image “sporty driving.”
Under this direction, Mazda marketed Atenza, Demio, RX-8, Axela ... By contrast, New
Premacy/Mazdab was developed based on Mazda’s next global strategy. Targeting the family users,
it singled out “insightful” among Mazda’s three catchphrases. Taking over traditional stylish

appearance a la Mazda, New Premacy/Mazdab employed a wide-appeal styling to offer “fun-to-drive”

and delights to drive cars with family and friends.

woogo

goboobooobobuooboobobooboobooo
gobooboobobooobooboooobooboon
gobooboobobooboobooobooboon
gobooboobobooboobooobooboon
OO00000O0Mazda5ODOODOODOOOOOOOOODO
gobooboobobooboobooobooboon
gbooboobooboobooooboobboobgo
gbooooobooboboboooooooobobon
gboooooooboobgobo

gooobgoooboboobobouoobgooboocy
gbooooobooboboboooooooobobon
gboooooooboboboboooogoo

2000000000000

oooooooooooooooooboooooboboooon
oooo0o0oo0oDOoO00oDOoO0omooOooooooooon
ooboo0ooooOoOoobooobo0ooooooooo
ooboo0o0oooOoOooDoOo0oDboO0oboo0odbOa
ooboo0ooooOoOoobooobo0ooooooooo
ooboo0ooooOoOoobooobo0ooooooooo
goboooooooooooobooooooooon
00oooooooooogdriglad™

cooboooobooooooooooooooooon
goboooooooooooobooooooooon
goboooooooooooobooooooooon
000o00o0o0oooooo0ooo00grig.2d

coobobooobooooooooooooooooon
gobooobooooooboooboooooooooon

01 ODOoOoOooooooo
Design Strategic Studio



OO0O0OO0O0O0O0OMazdabOOOOO

No.230 20050

ggbobooboobobooboobboobooboo
goooooostooooooooobobbbbooooo
00D0000o0o0oogdorFrig.3t
gobooboobbooboobboobooboo
ggbooboooboobboobooboboobobooboo
gobooboobuooboobuooboobo20gn
ggbooboooboobbooboobbobobooboo
ggbooboooboobbooboobbobobooboo
ggbooboooboobbooboobbobobooboo

30ooooooon

31 00O

gobooboobbuooboobboobooboo
ggboboooboobobooboobbobobooboo
ggboboooboobobooboobbobobooboo
ggboboooboobobooboobbobobooboo
ggboboooboobobooboobbobobooboo
ggboboooboobobooboobbobobooboo
ggboboooboobobooboobbobobooboo
ggboboooboobobooboobbobobooboo
0000000000000 000Figad

32 DO0DOObOOoOooooog

gooobooooomooooboooooooon
goooooooooooooooooboooogoonod

oboooooooooooodntdZoom-Zoomd O OO
uoboooooooooooobodooooooon
uoboooooooooooobodooooooon

gmoooobooooooooooooooogoood

gobooooooobooooon
oooooooooooboooooooooooon
goboooooooooooobodooooooon
goboooooooooooobodooooooon
goboooooooooooooo

400000000000

41 0000000000
oooobooomobooooooboooooo
uobooobooooooooobodoooooooon
ubooooodboooooooboooooooon4nn
goboooooooooooooo
gbooobooooooooooooAdOOOOOOn
gobooobooooooooooocooooooooa
gobooobooooooooooocooooooooa
goboooooooooooooboocooooooooo

gboooooodoboooooobooooooooood

gobooobooooooooobodoooooooon
gobooobooooooooobodoooooooon
goboooboooobooooobodoooooooon

file and Smart Funclion

Iosm-Loom Zorm

]

=
o
=
=
L]

ufiisag

Basic Function

Fig.1 Direction Map

Fig.2 European Initial Proposal

Fig.3 Domestic Initial Proposal

Fig.4 Initial Sketch

— 10 —



No.230 20050

goooog

ggoboooboobbooboobboobooboo
ggbooboooboobbooboobbobobooboo
000000000 Fig5M

42?2 O000OO0ODOO0OOOODOODObOOObOOnb
gobooboobbooboobboobooboo
ggbooboooboobbooboobbobobooboo
ggobooboobbooboobboobooboo
ggobooboobbooboobboobooboo
ggobooboobbooboobboobooboo
ggobooboobbooboobboobooboo
ggobooboobbooboobboobooboo
ggbobooboobbooboobboobooboo
ggbobooboobbooboobboobooboo
ggbobooboobbooboobboobooboo
ggbobooboobbooboobboobooboo
ggbobooboobbooboobboobooboo
goooooooboobobbboooooooooobooboobo
gobooob0o0oboobOoobooobooooboo3ngn
gboi1isemO 0000000 00oDOoooceDo.so0n
0000000000000 00oFig.e

43 0D00O0ODO0OODOODOODOO
gobooboobbuooboobbooboobooo
goboboboboooooobobobobobooo
g20000000000000D000

(1) DODODO0oO0DO0O0OOooODboDOoooOo
gboboooooboobobobobooooooobo
goooooobOo0oDO0o0ooO0oooOoboOoODOos0mm

Fig.5 Sports Appearance Package

gogboooobooboobobooboobbooboo
goooooobobbbboooooooooooboobobo
gogboooobooboobobooboobbooboo
gogood
gobooboobbooboobooobooboo
gogboooooboobo* ooboobooo»boobon
000000000 000oo00ooo0o0onFrg7M
(2) DO0DODDODOODOOOOOOOOOOOOO
gobooboobbobobooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobuooboobbooboo
gogboooobooboobobuooboobbooboo
gogboooobooboobobuooboobbooboo
gogboooobooboobobuooboobbooboo
0000000000000 00dFig.8M

siggbougoogn

J0o00d000D0OedOned 00O OODODOOODDO
godooobooooooooboooobooooooo
O ComfortableD O 00O 0OKinderOOODOOOOOOO
goooobooooooooboooobooooooao
oooo

51 000000000 OO0OOOODOO

00o00o0oooooooooooDooooooooon
000000000 00oo00oDo0ooooooooo
000000000 00oo00oDo0ooooooooo
0000000000000 oooooooon

O000000ooooooooooooooooon

Fig.6 Slide Door



OO0O0OO0O0O0O0OMazdabOOOOO

No.230 20050

Fig.7 Smart Specification
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Fig.13 Smart Image
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Summary

New Premacy was developed toward the global market in order to offer customers great values
beyond the conventional concept of a minivan for the fun-to-drive. To this end, the following 3
conceptual pillars were established:

#1. World’ s first® 6 + one” packaging O A concept that provides an open space and a variety of
values in the center of a cabin;

#2. Improved” ingress & egress” by the adoption of an extended slide door opening assuming every
condition; and

#3. Total packaging that provides driving pleasure and high maneuverability by combining the above
#1 and #2 with stylish design.

In order to achieve the 3 pillars, the following 5 items were focused on:

- Spacious interior roominess for 6 adults in a vehicle size maneuverable as global packaging;

- A space in the center of the cabin provides easy communication by adopting independent second
row of seats;

- A variety of* + one” creates” Karakuri seventh seat” in a central space;

- High" ingress & egress” capability by the adoption of an extended slide door opening and a low
flat floor; and

- A variety of seat arrangements and high storageability.

This report introduces these distinctive features.

02 ODOOOO 03 O0O00OOoo
Interior Components Development Dept. Body Development Dept.
04 OO0OOO
Vehicle Testing & Research Dept.
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Fig.7 Low Height Floor
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Summary

New Premacy aimed at the global top-notch performance in the New Car Assessment Program, let
alone meeting the safety regulation of each market. To this end, we effectively upgraded Mazda’s
crash safety body the so called “MAGMA".” The body increased its rigidity and improved its energy-
absorbing performance making good use of CAE, a Mazda’s virtual simulation technique. Besides, the
incorporation of the latest safety technologies enabled to achieve challenging targets, such as
Curtain-Air-Bag, Bonnet reducing pedestrians’ head injury, etc. Curtain-Air-Bag covered a wide area
to protect occupants from the side impact from the front seats to the third row of seats.

This paper explains our crash safety technologies incorporated into new Premacy.

"MAGMA O Mazda Geometric Motion Absorption
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Plastic Liftgate-module of New Premacy
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Summary

Mazda has been putting emphasis on the* functional integrated modules” to reduce weight and
trim cost. In this activity, we’ ve grappled with the next generation functional integration module
with an attempt to build an entire plastic Liftgate-panel integrating ambient inner and outer
components and functional parts. Going through the material development and the prototype
evaluation, we established the industry-first Liftgate-module technology which produces inner panel
by way of injection molding. Compared to the conventional steel-made Liftgate-panels, the
technology cut weight by 1611 3.2kgd Besides, not only was the repairability improved, it widen the

design flexibility. The technology was successfully commercialized at new Premacy. This paper

introduces the technologies that enabled the commercialization of Liftgate-module.

woogo

ooooOoO00ooOo0oobOo0oooooooooooon
OoooooooooooboOoooooooooOooon
ooooooooooooboooooooooogooon
goobooomooooooooooooooboooooan
o200 000000000DLOO0O0OOOO0O0000a0
goboboooooooooboooooooooooon
gsO0booooooobooooooobooooooan
goboboooooooooboooooooooooon
goboboooooooooboooooooooooon

gbogooooboobobgbGerRPPOOODODODODO
goboooobooboboobuoobboobobooboo
gooooobgoon
gobooboobbooboobobooobooboo
goboooobooboboobuoobboobobooboo
gbobobobooooooobobobobooooo
gbobobobooooooobobobobooooo
gbobobobooooooobobobobooooo
gbobobobooooooobobobobooooo
gobooooboobobooobooobo

010506 ODOOOOO
Body Development Dept.
0304 OOOOO
Painting, Trim & Final Assembly Engineering Dept.

02 00000
Technical Research Center



coooooooocooboocooboocOooono

No.230 20050

20000000000

21 ODODODOoO

gobooboobbooboobboobooboo
ggboboooboobbooboobobobobooboo
ggbobooboobbooboobobobobooboo
ggboboooboobbooboobbobobooboo
ggboboooboobbooboobbobobooboo
ggboboooboobbooboobbobobooboo
ggboboooboobbooboobbobobooboo
goooob,bobbbbbbbboo00oooogoa

000D00000000o0o0oo0oooooooonFig.lm

Integrated Antenna

Steel Reinforcement

Rear

Wiper Motor

Inner Cover

LY
Bonded® ®® e

Liftgate Latch System and

Other Functional Components

’ 4‘#. e0ee0c000000000

gobooboobboobooboobbooboo
gogboogoobooboobobooboobbooboo
gogboogoobooboobobooboobbooboo
gobooogoboobbooboobbooboon

gobooboobboobooboobbooboo
gogboogoobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
goboooboobboobobooboooobda

Outer Panel (Upper)
(PC-ABS)

Inner Panel

(GF-PP) )
High Mount Stop Lamp

Back Window

Rear Wiper Arm
& Blade

Outer Panel (Lower)
(PC-ABS)

Ornament

Fig.1 Basic Structure of Liftgate Module

Recess

Rear Roof Spoiler

Liftgate Garnish

Fig.2 Integrated Interior and Exterior Parts

— 28 —



No.230 20050

goooog

0000000o0ooo0oo0oo0o0oooooooooooo
0000000000000 0000D00000O
0 Fig.2[1
22 0O0O0OOOOO
00000000o0oooooooooooooooo
0000000000000000000000000D0
ooooooooooo
(1) DODDOOo0o0
00000000o0oooooooo0oooooooo
0000000000000oooooooooonooo
000000000000000000000ABSOOO
0000000000000oooooooooonooo
0000000000000oooooooooonooo
0000000000000000000000000
PCOOODOOOOOOOOOO
00000000o0oooooooooooooooo
O0OPPEDOODDDOODOOOOOOOONODDOOO
0001/20000000000003000000000
60000000000 Fig.3[

Developed

PC/ABS

Good \

1

[zod Impact Strength

-30°C 23°C

Tempareture

Fig.3 Comparison Between Nylon/PPE
and Developed Outer Material of Impact Strength

(2) DoOoOoOOOO

00000000o0o0oooDooo0oooooooo
O00D00ODO0OGRPPOODOOODOOODOODDOOO
oooooooo

0000000000000000000000000
000000000000oo0oO0oooo0oo0oo00000000
00000000030 000000000000GF-PP
000000000000Fg4M 0000000000
000000o00o00o0oo0ooooooooooo0o0

00000000o00000000000000000
00000000o0o0o00oooooooooooooo0on
000000000o00ooooooooo0o0o00000
ooooooo

Developed GF-PP for

o Liftgate Inner

Rigidity
/
/
/
/
//
@
/

General GF-PP hS Good

Il Il Il

Impact Strength

Fig.4 Comparison Between General and Developed
GF-PP Characteristics of Impact Strength -
Rigidity

sigobooougoboooboobn

31 000
00000000o0ooooooDooooooooon
0000000000000 D00000000000DO
160032kgl0 0 0000000000000 00000
0000000o0o0o0o0o0oo0oooooooooooooo
0000000o0o0o0o0o0oo0oooooooooooooo
000000o0oooooooo
32 0000O0O0O00O0OOOOO0OOO
000000000ooooooooooooooon
0000000o0o0o0o0o0oooDoo0oooooooooo
0000000o0o0o0o0o0oooDoo0oooooooooo
00000000o0o0o0o0o0oDo0o00Doooooooo
00000000cd00Oo0oooooooon
0000000000000 0000000000RO
0000000000000 000ooooooooo
3.3 JOOOo
(1) Dooooooo
000000000ooooooDooooooooon
000000000 0OPPOODOODOODOOODOO
O0D0OGFPPOODOOODODODDOODODODOOOD
0000000000000 0000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000Fig.5

— 29 —



coooooooocooboocooboocOooono

No.230 20050

Liftgate Hinge

Stress

Load of Stay Damper

Fig.5 Result of Liftgate Rigidity Analysis

(2 DOODOOOO
GF-PPOOODOO0OOOOOODOOOOODODOOD
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000Q
00000000000000000000000000Q
000000000000000000000004Fig.6D

After Condition of Molding
are Adjusted

Fig.6 Result of Liftgate Inner Panel Flow Analysis

(3) DODOOooOOo

000000000o0o000000000000000
0000000000000000000000000aQ
0000o000000000000000000000aQ
0000o000000000000000000000aQ
0000o000000000000000000000aQ
oo

34 0O0OO0OOOO

000000000o0oo0oo00000000000000

000000000000 00000D0D0D00000ono
0000000000 D0000000DOO0
(1) DoDOoDOoOoooOooo

00000000000 000000D00000000
O00O0O0O0ooOPCABSOOODOODO

00000000000 00000D0D00000nOD
000000000000 0000000000000Dn
000000000o0oo0oo0ooooooDODODoooooo
0o0o0OD0OO0000D0ODO0O0O0
(20 DODODOODOOOOODO

0000000000 00000000ooooon
000000000000 00000000000000
000000000000 00000000000000
000000000000 00000000000000
00000MO0000000000000o0ooooonn

00000000000 00000D0D0000000O
0o0o0o0oO00on

35 00000000

00000000000 00000D0D00000000
000000000000 00000000000000
000000000000 00000000000000
000000000000 00000000000000
00000000000000000000000000
00000000000000000000000000
0o

36 D00D0O00OODOOOOOO

O00000015km/h0000000000000
00000000000000000000000000
00000000000000000000000000

0000000000000000000PC-ABSOO
000000000000000000000003d30mm
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000 0000000000

37 000DO0O00OODOOO0O00

0000000000000000000000000
00000000000000000000000000
000000000000000000000000

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
ooo0ooo0ooo

0000000000000000000000000
00000000000000000000000000



No.230 20050 ogoooao

ggoboooboobbooboobboobooboo
goboooooobbooooobbboouoobboo
ggoboooboobbooboobboobooboo
ggoboooboobbooboobboobooboo
ggoboooboobbooboobboobooboo
ggbobooboobboobooboobbooboo

gobooboobbuooboobboobooboo
ggobooboobbooboobboobooboo
gobooooobgd

40000

goboobbooboboobooboboobooboa
gogboboobooobooboobobuooboooboga
gogboboobooobooboobobuooboooboga
gogooooobgo

goboobbooboboobooboboobooboa
gogboboobooobooboobobuooboooboga
gogboboobooobooboobobuooboooboga
ggbooooboobooooboobooboboon

sugnboog

00000000o0oooooDooooooooooo
00000000000000000000000000
0000000000000 0000000000000
00000000000000000000000000
0ooooooooooo
0000000000000000000000000
0000000000 0WOODOO0D000000MDOO
WOHODODODOODWOOODDOODODO0O00OWoOO®o O
0000WODDO0000000O0DO00000000
0o0oo0o0oo0ooooo0oo0o0o0o00

m000m

gooo

gooo

— 31 —

oooo



coooooooooobooooo No.230 20050

oooooooogo

6 Ooo0oOo00ooooooooog
Dynamics of New Premacy
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Summary

We developed chassikl suspension, steering, brakelhnd body of new Premacy incarnating

preeminent dynamics defined in the Mazda’s DNA.

In order to strike a balance among“ handling, ride comfort,”” vibration,” and“ noise” in a high
level, Premacy’s suspension adopted upmarket specifications, namely MacPherson Strut for the
front, E-type Multi-link suspension for the rear, four-point rubber mount for front-crossmember, and
liquid-filled bushings, etc. Steering adopted power assist-steering system complete with an electric
motor pump to achieve excellent steering feel and the high fuel efficiency. Brake achieved the best-
in-class braking distance and the superior brake feeling by reducing travel-loss of brake-pedal. This
was enabled by the adoption of diameter-increased ventilated disc, the lowered pedal ratio, and the
diameter-reduced master cylinder.

Body achieved the beyond-the-class rigidity. The static bending and torsional rigidity was
increased by widening cross-sections and straightening the architecture of crossmember. The local
body rigidity was also beefed up by incorporating a set of twists to hinder local body deformations

during the driving.
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Summary

New Premacy/Mazdab aimed at achieving both the ample power and the environmental
performance. “MZR engine family 2.3L and 2.0L” was developed to meet the life style of Japan,
Europe, and the U.S. For the European market, in addition to “MZR engine family 2.0L and 1.8L,”
“MZR-CD 2.0L diesel engine” was developed. This paper introduced “MZR engine family” developed

for the Japanese market and “MZR-CD diesel engine” developed for the European market.
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Table 1 Powertrain Line-Up

Eng.Vol. (L) | TM | Japan| EU Am’:iia Cgf:ﬁ{es
1.8 5MT [
20 5MT [ o
: 4AT o (]
5MT [
23 [ZAT] e °
Low Power| BMT [
2.0DE yioh power| GMT °

All 4ATs have active matics.

0102 OOOOOOOoOOOoOO
Powertrain Development Promotion Dept.
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Summary

Mazda Verisa is an unparalleled high-quality and simple compact car built exclusively for the
Japanese market. Its slogan is“ to be a genuine compact car earmarked for adults choreographing

”

quality life-style” with tag lines" simple, quality,” and® compact.” In order to incarnate the
slogan, Verisa tried to embody the following four values, (1) Finicky to the interior and exterior
styling-design, (2) Quality-focused and easy-to-maneuver functionality, (3) Beyond-the-class
quietness, and (4) Dynamic performance providing Mazda’s sports DNA. These four values were
realized by the combination of Mazda’s virtual development system called Mazda Digital Innovation
0 MDIO Mazda's engineer’s enthusiasm, and unremitting challenges. Mazda Verisa is fusion of Mazda’s
digital technology and human’s sensitivity, and we believe that it is a product evoking Mazda’s

future challenges.
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Table 1 Powertrain Line-up

Engine Drive Transmission
2WD 4EC-AT
1.5L
e—4WD 4EC-AT
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Table 2 Key Dimensions

Length (mm) 3975
Width (mm) 1695
Height (mm) 1530
Wheelbase (mm) 2490
Min. Turning Circle Radius (m) 4.9
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Summary

Verisa aimed to be a genuine compact car earmarked for adults choreographing quality life-style as

the exclusive car for the Japanese market. The slogan of Verisa’'s styling-design made an about-face

from its predecessor Demio, namely“ chic,”” modern,” and“ high quality.” In order to embody the

”

slogan, Verisa clung to* the beyond-the-class and quality exterior, the graceful and relaxant

interior,” and“ the chic and zestful color lineup.” Deviated from the dynamic sporty styling
established for Atenza and Axela, Verisa stuck to the creation of new value, resulted in the
completion of new styling evoking Mazda’s future challenges. Thoroughly verifying consumer needs

as well as improving quality with the use of virtual engineering, Verisa established the foundation of

Mazda’s future styling-design development.
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Fig.1 Design Positioning Map
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Fig.3 Body Design
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Fig.5 Lamp Design
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Fig.6 15inches Alloy Wheel Design
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Fig.7 Dress Up Package
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Fig.8 Instrument Panel / Console Design
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Fig.11 Make-up Mirror
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Fig.14 Exterior Color Sample
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CAE Application Technology in VERISA Development
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Summary

Verisa was developed through a variety of CAE technologies. In particular, the latest CAE process
was applied to maximize the impact on the actual vehicle development. In the phase of the concept
design, our® hard point study” was beefed up to assess the influence of multiple styling ideas on the
vehicle performance. As a result, quality of initial drawings was a whole lot improved. In the phase of
the detailed design, the maturity of architectures was increased by accelerating the cycle from the
ECN release, the CAE evaluation/improvements, back to the ECN release, through shortening the
simulation time. At the same time, we improved quality and performance by intensifying the risk
management for variations and the architectural optimization. As a consequence, we confirmed the

feasibility of the performance target achievement in an early stage. It enabled us to confirm the

feasibility of the achievement of all targets at the first on-vehicle test.
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Fig.1 CAE Process
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DEMIO 3

Strength (kN)

Front Pillar Angle (degree)

Fig.2 Front Pillar Strength

L/0 SAFETY BODY STIFFNESS \ [ __RrooFs

VERISA | DEMIO |Aplr. Str[Bplr. Str] Roof Str| Bending| Torsion [L/G Diag|RS Di Vﬁ%iﬁg ®Y
kN kNm kN 10"5%Nm|"5+Nm"2, mm mm Lm

5
A. A-pillar deg| 38.3] 339| -4.7 0.0 00| -14| -1.0| -1.6 0. 0.0

B. F-Header mm| 1035| 967.2 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.0

C. R-Hoader mm 840 961 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

D. Roof ___|mm| 1973 1765 0.0 0.0 0.0 0.0 0.0 0.0

E. D-pillar deg| 61.4| 68.1 0.0 0.0 0.0 1.7 | -3.6 | 17.1 | -1. 0.0

F. End Panel mm 786 636 0.0 0.0 0.0 0.0 44| -94 0.0

G. B-pillar _|deg| 763 73 0.0 [-10.2 0.0 0.0 0.0 0.0 0.0

H. Roof rail mm| 1271] 1345 0.0 00| 20.0 0.0 0.0 0.0 0.0

DEMIO 48.4 719 12.7 56.8 20.2 4.3 30.0

VERISA 46.1 71 15.2 57.0 20.1 4.5 0\ 148.5

Ratio of target meet 95.3%| 89.8%[ 12005/ 100.44| 99.5%| 95.6%] 102.4%) 20.2%] 2¢

Y= % fi (xi)

Y: Performance change rate(%)

xi: Design change rate(mm)

fi: Sensitivity to performance due to design
change

(It is based on CAE or a past analysis result. )

Fig.3 Hard Point Study of Design A
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Fig.9 Cross Functional Weight Reduction Optimization
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Zero-prototype (prototypeless) Interior Development for VERISA
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Summary

Shortening the development time greatly contributes to the time-to-market, the reduction of the
development investment, etc. In the interior development for Verisa, we made a stab at the zero-
prototypel prototypelessd development, that is synonymous with the development process where
the prototype process is eliminated. The purpose was to shorten the time from the styling freeze to
the mass production, from 18 months to 12 months.

In the zero-prototype development, the design date at the time of Drawing Release needed to
become as precise as that used by the production dies. We, therefore, put our focus on the“ on-

paper verification” and® strengthening the alignment with related activities.” As a result, we went

through with the zero-prototype development in short order.
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Development of the HDD Audio System
goooooogeRr pogooogor: ggooood
Kiyoshi Ohtaki Takuo Hirano Kiyoshi Hosotani
goo
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Summary

In recent years, an assortment of digital music contents is prevalent in the market as represented
by the digital broadcasting. Accordingly, users have grown to deal with increasing amount of data,
and HDDO Hard Disk Drivel equipped with Audio/Video is being pervasive. We marketed our HDD
built-in brand-name Car-Audiold product name: Music HDDU0O for the first time in summer of 2004
timed to the launch of Verisa as the original equipmentl OEO Since® Music HDD” has the storage
capacity of 3,000 songs, there was a concern that users had difficulty retrieving songs they wanted
to listen to. In addition, recordings needed to be completed while cars were being driven. So, our
challenge was to develop® Human-Machine-Interfacell HMI?' to enable drivers to retrieve songs
with simpler operations, as well as to establish a new recording method. In the development of HMI,
we set up functions to retrieve songs per album and to create the play-list per song. With regard to
the recording method, we built a function to continue recordings even after the engine-off for fear
that recordings can’t be completed while cars are being driven.

On the reliability front, we built measures to prevent erroneous writings into HDD caused by

temperature, vibration, power source fluctuation, and intermittent power loss.

0102 0OOO0O0O0O
Electrical( Electronics Development Dept.
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Fig.5 Shield for Digital Block
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Mazda Advanced Keyless Entry & Start System
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Summary

The installation ratio of* Keyless Entry System” has been increasing year by year, and reached

nearly 1000 in Japan. To further improve the convenience, we developed® Mazda Advanced Keyless

Entry & Start System0 card-typell. Only by carrying the card key in your pockets or bags, you can

lock/unlock doors and rear gate, and start enginel without taking it out from your pockets or bags{

This paper introduces this new system adopted by Verisa.
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A Study of Human Characteristics on Pedal Operation
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Summary

Humans control their physical muscle forces by contracting and relaxing muscles of arms and legs,
and generate physical joint torque, and operate devices, adjusting the characteristics of “machine-
impedance” such as hardness, softness. So, it is important to harmonize the human characteristics
and the mechanical characteristics when we design vehicular devices. We call this concept
“Impedance Matching.” This study cleared up the human characteristics at first, citing the moves
from acceleration-pedal, clutch-pedal, through to brake-pedal. Second, the study attempted to
improve the “operation comfort” in the pedal operation by harmonizing the human characteristics
and the pedal’s mechanical characteristics. Finally, the study concluded that focusing on
“Impedance Matching” is important to optimize the operational efforts by adapting the mechanical

characteristics to the human characteristics.
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Optimum Seat Characteristics to Reduce Whiplash Injuries
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Summary

Development of anti-whiplash technology is one of the hottest issues in the automotive safety field.
This paper describes the mechanism causing Neck Injury Criteria or NIC and the optimum seat
characteristics to reduce whiplash injuries. First, we made it clear the mechanism of typical NIC
using MADYMO model and the sled tests. Next, as a result of the parametric study, we found that the
seat characteristics are influenced by the initial location of Headrest and the characteristics of

Seatback-cushion. Ultimately, we found optimum seat characteristics that can reduce NIC by 420 .
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Summary

Conventionally, glass built-in TV/FM-VICS antennas were grounded to metal Liftgate-panels.
However, new Premacy employed newly developed Liftgate-module made of resin, and we needed to
develop new antennas. We developed new antennas combining conventional grounded-type antennas
and non-grounded antennas laying eyes on the resin’s characteristics of being able to penetrate
radio wave. The new antenna is capable enough to cover the role of three TV antennas and a FM-
VICS antenna and showed better-than-the-same performance in comparison with conventional glass
antennas without using an amplifier.

This paper reports the technologies of this new antenna and its application into new Premacy.
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Tablel Comparison of Antenna Type

Antenna type .
AFi @Die-cut QCircuit
iim metal
| t board
Evaluation items elemen
Heat resistance O O O
Vibration resistance A O O
Squeak and rattle A O O
Development efficiency O A O
Easiness_ of % % o
assembling
Easiness of integrating
multiple antennas © x ©
Total evaluation A A O

O : verygood A :good X : bad
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Table2 Each Antenna's Reception Frequency Band

Frequency band

Antenna | EM | VHF-LOW|VHF-HIGH

7
0 7207000

V2 AT,
V3 i
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Table3 Relation between Length of Hot Line and
Frequency Band on Monopole Antenna

Frequency band

Length of Hot line

Approx. 100mm O @) X~A | X~A
Approx. 400mm (@) A X x
Approx. 800mm (@) A~ X X X

O : verygood A : good X : bad
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Development of Engineering Release Data Validation System
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Summary

Conventionally, engineering release data, such as parts structures known as “Bill of Material,” was
checked by people in charge to maintain the accuracy of data. We improved the efficiency of this
operation by newly developing an automatic check system as a chain of electric & electronics
engineering release system. We documented human knowhow as rule, and developed a check-engine
to evaluate/analyze the rules. The automatic check of engineering release data contributed to reduce
the time and improve the accuracy of engineering release. Together, the division of the check rule

and the check engine made it easy to add/revise rules. This paper introduces the outline of newly

developed engineering release check system.
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Summary

We developed a new design support system. Based on the design requirements such as
specifications of models, features, options, the newly developed system automatically sets parts
variations based on the model variations and creates parts structurél Bill of Materialll This system
has already been incorporated in the actual work.

This report describes the outline of the new system named v-DESIGN, introducing the examples in
the Wiring-harness development. It also indicates the correlation of the“ parts structure data

release” and Mazda’'s" mainframe BOM database.”
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Part usage condition chart Sedan(22) W agon(24)
(Fig.12 Form) L8 |LF| « |L2|LF| <« | L2
Part No. Option codes |5MT|5MT|4AT|4AT|5MT|4AT[4AT
A001-6701Z |ADA+PSA o 10 Ol10 10
ADB O]1lO0]1O0 10101010
A002-6701Z |ADA+PSB o 10O
A003-6701Z |ADA+PSB O[O0 10O
MIDAS DATA [ Cording and MIDAS input ]
Part No. Option codes [Applied model spec
A001-6701Z |ADA+PSA 22-1.8-5, 22-LLF-5, 24-all
ADB all
A002-6701Z |ADA+PSB 22-1.8-5, 22-LLF-5
A003-6701Z |ADA+PSB 22-LF-4, 22-1.2, 24-LLF-5

Fig.13 Part Usage Condition Chart vs. MIDAS Data
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Introduction of New MZR-CD,
New Direct Injection Diesel Engine for Passenger Cars
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Summary

The diesel engine competition in Europe is ferocious since the customers are sensitive to the new
diesel engine technologies. In 2002, Mazda launched® Common rail type Direct Injection Diesel
Enginé&l MZR-CD[’ in Europe, laded on Mazda6 and MPV. In 2004, Mazda brought” Diesel
Particulate Filteldl DPF[I' to the domestic market, laded on Bongo. Based on these experiences, we
developed more capable diesel engines heading to Mazdab5 and Mazda6, further evolving the output,
the environmental performance, NVH performance, and the fuel economy.
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Table 1 Main Specification

—{Low compression ratio piston |

Valve lift _mm

IN:10mm, EX:8mm

Common rail system

Common rail system

Variable geometry

<— + High rpm &

Light weight

I,

——]Aluminum supply pump bracket

—[Cam dumper less timing belt drive

Fuel injection system . R DENSO U2-P High reliability
DENSO U2-P . . .
(improved) L——Double tangential port cylinder head
Fuel pressure (MAX) 180MPa —

[ [Multi post injection

Engine MZR-CD New MZR-CD
Displacement __(ml) 1998 - LEEED ROFOHEIER [O> density feed back clectric
BorexStroke  (mm) 86 X 86 — tzz E::LS;"E‘:::;::::‘ controlled EGR
Combustion type Direct injection —
Swirl ratio 2.5/4.0 25 [——1Qver boost control 1
;ﬁ:}i‘:l:hs‘:: s;/lsl:m DI/\T’\IMT:‘/\GM DC IT:ZSTOR 4|Pilot/l’ost injection quantity learning I
utter valve
EGR _valve DIAPHRAGM DC MOTOR |Multi injection area expansion |
EGR _cooler with High efficienncy
Compression ratio 18.4 16.7 Low NVH —t+—{Low cylinder pressure idling control ]|
~ heledrive: Good drivability
Valve driving system OH(;:LII{ driven — —JAncillary load control |
valves
V_al\{e N Open BTDC 6° b t——]Torque jerk control ]
Timing Close ABDC 30° —
EX Open_ BBDC 41° — L——]Start govener(HAGC) ]
. Close ATDC 8° -
— ]
1
]
]
]

fici
Supercharger system turbocharger i lﬂeil":y G ]Lran gent low smoke control

ow Inertia

IHI RHF4V
IHI RHF4V D e PM goneration and burning amount

Inter-cooler with — prediction
Max. torque 310Nm/2000rpm 360NmM/2000rpm [OIL dilution prediction 1
Max. power 100kW/3500rpm 105kW/3500rpm
Diesel Particulate Filter N/A With —{Post injection amount compensate |
A/F_sensor N/A With . .
EU exhaust gas emission level D4(Some model:Stage3) Stage4 Flgl Maln Introduced Techh0|ogy

0103 020000000
Engine Development Dept. No.2

0405 O3OOooooo
Engine Development Dept. No.3
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Fig.2 Fuel Consumption Performance

400
350
t .
z 300
$ 250
g
L 200 | = = = MZR-CD
—\ o MZR-CD
150 Over Boost Control
100 ]
500 1500 2500 3500 4500
Engine speed (rpm)
Fig.3 Output Performance
0.04
Stage4
O Mazda6 with MZR-CD
’E‘ 0.03 | @® Mazda6 with New MZR-CD
X
W 002 | 0
A
2
o 0.01 |
o
0.00 - - -
0.0 0.1 0.2 0.3 0.4
NOx ( g/km )
Fig.4 Exhaust Emission Performance
32 0000

000000000000 Fig30 000000000
godbooooboobboobobuoobboobobooboo
godbooooboobboobobuoobboobobooboo
godbooooboobboobobuoobboobobooboo
godbooooboobboobobuoobboobobooboo
gobooooboobooboboon

33 ODO0Obooooobooa

UUOOEurcd0 00D EU3IUUOUOOUOOOOOOQog
0000000000000000000000000@)
goooobobbbooooooNoxbooooooobo
@DPFOODOOOPMOOODODOOOOOOODO
O000O00O0DO0OFrg4DO00O0D0ODOOODODOOOO
goboooobooboboooo

EGR Cooler

Inter Cooler

Electric EGR Valve Air Flow Meter

Electric Throttle

Injector

Supply Pump

Exhaust Gas Pressure Sensor
/ A/F Sensor

DPF:Diesel Particulate

Exhaust Gas Temp. Sensor DOC : Diesel Oxidized

Fig.5 Engine Control System Diagram
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Fig.15 1st Post Injection Effect on Temperature and
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Summary

Positioned as“ ultimate Zoom-Zoom Sedan,

New Mazdaspeed Atenza was developed under the

concept” sophisticated hi-performance sedan.” Entire powertrains were redesigned in quest for the

absolute acceleration performance, focusing on the linear characteristics and the good response to

embody the fun-to-drive.
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Table 1 Engine Main Specifications

Engine L3TO
Cylinder In-Line 4-Cylinderd
Bore X Stroked mmO O 87.5 X 9401
Displacementd cm:d O 22600
Compression Ratiold 9.50

DOHC 4 ValvesO
4 per cylinderd

Valvetrain
Number of Valves[

Ealve Diametfl mm Lé]xt 2(5)5

Fuel Supply System Electric Fuel Injection]
Fuel Injection[ 4-11.50

Max. Power[ 200/55000

O kW/rpmO O 0 JPNO O

Max. TorqueOd 380/30000
ONm/rpmd 0O 0 JPNO O

Table 2 Technologies for Improved Machine Strength
and Heat Resistance of Engine Body System

Technologies adopted / Spec change
contents

Adoption of new cast method
Crown thickness increase,
Piston diameter increase
Full float structure
Adoption of high strength steel
New Die Casting
High strength liner
Pin diameter increase
High frequency quenching Deep roll
Aluminum
Drilled hole addition between exhaust
valve bridge
Expansion of water passage of exhaust
port bottom face
Adoption of high heat resistance
material
(Valve tulipd nickel alloy/shank heat
resistance steel)
Drilled hole addition between bore
Bellow coupling structure
Adoption of high heat resistance
material0 Ferrite cast steell) [

Aims Engine parts

Cylinder head
Piston system

Con'rod
Cylinder block

improvement

Crank shaft

Machine strength

Intake manifold
Cylinder head

Exhaust valve

Cylinder block
Exhaust manifold

Heat resistance improvement
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Fig.3 Comparison of Injector Spray Form
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Table 3 Strength Comparison of Con’ rod Materials
0 Sinter forging material values are set at 1000

Tensiled
strength

YieldO
strength

Fatigue
strength

High strength cost steel

121

143

185

Steel for conventionald

con'’ rod

97

92

130

Sinter forging material
0 Conventional 2.3L0 O

100

100

100
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Fig.18 Radiator Module
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Table 4 Transmission Specification Chart

Transmission type Manual 6 speed
Clutch size (mm) ¢ 250 X 155
1st 3.538
2nd 2.238
3rd 1.535
Gear 4th 1.171
. |5th 1.085
Ratio
6th 0.853
Reverse 3.831
Final (1-4th) 3.611
Final (5-6th, Reverse) 3.095
Torque Capacety (Nm) 380 over
Weight (kg) 76 (Dry)
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Fig.25 6MT Shift Mechanism

Fig.26 Case Vibration Analysis
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Summary

We developed new 6-MTI 6-speed manual transmissiond to strongly support Mazda’s DNA. In
particular, we put emphasis on the improvement of the vehicle performance and the fuel economy,
the pursuit of “Shift-feel DNA,” and the improvement of “NVH performance” putting the future trend

into perspective. We achieved our targeted performance.

Table 1 Main Specifications of G6M

100000
G6M Transmission Specifications
0O0000D0ODNADODOOODOOODOOODOOO Shift Control Cable Type
00000000000 000000000060000 Gear Ratio 21;; ?'gig
o0o0o000O00o0oo0ooOoGeMOODOOODOOO 3rd 1310
000000000000ooooon 4th 1.030
5th 0.837
2000000 6th 0.755
Rev 3.198
(1) 0O0000O000000000o00 Final 4.388
(2) 0000D0O0O0OOOODNADOOOODOOOOOO Synchro Type 21:; Triple Cone
0000000000000000000000000
3rd Double Cone
oooo 4th
(3) DOODODOOOONVHODOOOOODOOOOOO 5th Single Cone
6th (Carbon)
300000 Differential 2 Pinion
Weight;Wet [kg] 44
000023L00000000000000G6MOD
O00O00OTablel00O0DODDOO0OFQlOOOD fﬂ-ﬂ“a
0000000000000000001000000 5-‘”|:|1;-_45;

(!
E

ogog |,|,,||
\ 249/

Fig.1 Shift Pattern

0103 ODO0OoOoooooooo 0405 0OO0OOOOO
Drivetrain Development Dept. Chassis Development Dept.
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Summary

There is a growing need for improvement of fuel economy to deal with environmental issues. On
the other hand, dynamic performance should be improved to embody the Mazda’s DNA “Responsive
Handling and Performance”. We developed a new FS5A-EL FF 5-AT] 5-speed automatic
transmissionl] which can meet the stringent demand on fuel economy and dynamic performance.

A sub-transmission and oil-hydraulic system were added to the FN4A-EL FF 4-AT, which is
currently installed in Atenza, etc.. The new 5-AT has a wider gear ratio which can lead to better fuel
economy and dynamic performance. Such moves ordinarily increase weight and size, however the
new 5-AT achieved “light-weight” and “compact” through the reduction of the number of parts and
our efforts to repress the size-increase. The control system was also modified to improve shift
quality. Moreover, the friction among parts was reduced and the lock-up slip range was widened by
modifying the torque converter and oil-hydraulic circuit. All these improvements enabled to keep

the low engine speed at high vehicle velocities, resulted in an improved fuel economy.
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Summary

Each company is recycling collected, damaged bumpers from the marketplace to reuse the
materials for undercovers, etc. due to the rise of a concern about environmental problems in recent
years. From 2001, Mazda has been depainting bumpers to a high degree and reusing the materials for
value added bumper reinforcements and grained bumpers. However, in order to use these materials
for no-grain bumpersl standard[ it’s necessary to completely remove all paint from the material in
order to guarantee high quality paint appearance. At this time, in order to improve the paint removal
rate Mazda has incorporated a new sorting process, which optically distinguishes painted granulated
pieces from non-painted pieces, into the existing process. As a result, we have achieved the target
paint removal rate of 99.850 . However, even though we use this new technology, there remains
some variance in the process which makes the target unattainable even under the identical paint
removal conditions. Therefore we tried to additionally improve the process. As a result, we have
reduced the variance to less than 1/4. At the same time, we have dramatically improved the mean of

the paint removal rate and have achieved the target consistency over time.
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Table 1 Applications for the Reclaimed Material from
Bumpers and Requirements

Requirements Strength [Dimensional Paint quality
Applications for Rigidity stability [ paint film Surface
the reclaimed material performance | appearance

Undercover. etc yaN yAN X X
Bumper reinforcement O O X X
Grain surface bumper O O O O
Bumper (without grain) O O O O

X

A,
Full requirement Partial requirement No requirement
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Fig.1 Bumper Recycling Process
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Fig.2 Mechanical Properties of the Paint Removed Material

a : Remaining paint film area
b : Objective paint area

Paint removal rate (%) =

(1-Za / 2b) X100

Fig.3 Calculation Method of Paint Removal Rate
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Table 2 Setup a Target of the Paint Removal Rate

Mixing rate into Remaining paint rate (%)
virgin material (%) Present Target
1 O
3 0. 045%: O
10 1 o
20 ()
30 —> e 0. 045%
100 1.500%: @ 0. 150%
Paint removal rate 98. 50% 99. 85%

O : Paint surface appearance meets the requirement.
@ : Paint surface appearance does not meet the requirement.
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Table 3 Design Parameter and Level

Design Level Design Level
A Al/A2/A3/A4 D D1/D2
B B1/B2 E E1/E2
C C1/C2
A
39.994
RS
W 39.993
o
Z 399927
w
39.991
39.990

12 3 4 1

Fig.12 Level and Signal-Noise Ratio in Each Design Parameter
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Table 4 Presumption Value by L8 Design of Experiment

Condition Paint removal rate

Before optimization 99.88%

After optimization 99.98%
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Fig.13 Paint Removal Rate Before Optimization
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Fig.14 Paint Removal Rate After Optimization

Table 5 Measurement Value

Condition

Paint removal rate

Standard deviation

Before optimization

99.83%

0. 045

After optimization

99.96%

0.012
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Measurement of lon Current in

Homogeneous Charge Compression Ignition Combustion
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Summary

The feasibility of an ion current probe as a combustion sensor was investigated. The ion current
probe was applied to a HCCIO Homogeneous Charge Compression Ignition engine. Ion current in
the HCCI combustion showed one-peak simple waveform compared to that in the spark ignition
combustion. It was found that ions were predominantly produced in the heat release process caused
by the chemical ionization, and the ion current probe has a high possibility to detect HCCI
combustion itself. There was high relation between the timing of ion current and the timing of the
mass fraction burned from 100 to 700, regardless of engine conditions, and it was found that the
mass fraction burned until 700 could be presumed by detecting the generation ratio of the ion
current. Also, there was high relation between the timing of maximum ion current and the timing of
the maximum pressure in each cycle. Therefore, it was found that the probe has a possibility to

detect the fluctuation of the combustion timing in each cycle.
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Table 1 Test Engine Specifications

Number of Cylinders (-) 1
Bore x Stroke (mm) 78.0x78.4
Piston Swept Volume (cm®) | 375

Compression Ratio (-) 12.0:1

Fuel Supply Port Fuel Injection
Fuel Gasoline RON:91
Number of Valves (-) 4 (In.:2, Ex.:2)
Combustion-Chamber Shape | Pentroof

Exhaust (SI) Intake (SI)
=
>
g Negative Valve Overlap
Exhaust/(HCCI) < >Intake (HCCI)

/N

Crank angle

faN

Fig.1 Schematic of the Negative Valve
Overlap for HCCI Combustion
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Table 2 Test Conditions

Engine Speed Ne (rpm) 1250-2500
Valve Overlap OL (CA deg. ) | -140, -160, -180
Air Fuel Ratio AFR (-) 14.3-17.1

Intake Air Temperature (K) 300 fixed

Intake Air Humidity (%) 60 fixed
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Fig.2 Schematic Diagram of the lon Current
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14

o N\
: Al
: |\
4 AN

: JA\NN

J NS

0 T T T T T T
20 10 O 10 20 30 40 50 60
Crank Angle CA (deg.ATDC)

OL=-160deg.
Ne=1500rpm—

—AFR=14.30 |
—AFR=14.70
—AFR=15.10 H
—AFR=15.70
—AFR=16.10
—AFR=16.70

T

lon Current | (WA)

Fig.5 Effect of Air Fuel Ratio on lon Current Signal

oboooooooooooobooooooooon
boooooodboobobooedbooboonoOobOOonn
oboooooooooooobooooooooon

— 132 —



No.230 20050 ogoooao

0000000000000 1.0deg.CAO Crank Angle O 0.5
00000000000000000000000000 04
00000000000000000000000000 < /¥/Cmmmmm
0000000000000 00000oooooo = 03
. € Side probe
Figs0 00D O0OD0OD0D0D0OD0OO0OO0OO0ODOO0ODOO0ODOO0DOO )

E o2 OL=-180deg. |
00000000000000000000000000 3 // \ Ne=1500rpm
0000000000000000000000000 S o1 AFR=160 ~ |

’ Bias voltage=6V

Vressner0 0000000000000 D0OOOOOO0O l/ \CA§§
00000000000000000000000000 0.0 * * * * *

-10 0 10 20 30 40 50
Crank Angle CA (deg.ATDC)

00000000 0000000000000000

dodooooooooobobbbbobboboobooboon
00000000000 000000000000000 Fig.6 Effect of the Location of the lon Current Probe

00000000000000000000000000 on the Averaged lon Current Signals

Oo000o0oooo0ooooo0ooooooooooonoo 25
Oo0o00o0o0o0ooooooooooooooooooon @ OL=-140deg. 1500rpm
A OL=-140deg. 2000rpm
O0000O000OHCCIDODOOOOOOoOooooooo [l OL=-160deg. 1500rpm
20 1 ¢ oL=-160deg. 2000rpm
oo000o0ooooo0ooooobobooooooooonooo
Oo000o0oooo0ooooo0ooooooooooonoo /
Oo000o0oooo0ooooo0ooooooooooonoo 15
O0000O0dHCCIODOODOOOOOOOOooOooOooooo
oo00o0ooooooooooooooo
3.2 HCClOOOOOOOoOOoooo

(4

Crank Angle CA-ROHRmax
(deg.ATDC)

ddddooooooooooobobobobobooooo 5 . . .
O0D0OO0OO0OHCCIODOOOODDOO0OoOoooonooo 5 10 15 20 25
0000000000000SI000000000000 Crank Angle CA-Imax (deg.ATDC)
00000000000 oD0oooDoooDoooooon Fig.7 Relationship between the Crank Angle of the
Fig4OOOOOOOSIDOOOOOOOOO0OO0OOO0OO0 Maximum lon Current and the Crank Angle of
0000000000000 000o00o0oooooon the Maximum Rate of Heat Release with
0000000000000 Changing the Engine Combustion Conditions

godoooooooboooboooooooooo
Ododdooboooobooobooooboooooao
00000000 ooo0oo0oo0oo0oodoFrg7000O
Ododdooboooobooobooooboooooao
OO0CAImxOOOOOO0ODOO0ODOODODOCA-ROHRmaxO O
0oddoobooooboooboooobooooooaoo
0doddoobooooboooboooobooooooao
0doddoobooooboooboooobooooooao
0000000Y00000000000000000
O0000000ooo00oooooooooooooon
0000000000000 00002deg.CAODODOODO
oo0ooooooo

O000000000DooooooNoODOonooooo
DDDDDDDDDDDDDNOD\DDDDDDDDDD Maximum lon Current and the Crank Angle of
000000000000 00D 000000000 the Maximum Temperature with Changing the
O0000000ooo00ooooooooooooooon Engine Conditions
00000000000 oDoooDoooDoooooon
Fig80 0O DODOODODO0OODDOODODODODODOOOOO 0000000000000 ooooooooooon
O0000000CAImxDO 00000000000 CA-Tmax 0000000000 0oo00ooooooooooon

30

25

20
A

10

@ OL=-140deg. 1500rpm —|
A OL=-140deg. 2000rpm
[l OL=-160deg. 1500rpm
€ OL=-160deg. 2000rpm

T T

Crank Angle CA-Tmax
(deg.ATDC)

10 15 20 25 30
Crank Angle CA-Imax (deg.ATDC)

Fig.8 Relationship between the Crank Angle of the

— 133 —



ooboooooooooboooooooo

No.230 20050

ggobooboobbooboobobobobooboo
000000000000 0000DO0dbdeg.CAODODO
ug

Fig7000OFig8000DODOOODOOOODOODODO
ggobooboobbooboobobobobooboo
ggobooboobbooboobobobobooboo
go0o0oOo0o0o0o0obo0ooboOoboooONoOxoooooono
J00000bOOobDOoboOooONOxOOOpembOOOoOnO
gooooooobobbbbbbooooooooobooboobo
HCClIUDODOUODODODOODOOHCcCcibobooboooo
gobooooobbooooobbboouoobboo
gobogoooNoOOOODbOobObOOobobooboboboo
gogboboobooboboobboooba

33 DO0bOobooooooooo

g0oobo0oOobOoobooOodHCcciIboobooDooo
gob00o0ob0o0obOoobOoOobooOoHCciIboboDboOoo
ggbobomoobooobooboooboobbooo
ggboboooboobobooboobbobobooboo
ggboboooboobobooboobbobobooboo
ggboboooboobobooboobbobobooboo
ggboboooboobobooboobbobobooboo
0000000000000 000Figl0 000000

T T 1.0
OL=-160deg.

2 | " 5 €
< 6 Ne=1500rpm r08 o ‘é’
= AFR=16.1 =
- I""Isum F 0.6 8 (:Ig
5 4] | TNy
pud L © -—
: ¢ e g e
O 2 o 9
c \\ F02 Z &
o O
0 0.0
35 1.0 8
—~ 30 1 . £
3 25 |"|" % g
9 ROHR 1o
S 20 {"‘ MFB 0.6 s
2 g m
o 151 04 B L
O 10 1 U“; =
x ;| | - 0.2 @
=
0 24 0.0

AN
]

1 1 \\

Pressure P (MPa)
N

20 10 0 10 20 30 40 50 60
Crank Angle CA (deg.ATDC)

Fig.9 Typical Signals of lon Current, Normalized lon
Current, Rate of Heat Release, Mass Fraction
Burned and Pressure

gogboooobooboobbooboobbooboo
gogboooobooboobbooboobbooboo
gogboooobooboobbooboobbooboo
gobobolooobobUoobobbooobobuoobobooo
gogboooobooboobbooboobbooboo
gogboooobooboobbooboobbooboo
gobooooobogo
Fig.l100ODOODOOOODODOO0O0ODOODODOODCA
gooboooooboboboboocADbDoboobooo
goobobOobiloobogroobobobobobooon
gogboooobooboobobooboobbooboo
oo0o0o0o0o0ob0o0obOoboboobooobOoOoDbUOoocA-
sgo0UbUubobUoOobOoOobUobobOobobOobobooD
gogbooooboobboobobooboobbooboo
gogbooooboobboobobooboobbooboo
gobooboboboboobuoobuooboobobo
Figo OO OODODODO0O0DO0O0ODO0DODODOoooO

-~ 50
8 2 CA10
e = CA50
o 40 7+ CA60
< x CA70
m x CA80 e
w 30 T F
= + CA90 A
< ¢t x
&) 20 p +§)(}K;; ; X £
o s
g ﬁ* *
<

10
X &
S £
o

0 T T T T

0 10 20 30 40 50

Crank Angle CA-lon (deg.ATDC)

Fig.10 Relationship between the Crank Angle of the
Normalized lon Current and the Crank Angle
of the Mass Fraction Burned

~30
(@)
o
'_
<
(@)
3
—20 A
x
©
IS
o
<
O
o 10 A
(o))
g OL=-140deg.
X Ne=1500rpm
S AFR=14.75
—
O 0 T T
0 10 20 30

Crank Angle CA-Imax (deg.ATDC)

Fig.11 Relationship between the Crank Angle of the
Maximum lon Current and the Crank Angle of
the Maximum Pressure with 345 Cycle Plots

— 134 —



No.230 20050

goooog

ggoboooboobbooboobboobooboo
ggbooboooboobbooboobbobobooboo
gooog

gobooboobbooboobboobooboo
ggoboooboobbooboobboobooboo
goobobobomnooooboobobobobooo
gogboogoooooboo

34 DO0DOODOOOOOOoOooOOooOoo

gobooboobbuooboobboobooboo
ggobooboobbooboobboobooboo
0000000000000 000000FRg110000
go0o0oobooboobCAIUOO000oooooooon
CA-Pmx03450 000000000 0O0O0O0ODOOOODO
ggoboooboobobooboobboobooboo
ggoboooboobobooboobboobooboo
gooOHCCIUODOOObOOoobouoobuoobuooboo
ggboooobooboooobooboobobooo

40000

gobooboobbuooboobbooboobooo
J00O00bO00bO0o0obOO0oOoboboOobobOgHecIDOO
goboooboHCCIDObOOoobouoobooboooboo
goHCCIOODOOODODOODODDOOODOObOOoOoDOoo
ggbobooboobobooboobbooboobooo
ggbobooboobobooboobbooboobooo
ggboobooboboobooobuooboobo
HCCIOOOODOOOOoOOOoooooboobooooo
goboboobooobooboooboo
gHCCiID O ooooogooobooobboooooooo
goboobooboboobooobooboon
2000ddoooobobobobbbooodooooooo
gobooboobboobooboboooboo
0o boobobbboooooooooo
gooooobobbboboooooooobobooboo
goboobbooboobobodcciboobnoonoo
goboobooobooboboooboo
000000000000 oobobobobbbbobooga
gooobobobboboboooooooogobovronobO
goooobobobbbobooooooooboooboobooo
gooobobobboboooooyoooooooooooo
goboobooooo
S50000doooobobobobbbodooooooo
gooooobobbbobooooooooboobooobob
gbobobooooobooodHecioboboooooogo
goooooooobooobgooboobooboooo
oo

goodg

(1)O Lawton, J., et al.: Electrical Aspects of Combustion,
Clarendon Press, Oxford [0 19650

(2)0 Tomita, E..et al.: Turbulent Premixed Flames Under
Lean Conditions Studied with
Measurement in a Homogeneous Charge Spark-
Ignition Engine, SAE Paper, No. 2000-01-194000 20000

3000000000000 00 019850

400000000000 0000000 019970

G O00000000000000O00O0O0OooOooa
00000020 11 36-2820 p.808-817 11 19700

(6)0 Saitzkoff, A., et al.: An lonization Equilibrium Analysis

lon Current

of the Spark Plug as an lonization Sensor, SAE Paper,
9603370 199601
(HMOO000000000000000000000000
000 BO O 60-57200 p.1486-1492 [0 199407
(8)0 Calcote, H. F., et al.. Negative and Secondary lon
Formation in Low-Pressure Flames, 10th Symposium
(Int.) on Combust., p.605-619 [0 196501
(9)00 Strandh, P., et al.: lon Current Sensing for HCCI
Combustion Feedback, SAE Paper, N0.2003-01-3216
00 20030
(00 Vressner, A., et al.: Multiple Point lon Current
Diagnostics in an HCCI Engine, SAE Paper, No0.2004-
01-09340 20040
(10 Willand, J., et al.: The Knocking Syndrome-lts Cure and
Its Potential, SAE Paper, N0.9824830 199801

m000m

ggod gooo

oooo

— 135 —



oobooooooocoooon

No.230 20050

goooo
25 Ooo0oOoOo00ooooooo
Process Development of Face Hobbing-Hypoid Gear
D0O0O0000" 0000000 gooooooe:
Hiroaki Tanaka Shinji Yamamoto Akihiko Higuchi
oooooooes
Takeo Bando
ood

goooooboobgooooobooboobobobboobobobooobobobbobobOobOooD
0000000000 DO00000000D0OD0000000DODODOPTOOPower Take OFfO0OODODOO
gogboooobbooboooboobbooobooobbooboobboobUo0obbooboobbOooo
gogboooobooboobbooboobobooboobbooboobbooboobboobOoobobo
gobooobooboobboobooboobbooboobbooboo

gobgooboobbooboobooobooboobobooboobbooboobboobOoobobo

goboooobooboo

Summary

Mazda has been doing the hypoid gear cutting by using the Face-Milling. In the new 4WD

development, we were asked to develop smaller and more quiet PTOO Power Take Off(] . In order to

reduce size, we adopted more rigid Face-Hobbed-gear for the built-in hypoid gear. Face-Hobbed-gear

is produced through the so-called Face-Hobbing. In quest for high-rigidity and quietness, we

thoroughly refined the hypoid gear cutting process, and made hunt for absolute cost.

This paper introduces our approaches to reduce as much process of hypoid gear cutting as

possible.
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Fig.5 Cutter System of Face Hobbing and Milling

Fig.6 New Machine for Grinding of Stick Blade
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Table 2 Tooth Form Design Control Factors and Levels

1 2 3
Heat Treatment Timing head middle
Position in Heat Treatment Palette [ front left | center |back right
Pattern Length Factor 0.35 0.5 0.6
Blade Curvature 50 200 0(o0)
Delta Gamma X -1.5 0.5 2.5
Delta Psi -0.75 -0.5 -0.25
Delta Ax -0.015 -0.005 0.005
Cutter Radius Change —-0.005 0 0.005

Table 3 The Error Factors and Levels

1 2
Heat Treatment Modification small large
Torque (Transmission Error Measurement) low high
Alignment (V/H) 0/0 80/120
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Approaches to Repress AT’s “Squeak and Rattle”
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Summary

To improve production quality of Automatic Transmissiohl AT we developed a method to
automatically check extraordinary vibrations that is the cause of “squeak and rattle”, detecting
vibrations in Automatic Transmission with final assembly check machine. Conventionally, identifying
the cause of “squeak and rattle” wasn’t easy due to the plural factors. The use of “Mahalanobis
Taguchi Systeril MT system[ in the Quality Engineering and “Wavelet Transform” enabled us to find
conditions to detect “squeak and rattle” as extraordinary vibrations. This helped repress “squeak

and rattle” as well as improve the production quality of AT. We incorporated this approach into the

actual production. This paper introduces our approaches focusing on the process improvement.
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Table 1 Waveform Data of MT System
*MTS Objective Units

. for for
Objeot Category Master Space |Validation
Good 27 26
Abnormal Dent on Sec. Gear 1 1
Dent on Final Gear 1 1
Total 29 28

-Standing ; Thirst for Difference
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Table 2 Counted Value

Contour Derivative Element
Value [000]005]0.10[0.15]0.20]0.25][0.30 ] 035 [ 0.40
Count 0 | 2| 4|56 4620
Contour Integral Element
Value [0.00[0.05[0.10[0.15]0.20] 0.25] 0.30 | 0.35 [ 0.40
Count 100 [ 98 |85 |75 [ 68 [ 55 |38 [03 [00
Table 3 Image of Feature Amount
Character <— Derivative Element —
Name& No. 1 2 3 ~ 48 49
Good 1 0 0 0 0 0
Good 2 0 0 0 0 0
Good 3 0 0 0 0 0
Good 53 | 0f 0f 0f [ o] o]
Character <— Intergral Element —
Name& No. 50 51 ~ 97 98
Good 1 24999| 24999 0 0
Good 2 24999] 24999 0 0
Good 3 24999| 24999 0 0
Good 53 | [ 24999] 24999] [ of o]

Character Ave. Area | Swing | Max. | Slope
Name& No. 99 100 101 102 103

Good 1 0.0178] 0.0446| 0.101| 0.0448) 0.0193
Good 2 0.0223] 0.0557| 0.161]| 0.0787) 0.0182
Good 3 0.0234] 0.0586] 0.202| 0.065] 0.019

Good 53 | [0.0351] 0.0879] 0.198] 0.129] 0.0199)

Selected Character

Charjacter —
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— < Effect = +

Fig.6 Feature Amount in Order of Effects
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Table 4 Misjudgment Rate

for Master Space
Waves used in
Availability Analysis

for Validation
Waves Not used in
Availability Analysis

Abnormal 0% 0%

Good 0% 42%
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Table 5 Datum Space Data after Noise Removal
*Parts to be Studied

for for
Master Space | Validation
Good 161 16
Dent on Sec. Gear 1 1
Dent on Final Gear 1 1
Total 163 18
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Fig.16 After Introduction into Mass-Production
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Development of Efficient Near-dry Machining
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Yasushi Hirai Hideo Kawasaki
ood

coooboooobooobooooooooooooooooooooooboooooooooobooooogn
gobooobooooooooobodobooooboooooooooooooooooooooooooon
gobooooooooobooooboooooooooooon

ooboooobooobooboooooooooooooooooooobooboboOoD200b00DbDbOODbDOO
gobooooooboooooboobooooboooooooooooo

Summary

We are forwarding “near-dry machining,” using particle of lubricant instead of coolant for the
purpose of improving quality, reducing cost, and the environmental protection by reducing industrial
wastes and energy and improving working environments. In the oil-hole-drilling operation for
crankshaft, we found a machining condition to double the feeding speed according to Quality

Engineering, and incorporated the approach into our the mass-production.
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Near-dry Machining

Wet (Conventional)

Fig.1 Wet and Near-dry Machining
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Table 1 Application of Near-dry Machining

O:Applied X :not Applied —:no Process

Process
Parts Materials Drilling gm:ig Reaming| Boring Fi?:?ntg Turninng
Cylinder Head Aluminum (e} O O X O -
Cylinder Block Aluminum (@) (@) @) ] @] -
Crankshaft Steel @) @) o O O X
Connecting Rod Steel O O O (] O -
Knucle Cast Iron (@) (@) (@) O @) -

0il Holes(Pin)

0il Holes(Journal)

Fig.2 Crankshaft Oil Feed Holes
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Table 2 Characteristic of Optimum Drill

Aim Mean

Improve Chip Ejection

Large Flute section

Big Heel Chamfer

Large Flute section

Back Taper in Flute

Improve Flute Roughness

Lapping after Coating

Prevent Chip Packing

Deep Web Thinning

Break Chip into Small Parts

Make Chip Round

Smal| Radius of Flute

Prevent Corner Edge Chipping

Optimize Corner Edge

Negative Rake
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y :Power Consumption

M:Removed Weight

Fig.5 Generic Function
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Fig.6 Noise and Signal Factors
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Table 3 Control Factors and Level

Factors 1 2 3
A.No Factor - -
B.Self Pilot Depth No Guide Low High
C.Pilot Hole Depth Low Medium High
D.Pilot Hole Diameter Low Medium High
E.Mist Pressure Gap Low Medium High
F.External Mist No Mist Qil Oil-Water
G.Speed(rpm) Low Medium High
HFeed(mm/rev) Low Medium High
Pilot Hole
Self|Pilot
Deep Hole Drilling 7]

Fig.7 Self Pilot
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Table 4 Optimum and Initial Condition

B C D E F G H

oil -

Optimum Water

Medium Low Low High Low Medium

Initial Medium Low High Medium [No Mist]| Medium Low

Table 5 Confirmation Experiment

SN Ratio (dB)

Estimation

Sensitivity (dB)

Estimation

Verification Verification

Optimum 107. 34 98.68 -14.90 -14.90

Initial 80.96 95. 45 -13.72 -13.54

Acquisition 26. 38 3.23 -1.19 -1.36
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Table 6 Mass Production Condition

oood
Tool Speed Feed
{Index) (Index) ()DD0O000D00OD0O0000O0D0ODO0O00ODDOO
Conventional Conventional Drill 1. 00 1. 00 000000000000 0000000450003
Optimum Optimum Drill 0.88 1.92
0 0O P46 20040
1.2 rEEtting Time:
Conventional Reduced by 20% mOb0.

1.0
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<08
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£ 06

= 2 X Feed
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Fig.10 Cutting Time

Energy Consumption (Index)
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Fig.11 Energy Consumption
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Introduction of Reborn of U2 Trim & Final Assembly Plant
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Summary

In order to support Mazda’s product-led growth, Mazda’s Ujina Assembly Plant No.20 U200
resumed production in May 2004 as an array of initiatives to reinforce production.

With its basic concept “upgrade to ‘slim,” ‘straight,” and ‘high-quality’ plant running flexible and
synchronized production,” U2 aimed to be the “benchmark plant in the world,” or the state-of-the-
art plant in technology and wisdom. It wasn’t a mere resurgence of a dormant plant. U2 took full

2

advantage of “resumption of a dormant plant,” with tag lines “full use of accumulated wisdom for
technologies and product-making” and “selection and integration.” It was synonymous with the
maximal use of existing facilities with strategic investments. U2 built targeted trim & final
production lines with a quarter of the ordinary investment.

Now, every global automakers commonly pursue the three concepts, 1. friendly to humans and
environment, 2. synchronization and high quality, 3. flexible production line for multiple models.
This paper introduces our basic thought, approaches, and its characteristics to incarnate the three

concepts.
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Table 1 Quality Assurance Item in Process

operation/ vehicle

process |2t |tructure Assurance ltem

*Quality assurance in process

(@] Drawing — Process Sheet— Assurance item— Actual work
— Recheck & reconfirm compatibility

o * Fastening quality

— Quantitatively assured by fastening error proof system
* Application/attaching quality
O — Assured by all —around urethane application shape
measurement technology

o +Fluid filling quality

—Trend monitoring by residual air measurement technology

ol Connecting quality (Coupler)

—Assured by inertia lock connector (“click’ness)
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Introduction of U2 Paint Shop’s Renewal
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Summary

In May 2004, U2 paint shop resumed production aiming to realize Mazda’s production line concept
“slim, straight, and high-quality plant running the flexible and synchronized production”. It made
the maximal use of the merit “resumption of a dormant plant” with lesser production lead-up time.
Using existing buildings, layout, facilities while bringing together the accumulated Mazda’s latest
production engineering and manufacturing wisdom, U2 paint line was rejuvenated with significantly
reduced investment.

This report introduces the basic thought and the approaches to achieve three concepts, 1. friendly
to humans and environment, 2. synchronization and high quality, 3. flexible production line for

multiple models.
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By establishment of dirt detecting technology, determination of dirt
source, countermeasure, and wiping operation reliability are improved.
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®Qptimization of
rinsing condition

Fig.8 Dirt Detecting/Eliminating Technology
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Table 1 Conventional Method of Positioning of
The Body

Conventional method

Detect/Correct the
position of the body

Restrict the position of

concept the body

Applying
accuracy

Locator pin Fixed camera

X A

1 model/1 device

correspond

Generality
Commonizable if it is in view

Qualification for
double—deck layout X A
(Interference with robot)
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Development of the Dust-Free Spray Method
for High Viscosity Paint
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Summary

“ High-viscosity paint” is widely used combined with* airless spray paint,” that atomizes paint by

high pressure. In vehicle paint, it has been used for“ undercoating.” However, since it generates

paint dusts, additional works, such as doing the masking, were needed. This was a long-standing

concern.

We developed a new dust-free spray method requiring no atomization. This high-precision paint

technology paved the way for the rebirth of U2’s paint shop. This paper introduces details of this

development and application centering the undercoat process.
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OO : Masking area

[] : Undercoat area

Fig.1 Lower Side of Body
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Spray Pattern Width

Fig.2 Paint Dust of Airless Spray
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Spray Pattern 50~200mm 10~30mm Stabilization
Width
ON/OFF Timing
Film Thickness | 0.1~1.0mm 1.0~3.0mm Control
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) Fig.4 Approach of Development
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15mm

Fig.6 New Slit Nozzle

Airless Splay Slit
Fig.7 The Edge of Paint Pattern
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New Application Method

Conventional Application Method

Fig.13 Comparison of the Area not to be Painted
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Activity for Realizing the Checking fixture the Pursuit of the Absolute
- Development of the Data Plugging / Fitting Evaluation Method
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Summary

To date, we’ve been driving a diversity of approaches to curtail cost of checking fixtures by which
we control dimensions of stamping parts and body assembly parts. We’ve expanded the use of CMM
0 Coordinate measuring machinesl] integrated checking fixtures, re-used components of checking
fixtures, and reduced the cost of new components of checking fixtures. Now that our cost reduction
ideas were depleted, Mazda’s Production Engineering re-defined its thought for the dimension
control and introduced the concept of “absolute cost.” Based on this direction, we set our activities
in motion aimed at a large reduction of investments.

This paper introduces our approaches towards the realization of absolute cost and show you some

examples centering the “development of data-Kango evaluation.”
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Summary

Timed to the production start-up of new Premacy at Ujina-plant’s body shop in December 2004, we

grappled with the long-awaited application of our flexible production system into the Underbody

assembly.

This paper indicates history and challenges of Mazda’s “flexible body assembly line,” as well as the

outline of Mazda’s “flexible production system,’

deployed this time.
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