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Introduction of All-New Roadster
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Takao Kijima Munenori Yamaguchi Koichi Akiyama
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Summary

“ Jinba-ittaill Oneness between horse and rider[ and“ Lots of Fun”0 this is the consistent
concept we have been pursuing since the first generation Roadster. We have taken over this concept
and evolved further to develop the new model Roadster for the third generation.“ Jinba-ittai”
stands for such a close relationship between driver and vehicle that the driver can obtain
sympathetic response from the vehicle. Also,” Lots of Fun” stands for a fun of looking at
outstanding styling, a fun of controlling the vehicle at will, and a fun of easy driving with roof open.

We have achieved the product concept as follows[

10 Fun of looking at outstanding styling
0 Fun and modern exterior that has taken over the first and second Roadster designs.
0 Compatible interior that gives comfortable tight feeling and open-airy feeling.

20 Fun of controlling vehicle at will

[0 Compatibility between ensured body rigidity and weight reduction, and Optimization of weight

distribution.

[0 Agile and vibrant performance pursuing® Jinba-ittai” feeling.

[0 Nimble and crisp handling pursuing® Jinba-ittai” feeling.

30 Fun of easy driving with roof open

0 Enhancement of soft-top operability, and comfort driving with soft-top opened.

0103 020000000000

Program Management Office No.2
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Fig.1 Exterior Design
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Table 1 Exterior Dimension

All-New MX-5 2nd-generation MX-5| Difference
Overall length (mm) 3995 3955 40
Overall width (mm) 1720 1680 40
Overall height (mm) 1245 1235 10
Tread Front/Rear (mm) 1490/1495 1415/1440 75155
Wheelbase (mm) 2330 2265 65

32 0DOOOO
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Fig.2 Interior Design

Fig.3 Meter Panel & Steering Wheel
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0000000000oooooooooooooon
00000000000000000000000000
00000000000000000000000000
0000000 Table 20

Table 2 Interior Space
All-New MX-5 2nd-generation MX-5| Difference

Interior length (mm) 875 865 10
Interior width (mm) 1415 1355 60
Interior height (mm) 1045 1025 20
Head Room (mm) 950 933 17
Leg Room (mm) 1096 1086 10
Tilt Steering Equipped N/A

(mm) 32
Slide Range (mm) 230 180 50

A00bgo0bgobooboabon
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Table 3 Weight Comparison

All-New MX-5 2nd-generation MX-5 .
difference
(with ABS) (with ABS)
1100 kg 1090 kg 10 kg

(1) Doooooo
O0O0CAEDOOOOODOOD0O0ODDD0ODONONDOOO
0000000000000000000000000aQ
00000000000000000Fig4

Blue:Ultra-high-strength Steel
Light blue:High-strength Steel

Fig.4 Ultra-high-strength Steel Sheet and
High-strength Steel Sheet Locations
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Fig.5 Decklid Employs Spot Friction Welding of
Aluminum and Steel
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Weight savings in front and rear bumpers

Weight saving in bonnet
Weight saving in engine

Weight saving in boot lid

Engine positioned further rearward

Slanted radiator for lower centre of gravity Lower centre of gravity in fuel tank

Fig.6 Optimal Front / Rear Weight Distribution
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Fig.7 LF-VE Type Engine and Six-speed
Manual Transmission
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Fig.8 Engine Performance Curve
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Fig.10 Multilink Rear Suspension
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Table 4 Brake Specifications

All-New MX-5
Pedal ratio 29 41
Booster ®9inch ®d8inch
Front  |piston(mm) ©54.0 -
thickness (mm) 22/ventilated -
diameter (mm) $290 270
Rear piston (mm) ®38.1 »34.9
thickness (mm) 10/solid -
diameter (mm) $280 D276

2nd-generation MX-5
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Fig.13 Air Conditioning Performance
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Design of All-New Roadster

oooooogaon:
Yasushi Nakamuta
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Summary

It is roadster/MX-5 of the original and the second generation that has been loved by people of
various generations all over the world generation for a long time of 16 years. This time New
Roadster/MX-5 has been developed by recognizing the features of a word“ five” again and making full
use of hot technology aiming at a concept of rider and horse as one. The basic concept of the time New
Roadster/MX-5 is to achieve a modern styling with the fan that has further evolved while taking over
unique design images from the original and the second generation in design development activities.
Moreover, we had aimed at a new value of a lightweight sports car of the next generation resonated

with a wide range of customers by pursuing improvements of a tight comfortable interior space, and

the functionality and safety as might have been expected with a light weight open-top sports car.
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Fig.5 Side View
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Fig.6 Rear View
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Fig.7 Interior Theme Sketch
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Instrument Panel
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Fig.9 Meter & Steering
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Fig.11 Body Color
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Fig.13 Black Interior
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Package of All-New Roadster
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Summary

Roadster is a sports car that has well-balanced driving performance within its compact and
lightweight body, thus enabling all drivers to handle it easily.

For optimum development of all-new Roadster’s package, we aimed” to inherit and evolve driving
performance of Jinba-ittai, or oneness of motion between Rider and Horse”. We also studied to
improve a platform and an upper package under development themes of* improvement of harmony
between car and driver in motion” and" compatibility of body compactness with interior space
expansion”.

For accomplishment of the* improvement of harmony between car and driver in motion”, we
reduced yaw moment of inertia and height of center of gravity while maintaining weight distribution of
500 50 through the optimum layout of a heavy unit with a focus on“ front mid-ship layout evolution”.
For the® compatibility of body compactness with interior space expansion”, we enhanced package
efficiency by analyzing a necessary interior space for driving, and developed an interior space large
enough to accommodate various drivers within an equivalent body size to that of a second generation

model.
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Engine & Transmission
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Move engine center position rearward
by 135mm from 2nd generation model.
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Move battery position closer
to gravity center of vehicle
by 265mm than 2nd generation model.
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— New model

Move fuel tank position frontward d
------ 2nd generation model

by 110mm from 2nd generation model.

Fig.4 Package for Reduction of Yaw Inertia Moment
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Task for Harmonizing Tastes of Dynamic Performance
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Summary

For the development of the new Roadster, we had organized a task team mainly consisting of experts in
charge of dynamic performance testing and research, and worked on the activities for unifying tastes of
principal performance areas and incorporating the sense of unity over the entire car. The purpose of the
activities is to create the new Roadster, a product that symbolizes Mazda Brand DNA and provides lots of
fun for the customers in every scene from door opening and getting-in-car to high-speed or on-winding-
road driving. Through the activities, our task team had incorporated the sense of unity of the tastes in
everyday scenes with an especial focus on the customers’ casual driving scenes and has created a product
that enables customers to always feel its concepts® Jinba Ittai” -- or' Oneness between Car and Driver’

and“ Lots of Fun”. This report will explain our development methods for the new Roadsters.

AE—ERDEH L
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Summary

In order to inherit“ Jinba Ittai” and further evolve Fun to Drive”, we worked on the realization
of the Performance Feel that even extends to the fun of shifting operation and the comfort of the
sound to the customers, not only on the areas such as the engine power and the acceleration time.
We realized the feeling full of nimbleness that matches the driver’s intention by conducting the
thorough analyses on the flywheel, the driveshaft, and the control system, with the aim of

elaborating both the good acceleration response and the variations in acceleration responsive to the

engine speed, which are the main elements of the performance feel.
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Summary

In order to embody the basic concept of Roadster” Lots of Fun”, which is expressed in its
catchword” Jinba Ittai”, or oneness of motion between Rider and Horse, and to further evolve it,
stability and nimbleness as a light-weight sports car and ride comfort and road noise reduction have
been thoroughly pursued in the development of new Roadster.

With a double wish bone front suspension and a long link, multi-link rear suspension, by pursuing
linear geometry changes and optimizing compliance characteristics, a high-level balance among
handling stability, ride comfort, and road noise reduction has been achieved. Despite a conventional
rack drive hydraulic power steering, natural and comfortable linear steering feel has been
accomplished throughout the whole speed range from low to high speeds.

Each brake ensures braking performance high enough to support sporty driving, which has
realized by enlarging the diameter of each of brake front rotor and rear wheel cylinder. Furthermore,
adoption of an upsized brake booster has accomplished linear braking under all conditions.

For the body to have high stiffness even with an open body and handling stability, improvements
were pursed in static bending/torsional stiffness of the whole body, and local stiffness using
deformation analysis under dynamic conditions. A stiff under body framework and effective use of
ultra high tensile steel/high tensile steel for various areas of body, has accomplished the lightweight

body with stiffness maintained.
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o5 O0oood 06 NvHOOOOO
Vehicle Testing & Research Dept. NVH Development Dept.
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Table 1 Target Items for Two-point Distance

Excitation Mode
Targets -
Lateral | Torsion
@ |Fr. suspension tower diagonal O O
@ |Fr. suspension tower pitch O
Diagonal from A pillar base to B
® pillar under O
@ |Rr. package diagonal O
Fr.suspension crossmember
© diagonal O O
® |No.1 pitch O
@ |Tunnel diagonal(the longer) (@) (@)
Tunnel diagonal(the shorter) @] (@)
Rr.suspension crossmember
@ diagonal O

Fig.15 Measurement Location for Two-point Distance

Amount of change in Distance

Two-point distance
under lateral loading
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Summary

We believe that we have developed New Roadster / MX-5 capable of enjoying such an excellent
performance feel that it will be figured out easily with a just five-meter drive. You will immediately
feel that this is exactly what New Roadster’'s performance is. This has been achieved by working
toward new technology developments with firm intention, especially focusing on the MZR2.0L engine
and the 6-speed transmission and by overcoming various barriers with utmost efforts. This paper

will introduce such new Powertrain technologies.
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Table 1 Powertrain Line-up

Engine Transmission JPN N. America Europe Australia
2.0L 6MT [ [ ] [ ] [ ]
5MT [ ] [ ] [ ] -
BAT [ [ ] - [ ]
1.8L SMT — — [ ] —

0106 OOODOOOODOOOOO
Powertrain Development Promotion Dept.

04 030000000
Engine Development Dept. No.3

02 D1lO0O0O0O0OO0OOO
Engine Development Dept. No.1

Os5 O00ODoOoooooOooo
Drivetrain Development Dept.

03 0D00O0o0oUOoooooooo
Powertrain System Development Dept.
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Integrated Dip-Stick
Plastic Engine Cover

Plastic Cam Cover

Electronic Throttle
control

*Long Branch
Plastic Intake Manifold

*Variable Induction
System(VIS)

*Sound Surge Tank

*Low Intake resistance

*High Compression
ratio

*Light Weight Piston

*Graphite coating

[ Light weight Fywheol | [Auminum Gyinder Biock| [ Auminum il pan_|

[] Ootimized for New Roadster

Fig.2 MZR Engine Key Feature

Fig.3 Longitudinally Mounted with a 10°Slant

0000000000 Table20OOO

Table 2 Engine Main SpecificationsCl MZR2.0LO

MZR 2.0
water-cooled:four cylinders;
in-line; longitudinally mounted

Engine

Cylinder and layout

Displacement(cm?) 1998

Bore x Stroke(mm) 87.5x83.1
DOHC 16 Valve

[in. 35

[Ex. 30
Compression ratio 10.8

Fuel supply Electric Fuel Injection
Max.Power(manual transmission) 125kw/6,700rpm(JPN)
122kw/6,700rpm(JPN)
189Nm/5,000rpm(JPN)
189Nm/5,000rpm(JPN)

Valve mechanism
Valve diameter(mm)

Max.Power(Activematic transmission)

(
Maxtorque(manual transmission)
Maxtorque(Activematic transmission)
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Table 3 Emission Regulation Compliance

Destination Compliance Emission Engine
|Japan U-LEV Gk k) 2.0L
N.A(Green States) ULEV2 2.0L
N.A.(Federal States) Tier2 Bin5 2.0L
Europe Stage4 1.8-2.0L
Australia Stage3 2.0L
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Shift feel improvement
-Triple corn synchro (1-4) introduction.
-Wearing loss reduction in the sliding area.

High rpm (8,500rpm) control
-Reverse synchro located
on the main shaft.

Fig.12 6MT Design Concept
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Fig.13 Six-Speed Activematic Transmission

000000000 Table4D O OO

Table 4 Transmission Gear Ratio

Market

T/M

1st

2nd

3rd

4th

5th

6th

Rev.

FGR

JPN/USA

6MT

3.815

2.260

1.640

1177

1.000

0.832

3.603

4.100

EU/ADR

6MT

3.709

2190

1.536

1.177

1.000

0.832

3.603

3.727

ALL

5MT

3.136

1.888

1.330

1.000

0.814

3.758

4.100

ALL

6AT

3.538

2.060

1.404

1.000

0.713

0.582

3.168

4.100
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Fig.14 Single Unit Shift Link
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New Roadster Target
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Fig.15 Clutch Characteristic Target
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Summary

It can be said that safety performance against an automotive crash event is one of the most important

performances in recent years. Safety performance at side crash is demanded to a similarly high level of improvement

in frontal crash safety performance. Mazda had started, from Atenza, development of an airbag system that

positively protects the driver’s and front-seat passenger’s heads and thoraxes as well as rear-seat passengers’ heads

by combining its curtain airbag with its front-side airbag, and has developed a side airbag equipped with a new head

protection function to further improve the safety performance against the side-crash in a like manner for

an all new Roadster as a convertible. This paper introduces the contents of this development as follows:
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Summary

For all-new Roadster to offer the comfortable open top running, we developed a technology of
“ Wind flow control ” and “ Air-conditioning system for open running” For the wind flow control,
the body requirement that would ensure compatibility with concept design was clarified and an
aeroboard of mesh type was developed. For the air-conditioning system for open running,on the
other hand, a waist vent was newly designed to improve uncomfortable feeling due to the sunlight of
summer or the cold air of winter, and two open modes were added to five current air-conditioning
modes.

The all-new Roadster have enabled comfortable open running throughout the year by the

technology that provides wind flow and air-conditioning flow control.
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Summary

All-New Roadster, imaged as a pure light weight sports car, has an excellent interior which has
been so developed that it may give an advanced impression though simple, based on clean
sculpturing and new material feeling. As one of means for forming an image of the interior, it uses
grain which is applicable to a surface of an interior trim material. The grain has been developed for
the new Roadster to positively express a new design concept, from the results of studies on various
domains such as design and mass-production.

The grain is one of key design factors that tells the customer the image of the interior as with an

interior color. This paper introduces the features and detailed development of the geometric grain of

the new Roadster.
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Fig.1 Grain Modeled on Leather

Fig.2 Grain Modeled on Sand Surface

Fig.3 Grain Modeled on Geometric Pattern
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Fig.6 Sample of Grain before Paint

Fig.7 Sample of Grain after Paint
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Table 1 Feature of Instrument Panel for Grain

Term Feature

Material PP

Method of grain Etching

Process influencing grain Paint
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Table 2 Feature of Door Trim for Grain

Term Feature

Material PVC

Method of grain Sculpture

Low pressure
injection molding

Process influencing grain
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Fig.10 Grain of Instrument Panel
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Fig.11 Grain of Door Trim
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Table 3 Evaluation of Grain

Parts Instrument panel Door trim
Term
Gloss 1.1 0.8
Glare 11 1
Contrast 9.3 9.7
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Bose® Sound System for All-New Roadster
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Summary

With a dynamic EQ change, the Bose® Sound System automatically adjusts its premium
performance, whether the top up or the top down. This is just one example of how the Bose Sound
System specifically designed for all-new Roadster has made its significant evolution from the second
generation Roadster’s system. The fact is that a compact light-weight open sports car presents many
more challenges in the development of a good audio system than those of typical sedan types.

The Bose sound system for all-new Roadster realized a suitable premium sound system for the
convertible sports car, by tackling these challenges in collaboration with Bose from a system
selection phase. The technologies such as AUDIOPILOT™ noise compensation, digital EQ amplifier
and high-performance, lighter-weight Neodymium magnets in all speakers have been incorporated in
the basic design and function of the system. We took more than hundreds of individual acoustic
measurements in all-new Roadster. The collected data was used to engineer the sound system
specifically for the acoustics of the cabin, top open / closed and down to the interior material
options, thus a natural frequency response, great sound stage and accurate stereo imaging were
achieved through the fusion of the newest sound tuning technology with human sensitivity.

This paper introduces the efforts put into the development of the successful premium audio

system by Mazda and Bose for all-new Roadster.

0103 00000 04 O00D0O0O0OOOOOOOMW
Electrical & Electronics Development Dept. Bose Automotive K.K.



No.240 200601 ogoooao

woogb

gobooboobbooboobboobooboo
ggbooboooboobbooboobbobobooboo
ggoboooboobbooboobboobooboo
goboobo0oboo™mooooboobuobobooo
gogboogoooooboo

gobooboobbuooboobboobooboo
ggobooboobbooboobbobobooboo
ggobooboobbooboobbobobooboo
ggobooboobbooboobbobobooboo

B Dicmboasd condir - B miad-redlh facee sk

gopoo00o0ogouoooooouoooooooouogog B Door Bomi misHhigh rmngs speaker
00000000000000000000000000 ﬁﬁﬂ"’m:'“;ﬂ“:l":ﬁ“mhm_mm_um
ooooooon @ Unedor stoering codm : Microphana for AUDICIPILOT™
® D Behirnd Fon rear bulkbaad ; Bcean™ dchannsl digisl EQ ampiler
2000000000Bose®™I 00000000000 B i ot s e it
vooooodbobonooonooooododod Fig.1 Bose® Sound System for All-New Roadster

ggbobooboobobooboobboobobooboo
gbooboboboboooooooomooboooooog

gobobooobobooobobOBoesed 0D OOO
gobobbooobobbooobBesebOUOODOOO
gbo220000b00ob00oobooobooobooooooo
ggboboooboobobooboobbobobooboo
goboboboboooooobobobobobooo
goboboboboooooobobobobobooo
goboboboboooooobobobobobooo
gboboboboooooobobobobooboooo

bmooboboboboboooooooobooboon

20000000

obooooodbOeeseDO0OOOOODOOOOOO
0O000Fgl0O0000000000OFIg2000000
O00000Fg300O0O0O

00000000020em Nd™OOO0O000O0O0O8cm
000o0ooooomxoooooooooeQooooon

Crwadibenp el Coma st
Tiern misi-hisghs targE apnaker

sz m conier

|
A
AUDIOPILOT™D 000000 00Bosed 000000 T e
00000000000000000000000000 1
00000 1 Lt ks
2.1 20cmNd™O OO0 | .'_ Som ik g range spssker
00000000000000000000000 e
20cmONd000000000000000000000 phoiic |
00MO00000000000000000000000 Aemgliiar ( —
00000000000000000000000000 - S
00000000000000000000000000 —A‘I:"I E—
000000025mmOO00000000000000 \
00000000000000000000000000 | r— I~ Jr—
00000000000000000000000000 | S

oooooogogiommioooog
Fig.3 System Diagram of All-New Roadster

— 57 —



O0000000Bese® 00000 OOOODN

No.2401 20060

22 8cmUOUO0OODOODOO
goobooooobobobgbosembobonogonoOg
ggbobooboobobooboobboobooboo
gobe7sg 0000000 DOOOUOODDbOOODn
ggbobooboobobooboobboobooboo
gogbbooboobboobobooobd
gopboobboobobuoobooboboobooboa
gogbbooboobobooboobboobooboa
gooooooobbbbbboooooooooboobooboo
ggboboooboobbooboobbobobooboo
ggboboooboobbooboobbobobooboo
ggboboooboobobooboobbobobooboo
goog

23 ODODOEQUOO
godoopobobbbbbooooouooobbbDbas
go0obooboOobeQUbobObo20b0obooboobooboo
goeQUOO00O0ObOOO0ObDO0OObObOOO0ODbOoOobDOoOn
goobooboobobo200beEQubOUuOooooboonoo
ggboboooboobobooboobbobobooboo
EQUDODODOOODO

24 0DO000ODOO0O0OOOO0OOFg.4050
AMOFMOODOOOOOCDOOOODODODDODOOO
CDODODODODOBoese” I 000D OOOOOOOOOO

Fig.4 Bose®” System Compatible CD-changer-radio

»_[A}
A

Fig.5 Bose® System Compatible AV-Navigation

goobobobooMpiDOeOCcDObononoonom
gooooopbbobbbboooodBosed OO DOOAV
00000000 NavigationO AMO FMO TVO FMO O O
gocboMp3bogobvDOMDOOUODOOGOOoOOOO
gooogo

3g0oooooooooooon

gobooboobbooboobooobooboo
gogbooooboobbooobobooboobbooboo
gogbooooboobbooobobooboobbooboo
gogbooooboobbooobobooboobbooboo
gogboooboobooboboon

gobbooobobbooobobbuoobbbOUBosed
gogbooooboobbooobobuoobboobbooboo
gogbooooboobbooobobuoobboobbooboo
gogbooooboobbooobobuoobboobbooboo
gogbooooboobbooobobuoobboobbooboo
gogbooooboobbooobobuoobboobbooboo
gogbooooboobbooobobuoobboobbooboo
go0b0o0obo0o0obobeEQQbOObDO0OObODbDOoODbDOoOn
gogbooooboobbooobobuoobboobbooboo
goeQubOoOoOoon

gbooooooobobo cobooobr"obooooobo
gbobobobooooooboobobobobooooo
gboboboooooobobobobobooo

gobooboobbooboobooobobooboo
gogboooobooboobobuooboobbooboo
gbobobobooooooboobobobobooooo
ooboo0oooo0oOooo3c4000000000D0

31 00DOO0OO000OOO0oO0obooOooooobooooooo

gboooooobobobobooooobooooobo
gbobobobooooooboobobobobooooo
gboboboboooooobooboboboboooo

[eFmpecy oo SR Do s Feo opes - fop theee]

TEC T

Frmasry o

Fig.6 Frequency Response Comparison, Top Open to
Top Closed[] Rear Speakers - Leather(d



No.240 200601

goooog

goboobobooboboooboloembboonoboono
ggbooboooboobbooboobboobooboo
ggbobooboobbooboobboobooboo
gogbooboooboobooobooboobboob

Fig6OOOODODOOODODODOODOOOOOODOOO
ggbbooboobbooboobboobooboo
gooobobobb400HzODODODODOODOODOOOO
gogboboooboobooobooboobbooo

gobooboobbuooboobboobooboo
ggboboooboobbooboobboobooboo
ggboboooboobbooboobboobooboo
000D000Fg/MO00ooooooooon

Fig.7 Reflection of Soundd Image Figure[

3
Froouency ressoTa ol
TR CLOSED
g
2 J,"" !
2 -
—
2 S g = [ —
| d
T I_.l'
- 3 o,
= .ﬂr Py o of
_E TOF ER
Ceings bask® 1 roger Rid:High range
-
Fragusncy [Fr]

Fig.8 Overall Frequency Response of Top Closed / Open
O Image FigureQ

coooooooooobooobooooooooon
0000000000 000kRg8O 0000000000
gobooobooooooooobodoooooooon
goboooooooooooobooooon

coooooooooobooobooooooooon
gobooobooooboooooboooooooooon
gobooobooooboooooboooooooooon
gobooobooooboooooooooooooon

cooooooobooobooobooooooooon
0O0000FrgOOOOOODODOODOO0O0OOO0ODODOO

Fig.9 Convertible-top Switch

J000EQDODOODODDOODODOOOOOOOOOO
DSPO Digital Signal Processord 00 00O OOEQOD OO
goooobooooooooboobobooooooao
00000000 OAUDIOPILOT™MOOOOEQHO OO
godooobooooooooboooobooooooo
goooobooooooooobooa

3.2 AuDIOPILOT™MOOOOOOOOOOOOO

dofdoooboooobooooooooooooonoog
goooobooooooooboooobooooooao
0000000000 0oo00oDoooooooooo
000Mmooo0oo0oooooooooooooooon

Conventional speed sensitive
volume conirol

Luuu-q-—wp-—
L gt

Y
Sound M=
Levied

. ak
¥
[ |_|._I
7 e g
Cuviigt Ambient noise
Tme

AUDIOPILOT™ Nolse Compensation

Ln_p:l-'q.-------

Music

Qi Ambiam noise
Timea
Fig.10 The AUDIOPILOT™ Behavior( Image Figure[d



O0000000Bese® 00000 OOOODN

No.2401 20060

0000000000000 000000ORX-80
Bose® 0 0000DDDODOOOOOOAUDIOPILOT™O O
0000000000000 000OAUDIOPILOTO O
0000000000000 0000D00D00000nD
0000000000000 0000D00D00000nD
0000000000000 0000D00D00000nD
000000000000 D00000D00000000O
000000000000 D00000D00000000O
000000000000 D00000D00000000O
0O0D00O00Figl0 000000000000 000
0000000000000 0000D00000000O
0000000000000 0000D00000000D
goooooo

AUDIOPILOTO O ODODOOODOODODOOODOOD
0000000000000 0000D00D00000nD
000000000000 000D000D00000000O
0000000000000 0000D00D000000o
0000000000000 0000D00D000000o
0000000000000 0000D00D000000o
0000000000000 0000D00D000000o
0000000000000 0000D00D000000o
og

33 00O000O00o0oo0oon

000000000000 0000D000000000
0000000000000 0000Fig110O0000
000000000000 D00000D000000000
000000000000 000000D000000

D v g v plls el ey

-

Fig.11 Frequency Response Comparison of
Cloth and Leather Seats

ooobOoO00ooOo0oobOo0oooooooooooon
gooobOoo0oo0ooO0oo0oO0ooooooDOoDbDO0ODOEQ
goboodooooooooboooobood20odEeQd
goboooboooobooooobodoooooooon
ubobooooboobooeQuuoonoobooboOonon
oobooobooooooooobodoooooooon
gobooobooooboooooooooooooon

: b 1l jﬁﬁ&m": d
] * ™ xaff
. s L 1 ,‘_:. ]
- IR dYh dVn

34 O0O0OOOOOODO

gobooboobboobooboobbooboo
goboobooobobuoobooboboobeQubOogon
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
ggd

00000002em Nd™OOODO0ODOO0ODOOOOOO
go0b0o0obO0o0oboeQubUOoOobObOObODbOODbDOOn
gogboooobooboobobooboobbooboo
gogoogoooo

400000

O000O0O0OBose0D0ODODODOOOODOOOO
0000000000000 00000000000o0n
0000000000000 00000000000o0n
O0D0D00D00OO0O0EQUOUODOOAUDIOPILOTO OO
0000000000000 00000000000o0n
0000000000000 00000000000o0n
0000000000000 00000000000o0n
000o00oooooooon

000000000000 000000000o0onoo
0000000000000000000000000O
0000000000000 00000o0o

0000000000000 0D00D00000Bose
Corporation0 000000000000 OGODODOOO
00WOO0O00D0000000@WoOoD0DOoO00oWoOoOon
00000000000 000000000000000o

m000m

ggod gogog gooo

b

ggod



No.240 200600 ogoooao

ooooooooood

12 boobodbdbobdbodboobodbdoooodabdg
Development of Thin & High-strength Cross Member for All-New Roadster
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Summary

The structure of a cross member, located inside a seat back bar behind front seats at an open-top
sports car, has various types, depending upon the concept of each car manufacturer. For all-new
Roadster, we aimed at the minimum space and weight to meet light sports car concept and achieved them
utilizing wisdom and innovative ideas.

The biggest issues were how to minimize a structure for uniting a cross member to support a Y-
direction load with a pipe to support a Z-direction load and how to strengthen, with the minimum weight,
joining of the cross member being offset from a B-pillar.

For the first issue, we have achieved the minimum thickness 52mm[] of the cross member structure in
the same segment according to a unique procedure of assembling the cross member and the pipe crossed
each other in a puzzle ring manner. For the second issue, we adopted a link bracket and a junction to
support the cross member, thus having achieved the lightest cross member[] 7.76kgl] in the segment.

These achievements have enabled to enlarge a seat slide and give more legroom to tall customers.

woogo

oooooooboooobooobooooooooon
gobooobooooooooooocooooooooa
gobooobooooooooooocooooooooa
gobooobooooooooooocooooooooa
goosBOO0OO0OOoOobOOoOOOO0OOOOOOO0OC0OD0OO
gobodoooooobooooooocooooooooo

goboooooooooooobooooooooon
gobooooooogno
cooboodoobooooboooooooooobooon
goboooooooooooobooooooooon
goboooooooooooobooooooooon
gobooobooooboooooooooon
cooboodoobooooooooboooooooooon
gobooobooooooooobooooooooon

0102 0OO0OOOO
Body Development Dept.

0304 CAEO
CAE Dept.

05 0000OO0OO
Crash Safety Development Dept.

— 61 —



coooOoooboOoboboooooooOoboooooooa

No.2401 20060

gooboboboboobooo™@boboboobooooog

20000000000000O0

gopboobboobbooboobboobooboo
gobbooboobbooboobboobooboo
ggbobooboobbooboobboobooboo
goboooboOODNAUDO®" DOoboob” obobobo
ggbobooboobobooboobboobooboo
ggbobooboobobooboobboobooboo
gobooobobooobboooboooooosommoogn

00000000000 000FiglDDOOO0O0OO75mm
gogboboobooobooboobboobooboa
goooboboooboobooboobobooosicoOO
gooobOoboooboboooboboooosommbOng
ggbobomoobooobooboooboobbooo

140
120 109 115
100 75 80
80 57
60
40 -

Thickness(mm)

X
s° ‘D&Y 0@3’ 'D&O ,bzbo
& &
& S
& & & &

Fig.1 Comparison on Cross Member Thickness

ooooooobooooboooobooooooooon
ooooboooooooz20b0000o0b0cooooboOon
gooooooooooooboobooboooboon
8kg 00000000000 O0OoOooooOoOOoOOBIC
00000000000 000F2MO00000000
goboooooooooooooooooooooon

25

19.54
20 18.34

Weight(kg)

Fig.2 Comparison on Cross Member Weight

3V0ooood

gobooobo0obOobobooboobooboosg
gogbooooboobooobobooboobbooboo
gogbooooboobooobobooboobbooboo
gogbooooboobooobobooboobbooboo
gogbooooboobooobobooboobbooboo
gogbooooboobooobobooboobbooboo
gogbooooboobooobobooboobbooboo
00000000000 dFrig.3mM

gobooboobboobooboobobooboo
ggbooobooboobobuooboobbooboo
gbobobobooooooobobobobooooon
gbobobobooooooobobobobooooon
gbobobobooooooobobobobooooon
gbobobobooooooobobobobooooon
gooobgo

A0000000b0b0d

41 O0000O00O0O0O0O0O0O00O000
Fig4dDOOOOOODOODOODOOOOOOODODOODO

Link Bracket

Fig.3 Overview of Cross Member Structure

— 62 —



No.240 200600

goooog

gogbboobooobobooboobboobooboo
goooboooobooosocmmbobooonbogonoOon
gogbboobooobobooboobboobooboo
ggbobooboobbooboobbooboo

Fig.4 Parts Around Cross Member Structure

gooooboboooooboboboooooooo
Figh0 OO ODODO0ODO0D0O0OO0OO0DO0DODO0OoOooDOoOo
gogbobooboooboobooboboobooboboa
gogbobooboooboobooboboobooboboa
gogbobooboooboobooboboobooboboa
gogbobooboooboobooboboobooboboa
gboboboboooooooobobobobooo
gboboboboooooooobobobobooo
o0o0o0oO0DoUOO0oCOFrgeOOOO0O0OOOOOOOOO
gboboboboooooooobobobobooo

v

o

Fig.6 Cross Member Assembly Process

Fig.5 Bends on Pipe

goboob220b00ob00o0obooboobooboooo
gdmoboobooboboobooobuooboobo
gogbooooboobooobobuooboobbooboo
gooogo

gobooboobboobooboobobooboo
gogbooooboobooobobuooboobbooboo
gogbooooboobooobobuooboobbooboo
gogbooooboobooobobuooboobbooboo
gogbooooboobooobobuooboobbooboo
goboogopoooobgo

42 00DOOOOOOOO

Fig700OO00OO0OO0OO0OO0OO0OOOOOOOODOODOOO
oboo0oOo0o0ooboobDOobOO0oo0c0oo0oOoDOdiisommO
gbobobobooooooboobobobobooooo

@

: Arc Welds
: Spot Welds




coooOoooboOoboboooooooOoboooooooa

No.2401 20060

ggbobooboobobooboobboobooboo
gobbooboobbooboobboobooboo
ggbobooboobobooboobboobooboo

gopooooog
\LJ‘“
.-'/)|I

Fig.7 Offset Location of Cross Member Structure

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000 000000000000
0 Fig.8[1J

Fig.8 Load Paths at Side Impact Crash

43 OOOODOODOOO

oooooooboooobooobooooooooon
goboooboooooooooboocoooocooooon
goboooboooooooooboocoooocooooon
goboooboooooooooboocoooocooooon
goboooooooboooooooooooogooood
goboooooooooooooocooooooooon
goboooooooooooooocooooooooon
gboooooodobodoboooocoooboooooiboo
gooooo

000000000000 00FRgOOOODODOO
gogboooobooboobbooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gobobgooboobbooboo

= Arc Welds

Connection at Side Impact Crash
Load

Connection at assembling

Fig.9 Section of Junction and Cross Member Union

coooodoobooooooooooooooooon
gobooooooooboooobooooooooon
gobooooooooboooobooooooooon
gobooooooooboooobooooooooon
gobooooooooboooobooooooooon
gobooooooooboooobooooooooon
gobooooooooboooobooooooooon
gobooooooooboooobooooooooon
gooobooooooooooooooooooon

0 Fig.9(o

44 O00O0O0OO0OOOO

cooboooobooooboooobooooooooon
gobooobooooooooobooooooooon
ooO0o0vsoMPa0 00O OOOO0ODOOOOOOOOOO
goboooooooooooon

45 O00O0OO0OOO0O0OO0OOO0DOO

cooboooooooooooooooooooooon
gobooooooooobooobooooooooon
O0000000Figl100CAEDODDODDOOOOOODOO

— 64 —



No.240 200600

goooog

gobobobobobOobooobOoobooogbseoMPab OO
ggbbooboobobooboobboobooboo
gogbboobooobobooboobboobooboo
gogbboobooobobooboobboobooboo
gobpogsomMPal 00 0O0OO0D0OOOODOONO18x 640
gogbboobooobobooboobboobooboo
ogo

Cross Member

Fig.10 Example of Optimized Calculation

s0ugoogn

51 00000000

Fig.lDOOFig20 00000000000 OOBICO
goooo

52 0000

oooooooboooobooooooooooooon
oooooO0o0o0o0oobooo0O0O0000FRIg110000
BICOOOOOO

30

N

g 2
g 25 20
_q_‘-} 20
[a B 15 F
1%}
€ 10
©
a 5
0
N [}
O AU S N
5 2 @ 2 o>
& & & & &
& & & & &
V\\Q Qe Q° P P

Fig.11 Comparison on Cross Member Parts Pieces

53 0D00OO0ODOOOO
gobooboobbobobooboobbooboo
gobobobbo200obooobooobooooboooooo
goboooobooboobboobooboboobd
54 ODO000OOOO0ODOODOOO
gobooboobbooboobooobooboo
gogbooooboobooobobooboobbooboo
gboobobobooobobobobooooboboba
55 ODOO0oogoood
gobooboobboobooboobobooboo
gogbooooboobooobobooboobbooboo
goooooobogd

CINREANREAN

gobooboobbooboobbooobooboo
gogbooooboobbooobooboobobooboo
gogbooooboobbooobooboobobooboo
gogbooooboobbooobooboobobooboo
gogbooooboobbooobooboobobooboo
gogbooooboobbooobooboobobooboo
gogbooooboobbooobooboobobooboo
gogbooooboobbooobooboobobooboo
gbobobobooooooobobobobooooo
gbobobobooooooobobobobooooo
gbobobobooooooobobobobooooo
gbobobobooooooobobobobooooo
gboboboboooooog

m000m

goog gooo

gogod

goog



goboooboooooooooboOoooooo No.240 20060

ooooooooobood

13 Oodoooodooooodoooodoonod
Development of Light Weight Body Structure for All-New Roadster
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Summary

New MX-5 is a lightweight sports car that embodies Mazda’s brand message“ Zoom-Zoom”. We
realized a sporty styling, and, envisioned and attained the scenario for weight saving while
maintaining crash safety of occupants and pedestrians and body stiffness for chassis support so as to
realize the basic concept of* Jinba Ittai” performance.

Our efforts were focused on creating a lightweight structure that maintains stiffness as a sports
car even with thinner sheet metal as well as identifying a material appropriate for absorbing crash
energy and hard to brake even with thinner sheet metal.

In parallel with these efforts, we aimed weight saving by functional integration of safety and
stiffness enhancing structure with each other. Without interruption, we further advanced the weight
saving, focusing on the parts that were directly linked to kinematics performance. While pursuing a
lightweight body structure, we also emphasized a body stiffness rate and feeling of rigidity, we aimed
at the weight saving on the premise that a performance target was achieved. Unbeautiful sports cars
are of little worth. Therefore, we realized styling requirements without additional weight by
lightweight technology and engineer’s wisdom.

Consequently, as compared to a preceding model, bending and torsional stiffness were improved
by 220 and 470 and the weight of a white body was reduced by 13kg respectively. Besides, the
weight of a body structure including bumper reinforcement and other main components bolted up for

serviceability or productivity was also reduced by 1.6kg.

0106 0OOOOOO
Body Development Dept.
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CAE Application Technology in All-New Roadster Body Structure
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Summary

New MX-5 was targeted to inheriting its traditional weight reduction and excellent package while
realizing the development of primary performancesl[] safety, highly rigid body, and riding comfort.
This paper covers three structural key points for the compatibility between weight reduction and the
development of primary performancesd WAdoption of high tensile steel panel for an octagonal
section frame in improvement of frontal impact protection. Nurturing lightweight structure of cross-
member, aiming at improving side impact performance. @Adoption of backbone frame and floor
member structures for realization of outstanding driving stability. @Development of a power plant

frame structure to realize superior NVH performance in spite of its open body structure. The latest

CAE technologies applied to each development phase are also introduced in this paper.
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Summary

Soft-top system is one of unique parts in an open car. The first MX-5 set a trend in the open car,
and the soft-top was a benchmarker for manual operation soft-top in those day. The soft-top of the
second MX-5 refined the first one. For the third generation, we made a development framework that
satisfied simple operation, lightweight, good appearance, and high-quality even if all parts were
changed. Our target is to establish a new benchmarking model for manual operation soft-top in the
future. The soft-top has enjoyed simple operation by use of Z-folding and center layout top-lock,
high sealability, and good appearance without use of an open roof cover, and the development has
proceed as planned.

This paper introduces the technologies that have enabled the development of the All-New” soft-top.
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Summary

Recently, not only visual quality but also tactile feel has become important as interior quality. So
far, for tactile feel, having focused on“ surface touch feel” and clarified relations between material
composition and physical characteristics, which also correlate closely with the* surface touch feel”,
we have been developed plastic materials with superior” touch feel” using them. This time, utilizing
the findings of our research mentioned above we worked to make a design specification of a physical
characteristic for the best leather steering wheel on which customers have the most important value
about the tactile feel. As a result, we found that not only the“ surface touch feel” but also® grasp
feel” such as operating in the hands is important for the steering wheel after analyzing results of the
interior quality questionnaire research using Text-Mining tool. Thus, we determined the* grasp feel”
as physical characteristics, such as displacement under compression, after extracting characteristic
value from F-S curve of steering wheel compression test, while simulating grip efforts under the real
driving condition, by the principal component analysis. And we had set target values of development
by the nonlinear discriminating analysis using the physical characteristics above, and identified
specific embossing conditions as manufacturing requirements of genuine leather that meets the
target values. Moreover, we produced a prototype which reflects manufacturing requirement
including stitch and wheel shape. Dramatic improvements of the tactile feel and steering feel were
verified by the product marketability evaluation of the prototype. In addition, we contributed to
improvement of* oneness feel between car and driver” by working on product development

including the design standardization, and applying this requirement to all-new Roadster.
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Table 1 Sample Specifications

Surface

No material Impression Note

©) Leather Good(Luxury) | With cushion layer

® Leather Good(Sporty) | No cushion layer

©) Urethane Poor No cushion layer

@ Urethane Indifferent No cushion layer

® Urethane Poor No cushion layer

® Leather Poor No cushion layer

@ Leather Good With cushion layer

Leather Good No cushion layer

Table 2 Questionnaire Sheet
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Fig.5 Compressional Characteristics of S/W

Table 3 Factor Loading of Principal Component

1st principal | 2nd principal

Characteristic value component | component
X1:Compressional work load 0.98 0.11
X2:Repulsive work road 0.93 0.30
X3:Recovery work load rate -0.10 0.85
X4:Compressional stiffness 0.16 0.76
X5:Compressional displacement 0.95 -0.13
X6:Compressional work load loss 0.95 -0.20
Eigenvalue 3.64 1.46

Proportion 0.61 0.24
Accumulated proportion 0.61 0.85
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Summary

Mazda, having developed the world’s first Spot Friction Welding technology to join lapped

aluminum sheets to each other, has employed this technology since application to the Mazda RX-8 in

2003. This time we have evolved this SFW technology and used to join an aluminum trunk lid for the

updated and improved Mazda MX-5.

Up to now, mutual welding of two different metals such as steel and aluminum has been a difficult

task. However, the simultaneous action between frictional heat and load by a rotating tool has

enabled solid-state steel and aluminum joining. This paper introduces the joining mechanism and

characteristics, and the application results for mass production.
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Summary

Exterior design of all-new Mazda MX-5 has been updated with marked Mazda MX-5 design DNA

attributes which consist of two features: the simple functionality of a modern lightweight sports car

and the athletic solidity of a true sports car.

To achieve this, use of an up-to-date CAE technology had created a new structure which meets

both fit & finish quality and functionality, as well as development and application of unique methods

such as a welding method, thus having attained front fascia sculpturing as intended by designers.

1ggo

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
O000OO0O0O0OODNADOOOOOOOOOOOOOO
000000000

0000000000000000000000000
00000000000000000000000000
OH/L000000000000000000000

0 Fig.10]

0000000000000000000000000

000000000000000

2000000000000

coooboooobobooobooobooooooooon
O000O0O0O000000000000FitOFinishO OO0

ooooo
gbooooogbobobouboonooonooDbDo
oobooooooOoOoobo0ooboOooooooooo
goboooooooooooo
ocoooooobOooxH/L0000O0O0DbOOo0oo0ooDn
oobooooobogono
oooboooooobooooooooooooooboooon
oboo0ooo0oooooobDOobooooobDOgDdrig.2
ooboo0boH/L00D0O00DbOO000O00DbDbO00oOo
goboooooooooon
FigsOUOCAEODOOOOOOOOOOODODOOO
cooboooobooooboooobooooooooon
gobopPOOO0OODOSOOOOOOOOOO4mmO0O0O
oooooooooon/L000O0O0C0C00000000
gobooooooooobooooboooos3oooon
ooooooooH/LO0OCOCObOOODbO
H/LA0O00000000O0O0O00C0C0O00000000

0105 00000
Painting, Trim & Final Assembly Engineering Dept.

06 OOOOOO
Body Development Dept.



coooooooocooboocooboocOooono

No.2401 20060

Fig.1 Front Exterior Styling
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Fig.2 Structure of Fascia and Head Lump
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Fig.5 Heat Distortion after Improved Structure
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Summary

The development concept of the All-New MPYV is the“ People Mover of the Next Generation
embodying Mazda’ s DNA”. Visualizing repeat buyers of minivans as the main customers, this product
responds to the increased demand of customers as well as embodying Mazda's DNA of Zoom-Zoom.
Through (1) innovation of design and quality and (2) innovation of driving dynamics, this will be a
suitable product to top off Mazda’s Zoom-Zoom lineup since Atenza. Advancing the" Spirit of MPV”
which has continuously offered customers an original and ingenious package full of convenient
features, this car simultaneously possesses (3) innovative package and functionality. With the fusion
of these 3 innovations, this will become a benchmark of People Mover minivans that leads the

generation in originality and ingenuity, as did the previous model.
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Different from traditional box-type
minivans, its excellent styling and
quality will make you proud to own it

A completely new driving feel
(Fun to Drive) that is distinct
from traditional minivans
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Further advancement of the
innovative package
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Fig.1 Fusion of 3 Innovations
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Fig.9 @14 Splitted 3rd-row Seat
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Summary

Filling up a final slot of Zoom-Zoom lineup, all new MPV took up a task of providing“ emotional

value” with its athletic and innovative styling while maintaining” functional value” such as interior

space and ease of use that is unique to mini van. Design team started from package & proportion

innovation, defining comfortable occupant’s position and appropriate space for them. Combining

Mazda-like sporty expression and customer-oriented high quality design taste, we created prominent

sporty exterior and high quality interior that can live up to sensible adult’s expectations.
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Fig.8 Alloy Wheel & Full Cap Design
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Summary

The all-new MPV is the third generation, following the first gen. in 1989 and the second gen. in

1999. We have designed the packaging so that three of the following would be harmonized at higher

orderl
- ample space as the asset of MPV,

- Zoom-Zoom,

- product concept” The Next Generation People Mover”.
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All-New MPV Shift Control System of AT Shifting
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Summary

In addition to the user-friendliness and fuel economy as a vehicle in the Minivan category, the new

MPV has made full use of powertrain driving force technologies such as electric throttle and shift

control so that users can feel Mazda's

Zoom-Zoom” driving. This paper describes AT Active

Adaptive Shift System, our representative powertrain shift control technology applied to the new

MPV.
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Summary

The design concept of the all-new MPV is“ Next-generation People Mover, multi passenger
functional sports tourer, with MAZDA DNA”. We have maintained consistent development attitude
from powertrain selection to development completion without making any compromise in order to
achieve a good balance between® Dynamic Performance Innovation” which is the key to

accomplishing this concept and” excellent fuel economy and clean gas” which is imperative for

environmental protection.

1oodgd

gogoz220oMpPvooboooobobooobobboo
gobooboooboboobooobooboo

goMpvooooooooobobobboOoooogoo
gobooboobbooobooboooobooboon
goboobooboobooobuoobooooboo

goooooMpvooooooooboOoOooogoo
goboobooboboobooo

20000000000

coobooooooooboooobooooooooon
gooboooooooooooooooooooooo

goooboooooobooooooobooboooo
goboboooooooooboooooooooooon
goboboooooooooboooooooooooon
goobooooooboooboooooooooon

0000o000oooooooz0oMPVOOOOOMZR
23L0 0000000000000 0000000000
0o0o0ooooooboboooooddooogggg?2.3L
DISIO Direct Injection Spark Ignition0 00000000
oo ooooobobon
oo ooooobobon
gooddddooooooooooo

gdooobooobooooobooobooobooo
MZR 23L-FFO O 020 0MPVO OO DODOOOOODOODO
goooooo4oATOD23L DISIDOOOOOODOOO
goododoooogenoDATODODODODODO

4AWDO MZR 23L023L DISIDOOOOOODOOOCO
0000d0oooooooooooooooooooooo
O0023LDISIOOOOODOLSDO Limited Slip Differentialdl
ool oooooooooooboon
ogoooooood

Table 10O OODODOODOOOODOOOOO

01 ODOoDOooOoooooooo
Powertrain Development Promotion Dept.
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Engine Development Dept. No.3
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Table 1 Powertrain Line-up

Fig.10 MZR 2.3LO Fig.2023L DISIDO0OOOCO0O0O0O

Transmission Emission | Fuel economy %2
Engine 4AT | 6AT level 10.15mode [ Green tax
B3l
MZR 2.3L FF @) SULEV 12.2km/l Applicable
4WD O SULEV 10.4km/l Applicable
FF i

2.3L DISI T/C O SULEV 10.2km/l Applicable
4WD O SULEV 9.4km/l Applicable
1 2ton rank: 11.2kmvl

%2 Asof 2006.03

aaoon

O0000Table200DO0OO0OO0O0ODOOOOO

Fig.2 2.3L DISI T/C Engine Appearance

Table 2 Engine Major Specifications

Engine MZR 2.3L 2.3LDISIT/C
Cylinder In-Line 4-Cylinder In-Line 4-Cylinder
Bore X Stroke (mm) 87.5X94 87.5 X94
Displacement (cm®) 2260 2260
Compression Ratio 9.7 9.5
Valvetrain DOHC 4 Valves DOHC 4 Valves

Number of Valves

4 per cylinder

4 per cylinder

Valve diametr (mm)

35

35

Ex. 30 30
Fuel supply system Electric Fuel Injection | Electric Fuel Injection
Max. Power (KW/rpm) 120 /6500 180/5000
Max. Torque (Nm/rpm) 210/4000 350/2500
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Table 3 Transmission Major Specifications

A/R 0.5

\_A/R 0. 65

Torque (Nm)

0 1000 2000 3000 4000 5000 6000
Engine Speed (rpm)

Fig.6 Engine Output Performance

MZR 2.3L 23LDISIT/C
(FF) (4WD) (FF/4WD)

Total length(mm) 380.0 392.0 —
Center distance(mm) 183.0 207.0 —

1st 2816 4.148 —

2nd 1.553 2.370 —

3rd 1.000 1.555 —
Gear ratio 4th 0.695 1.154 —

5th — 0.859 —

6th — 0.685 —

Rev 2.279 3.393 —

F.GR. 4416 3.749 3.464
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Table 4 Target Point and Adopted Technology

Target point

Adopted technology

(1)Performance feel

Active adaptive shift. (AAS)

(2)Fuel economy

Neutral idle control and slipping control.

(3)Shift quality

Real time and best hydraulic pressure|
control on the basis of the engine torque|
signal and the rotation signal.

(4)NVH

plant bending modification
Improvement of gear noise.

Power

(5)Shift feel

Instrument panel change lever. (Former
model is colum change lever)

Optimization of shift feel.
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Summary

The packaging of the all-new MPV has been revised with new equipment of the second and third
row seats, and this paper is focused on the aim of development and engineering focal points of the
equipment from the perspective of ergonomics.The description starts with the new 3 functional
items out of 7 Swing headrest with side/neck support”,* Large inclination cushion tilt
mechanism”, and“ One action Ottoman” adopted for the second row seats called® Super Relax Seats”

to make all occupants feel relaxed. And then, an outline of* KARAKURI Fold” and® Electric return

mechanism” adopted for the third row seats to pursue” user friendliness” is explained.
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Summary
RX-8 HYDROGEN Rotary Engineld REO has been developed for a lease vehicle in the Japanese

market. This is the world’s first vehicle powered by a hydrogen rotary engine and equipped with a
dual fuel system. The RX-8 HYDROGEN RE as a clean emission vehicle, exhausts the water vapor
produced by hydrogen combustion. Moreover, it works on gasoline as well for the convenience even
under such a current condition that hydrogen stations are not in good service.

This paper introduces the aims and features of this vehicle with a focus on the hydrogen rotary

engine.
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Summary

The RX-8 Hydrogen RE features the dual-fuel system that enables driving with either hydrogen or
gasoline as fuel. New systems for high pressure hydrogen safety, hydrogen RE control, and
automatic fuel switching have been developed and adopted into the RX-8 Hydrogen RE.

A newly developed electronic control system and software programs for control have a key role in
implementing a dual fuel system. Therefore, the electronic control system and most of the software
programs were developed in-house for their importance.

This paper introduces the electronic control system and software development technology.
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Aggressivity-Reducing Structure of Large Vehicles in
Vehicle-to-Vehicle Side Crash
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Summary
If a large and higher height LTVO Light Truck and VanO like an SUV strikes on the side of a lower

height sedan-type passenger vehicle, it gives a higher risk to an occupant in the struck passenger
vehicle than such a risk that the same class passenger vehicle gives. In order to correct such an
incompatible situation, it is important not only to improve self-protection of small passenger vehicles
but to reduce aggressivity of LTVs. Concentrated crash force is transmitted to the B-pillar of the
passenger vehicle if it is struck on the side by an LTV. The concentrated force cause a large B-pillar
deformation that worsens occupant injury because of limited crush stroke in that area. This study,
therefore, discusses the aggressivity-reducing structure of LTVs that realizes force dissipation to other
structural components than B-pillar. Forward-extended sub-frame that transmits force to the rocker

area was found to be effective in reducing B-pillar deformation, thus reducing aggressivity of LTVs.
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Summary

In the recent years, the number of fatalities due to collision accidents is on the decrease, while the
number of injury accident accidents is on the increase. Each automobile company has been
promoting development of the Pre-Crash safety technology that surpasses conventional active and
passive safety technology to overcome the existing situations. Mazda has installed its first" Mazda
Pre-Crash Safety System” which enfolds the above-mentioned Pre-Crash safety technology in the
all-new MPV. Mazda Pre-Crash Safety System consists of two systems the Pre-Crash Brake System
that predicts a collision accident and warns a driver or controls braking, and the Pre-Crash Seatbelt

System that retracts a seatbelt before a collision accident. This paper introduces the outline of the

“ Mazda Pre-Crash Safety System”.
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Development of Mazda Radar Cruise Control System
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Summary

The number of traffic accidents and injuries is increasing yearly, and annual traffic fatalities
remain at over 7,000.

Under this situation, we consider our urgent task is to develop technology which mitigates damage
from car accidents as well as to prevent accidents. We have been proactively taking part in the study
group of Advanced Safety Vehicled ASV promoted by the Japanese Ministry of Transport, and
conducting ASV research and development. In the study group, various safety technologies are
proposed and studied and some of them, such as Adaptive Cruise Control and Pre-crash Safety
System, have been already put to practical use. This report introduces Mazda Rader Cruise Control
systemd MRCCO for which we used the millimeter radar by considering the Japanese driving

environment, incorporated into the new MPV.
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Table 1 Performances of Millimeter Wave Radar

Detection Range|Max 150m
Min 2m
Resolution 0.1m
Range Rate Max 200km/h
Min -200km/h
Resolution 0.36km/h
Azimuth Angle |Area +7.5deg
Resolution 0.1deg
Data Rate 100msec
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Development of Dual Analog and Digital TV Film Antenna
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Summary

Terrestrial digital television broadcasting has been in service, centering on three major
metropolitan areas since the end of 2003, and will be available in main cities all over the country at
the end of 2006. An in-vehicle digital television can eliminate a symptom: a ghost or disorder of an
image inevitably occurs with a mobile terminal, which is a problem in a conventional in-vehicle
analog television, and is expected as a new in-vehicle entertainment system. However, till July 2011
when analog broadcasting will be stopped, the service areas of digital broadcasting are scheduled to
have gradual improvements, and needs of analog television reception also continue to exist. For this
reason, the in-vehicle television needs to accommodate broadcasting reception in digital and analog
modes for the time being.

In view of such a situation, by evolving a conventional film antenna for analog television reception,
we newly developed a digital analog combination film antenna, which provides receiving performance
of a UHF band at a level equivalent to or higher than a dedicated antenna for digital broadcasting
reception while maintaining the broadband characteristics compatible with analog broadcasting

reception.
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Summary

The calibration method with a statistical model based on experimental data has been recently

become mainstream in calibrating parameters in ECU of a complicated and high-level engine system.

This paper reports introduction of MBC for a direct-injection diesel engine and future MBC issues.
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Table 1 Engine Specification

Displacement 2.5L, 3.0L
Turbocharger VGT (Variable Geometry Turbo)
Type
Injection 1 or 2 Pilot Injection(s)
Pattern 1 Main Injection
EGR With EGR
Other Features | Swirl Control Valve,
Shutter Valve
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Fig.1 Calibration Flow with MBC
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Summary

Recently timing chains have been used for camshafts in many car engines for durability purpose.
The timing chain tension, however, may fluctuate due to driving torque of the camshaft, torsional
vibration of the crankshaft, characteristics of an auto tensioner or the like, thus causing increased
chain noiseld or breakage of the chain or a cam nose. To address these problems, a multi-body dynamics
simulation model of the timing chain and valve train was developed. There was a good correlation

between analytical results and experimental results. This model also shows that the chain tension

might be excessively high due to camshaft driving torque, which is caused by camshaft resonance.
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Summary

In order to achieve high engine performance, high capabilities of heat load and pressure load are

now in increasing demand. The thermal fatigue of a cylinder head under actual operating conditions

is one of important issues.

We have implemented CAE technology that can predict the thermal fatigue life of the cylinder head. This

technology enables highly accurate prediction of low cycle-high cycle-creep combined fatigue life . We had

applied this to new engine development for mass production and have achieved a satisfactory result.
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Summary

There is now a crying need for development of technologies for significantly reducing particulate

emissiond PMO from a diesel engine. To put catalyzed SiC-DPF, which meets Automobile NOx / PM

Law, to practical use for first-in-class small commercial vehicles, Mazda investigated DPF substrate

and catalyst specifications. Consequently, the catalyzed DPF which has low back pressure, excellent

soot oxidation performance and high durability had been developed, and has been installed in a small

commercial vehicle since 2004. This paper reports this newly developed catalyzed DPF.
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Development of Welding Technology Engineering Process without Re-working
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Summary

An important issue in realizing a competitive manufacturing company is to develop an engineering
process to enable production technology for promptly and efficiently producing products with high
performance and high reliability at low cost.

Currently, unpredictable variable factors, cause much re-work in product design or machine
specifications just before a launch, despite use of Quality Engineeringd] Taguchi Method[ and
various SQC methods. We therefore analyzed the flaws of conventional engineering processes and
designed a total production system from product function engineering to production operation, to
develop a robust process which predicts the variable factors and also verified the quality for
automatic transmission parts.

Essential Qualityd FunctionO of products was deeply pursued through this analysis, and Quality
Conditions were determined and verified by an ingenious experimental method. A tryout using the
worst production equivalent conditions confirmed that the final Quality Conditions are accurate.

This technology has been successfully applied without any defect in all quality items until now.

0103 ODO0OoOooooooo
Powertrain Production Engineering Dept.
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Table 1  Error Factor
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Summary

With document/table processing tools, various types of electronic tools have been developed. In
recent years, use of e-mails and workflows has become widely spread. Convenience is, however,
found only in information creation, transmission, reception or storage, and inconvenience in
information search remains as it was in the paper age. Moreover, no convenient electronic tools have
been established yet to organize materials in shared servers and useful information on the net to be
utilized as shared resources or training materials. What this means is that we have not been making
use of many benefits to be given from the electronic age or possibility for further development.

In view of the above points, we have developed, as a web application using database and browser
technology, a new concept-based electronic file management tool and functions which allow easy
registration, management and utilization of useful information in routine work. We have already

started using those in our development work. This paper introduces the details.
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Summary

3D model utilization in Stamping Die preparation had much improved capability of Die
manufacturing. However, recent development of a new vehicle has needed increasingly short lead-
time. Therefore, it is very necessary to extend and establish die manufacture through a process
using 3D models, which has accelerated a shift of die design from 2D to 3D. In order to accommodate
such an acceleration, it is a better way to make efficient use of CAD systems possessed by each of
external design centers than to standardize the CAD systems between them. Now we have worked

for developments of CAD application tools and systems to achieve consistent die manufacture in a

multi-CAD environment free from the constraints of the design centers and CAD systems.

This paper presents development of a free-location Engineering HUB system.
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Summary

Electrodepositon coatingl E-coatld is generally adopted as the undercoat of an automotive body
for the purpose of anti-corrosion. E-coat is a process that the automotive body is coated by
electricity, where it is immersed into an E-coat paint bath. A conventional E-coat technology tends
to have a film thickness discrepancy between inner and outer surfaces due to a difference in
electricity quantity to be flowed. Furthermore, it tends to have a film thickness discrepancy even
within the inner surfaces.

This new E-coat technology has made it possible to obtain a uniform film thickness within an inner
surface which electric current is hard to reach, by modifying paint deposition characteristics, thus
having improved throwing power properties. Paint consumption has been also reduced by optimizing
the film thickness of an outer surface which had conventionally been wastefully coated more than
necessary. Furthermore, this can reduce Volatile Organic Compoundsld VOCO contained in paint and

CO:2 emission during the paint manufacturing process.
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<Coating conditions>

=Inner diameter of pipe: 23mm

-Immersion depth in paint: 500mm

* Bath temperature: 28°C

- Coating voltage: 250V

- Coating time: Voltage rise time =30s
Voltage keep time =150s

Fig.14 Coating Level of Inner Pipe
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Development of Quality Assurance Technology in Primer and
Topcoat Process
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Summary

Mazda developed Three-Layer Wet Paint System created by integrating primer process with topcoat
process as an environment-friendly new coating technology, which was introduced into a painting
factory for the first time in the world in 2002. At the present, it has been developed to all domestic
factories as a standard paint system of Mazda. In order to eliminate carrying dust into a paint booth
and to assure high quality, a fully-automated process with robots has been adopted. If paint failure
occurs due to any bad production facilities, the fully-automated process has no opportunity to
discover it until the process reaches the last process of inspection. In the worst case, dozens of sets
of product defects may flow continuously, and the critical issue to be addressed in this process was to
find facilities defect and to take immediate measures for prevention of any possible production line

problem. This paper describes quality assurance technology to realize the fully-automated system.
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Joooobooooooooooog Table 1 Relationship between Paint Quality and
Component Parts of Facilities
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