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Summary

CX-7 was developed for crossover category that had been became increase in these days. For
example, Sedan and SUV, Minivan and SUV, there are many types of crossover in the market. The
concept of CX-7 is the crossover of Sports car and SUV.

To achieve this concept and“ Zoom-Zoom”, the developing team set the 2 key values for the
targets as follows.

“ Advanced and emotional styling”

* Dynamic performance to be uncommon”

If CX-7 can be seen, the beauty with superior design is experienced. And if it is possible to be

driven, the height of the dynamic performance can be able to be experienced.
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Summary

CX-7 is a North American strategic car to challenge creating a new genre which shouldn’t compete
with the other Mazda cars, in order to increase Mazda’s share in North American market. The
strategy targeting at the positioning in the market and the design concept was absolutely reflected
on the package, proportion and design theme. In terms of Exterior design, we considered Mazda’s
design DNA and a relationship with the successive sports cars of Mazda deeply, and weaving the
favorite taste of the target customer, expressed the originality, consistency and continuity of Mazda
brand. In terms of Interior design, we aimed at a compatibility between driving pleasure and

relaxation. On the developing process, we challenged and achieved prototype-less development, and

established several new ways of development process and system.
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Summary

CX-7 was newly developed as“ sport crossover SUV”, which embodied Zoom-Zoom that is different

from conventional SUV. As a crossover, CX-7 has
speedy and athletic images, and fun of driving. For p

1. Realize energetic and bold styling.

combined SUV’s practical utility, sports car’s

ackaging, focused on followings.

2. Drivers can enjoy secure and comfortable - driving in various driving scenes.

3. Smart usability, which drivers can feel joy of using.

Above features are explained in this report.
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Fig.7 Schematic Model of the Driver's Movement While
Corneringl Excerpted from Okiyama et al. 2001"'0

The manikin on the CX-7 seat Section A-A  Section B-B

Fig.8 Relationship between Contours of the Manikin
and the Seat Backrest
@ 000000000000000000000000
00000000 00DbOO0OD0O0dFgOOOODOOOOO
000000000000%20050000000000
0000000000000Y000000000000
0o0ooooododbooboboobooboooooooo
0oooooooodbooboooboobooboooooo
oo0ooooododbobobooboboboooooo
oo0ooooododbobobooboboboooooo

toooooooooooooooboooooooooo

ODOO00O0OCX70O00000OFgl0OOO0OO0OO0OO0DOOO
coboboooooboooooobooooooboooooon

Pelvis. ‘9
rearward 4
rotation ) Weak lumbar
support rotetes
= pelvis rearward

=

Excessive Insufficient
=" shoulder T thorax support

--.____éﬁ pressure rotetes rotetes thorax

pelvis rearward rearward

Muscles are
Rounded Muscles are Leaning activated
shoulder actlv_ated back /to make head
to raise thorax = horizontal positi
Compressign \ , jorizontal position

A between vertebrae Muscles are

- s Y '3 activated
\@/r Muscles are ‘\@ to reach further for

to raise thorax steering wheel

Fig.9 Relationships between the Support Condition and the
Posture Changel Excerpted from Michida et al. 2001%0

v’ §  Pressure distribution on
i § " CX-7 backrest

Ideal support
| CX-7support

Height

Intensity of support (%)
Fig.10 Proportion of Back Support Intensity at Each Height

siopogbooboobooboboouobobon

CX7ObhOoOooOoobboOoooobobbooooooo
godbooooboobbooboobobooboon

51 00000

goooooobobobbboooooooooobooobo
godboooobooboboobobuoobboobobooboo
gooobobbooooobobboooobbobouoguA
goboboooboobobooboo

gobooboobobobobooboobobooboo
goboooobooboobboobooboboobg

52 000

gobooboobobobobooboobobooboo
godboooobooboboobobuoobboobobooboo
godboooobooboboobobuoobboobobooboo
gbobobobooooooboobobobobooooon
oobo0o0o0oooOoO00ooDoo0oobOoOOOFrg11

Fig.11 Sidesill Layout

— 16 —



No.250 20070

53 00000

gobooboobbooboobboobooboo
gooboobovoCchoououooboboouobobboooo
gogbobooboobobooboobboobooboa
ggbobooboobbboooboooboobobobo
000D00000000ooodooDooooFrigl2d

(mm) _

100 0 O
so[ 8 7

[—Fr.SgR MRKHPL —
N s —=

I~

* Adﬁ.._ij' -t

20 \ 2

0

il N

CX-7 Mazdably

60

m

Rr.Knee clearance: L48

A
-20 [AN

_401
820 840 860 880 900 920 940 (mm)
Rr.Leg room: L51

Fig.12 Rear Passenger Leg Space

gobooboobbuooboobboobooboo
ggbobooboobbooboobboobooboo
ggbobooboobbooboobboobooboo
ggboboobooboboobboooba

el bO0obuoOobogbooobooo

6.1 000000000

goooobooooOooooooOooocbobooooooon
goooooooooooooooboooooooooan
oo0oobO0ooOoooOobooOocxrooooooooooo
0000000000000 0o000000000 Figa3mMm

Glove box
= Eet e 30| Facaim
e an |

\, P
Door pocket

Cup holder

4 | Mg Gup

38 Wegwine. Guda Book

Sunvisor pocket

Coat hunger

ket

Fig.13 Storage Space and Carrying ltems

cXrooooooooooooooooooooooo
gobodooboooobooooooo

cooobodoobobooobooobooooooooon
gbooooodboobooooooobo22000000
gobooobooooooooobooooooooon
gobooobooooooooobooooooooon

Cup Holder

Fig.14 Rear Console Box Layout

0000000 B4L000000000000d Fig.14[11

dofdoooboooobooooooooooooooog
goooobbooboooooboobobooooooao
goooobbooboooooboobobooooooao

goooooooobooooooooooboooan
gooooboooooooooooa

6.2 00O0O0OO

Key value] O O Advanced Emotional StylingD O O OO0 O
000000000oooooooooooooooooa
goooboooooooooboooooboooooood
@® 000DOoOooooOoOoon

gdo0o00oO0O0O0O0oO0O0O0O0O00OO00U0U0OU0OUOOoOoo
0000000000000 0D00000000Fig.15l
00000000 ooooooooooooooooog
00000000 ooooooooooooooooog
00000000 ooooooooooooooooog
0000000 oooooooooooooooooooo
0000o0oooooooooooooooooooog
0000o0oooooooooooooooooooog
oooooooooooggg

Fig.15 Luggage Space with Folded Rear Seats

® Oooooog
CX70000000000000000000000
00000020000000000
0D000000000000000000000000
00000000000000000000000
0D000000000000000000000000
00000000000000000000000000
0000000000000000000000



cX-roooooooo

No.250 20070

agboogbooabon

000000000000 ODoo0oOnoooooo
000O00ooDoOooosuwoooooooooooooo
0000o0000000000000000000000
000o0o0oo0oo0000000000ooonoo
71 suvOOOOOOOOOO
suvOOO0O0oo0O000o00000000o0oooooono
00000000000000000000000000
0000000000000 MO000o0000onooo
CcXx7000000000000D000000O00O00
00000000000000000000000000
00000000o0oooooooooooooooo
00000000000000000000000000
000000000000 D000000000000000
000000000000D000D000000000000
000000000000000000000000000
0000000000000 0000000000000D0
000000000000000000000000000
000000000000000000000000000
suvooooooooo0o0ooooooooo
72 0000000O0O0OO0O0OOODOOD
(1) DooooOooooooo
0000000000000 00000000000O0
0000000000000 0000000000000
000000000000000000CX-700000
0000000000000 0000000000000
0000000000000 00Fig.ae
0000000000000000000040000
00000000000000000000000000
00000000000000000000000000

Instrument panel

v
Surface
A molding

Quantitative| . |Improvement
evaluation study

|Sur|f3ace|]_>| Door trim molding

Fig.16 Development Process of the Visual High Quality
Feel and the Stream Appearance

cooooooooooboooooooooooon
oobooobooooooooobodoooooooon
uboooooodbooooooobooooooooonod
00000000000 000FRig.170 180

Factor D Factor A

—&—Door Trim
—l— Instrument Panel

Factor C Factor B

Fig.17 Harmonization of the Visual Surface Quality:
Instrument Panel vs.Door

Components
Magnification e

Door Trim

x50

x175

Fig.18 Grain Surface after Molded

(2) DOOOODO

00000000o0o0oooooDooooooooon
0000000000000 0000000000000
0000000000000 00000000nonoooo
0000000000000 000000000O0ono
0000000000 00000300000000n
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000 Fig.19]

-E- £ :
Fig.19 Application of the High Quality Silver Decoration Panel

— 18 —



No.250 20070 ogoooao

73 DODOODbOobOOoOo

goodddzZoom-Zoom OOOOOOooooogoo
godoooooobobobbbobooooooooobobobo
gogbobooboobobooboobboobooboa
gogbobooboobobooboobboobooboa
gogbobooboobobooboobboobooboa
gogbobooboobobooboobboobooboa
gogbobooboobobooboobboobooboa
00000000000 Fig.20td

Fig.20 Expression of Indirect lllumination

gobooboobbuooboobboobooboo
ggbobooboobbooboobboobooboo
ggbobooboobbooboobboobooboo
gogooboobooooo

suunbnog

gobooboobobuooboobbooboobooo
ggbobooboobobooboobbooboobooo
goooooooobbbbbbbdZoom-Zoomd Odd
gsuvoodoooooboobobooboooo

goog

(1) H.Okiyama et al.0 Objective Evaluation of Seat Lateral

Support for Cornering, SAE paperd 2001-01-0387
0200101

(2) N.Michida et al.0 A Study of Drivers’ Fatigue
Mechanisms during Long Hour Driving, SAE paperd
2001-01-03810 200101

(3) N.Michida et al.00 Seat Lumbar Support Evaluation with
ASPECT Manikin, SAE paper[ 2005-01-10070 20050

m000m

— 19 —



CX-7rboOooOOoOoobOoooboooCAEODOOO No.250 20070

goocXx-7
4 CX-7rUuootuonooooodouCAED OO
CAE Application Technology in CX-7 Development
OoOo0ooO0e 0000000 ooogooges
Shigeru Sugimoto Masaki Ueno Sokichi Kikuchi
gooooooge oooogoonoes
Kouji Fujikawa Tsukasa Ohhara
goo

goboobooboobboobcAEDDODODDOO0ODbOODOODLDOODOOObOOODOUODOOD
goboooobooboobbooboobobooboobbooboobDbooboobboobOooobooo
gogboooobooboobobooboobobooboobbooboobDbooboobboobOooboobo
gooogocex-yooooooooboobobobobobooooooooboooboboobobgoopooooog
goobobobooooooobooboboboboobooboooobDUbDUCAED DD DD ODDOODOODODO
gooobooobooboobmooboobooooooNvHODOOO3D OO0 ooboobobobo
gobooobooboobob

Summary

Shortening product development period through Zero Prototype by skipping prototype verification
process is beneficial not only to cut down development investment but also to timely provide
customers with our products. On the other hand when the targeted performance is turned out to be
not secured in the last stage of physical evaluation, development will be exposed to enormous risks
such as substantial delay in mass production. CX-7 was compared with Verisa, developed under
varied prerequisites, and we challenged developments of high difficulty by taking advantage of the
latest CAE technology ; utilizing newly developed platform, expansion of design latitude, and
accommodation of new regulation for North America. As a result, body frame system which
influences three main performances Handling Stability, Cash Safety, and NVH” were able to be

fixed in early stage of development.
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Summary

iPod adapter is an article which enables usage of mobile audio system player iPod, which enjoys

overwhelming support in global markets, in Mazda’s genuine audio system. To meet the recent

growing need to use iPod in a vehicle, we focused to develop the iPod adapter in a prompt manner

and with competitive price while maximizing convenience of iPod. This report introduces an

overview of iPod adapter and its development process.
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Fig.3 Installation Examplél 3rd Generation Roadstar(]

Table 1 Specification of iPod Adapter

Power Voltage DC12V
Charge Voltage DC12V
Current 250 mA (max)

Frequency Characteristic 20Hz ~ 20kHz

Size 85 mm X70 mm X25 mm

Weight 170g

Communication | iPod side UART Communication

Audio side

Interface M-BUS Communication

Function + Music Menu Change
- Title Change

+ Track Change

- FF/IREW

- REPEAT

- RANDOM

+ SCAN

Available iPod + iPod (3rd generation later)
+ iPod mini
+ iPod nano

23,100 yen

Retail Price
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Table 2 Assignment of Operation Button

Function of iPod Adapter Operation Button
Music menu Change (None)
(None)
Title Change DISC UP
DISC DOWN
Track Change TRACK UP
TRACK DOWN
Fast Forward FF
Fast Rewind REW
Repeat RPT
Random RDM
Scan SCAN
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Table 3 Retail Price of iPod Adapter

MAZDA Company A Company B

Retail Price 23,100 yen | 31,500 yen~ | 37,065 yen~
Remark Wage | Including Including
Tax Including Including Including
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Development of New Methods in Instrument Panel Skin
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Summary

The instrument panel of CX-7 sets the skin on the panel for the improvement of the sense of touch

and of the contrast of grain on the surface. We have fixed the skin by bonding until now. New

injection molding for CX-7 was able to achieve a great simplification of process.

This method was able to achieve not only the increase of productivity from the simplification of

process but also the improvement of the sense of touch and recycling efficiency, the reduction of

volatile organic compound. It means that we could find lower cost and higher quality IP skin than

before.

It introduces the difference of the process between new injection molding and established method,

the solution of development task, the background of the development about the effect of new

injection molding in this text.
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Summary

CX-9 is the Mazda’'s flagship model positioned as one of the North America strategy models. We
began by researching and analyzing trend of 3-row seat SUV and customer needs in North America in
planning for CX-9. According to the results, we learned users were looking for all-new 3-row seat
SUV, neither traditional SUV nor Mini-van. We therefore launched development of 7-seat Crossover
SUV that draws a clear distinction from conventional SUV, focusing on“ Emotional” and“ Prestige”
based on Mazda's DNAO Zoom-Zoom.* Mazda DNA ON-road 3 row SUV” is CX-9 product concept. To
realize this, we established 4 key valuesl Sporty / Prestige / Versatility / Safety and incorporated
leading-edge technologies to meet each value. This allows CX-9 to embody Mazda's DNA at high
level as the flagship model, as well as to possess strong competitiveness in all aspects such as

Styling, Performance, and Functionality.
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Table 1 Exterior Dimension

(mm)
| cx9
Overall Length 5074
Overall Width 1936
Overall Height 1728
Wheelbase 2875
Table 2 Interior Space
(mm)
| cx9
Driving Position |Telescopic Steering 50
Driver's Seat Slide 260
Driver's Seat Lift 55
2nd Row Leg Room 1010
Knee Clearance 117
Seat Slide 120
3rd Row Leg Room 824
Accessibility Foot Space 225
Hip Space 660
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Fig.4 New V6 3.5L Engine
Table 3 New V6 3.5L Engine Specification
CX-9
Model Code CYv
Engine Displacement 3,496 cc
Bore x Stroke 92.5 x 86.7 mm
Compression Ratio 10.3:1
Emission Fed. Tier 2/Bin5
Calif. ULEV II
Max Power 263HP / 6250rpm
Max Torque 249ft-1b / 4500rpm
Fuel Economy Label 2WD 18/24 mpg
4WD 16/22 mpg
Recommended Fuel Type 87 Octane
Throttle Control Electric
S-VT w/
Cylinder Head & Block Material Aluminum
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Summary

We introduce CX-9 here,“ Prestigious & Emotional Crossover SUV”, a fusion of dynamic and
emotional styling based on Mazda Design DNA and excellent 3rd-row seat package. This new model
targeted at North American market is to be released into the segment of medium cross-over SUV
with the 3rd-row seat, following on the 2nd-row seat CX-7. We took a progressive approach to design
development, not only for providing a new value which the current 3rd-row seat carsl such as
Minivan and Conventional SUVO do not have, but also for showing the Zoom-Zoom and its high

quality as a top-end model among the Mazda products in the North American market. All these

efforts have realized a model for further growth of Mazda brand.
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Summary

Within medium-sized and 3" row seat crossover SUV segment, which has future growth potential,
CX-9 has pursued its unique value by satisfying customer-demanded basic performances, and
developing a model with Mazda-brand dynamic and energetic styling, dynamic performance, and
high-quality flagship.

Focused on following features to realize the target styling, offer daily usability, and ensure enough

space for 7 adults.

- Driving position, which drivers can enjoy comfortable and sports car-like driving.

- Ensure comfortable 2" and 3™ row space, together with easy accessibility to 3™ row seat.

- High quality, which customers are proud of owing it, and daily usability.

Above features are explained in this report.
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CX-9

A

B

Overall Length

(mm)

5074

4775

4685

Overal | Width

(mm)

1936

1963

1825

Wheelbase

(mm)

2875

2700

2715

Front Tread

(mm)

1654

1684

1580

Tire Size

245/50R20

235/70R16

225/65R17

Min Turning Radius (m)

5.8

5.8

5.7

Seat lift

Seat slide

Table 2 Driving Position Adjustment

(mm)

CX-9

B

Seat Slide

260

242

240

Seat Lifter

55

40

43

Tilt Steering
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Telescopic
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Summary

Powertrain department has chosen newly developed V6 3.5 engine, 6th gear AT, and AWD system

under our mission to materialize the CX-9 concept,l Satisfying basic performancel 00 O Emotional

yet high-quality dynamic performancel and packaged engineering technique to realize Sporty and

Prestige run, comfortable P/T NVH performance, and high environmental performance. A part of it is

introduced here.
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Fig.1 New V6 3.5L Engine Appearance

Table 1 Engine Major Specifications

Engine V6 3.5L Engine
Cylinder V6—-Cylinder
Bore X Stroke (mm) 925 x 86.7
Engine Displacement (cm®) 3496
Compression Ratio 10.3

Valvetrain

DOHC 4 Valves

Number of Valves

4 per cylinder

Max. Power (HP/rpm)

263 / 6250 (New SAE)

Max. Torque (ft-Ib/rpm)

249 / 4500 (New SAE)
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Table 2 V6 3.5L Radiated Noise Projection

Sound Power @3,000rpm WOTO 4mic. Ave.(l by SAM

ACo.'s| CX-9
V6 3L | V6 3.5L

BIC Eng.| Initial

The incorporated specs and so on

D/R
The deep skirt aluminum cylinder block
Block 78.7 76.9 w. the increased stiffness
Head 76.0 | 76.0 |-
Crank 79.1 78.0 The full counter crankshaft

w. the bending force increased up to 6%

; The one-piece oil pan
Girdle/Pan 73.7 79.0 with the increased stiffness

Cam Cover| 78.3 | 77.3 | The aluminum isolated cam cover

80.0 The front cover with CLD

Front Cover| 78.0 (CLD is vibration-proofing material)

In. Mani. 77.3 | 84.0 | The plastic intake manifold

Exh. Mani. | 74.5 | 71.5 | Fabricated Steel type to Iron type
Total 83.8 | 83.6
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Table 3 Improvement of the Interior Chain Whine

Eng. RPM | Root cause Countermeasures

Entire area | Impact force Cushion Ring Water Pump Sprocket,
when the chain gets Load reduction in the Valve Spring
into the sprocket

Idle Increase in impact force Dual-Mode Crankshaft Damper

by the bending resonance
of the crankshaft

1300 - 1400] Increase in vibration .25lb Oil Pan Exhaust Bracket Mass,
by the resonance Exhaust Hanger Crossbar w/ .25Ib
of the exhaust system Mass

1400 - 1600] Increase in vibration No.1 Engine Mount D/D

by the resonance
of the No.1 Engine mount

1600 - 2000] Increase in vibration No.3 Engine Mount Mass
by the resonance
of the No.3 Engine mount
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Engine Radiated Moige on 4 mic. Ave, @ Full Load

(dB(A))
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‘04MY Mazdab V6 3L (The previous model)

Engine Noise Level

Engine Speed (rpm)

Fig.4 Engine NVHO Radiated Noise
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Fig.5 Engine NVHO Vibration
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Table 4 Acceleration Timel secO

Mode CX-9 | Competitor A | Competitor B
0-60mph | 10.2 10.3 11.0
30-50mph | 3.9 3.9 4.4
50-80mph | 10.0 10.0 10.9
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Fig.6 Acceleration G Vs. Time
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Table 5 Target Point and Adopted Technology

Target point
(1)Parformance feel
(2)Fuel economy

Adopted technology
Active adaptive shift.(AAS)
Slipping control
Real time and best hydraulic pressure control
on the basis od the engine torque signal and

(3)Shift quality the rotation signal.

Power plant bending modification.

The point that ties to the engine is increased.
(4)NVH The total length shortening.
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Table 6 Transmission Major Specification

CX-9 CX-7 MAZDAG6

Total length(mm) 370.7 392.0 378.2
1st 4.148 — —
2nd 2.370 — s
3rd 1.555 — —
. |4th 1.154 — —
Gear ratio Bth 0.859 = —
Rev 3.393 — —

F.G.R 3.464 3.749 3.464

OooooooooodMAZDAGO OO O 3.4640

ooooo1o0km/h0 0000000000 OMAZDA
e00130ocCxX-7roo1o0000401800rombdonoon
gobodoobooobosuvooooooooooooon
0oo000ooo0o0o0o0o0o000DFgl1mMm
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Fig.10 Sectional View of 6EAT
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BODY Rigidity for CX-9
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goo
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Summary

For CX-9, one of Mazda’s flagship models, under the concept of* Sporty/Prestige” to lead the next
generation N.A. product, highly-rigid body structure was developed so as to achieve® Zoom-Zoom”
kinematics performance while having luxurious ride comfort for a medium crossover SUV. In order
to support the vehicle weight of 2t and bear the input from unprecedentedly large tire sizing
245/60R20, a far stronger body than conventional passenger vehicles’ is required. To this end, based
on MPV which has been produced and received well, we decided to utilize the ladder frame platform
favorable for body stiffness and NVH performance. Focusing on the upper body, we developed well-
balanced light weight and highly-rigid body structure by securing appropriate cross sections,
strengthening individual connections, and optimizing distribution of reinforcements. In this paper,

the structural characteristics and performance of CX-9 body is explained.
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Fig.9 B Pillar
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Summary

Crash Safety is one of an essential element of a vehicle performance and one of an important
factor of a platform development. The basic of crash safety is to absorb the impact energy by a
structure so that the cabin is protected. The impact energy is in proportion to the vehicle weight so
that the measure depends on the vehicle curb weight. However, vehicle weight reduction is
important for drivability or fuel efficiency so that compatibility between crash safety performance
and weight reduction is an important theme of a platform development.

This paper will introduce that the crash safety body structure to applied CX-9 which is over

2,000kg curb weight and heaviest in Mazda passenger car by having superior energy absorption

structure.
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Development of Rollover Protection Curtain Airbag
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Summary

In North America, Light Truck Vehicles like Pick-Ups or SUVs, which have relatively higher center
of gravity, are paid attention for their fatal Rollover accidents”. CX-9 has safety technologies for
Rollover accidents. One is the vehicle stability control to reduce Rollover accidents, which are
Dynamic Stability Controll DSCChnd Roll Stability Controll RSCO Another is the Rollover Protection
Curtain Airbag, to reduce injury risks in Rollover accidents.

We report here development of Rollover Protection Curtain Airbag and Rollover Sensing

Technology.
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All Crashes (RO=ROHOVCI') Other Unknown
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Vebhicles in Crashes Seriously Injured Occupants RO=4,543 fatalities
RO=281,000 vehicles R0O=30,000 occupants

(617)

Occupant Fatalities e Kgn_s7 93 RO=2,142 fatalities
RO=10,138 fatalities
Source: 1997-2001 NASS-CDS, 2001 FARS Source: FARS 2001
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(1) NHTSA : Initiatives to Address the Mitigation of Vehicle
Rolloverd 20030 http://www-nrd.nhtsa.dot.gov/
vrtc/ca/capubs/IPTRolloverMitigationReport/

(2)0 Parenteau C S, et. al : Field Relevance of a Suite of
Rollover Tests to Real-World Crashes and Injuries,
Accident Analysis and Prevention, Vol.35, p.103-110

0 20030

(3)0 Viano, D, et al. : Roll Crash Sensing and Safety
Overview, SAE Paper, 2004-01-034201 200401

(4)0 NHTSA : Characteristics of Fatal Rollover Cases, DOT
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Summary

What the 1* generation Axela aimed was to be“ the Real Global C-Car” that can compete with
strong competitors in the world. We set the product concept as“ the dynamic sports compact that
exceeds your expectations.”

And we expressed the key values of concept as follows[]

1.Energetic and Distinctive Design

2.High Quality Craftsmanship

3.Class-less Dynamic Performance

1°" generation Axela got high estimation globally and created the new Axela brand, exceeding usual
C-Car category. At the chance of minor change, passing about 2.5 years after launch of 1*' generation
Axela, we decided to add MAZDASPEED AXELA as“ high end performance compact sports.”

We set the concept” the emotional vehicle equipping maximum driving pleasure” and expressed
the key values of concept as follows[]

1.The pleasure of Driving

2.The pleasure of Ownership

3.The pleasure of Enjoying Everyday Comfortability

0102 DloOoOoooooooo 03 OD0OOoOooooooo
Program Management Office No.1 Design Strategic Studio
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Summary

For carrying out the minor change in Axela, a mission was given to us to challenge the C-car FF
high power vehicle market which is becoming the mainstream in Europe Develop MAZDASPEED
AXELA which is a high-end performance compact sports car.”

Followings are propositions given to us from Program Manager in terms of MAZDASPEED AXELA
dynamic performance:

-* Develop the world-fastest FF vehicle.”

-* Not only achieve high performance like a racing car, but also ensure safety and comfortable feeling.”

-* Produce agile vehicle by making the best use of FF characteristics.”

Although these seem contradictory propositions for developing dynamic performance of
MAZDASPEED AXELA, we divided them into three categories and achieved with utmost efforts:

1. Overcome various concerns to achieve high power FF.

2. Develop the world-fastest vehicle.

3. Accomplish agile and exciting drive.

Followings are summary of our activities.
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Investigation on the Internal Energy Assessment
in the Vehicle Crash Event
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Summary

In the vehicle safety developments, it is the eternal and continuous challenge to realize the safety
vehicles with the lighter weight body structures and frameworks. The recent improvement of the
model accuracies along with the extended model sizes enables us to assess the internal energies
precisely in the vehicle crash events by CAE. This paper assesses on the internal energies using both

testing and CAE, and proposes to use the internal energy as the index for reducing the weight of the

body structures.
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Table 1 Comparison of Energies

Crush |Actual Energy| Energy Calculated[ICAE Internal
Distance Applied from Barrier Load Energy
Test 151mm 7.3kJ 6.4kJ N/A
CAE 151mm 7.5kJ 7.1kJ 7.3kJ

Fig.5 Drop Weight Test with Two Test Pieces Piled Up
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Fig.6 Deformation Modes : Two Test Pieces Piled Up
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Table 2 Comparison of Energies

EnergyQd
Crush Actual Calculatedl] CAE Upper | Lower
Distancel ENeray from Barrier]lntemal Test Test
Applied Energy | Piece | Piece
Load
Test 266mm | 10.4kJ 9.4kJ N/A 5.4kJ 4.1kJ

CAE 263mm | 10.5kJ 10.3kJ 10.3kJ | 6.8kJ 3.5kJ
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Table 3 Comparison of Energies in Case of Cart Test

Energy

I:)(_3rush Actual Energy Calculated from CAE Internal
istance Applied Barrier Load Energy
Test 468mm 72.4kJ 76.1kJ N/A
CAE 463mm 74.1kJ 74.2kJ 74.8kJ
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Fig.13 Front Frame

Table 4 Detailed Energy Absorption of Front Framél Base[

RH LH
Thickness | CAE Internal ,;:gs Efficiency | CAE Internal ,\;’:;ts Efficiency
(mm) Energy(kJ) (k) (kJ/kg) Energy(kJ) (kg) (kJ/kg)
Frame IN.Front 18 15.4 2.3 6.7 14.6 16 9.2
Frame IN.Rear 23 1.1 1.3 0.8 29 22 1.3
Frame OUT.Front 1.8 4.5 1.2 3.8 6.3 1.2 5.3
Frame OUT.Mid 26 27 0.8 3.3 19 0.8 23
Frame OUT.Rear 2.3 0.4 0.7 0.6 0.2 0.8 0.3
Each Side Total 241 6.3 3.8 26.0 6.5 4.0
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Table 5 Studies to Improve the Efficiency of the
Energy Absorption

Case Name Base

W/R#1 | WR#2 | WIR#3

Unit RH|LH|RH|LH |RH|LH |RH|LH
Frame IN.Front mm 18|18|16|16|18|16|18|1.6
Frame IN.Rear mm 23[23| 2 2|2 212 |2
Frame OUT.Front mm 1818 2 2|2 2 18| 2
Frame OUT.Mid mm 26(26|23]23]23|23|23|23
Frame OUT.Rear mm 23(23|23|23|23|23|23|23
5 . . 6.3(65(59(6.1/6.2|6.1/6.0|6.1
Weight of Front Side Rails kg 12.80 11.99 12.25 12.12
Weight Reduction kg Base -0.81 -0.55 -0.68
Internal Energy of Front Side Rails kJ 50.1 50.9 49.8 52.0
Efficiency of total Front Side Rails kJ/kg 3.9 4.2 4.1 4.3
Crush Distance mm 463 509 488 464

Table 6 Detailed Energy Absorption of Front Frame

RH LH
) CAE Part | - ) CAE Part )
Thickness Internal | Mass ET‘CJ‘;;"CY Thickness Internal | Mass ETjﬁncy

(M) | Energy(k) | (k) | VK@) | (MM ) Energyky) | (kg) | VK9
Frame IN.Front 1.8 16.2 2.3 7.0 1.6 11.6 14 8.2
Frame IN.Rear 2.0 13 1.1 12 2.0 53 1.9 2.8
Frame OUT. Front 1.8 46 12 3.9 2.0 6.1 13 46
Frame OUT.Mid 23 2.9 07 4.0 2.3 37 0.7 5.2
Frame OUT Rear 2.3 0.2 07 0.3 2.3 0.1 0.8 0.1
Each Side Total 25.2 6.0 42 26.8 6.1 4.4

14.0 0 Weight of Front Side Rails 50
: —8— Efficiency

Weight (kg)

Efficiency (kJ/kg)

Base WR#1 WR#2 WR#3
Fig.14 Studies to Improve the Efficiency
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Base WR#3
Fig.15 Deformation Modes in Case of WR#3
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Construction and Operation of Digital Mock-Up to Make
the Best Use of for all Development Activities

gboogobooges gbodgbodge: oboggogages

Kenji lida Nobuhiro Kodama Junji Nawa
goooooogs oogoogaoes
Seiichi Hirano Hiroshi Hananoki

goo

gbooooogoooobgobobobooooooooboooobobobobobooboobobobOoDbOoD
000D00D0ODOODMUO Digital Mock-UpD O DO DODODODOODOOOOOOOOOODOOOOOOOOO
gogoooooooooooboboooobobobooobvMmubooobbboooobbbobooobbb o
gogooboooobomMubbogobooobbooobbuoooboooboobvmubbgobboonboo
gogooobooooooooobboobmubbogoobbooooooboboooobbboooobbboa
goooboobdboboboobobooobo0obobooobobobzolD0bbobOoboOosoooobDOoDO
gooboogoon

Summary

Recently, revolutionized development activities which center on Digital Mock-UpO DMUO have
been strongly promoted in order to achieve further development in wide areas such as shortening of
development period, quality and product improvement, and development cost reduction, both inside
and outside of Mazda. Mazda had been promoting construction and use of DMU focusing on
utilization for layout activity before final drawing release, however some problems and necessities
which existing DMU could not solve occurred. Therefore, we reviewed the existing DMU supporting
tools and the operation procedure, and tried to construct DMU which is available for all development
activities and to promote utilization of it. This paper describes the approach activities for about five

years since 2001.

000000000000 020000000DMUCOO
wobod 000000000000 00000D000000D
00000 MDIO Mazda Digital InnovationO O O O
DMUOODDDOO001998000000000DMUDD DMU is assembled with
010000000000000000300000000 _ these parts.
0000000000Fig10DMUOCAEDOOOOD
0000000000000000002001000000
00000000000000000000000000
ooooooooo
00o00oooOobMUOODOO0O0O00000000000

gboobooooooooobdoboobooooooubMu

ggbobooboobobooboobboboboobooo Fig.1 DMU Image
0103 0OO00Ooo 0405 0OOOOOOO
Body Development Dept. Vehicle Development Promotion Dept.
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Development of Suspension Design Support Tool
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Summary

Dimensional variation in manufacturing and geometry of suspension parts and bush hardness are
important design factors that impact the suspension characteristics. Therefore, by strictly
controlling design factors whose impact levell sensitivityl is high, it is possible to improve and
stabilize the quality of the suspension.

However, due to suspension types becoming more complicated these years, the design factors to
be taken into account are increasing, and by the case-study based simulation of each design factors,
a huge amount of calculations will be required to calculate the sensitivity of all the design factors.
In order to perform simulation efficiently in short periods of time and identify sensitive design
factors, we have developed a tool using applied the quality engineering methodologies such as
Design of Experiments, Response Surface Model and the Information Technology as the Grid

Computing, which are currently drawing attention of many companies and educational institutions.
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f(x,y,z): Response X, ¥,z : Design Factor
an(n = 1=2a3; cee ) : Sensitivity
f(xay,Z):a1x+a2y+a3z+... (1)
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Table 1 Analysis Condition

Parts Geometry,Bushing Feature
Wheel Alignment

Wheel Stroke,Compliance

Sampling Number,Parameter Interval

Design Factor
Response
Analysis Mode
Other

Conventional Analysis Process
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New Analysis Process

Fig.2 System Development
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Development of Digital Terrestrial Broadcasting Reception Antenna Using Wind-shield Glass
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Summary

Until July 2011 when analog television broadcasting will be stopped, the coverage of terrestrial
digital television broadcasting has been expanding, and became available in main cities all over the
country at the end of last year. The diffusion of in-vehicle terrestrial digital television is advancing
in the current state around the after market because the attention area is limited. However, it is
predictable when the demand for production line equipment will rise in the near future.

In a view of such a situation, we started to study the window glass antenna for the digital
television broadcasting reception that put making to a production line equipment. As a result of
examining a layout position and the feeding method on the basis of loading of the antenna element
to a windshield top based on the problem of the conventional glass antenna, useful knowledge was

acquired to design terrestrial digital television reception antenna for production line equipment.
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Table 1 Comparison Digital TV with Analogue TV

Digital TV Analogue TV
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or Strong | Noise (Robust in Existence of Ghost &
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Strength Multipath)
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Signal | and Audio Dropout :
Strength (“Cliff Effect”) Degradation

o

Fig.1 Current Window Glass Antenna
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Fig.5 Production Application for Retrofit Antenna
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Fig.7 Antenna Layout Image
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Introduction of Electronics Control Unit Robustness Development System* ESPER”
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Summary

As the increase of electronics unit and multiplex communication, the verification and the ensure
of certainty and stability become increasingly severe for the signal communication and the signal
recognition in electric units. In order to evaluate the margin against the influence of external noise,
the multi-functional emulator that is called Electronics System with Perfect Robustnessl it’ s called
* ESPER” O has developed as the robustness verification system. The Feature of* ESPER” is

introduced that is incorporated the user demands in the easy operation and the visual-design for

achieving the compatibility of multi-functions and its convenience.
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Fig.1 System Architecture
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Fig.7 Arbitrary Wave Form Drawing
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Fig.9 Wave Import Function
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Summary

It is assumed that passengers’ comfort is to be marked with the" relaxation,” different from
drivers’. This study aimed to propose the equipment that is beneficial to the passengers and to verify
the effects on them physiologically. Relaxation is assumed as the state of relieved muscle tension,
which moderate mental strain. In order to promote physical relaxation, the following equipment was
chosenld the headrest with adjustable bolster, the tilt-able cushion with great degree and the
ottoman. First, in a laboratory test, effects of the equipment were physiologically verified by
electromyogram] EMGI the headrest lowered the neck muscle activity and the cushion lowered the
back muscle activity. Next, in an on-road test, effectiveness on the mental relaxation with all the
equipment was verified. The electroencephalogranil EEGshowed that the participants relaxed
deeper and longer with them. The subjective evaluation in the both tests stated more relaxation feel

and less physical fatigue.
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Table 1 Sleep Variables

Normal Relax
Sleep Onset Latency (min.) 6.5 3.8 *
Stage 2 Sleep Latency (min.) 23.0 11.8 *
Sleep Effciency (%) 77.9 91.3 *x
Stage 2 Sleep Ratio (%) 37.7 58.3 =*
Sleep Interruption Frequency 10.5 51 %k
Max. Sleep Duration (min.) 29.0 48.9 *x

*x p<.01, * p<.05

sugnoog

coobooooooooboooobooooooooon
goboboooooooooboooooooooooon
goboboooooooooboooooooooooon
goboboooooooooboooooooooooon
goboboooooooooboooooooooooon
gooboooobooooood

oolizoboooooooooooocooooooon
gobobooooboooooboooooooooooon
gobobooooboooooboooooooooooon
gobobooooboooooboooooooooooon

gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gogbooooboobooobobooboobbooboo
gogbooooboobooobobooboobbooboo
gogbooooboobooobobooboobbooboo
gogboooobooboobobooboobbooboo
goboogooboobbooboobbooboon
gobooboobboobooboobobooboo
gogboooboobboooboboobboobbooboo
gogboogopobooboon

good

(1) BJG.Andersson et al. : Lumbar Disc Pressure and
Myoelectric Back Muscle Activity during Sitting. - I.
Studies on an Experimental Chair, Scand. J. Rehabil.
Med., Vol.6, p.104-11400 19740

(2) BJG.Andersson et al. : Lumbar Disc Pressure and
Myoelectric Back Muscle Activity during Sitting. - IV.
Studies on a Car Driver’s Seat, Scand. J. Rehabil. Med.,
Vol.6, p.128-13301 197401

(3) AN.Nicholson et al. : Influence of back angle on the
quality of sleep in seats, Elgonomics, Vol.30, p.1033-
10410 19870

(4) A.Rechtschaffen et al. : A manual of standardized
terminology, techniques and scoring system for sleep
stages of human subjects, Washington DC, Public
Health Service, U.S. Government Printing Officé] 19680

e 000m

— 117 —



ooboooooooooboocoOoboocOooboooooao No.250 20070

ooooo

29 otdbouobobtobtuobobobubobuobon

Estimated Method of Physical Workload
of Human Upper-body during Ingress and Egress
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Summary

The quantitative evaluation about ease of ingress and egress is important to improve the usability
of an automobile. We have developed the quantitative evaluation about physical workload of human
lower-body as using the EM@& electromyogram[or estimating the joint torque.

This time, we examined the evaluation method about the physical workload of human upper-body.
We extracted the motion during the ingress and egress that influenced the physical workload by
muscular evaluation, and proposed the method to estimate the workload from ingress and egress
motion, assuming joint torques as the index of the physical workload. As a result of the verification

test of estimating physical workload, estimated joint torque matched the EMG and the subjective

evaluation well.
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Table 1 Correlation Coefficient between Joint Torque
and Muscular Activity

Extension/Flection | Leteroflection
Head&Neck 0.94 0.67
Chest&Lumbar 0.88 0.79
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Summary

In the development of AFSO Adaptive Front-lighting SystemO for all-new MPV, we intented the

superior marketability to the competitive vehicles which was introduced into the market already.

Especially, we concentrated the development of* View & Visibility at nighttime’

and‘ Smooth

Swivelll Rotate right and left the axis of lightlD. The main development point for the visibility

improvement is Mthe best of Swivel max angle, @the best of distribution light design, ®the best

vehicle speed for Swivel starting and @the best responses of Swivel angle. The main development

point for smooth Swivel is MExclusion of optical stripe / irregularity and @Exclusion of influence by

moment of inertia. I introduces all-new MPV an outline of the AFS development.
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Development of MZR-CD 2.5/3.0 Engine for BT-50
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Summary

The New engine MZR-CD 2.5/3.0 is designed for BT-50 made by AAT to introduce all over the
world except North America and Japan from 2006/05 is inline 4 Diesel engine with Common rail type
fuel injection system and Variable geometry Turbo charger. The concept of this vehicle is“ The
commercial vehicle but feel like Passenger car with Zoom-Zoom performance if drivers wouldn’t look
back to the bed.” So development team did many discussions and test to make sure suitability for

several environment, regulations and reliability. And make customers feel pleasure with Zoom-Zoom

feeling.
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Table 1 Specification of MZR-CD 2.5/3.0

Present model MZR-CD
WLT 2.5 3.0
Displacement (cc) 2499 2499 2953
Bore x Stroke (mm) 93 x 92 93 x 92 96 x 102
Max Power(kW/rpm) 82/3500 105/3500 115/3200
Max Torque(Nm/rpm) 270/2000 330/1800 380/1800
Combustion type In-Direct Injection] Direct Injection —
Compression Ratio 19.8 18 e
Valve driving system SOHC DOHC -
Gear&Belt-driven Gear&Belt-
12Valves driven
Valve [IN [Open BTDC 10 10 <
Timing Close ABDC| 24 30 —
EX |Open BBDC 61 40 ht
Close ATDC 9 8 —
Valve lift (mm) IN8 EX10 ]IN10.5 EX10.4 —
Port Layout — Parallel port —
Intake System — Variable Swirl —
Fuel Injection Type Elec.VE Pump Common Rail -
(Bosch COVEC-F) | (Bosch CRS2.1)
Injection Pressure — 160MPa —
Super charging system Mixed Flow Turbo| Variable -
(IHI RHF5) Geometry Turbo
with 1/C
(IHI_RHF4V)
Inter cooler with « e
Balancer-shaft with — —
EGR System Elec. EGR — —
Cooled EGR High Efficiency —
Cooled EGR

Fig.1 Outer View of MZR-CD 2.5/3.0
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Fig.2 Features of MZR-CD 2.5/3.0
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Table 2 Emission Control for Each Regulation
Emission Regulation

EM Device

Stage4 Stage3 |Stage2 [Stage1
PCM Calibration Type A Type B |Type B |Type C
Swirl Control Valve |C None None None

EGR Valve C C C None

EGR Cooler High Efficiency |Standard |Standard [None

Intake Shutter Valve|C 2°”eg:g; goneg:gg None
Oxidation Oxidation

After Treatment Catalyst Catalyst None None

C:Controlled
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Summary

Because the atomization behavior of the fuel injected from the injector controls combustion, it is
important whether the evaporation and the mixture properties under a high temperature and a high-
pressure condition nearing to the engine operating condition can predict in accuracy in the
development of the DI engine. The highly accurate and effective atomization prediction in high
efficiency and accuracy became possible by the development of atomization behavior prediction
techniques of 3D-CFD that combines the optimization technology and the visualization measurement

of atomization using Laser Absorption Scattering technique, which is quantitative measuring method

of the mass of liquid and vapor.
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Table 2 Input Variables
Input Variables Max. value [Min. value| Avalue

* Maxmum injection 200 100 5
velocity [m/s]

* SMD_ln the initial injection 150 20 5
duration [mm]

* SMD_ln the middle injection 30 5 5
duration [mm]

* SMD-m the later injection 150 20 5
duration [mm]
Break up model critical We 8 6 0.5
Break up model stable 8 5 02
droplet diameter multiple
Break up modej 4 1 05
time scale multiple
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Summary

The DISC-HCCI Hybrid Combustion System is designed to provide an easy way to deliver high
temperature air-fuel mixture for HCCI. The system consists of the DISC cylinder and HCCI cylinder.
DISC cylinder exhausts high temperature combustion gas with oxygen surplus, which gets aspirated
by HCCI cylinder as intake air. This mechanism generates air-fuel mixture at so high temperature
that enables to achieve HCCI combustion.

It was verified that DISC-HCCI Hybrid Combustion System enables HCCI combustion, and spark

assist and EGR are very effective in enlarging HCCI operation area. Also, the chemical kinetic

simulation proved that DISC-HCCI Hybrid Combustion System have little fuel interdependence.
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Table 1 Engine Specifications

Engine Type Inline 4

Bore X Stroke 87.5mm X 83. Tmm

Displacement 1998cc

Compression Ratio | 11.2(#1,#4), 10.0(#2, #3)

Swirl Ratio .6 (12, #3) _ _
(DISC-HCCI Hybrid Combustion Mode)

Fuel System Direct Injection

Fuel Gasoline 91RON
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Table 2 Test Conditions for Calculation

DISC Cylinder HCCI Cylinder
ID Aoisc Nvoisc | Nwrcer | EGR Rate Tinreel
(%) (%) (%) (°C)
1 2.0 29 15 50 293
2 2.0 33 17 50 307
3 2.0 43 22 50 328
4 2.7 34 24 37 264
5 2.7 42 26 37 289
6 2.7 34 21 37 255

EGR rate = The mass of burnt gas / The mass of induction gas
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Summary

ITIC-PCIO Intake Temperature and Injection Controlled - Premixed Compression Ignition that
realizes ignition control by fuel injection and low smoke was developed to improve exhaust emission
and fuel consumption. Unlike the suppression of soot formation based on lean local equivalence ratio
or low combustion temperature, this concept is to promote the soot oxidation by a large amount of
oxygen with super cooled intake gas under heavy EGR operation. The characteristic and availability
of the concept in this study was cleared to analyze the change of exhaust emission by the theoretical

3D simulation and to estimate the effect of an amount of EGR and intake gas temperature on

combustion performance.
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Table 1 Engine Specifications

Displacement {ml) 19908
Number of cylinder 4
Bore x Stroke (mm) 86 x 86
Injection system Common rail
Combustion type Direct injection
Valve system 4 valve
Compression ratio 16.7
Supercharger system VGT

Table 2 Conditions of CFD Analysis

Int-T EGR A
Combustion
[degC] | [%] [
Diesel (High-NOx) 70 45 1.71
Case-1 -
Diesel {High-Smoke) 100 57 1.28
Case-2 PCI 70 63 1.14
Case-3 Target 40 61 1.41
80
Speed: 1500rpm (CFD)
— Load: 20% e i
o 60 | afuel: 14mm3ist ; ~Case-1) Diesel Comb.
e Rail pressure: 70MPa | In-T=70deg.C
S 4p | Boost: 102kPajabs) H
= CR: 16.7 _ :
® H H _~Case-2) PCI Comb.
L 20 |-Case3) Target Comb.—o-ff- XM In-T=70deg.C
2 In-T=40deg.C Iy /. :
E 0 ; i _/
S | :
g_zn _ % Injection Timing -
J _
40 ; ; i
-30 -20 -10 0 10 20 30

Crank angle [ATDCdeg.]

Fig.2 Comparison of Heat Release Rate by CFD
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Fuel Consumption Improvement with Battery Management
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Summary

Regeneration of deceleration energy is considered to be one of the technologies, which achieves
automobiles’ fuel economy improvement. To use this technology effectively, charging and discharging
of battery should be repeated in high frequency. Thus, the technology of battery management system
plays a crucial role to control charging and discharging while recognizing the battery condition
accurately. The battery management system was developed for lead-acid battery, which is mounted on
most of the vehicles in field today, and deceleration-energy-regeneration technology was established for
automobiles with lead-acid battery. The technical issues, such as the impact of power supply voltage
fluctuation on various electric devices, or fluctuation of generator-driving-torque during deceleration is
resolved. Additionally, the commodification of lead-acid battery management system is ensured, and
power supply system cost was well balanced with the fuel economy improvement. This technology is

now widely introduced to various Mazda vehicle models as Demio, Verisa, New Axela, or New MPV.
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Table 1 Active Material vs DC-IR

DC-IR
New battery 6.0 (mQ)
Active material
Upper-half only 6.2 (mQ)
Lower-half only 7.2 (mQ)
Upper limit of engine start : 13 (mQ)
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In low SOC, charging/discharging history
have a great influence on charge current
characteristic.

Thus, it is very difficult to detect SOC.

Fig.10 Charge Current vs SOC
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Development of Bioplastic for Automobile Parts
ooooooder gooooodgez ggogoogaoes
Kunihiko Yoshida Yushi Matsuda Takahiro Tochioka
Oo0on

gobobogoboooobooboboboobooboobobocecoboboobobobobooboobbon
goboooobooboobbooboobobooboobbooboobDbooboobboobOooobooo
gogbooooobooboobbooboobbooboobboobuoobDbooboobboobOooboobo
gogboooobooboobbooboobobooboobbooboobbooboobbooboobobo
gogbooobooboobbooboobbooboobbooboobbooboobboobOooboo
gogbooobooboobbooboobbooboobbooboobbooboobboobooboo
gooboboboooooboooobobobobobobobooooossoobobobobooog

Summary

Bioplastics have a great potential as future plastic materials for automobile because of the reduced
amounts of fossil fuel consumption through production process and carbon neutral about CO:
emission. Current bioplastics have a poor impact strength, a poor heat resistance for automobile and
long producing time of injection molding due to the low crystallization speed. We tried to improve
mechanical and thermal properties and a moldability of current bioplastics by compounding a newly-
developed nucleating agent for crystallization and a compatibilizer. As a result, we have developed
an improved exterior surface quality, high-strength, heat-resistant, and injection moldable
bioplastic, which is able to use for automotive interior parts for the first time in the industry. This
research was the result of an industry-government-academia joint research project in Hiroshima
Prefecture. This new bioplastic is made of mainly corn-based polylactic acid. In addition, because
part of the nucleating agent for crystallization and compatibilizer are also made of plant-derived

materials, developed bioplastic has high plant-derived content 880 [

gooooooooooooboooboooceco.0onn

gooooooooobooco.0b0ouooooooonn

coobooooooooboooobooooooooon gooooooboooboooocoe.00noooooonon

goboboooooooooboooooooooooon Ooo0000000000D0MFgl0O0O0000000

goboboooooooooboooooooooooon gooobooooooobooooooos3snooon

ooboboooooo3sgooooooooolooooon gobooboooboooboooooooobooboon

doboboOooooooooooooooooooooon goboooboooooboooobooooooooon

gobobooooboooooboooooooooooon gobooooooooboooobooooooooon
gooobooboozubooooooooooooogn g

woogo

0103 0DO0Ooood
Technical Research Center

— 157 —



goboooboocooboooboooo

No.250 20070

Photosynthesis
A

QEOGD

7" Plant
(corn,etc.)

Starch,
Carbo-
hydrate

Bioplastic
(Polylactic acid)
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Table 1 Material Properties of Current PLA

Current Typical PP
PLA |for automobile interior
Izod impact strength (kJ/m?) 3 5
DTUL* (°C) 0.45MPa 53 110
Tensile strength (MPa) 70 25
Flexural modulus (GPa) 3.7 1.0
Plant-derived content (%) 100 0

* Deformation temperature under load
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Table 2 Material Properties of Developed PLA

Typical PP
De\';eLIXped for );?Jtomobile
interior

Izod impact strength (kJ/m?) 7 5

DTUL (°C) 0.45MPa 110 110
Tensile strength (MPa) 50 25
Flexural modulus (GPa) 2.0 1.0
Plant-derived content (%) 88 0
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_ PLA alloy @)
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Fig.3 Izod Impact Strength and DTUL of Developed PLA
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Fig.6 Under Cover of Instrument Panel
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Development of Low Vibration Transfer Panel
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Summary

To lighten the vehicle body, we developed the floor panel structure that reduces sound radiation
from vehicle floor panel efficiently. We developed the panel structure that consists of high rigidity
part in center of panel and relatively low rigidity part of the panel in outer part of the panel, and
that enables to reduce vibration transfer from frame to panel efficiently by putting mastics on only
its relatively low rigidity part. By applying this panel to a vehicle floor panel, we confirmed it is to

reduce mastics without making road noise and sound insulation performance worse.
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Fig.1 Panel Sound Radiation Model
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Establishment of One Motion Stamping Spline Forming
Technology for AT Clutch Hub
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Summary

Thin cylindrical parts for automatic transmissiond ATO are manufactured with using plastic
forming such as stamping. Parts with spline, for example clutch hub, have complex shape that
requires high dimensional accuracy. The spline of this part is formed after pre-forming in order to
meet the high quality demand. So we developed One Motion Stamping Spline Forming Technology for
clutch hub by optimizing stamping manufacturing process. We applied CAE and Quality Engineering
to decide the best stamping die design, by which we could develop and apply this technology to

production successfully without any actual forming test.
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Clucth Hub

HuB.Assy-Clutch AT Cross Section

Fig.1 AT Cross Section and Target Part
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Punch

Fig.7 Amount of Material Filling at Height L

(%)

Conventional

Material Filling Rate

One Motion

Height from Tne Bottom (L) (mm)
Fig.8 Material Filling Rate
Table 1 Control Factor and Level
Control Factor | Level#1 [ Level#2 | Level#3
Punch A : Shape#1 Small Large
B : Shape#2 Short | Medium| Long
C : Shape#1 Small | Medium | Large
D : Shape#2 Short | Medium| Long
Die E : Shape#3 Small | Medium | Large
F : Shape#4 Short | Medium | Long
G : Shape#5 Small | Medium| Large
Material | H : Thickness Thin Middle | Thick

Table 2 Noise Factor

Factor N1 N2
Coefficient of Friction Low High
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Table 3 SN Ratio

Experiment No.|SN Ratio(dB) | Experiment No.| SN Ratio(dB)
1 -4.07 10 -8.30
2 1.93 11 -14.16
3 -9.72 12 -17.25
4 -9.24 13 -9.73
5 -11.20 14 -0.68
6 -10.04 15 2.44
7 -6.04 16 -4.00
8 -11.07 17 -15.04
9 -5.19 18 4.67

QO : Optimum Condition
4 HX : Conventional Condition

(db)

SN Ratio

L
o
T

|
—_
N

A B C D E F G H
Control Factor

Fig.9 Factor Effect Chart of Standard SN Ratio
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Fig.10 Comparison of Material Filling Rate

Table 4 Confirmation Test Result

(db)
Conventional | Optimum
Condition Condition Gain
Presumption -8.77 -1.63 7.14
Comfirmation -8.95 -2.69 6.26

One Motion Stamping Splin forming

Conventional Manufacturing Process

!/—}

Fig.11 Picture of After Forming
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Fig.12 Effective Tooth Side Length
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Reduction of Mass-production Preparation Period
about Axle Parts Casting Process by Taguchi Method
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Summary

Now we are proceeding improvement in product quality and shortening of mass-production
preparation period in production preparation process, focusing on the pursuit of philosophy and
real-time concurrent engineering with R&D / Plant. This time, we put concurrent engineering with
R&D / Plant into practice on axle parts casting process, which correspondence to new products for
the purpose of shortening mass-production preparation period by early implementation of optimum
design. By using the pursuit of philosophy and Taguchi Method, we achieved product quality

optimization and reworks prevention, effectively we accomplished shortening mass-production

preparation period.
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Table 1 Control Factor

No. Control Factor 1 2 3

A Bearing Shape (Gate Shape) Rectangle Square

s Ummpmeee | g | Sl | g
¢ (Gate cn?)asip—e;escgﬁ;eal area ) Narrow Middle Wide
D Riser Height Low Middle High
E Riser Position Near Middle Far
F Carbon Equivalent Low Middle High
G Riser Width Low Middle High
H Molten Metal Temperature Low Middle High

Graphite nodularity : 75%-80%  Graphite nodularity : 75%-80%  Graphite nodularity : 75%-80%

Fig.8 Gate Position Shrinkage Cavity and Graphite Nodulurity

Graphite nodularity
75%-80%

Graphite nodularity
70%-75%

Fig.9 Gate Cross-Sectional Area,
Shrinkage Cavity and Graphite Nodularity
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Table 2 Initial Condition and Optimum Condition

Optimum

Condition A2B1C3D1E1F3G1H2

Initial Condition | A1B2C2D2E2F2G2H2
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Table 3 Gain Estimation

Generic Function No.1 (db)
Optimum Condition Initial Condition Gain
Estimated Quantity -25.4 -29.7 4.4
Effect Confirmation -23.9 -28.5 4.6
Generic Function No.2 (db)
Optimum Condition Initial Condition Gain
Estimated Quantity -30.3 -33.1 2.7
Effect Confirmation -31.5 -33.9 2.4
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Fig.12 Check Report

CT Scanner Image (Initial Shape)

CT Scanner Image (Optimum Shape)
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Fig.13 CT Scanner Image on Initial Condition
vs Optimum Condition Check Report
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Summary

In recent years, new car development competition is intensifying. To achieve the shortening of a

mass-production preparation period, cost reduction, and improvement in quality further, we are

working to improve the appearance quality of first stamping parts.

In this paper, It is introduced the example which optimized die design by utilizing quality

engineering and CAE for the purpose of realization of robustness to the distortion in front fender

panel.
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Fig.1 Surface Distortion of Stamping Parts
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Table 3 Comparison of Estimated Gain and
Experiment Result

S/N ratio(db) Sensitivity(db)
Prediction |Confirmation] Prediction |Confirmation

Optimum

" 89.64 86.21 -105.29 -103.48
condition

Current | o344 | 7864 | 9652 | -9333
condition

Gain 6.50 7.57 -8.77 -10.15
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Development of Window Glass Primer Applying Quality in Process
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Summary

We proceed with activity of* the In-process quality assurance system” for stable quality. In these
activities, the inspection technology for quantifying quality is one of the most important problems.
As for the element work of assembling such as fastening, mounting, adhesion and filling, it is needed
quality assurance. However, adhesion quality assurance depends on visual inspection mostly.
Therefore quantification of quality is difficult. And automatic inspection machines are not applied
positively to an adhesion process by the limitation of time and space. We developed the measuring
system to quantify application quality of a primer that applied on all around the windshield glass.

For this system, we can stabilize a quality by analyzing a tendency and an effect to the problem. We

introduce the content of development and an instance of introduction to the factory of UJINA.
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Development of High Quality Appearance Basecoat
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Summary

In recent years, appearance of other companies’ cars has improved as customer demand for

appearance has been increasing. To achieve improvement of appearance at three-layer wet paint that

is Mazda's standard paint system, basecoat that has the biggest influence on appearance has been

developed.

In this research, formation mechanism of current paint on gloss and smoothness was clarified, and

high rank appearance in industry could be achieved by improving basecoat based on the mechanism.

This paper reports technical contents and effects of newly developed basecoat.
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Table 1 Solvent Composition of Current Basecoat

Solvent A&ct:oz?t Boﬂlnog point
Aromatic hydrocarbon B 31 135~145
Alcohol C 7 118
Aromatic hydrocarbon A 6 111
':;R’::t' Ester B 6 127
Ester A 2 77
Aromatic hydrocarbon G 2 159~166
Ketone C 1 115
Aromatic hydrocarbon B 13 111
. . e Ester A 4 77
Viscosity control Ester B 3 127
solvent
External Ketone C 3 115
solvent Ether K 2 170
Aromatic hydrocarbon | 0~3 180~290
Dilution solvent | Aromatic hydrocarbon D 0~10 285~196
Ether K 0~3 170
o © o
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Improvement measures Concrete proposed measures

Inhibition of basecoat/ Surface tension control
clearcoat mixed layer of paint resin
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Paint smoothness(Wd)
of vertical dimension
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5
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Viscosity difference (Pa-s)

Good «—
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Fig.7 Relationship between Viscosity Difference of MG/Mixed
Paint and Paint Smoothness(Wd) of Vertical Dimension
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mixed layer curing mixed layer curing high-boiling solvents

Volatilize solvents before » Change solvents from
to low-boiling solvents

Change clearcoat
Slow curing of mixed layer }—b from acid-epoxy
type to others

Fig.8 Improvement Measures of Paint GlossO Wall

Table 2 Comparison of Solvent Composition between
Current Basecoat and Developed Basecoat

Boiling point | Current b Developed b
(Wt%) (wt%)
Aromatic hydrocarbon B|| 135~145 31 27
Alcohol C 118 7 4
Aromatic hydrocarbon A 111 5
Ester B 127 7
Ester A 77 11
Aromatic hydrocarbon G| 159~166 -
Ketone C 115

Solvent

Internal
solvent

2NN (oo
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Table 3 Characteristic Difference between MG and NAD

Viscosity controlling agent| Melting viscosity controlling agent|
MG NAD
(MicroGel) (Non Aqueous Dispersion)
Viscosity control of paint
Dispersion in solvent

Application
Particle form
Presence of
cross-linking
Particle diameter

Presence Absence

40nm~ 100nm~
Strong Weak
(Cohesion:Strong) (Cohesion:Weak)
Particle hardness Hard Soft
Viscosity expression by Melting and flowing by heat
NonVolatile(NV) during paint baking

Interparticle interaction

Viscosity expression

[Vertical dimension]

Inhibition to longitudinal
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Fig.9 Function of NAD and Improvement Effect of
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Countermeasures Concrete proposed measures

Reduction of MG
v

Adoption of NAD

Elimination of viscosity difference
between MG and mixed layer

Elimination of MG

‘ Elimination of MG segregation SP increase of acrylic resin ‘

Fig.10

Improvement Measures of Paint Smoothness] Wd[

Table 4 Comparison of MG, NAD Amount and
Solubility Parameterd SPO between Current
Basecoat and Developed Basecoat

Current basecoat Developed basecoat

MG (wt%) 10 5
NAD (wt%) 0 5
SP of acrylic resin
(Surface tension)

10.5 10.7
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