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Summary

Since 1996 Mazda has been promoting a corporate activity of MDIO Mazda Digital Innovationl to
build a company structure that has high flexibility and agility and can boost high profitability even
under small lot production in response to diversification of customer’s values and social
requirements represented by global environment and safety.

In order to promptly accommodate changes in the customer’s values and social requirements, it is
essential to establish the technology for maturing and meeting development targets steadily and
speedily by the validation of development elements such as performances and reliabilities at an early
development stage where no prototypes are available, based on digital engineering represented by
3D modeling.

Mazda had introduced the concept of Virtual Testing[d hereafter called “VT”0 and have developed
proactive simulation technology, as a part of innovation activities for the testing area in MDI.

This paper introduces an overview of VT activities aiming at product development process

innovation based on MDI philosophy.
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Summary

The development of NVH Virtual Testing is based on the following approachl] a goal image of NVH
development process had been well defined and necessary technologies have been developed. The
goal image of the NVH Virtual Testing is as follows customer satisfaction is transferred to
quantitative individual NVH targets 1st step , vehicle level targets are cascaded into individual
system targets such as vehicle body and suspension system characteristicsd 2nd step , system level
targets are realized as a concrete structurell 3rd stepl , and final drawings are fixed by verification
using customer satisfaction estimation based on vehicle level performance predictionl] 4th stepl .
Through MDIO Mazda Digital Innovationl project activities, we had introduced necessary technologies
such as experimental TPA and predictions on body acoustic sensitivity and chassis vibration into major
NVH attributes’ development of actual vehicle programs, thus having achieved significant success in

upgrading product quality, shortening development period and reducing development cost.
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Summary

Mazda has introduced the concept of Virtual Tests and strengthened proactive simulation

technology. In order to respond to the increasing market demands for higher safety performance of

vehicles, we should develop body structure and new safety equipment with high efficiency in a short

time, and have been positively performing Virtual Tests in development processes. This paper

introduces Mazda’s activity for the accuracy improvement in CAE modeling technology and

experiment evaluation technology for the development of side impact protection.

woogo

0oo00oo0ooodoooooooooooooooog
O Finite Element MethodO O OFEMO O ODOODOOODOO
O00doooooooooooooooooooogn
00D00D0O000O0O00DbOO00OooOoOoooDle8on OO
0000000000000 0od00oFEMODOOOOO
O00doooooooooooooooooooogn
O00doooooooooooooooooooogn
0000000000000 0O0o0oobOOoO0obOoboDbOoo
0000000000 DbOO0bO0o0O0O0ooooooOooDoo
0000000000 DbOO0bO0o0O0O0ooooooOooDoo
O0000o0ooooood

O0OD0OOFEMOODOOOODOODODOOCAED
0000000000 DbOO0bO0o0O0O0ooooooOooDoo
ooviooooOOoOoOOoDOOoDbOooooooooo

2000000000b0000000

oooooooooooooooooboooooboboooon
oobooooooOoOoobo0ooboOooooooooo
goooooboboooooboboooboooDoobDOoon
oobooooooOoOoobo0ooboOooooooooo
o0boo000o0oDO0oO00oDOOo00obOo0oO0O0oCAEDDD
oobooooooOoOoobo0ooboOooooooooo
oooboooooooooboooooboovrToooo
goboooooooooooobooooooooon

OO00O000000000FRg100000000D00O
goboooooooooboooobooooooooon
gboobooooooooooocoviooooooooo
goboooooooooboooobooooooooon
goboooooooooboooobooooooooon
gobooobooOOoCAEDOOO0ODOO0OO0OO0O0OO0O00O0n
gobooooboooboobooooooocooooooood

0102 CAEO
CAE Dept.

0304 ODOOOODOO
Crash Safety Development Dept.

— 13 —



00O 0D O Virtual Testing

No.22[0 20040

3UCAE0 DO O0OD0OOOO

CAED0000000OO0DOoboOobOoboboboooo
ggbobooboobbooboobobobobooboo
ggbobooboobbooboobobobobooboo
ggbobooboobbooboobobobobooboo
gogboooobooboon

31 JO0bOoboboooog

000000000000 000Fig.20000000
ggboboooboobbooboobbobobooboo
ggboboooboobbooboobbobobooboo
ggboboooboobobooboobbobobooboo
goo0obobbOOoOooooboboDbibOCAEDDOOOOO
Fig30 0O ODODO0O00O00O00o0ooooooooo
gogboboooboobobooboobboobooboo
goood

32 JO0DOO0ObOOobOOooooooooo

gobooboobbuooboobboobooboo
ggboboooboobobooboobbobobooboo
ggboboooboobobooboobbobobooboo

Materialization of
Structure

i i il

Target Setting Verification

Virtual Testing

Fig.1 Development Process

Fig.2 Dummy Model

UPR RIB DEFLECTION MID RIB DEFLECTION LWR RIB DEFLECTION

Test  aom cap
AN after o
= % Improvement -
| ..- LY
|I & | "'-I
] | W

[

| cae i h |
before 'Y i

| Improvement L I|III I

I

| |1 [ i h

F S .

0 10 20 30 40 50 60 70 80

Time [msec]

Deflection
Deflection
Deflection

—

¥ I |
0 10 20 30 40 50 60 70 80
Time [msec]

| - — .
0 10 20 30 40 50 60 70 80
Time [msec]

Fig.3 Dummy Simulation Result

goboopobooboon

gobooboobbooboobooobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
000000Figd4dDOO0OODOODOOODODODOOO
gogboooobooboobobooboobbooboo
O0OO0OCAEDODOOOFRgSOODOODOODOODOODO
goboooobooboobboobo

33 D00O0O0O0ooobobobooobooooog

000000000000 0000D0000DFig.6d
gobbooooobbboooobboooobboo
gogbooooboobbooobobooboobbooboo
gogboooobuoobooobobooboobbooboo
CAED0D0O00O0bOO0OOO0oUooOobDobooooboboo
gobogoooboobobooobobobobooboon
CAED0DOU0D0OU0bOO0bO0ooboobDoooooboboo
O00DbOO0O0OCAEDODUODODODOODObDObOOOO
gogbooooboobooobobuooboobbooboo
gogbooooboobooobobuooboobbooboo
000000000000 000CAEDODODOOFig.7
good

34 0J000O0O0OOO0ODOODOObOOOOOOOoDO

ggoboboboooBspogooboboooobobboo
gogbooooboobooobobooboobboobog
gogbooooboobooobobooboobboobog

Roof

B-Piller

Body

Barrier

L AMM——

Fig.4 Side Impact Spring-mass Model

— CAE
— TEST RESULT

E Barrier Velocity

Velocity (m/s)
T

Vehicle Velocity

0 20 40 60 80 100
Time (ms)

Fig.5 Simulation Result

— 14 —



No.2200 20040

goooog

ggoboooboobbooboobboobooboo
0000000000000 O0OFg8O0OD00O00ODOOO
000000000000 0FgOOUODOCAEDDODO
goob0ob0ob0oo0oooobouobOobDOobCcAEDDO
ggoboooboobbooboobboobooboo
0000000000000 00Fig.100000CAEDD
ggobooboobbooboobboobooboo
35 D00OO0bOoboooooooooo
gobooboobbuooboobboobooboo
00000000000Fgll00000D00O0O00ODOO

Fig.6 Body Strength Test

CAE

Test

Load (N)

Displacement (m)

Fig.7 Body Strength Simulation Result

Fig.8 Door Impact Test

l_\_h-\—

Fig.9 Door Impact Simulation Model

CAED0O0U0DOU0bOobooooobooboobooboboo
gogboooobooboobobooboobbooboo
000000000Fg12000000000000D0O0O
gogboooobooboobobooboobbooboo
gobbooooobbboooobboooobboo
goobobOobooboobouocCAEDODODbObOOOoO
g00b0obO0obO0oU0oboUOboCAEDDOODODbDObOOOO
gobooooboooo

A0000booobboood

O00O0O00OCAEDODOODODObOOObOOoooDo
gogbooooboobooobobuooboobbooboo
gogbooooboobooobobuooboobbooboo
gogbooooboobooobobuooboobbooboo
O00D0OO0OD0OCAEDODODODOODODObOOOOOO
gogboopoboobooboboon

CAE after Improvement
CAE before Improvement

Test

Force (kN)

Crush Stroke (mm)

Fig.10 Door Impact Simulation Result

Tes CAE after Improvement

CAE before Improvement

Velocity (m/s)

0 10 20 30 40 50 60
Time (ms)
Fig.11 Body Characteristic Simulation Result

Test

Deflection (mm)

CAE before Improvement
Il Il

0 10 20 30 40 50 60
Time (ms)
Fig.12 Dummy Injury Simulation Result

— 15 —



00O 0D O Virtual Testing

No.22[0 20040

O000OFrgRBOODOD0OO0O0OOODOODOODOOO
ggbboooboobbooboobobobbooboo
ggboboooboobboobooboboobbooboo
ggboboooboobboobooboboobbooboo
goobobobobooooobouobocABEDDODODO
ggboboooboobboobooboboobbooboo
OO0O0ODODOCAEDODOUOUOCAEDODDDOOOOUOO
goobo0ob0obOobo0ooouoouobDOobDcAEBEDDODO
gogboboooboobbooboobbobobooboo
ggo

Fig.u40 0000000000 OO0ODOODOODOOO

g0b0Oo0ob0O0obU0OO0OCAEDODDUOODbDOODbDOODO

ggboboooboobbooboobbobobooboo
gogboboobooboboobboooba

Side Impact Crash Simulator

Acceleration (m/s?)

Ci u] 20 =0 4@ =0 2]

Time (ms)

Fig.14 Maodified Injury Value Prediction

stgnon

gooooopobobbbboooooooooobooboo
gooooooooooooboobbbvrToooooo
gogboooobooboobbooboobbooboo

gogboooobooboobbooboobbooboo
goood

m000m

gogog

gooo

gooo

— 16 —



No.2200 20040 goooao

0 0O O Virtual Testing

4 O00000000CAED OO OOO00Ooonn
Introduction of Durability CAE Simulation Technology

gooooooee
Shuji Tamura

goo

coooooooboooooboooooooooobOboOoOoOoOoOooboboOooooOoOoOoOooOooOooOboOoOoDboboOn
oobooooooooooOoocooboOobobooOooooocOoOobOoOoOoOboOoOobOOoOoOobOOoOoOobOooOoboOoon
goboooooooooOooobboOoooboooooOooOooOocOoOoOooOboOoobOOoOooOoOoOoOoOooOooon
CAEODO0O0OOO0O00CO0OO0ODOOOOO0CO0O0O0OODbOOO0OO0ObObOObOObOOOObOOODbOODOOOObO
CAED 0000000000000 0OO000OO000bOOo00ooOo0o0ooOoOoOooDOOOoOoDn

cooooooboooooooooooooobobooobooooooooooooooooooboOoooDoogn
000000000030000000000000000000000000000000@0O000n0nn
0000000000000000000000@000000000000000000000000000
gobooooooooobbooobooooooooooooon

Summary

With customer needs becoming diversified more and more, further reductions in cost and period
required for products development are of very importance in order to supply products satisfying
such needs to customers timely at reasonable cost. Computer-aided engineering (CAE) simulation is
an essential enabler for the development of durability as one of basic vehicle requirements, therefore
we had studied the possibility of estimating the fatigue life of a vehicle structure such as body and
chassis by means of CAE simulation, which has proceeded toward practical use.

This report describes three approaches-1) converting a road profile on the proving ground into
computer input data for geometrical modeling, 2) calculating the forces transmitted to each
structure by road stimulation; and 3) calculating the stress produced on the vehicle structure by
force transmission-to doing the CAE simulations of durability tests, which were conventionally
physical tests on the proving ground with actual market roads assumed, and introduces a method of

estimating the fatigue life of the vehicle structure.
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L Calculated Load
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Fig.1 How to Simulate Physical Evaluation on
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Ms : Body Mass, XB : Body Displacement

Ms : Suspension Mass , Xs : Suspension Displacement
MT : Tire Mass, XT : Tire Displacement

Fsp: Force on Suspension, Xo : Calculated Road Profile

K': Suspension Spring Rate, C: Suspension Damping Rate
k : Tire Stiffness, c : Tire Damping Rate
<

J

Motion Equation
Mxp = k(xg=xp)+e(xgxp—k(x—xp)—c(xrx0)

MS;{S = K(XB_X5)+ C(XB_Xs)_k(XS_XT)_C(XS_XT)

MB;(.B = _K(XB_XS)_C(X.B_X.S)

Solution

Ms?(Mys™+2cs+2K) . Mys™estk

 Mys*+2cs+2k .
(cs+k)? (cs+k)? S

= « Fo, +
O (cs+k)2 SP

Fig.2 Modeling for Road Profile Back-calculation
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Summary

To achieve high aerodynamic performance and low wind noise level in production vehicles,
drawing quality should be improved by making a substantial study in the first half of the
development period because it is essential that the setback or residence which could occur in the
second half of a development period should be minimized. No prototypes exist in the first half of the
development period. For this purpose, we have developed aerodynamics and wind noise simulation
technology and established a development process with great linkage between the simulation and a

wind tunnel test. This paper shows the outline of the development process and applicable examples

of the aerodynamics and wind noise simulation to the product development.
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Fig.1 Aerodynamics Testing Laboratory of Mazda
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Fig.2 Aerodynamic Developing Process
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Table 1 Comparison of Applied FDM, FEM and FVM

Finite Difference Method
(FDM)

Finite Element Method
(FEM)

Finite Volume Method
(FVM)

Governing Equations

Unsteady Incompressible
Navier-Stokes Equations

Filtered Unsteady Incompressible
Navier-Stokes Equations

Time-averaged
Navier-Stokes Equations

Turbulent Model K-K scheme Smagorinsky SGS Model K-¢ Model
Model Structure Structured Hexahedron (Unstructured Tetrahedrons Uns .tructured Hybrid
(Mainly Hexahedron)
Model Size 10 Million Grids 6.3 Million Mesh Elements [ 2 Million Mesh Elements
Minimum Spacing 4.0 mm 0.44 mm 2.0 mm
Adaptive mesh N/A H-refinement N/A
Inflow / Outflow Fixed Value / Zero Gradient
Body Surface No Slip Wall Law
Time Step 1 msec 3.2 pusec —
Computation Time 30 CPU Hours 70 CPU Hours 50 CPU Hours
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Table 2 Characteristic of FDM, FEM, FVM

FDM FEM FVM

Computation Time Short Long
Difficult Easy
Available Available

Relatively short

Shape Reproducibility Relatively easy
Not Available

Available

Unsteady Simulation

Temparature Calculation || Not Available | Not Available

. Aerodynamics . . .
Applied area Wind Noise Wind Noise | Climate Control

Fig.3 Computational Grid of Finite Difference Method

Fig.4 Computational Grid of Finite Difference Method
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Fig.13 Unsteady Flow Simulation
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Summary

In recent years short-term development and quality improvement are in demand, the utilization of

Computational Fluid Dynamics (CFD) is effective in satisfying such a demand at air-conditioning

development.

Mazda, having been using the CFD in the analysis of ducts and a HVAC (Heating Ventilating Air-
Conditioning) units or the estimation of defroster performance, has had the ability to decide on air

conditioning specifications even in the early stage of development.

This paper introduces the cases where the CFD has suppressed the airflow restrictions and noises

of the vent duct and defroster nozzle with high efficiency and has been utilized in developing the

HVAC unit featuring Mazda's first full central layout.
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Summary

To achieve shorter lead time and cost saving for product development, analytical verification of
performance to be studied would be effective in the early development phase where no hardware is
available.

As one of virtual testing technologies, we have developed an approach to predicting steering wheel
vibration in the rotational direction, common to both phenomena, namely brake judder and shimmy,
whose performance development was conventionally driven by experiment.

This paper covers a modeling description of the steering friction characteristics essential to
represent the steering wheel vibration in the rotational direction, reproducibility of the judder and

shimmy phenomena, and a case where this approach was used to make a study of judder

performance improvement.
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Summary

As part of the MDIO Mazda Digital Innovation project, we have developed a new method called
VTO Virtual Testingd to improve NVHO Noise, Vibration, and Harshness[ of the powertrain by
computer simulations instead of actual testing, without affecting the fuel economy and performance.
The VT technology was achieved by creating accurate FEO Finite Elementld models based on 3D-
CAD, shortening calculation time by reducing the modal models, and developing new methods for

structural analysis, CFD analysis, multi body dynamic analysis and acoustic analysis. This paper

describes how the VT technology can predict the mount vibration and engine radiation noise.
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Summary

Powertrain is one of the most important technological elements for supporting Mazda’s brand

strategy, of which performance and quality require substantially high competitiveness of worldwide

level. To speedily meet the requirement in a short period, requests for accurate analyses of

powertrain behavior with multi body dynamics are on the increase. Our application of ADAMS to

various types of engines and transmissions under development and production at our plants has had

much effect on fuel economy, NVH, and reliability. This paper introduces some applicable examples.
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Summary

A simulation system, PT-VTES[O Power Train Virtual Testing and Evaluation System[], has been
developed for applying to virtual testing in a concept design of a powertrain. A concept design phase
occupies an important place in a product development and needs introducing computer simulations
for efficient and scrupulous studies. General simulation models, however, are not always suitable for
studies in the concept design, and a new modeling approach is necessary. This paper describes
prerequisites of simulation models in the concept design phase of the product development and the
basic concepts of PT-VTES that enables to realize simulation models with these prerequisites, as
well as the formulation of models by system approach and the organization of models by the concept

of hierarchy structure, and introduces the outlines of the computer system of PT-VTES and

applicable examples of simulations.
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Summary

In recent years when the selling ratio of automatic transmission vehicles has been rising steadily,
we should highly meet various needs from customers, such as improvements in shift quality, fuel
consumption and environmental performance. Therefore, in order to realize more precise control
and further to keep development period short and to keep cost low, we have developed some virtual
testing technologies called PT-VTESO PowerTrain Virtual Testing and Evaluation System(], which
has enabled us to previously implementing PT testing without need for a unit system, which had

been conventionally required, in the control software development phase, thus having achieved

substantially high efficiency.
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Summary

The C-segment market is a fierce arena packed with strongest competitions throughout the world.
To prevail against such rivals, the new Axela employed the platform jointly engineered among Ford,
Volvo and Mazda, with an aim to deliver a product that “exceeds customer’s expectation”. The
product development of Axela is based on five key values:distinctive styling, dynamics that offers
driving pleasure, high quality finish and craftsmanship, smart and passenger-oriented packaging, and
careful attention to safety and environmental compatibilities. The Axela clearly expresses Mazda

Brand DNA that has been established by Mazda’s new-generation products-Atenza, New Demio and

Mazda RX-8.
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Table 1 Powertrain Lineup in Japan

Drive | Engine Transmission

Electronic—Controlled
1. 5L 4-Speed Automatic

5-Speed Manual

Electronic—Controlled

FWD . .
2. 0L 4-Speed Automatic

Electronic—Controlled
9.3, |4-Speed Automatic

5-Speed Manual
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Table 2 Key Dimensions

4dr Sedan

Station Wagon

Overall Length (mm)

4485 (4540 *)

4405 (4485 *)

Overall Width (mm)

1745

1745

Overall Height (mm) 1465 1465

Wheelbase (mm) 2640 2640

Tread Front/Rear (mm) 1530/1515 1530/1515
% 23S Grade
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Summary

Axela/Mazdad is the fourth all-new Mazda developed core product following the success of Atenza,
New Demio and RX-8, and sets a new global standard for compact carsd C Card in design. In order
to embody“ Global, Compact, Sports” which directly confront the challenges of competitors, the
Axela appeals a Mazda character to the world and pursues unique exterior design that shows strong

presence as well as the interior design that provides excitement with comfort and appeals to all

senses.
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Interior llluminations
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Summary

Axela was newly developed, aiming to become an all-new sports compact car, and pursued unique
values to be globally accepted in all areas. It also aimed to develop a global standard package, which
realizes sporty styling, and satisfies all customer needs in the world.

To realize the above items, we focused on the following for the development:

1. Streamlined package with ease-of-use, good maneuverability, and ample interior space.

00 Generous space, realized with wide body and long wheelbase.

00 Exceptional maneuverability of the same performance level as 5-number cars.

0 Optimum driving position and exceptional ergonomics.

0 Ample and easy-to-use storage space.

2. Quality that surpasses the conventional compact car in terms of excitement and that is

comfortable to the five senses.

0 Pursued exceptional functionality with high operability and visibility, which can be achieved with

center panel and instrumental layout.

[0 Customer delight, such as blackout type meters with indirect blue lighting and audio illumination.

This paper describes the above features.
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Dynamics of Axela
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Summary

The chassis, or suspension, steering and brakes, and body used in Axela have enabled outstanding
dynamics performance, which delivers superior” driving pleasure” far beyond the segment standard.

The suspension system accomplishes well-balanced performances of handling, ride comfort, and
vibration/noise by adopting MacPherson strut with liquid-filled bushings for the front, and E-type
multi link suspension for the rear. The steering system provides an excellent steering feel and high
fuel efficiency by adopting a power-assist system equipped with an electric motor pump. The brake
system accomplishes a best-in-class braking distance and an unparalleled brake feel by adopting a
large-diameter booster and reducing the travel loss of a master cylinder. The body structure
surpasses competitors in local body stiffness as well as global stiffness against bending and torsion

by adopting the large cross-sections and straight structures of cross-members and frames.
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"MAGMAO OOOOOO0O0O00D00000D00

Summary

Axela was developed to achieve world-class high crash performance, one of basic performances of
an automotive. To realize higher crash performance, a Mazda-unique crash safety standard which is
severer than any regulation in the world was introduced, and a highly rigid cabin, and a new high
energy absorbing platform has been realized, which includes MAGMA®" drastically evolved into a
basic frame. Specifically, a front crash protection has adopted a straight front-side frame with large
cross-sections and a three-forked frame distributed structure, and a side crash protection has
adopted a triple-H structure with a large floor cross member. For the rear crash protection, Axela,
equipped with a high energy absorbing rear side member, can accommodate the 80km/h offset rear
crash requirements which are much severer than domestic standards. Furthermore, Axela boasts
enhanced safety equipment such as the horizontal energy absorption steering column system and a
pedestrian legs protection bumper.

This paper describes overviews of a crash safety body in the crash safety performance on Axela.

"MAGMA:Mazda Geometric Motion Absorption

0105 000O0Oooo 06 OO0OOOOO 07 CAEO
Crash Safety Development Dept. Body Development Dept. CAE Dept.
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Summary

Axela/Mazda3 powertrain has contributed to realization of*

Driving Pleasure’ by attaining higher output

performance for embodying Mazda brand DNA and improvements in PT-NVH measures, environmental

performance, and transmission. This report introduces the outline of the powertrain.
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Table 1 Powertrain Line-up

Eng.Vol. /M EU North America Japan Other
L Federal Green Countries
States | States™
1.4 5MT o
15 SMT [ )
) 4AT Y Y
16 S5MT (] Y
) 4AT o Y
20 SMT ) ) ®
) 4AT [ ) Y Y
2.0 SMT [ ]
PZEV 4AT o
23 SMT (] [ ] (] [
) 4AT [ ] [ ] (] [ ]
1.6DE SMT [

All 4ATs have active matics.
*1: 5States of CA, NY, MA, ME, VT

0104 OO0OO0OODODOOOOOO
Powertrain Development Promotion Dept.
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Table 2 EM Regulation Compliance

Destination Compliance EM Engine
N.A(Green States) |PZEV (LEV2LEV*1)| 2.0-2.3L
N.A(Federal States) Tier2Bin5 2.0-2.3L
Europe (Gasoline) Stage4 1.4-2.0L
Japan U-LEV %2 1.5-2.3L

*1--2.3L *2++As of 2003CY
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Oo0oo00O00o00oooooooOOOoC0c00000o0oo0oooooO0OC0O0O0b000000Front End Accessory
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Summary

Toward the higher level of crash safety performance, a big challenge which the car industry
currently faces, more and more compact Front End Accessory Drive system FEADO has been
demanded. On the other hand, the driving load for each accessory is on the increase, and an auto-
tensioner, which has issues specific to itself in spite of the realization of maintenance-free
performance, inevitably required the additional cost associated with additional parts to prevent
issues on belt slips or the like.

With Axela, we have succeeded in both achieving high product marketability as typified by its
light-weight and compact-size FEAD system, maintenance-free performance, and reduced belt slip

noise, and concurrently lower cost, through the development of Asymmetric Damping Auto-

tensioner, which has accomplished world-first mass production in a passenger vehicle category.
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Achievement of Flexible Axle Assemble Line for Axela
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Summary

At the Hofu Nishinoura Plant, the mass production of Axela has started since September, 2003. To
develop and supply marketable vehicles which meet customers’ demands continuously in a speedy
manner, taking advantage of this Axela introduction, we have developed the Axela axle assembly line
as an absolute cost line with a concept of “The flexible line which will never require additional
investment and can manufacture anything.”

This report introduces a philosophy of the absolute cost line for axle assembly, a method of its line
configuration, and applicable cases of Axela axle assembly line.

This activity has enabled us to facilitate the introduction of a new model and the transfer of a
current model from one assembly line to another only by adding or changing assembly toolings/ jigs
on portions coming into contact with them, thus having built a model line which would be capable of

quickly responding to product specifications embodying “responsive handling and performance” of

Mazda Brand DNA.
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Summary

“Roadster Coupe” is the first customized car Mazda has presented for the people who desire a bit

different fun-to-drive and beauty of vehicle. It features the design which combines sporty dynamism

with a distinct styling. “Roadster Coupe” is a two-seater sports coupe which has further developed

fun drivability derived from Roadster’s “oneness between horse and rider”.

This paper presents mainly our innovative body production process for a very small production.
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Table 1 Line-up

Unique Parts Type-S/
(Exterior) ROADSTER Type-E Type-A
Overview COUPE
Genuine E-Type A-Type Original H H
Front Bumper Face | g Type Original (FRP) Fig.3  Exterior
Front Lip Spoiler _ _ A-Type Original Type-S and ROADSTER COUPE
(carbon)
. . . . _ A-Type Original
Side Lip Spoiler (carbor_1)_
Rear Under Spoiler — — A—T{g:rg)rrl]g)mal bl . .
Trunk Spoiler . _ A-Type Original Table2 Key Dimensions
(Rear Spoiler) (FRP) ROADSTER | ROADSTER [ ROADSTER [ ROADSTER
Fender Arch . _ A-Type Original Model COUPE COUPE COUPE COUPE
Protector (FRP) T Type-S Type-A Type-E
E-Type Genuine azda
Headlamp Vessel — Original Accessory C/O GH-NB6C Mazda
— - 5 Name/Type (Modified) GH-NB8C (Modified)
Rear Combination . Genuine Genuine B6-ZE[RS] BP-VE[RS]
Vessel Accessory C/O| Accessory C/O Engine 1597cc 1839cc
Transmission 5-speed Manual|6-speed Manual|6-speed Manual|4-speed Automatic|
Drive System F
Overall Length (mm) 3955 3955 3995 3970
Overall Width (mm) 1680 1680 1695 1680
stoddooooooddd Overall Height (mm) 1240 1240 1240 1240
Wheel Base (mm) 2265
Min. Road Clearance (mn) 135 [ 130 [ 130 | 135
51 bouooodooo Vehicle Weight (kg) 1040 | 1100 | 1110 | 1090
0000000000000000000000020 Riding Gapacily (person) 2
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Development of Side Impact Performance Using Crash Simulator
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Summary

In order to promptly correspond to high market demands for an automobile safety performance in
recent years, Mazda has been working toward further development of the Virtual Testing Technology
which can contribute to short-term development of safer cars. The Technology has two aims: one is
to develop the experimental methodology which can reproduce collision test phenomena with high
precision, and to perform a development process in a unit level with the methodology, and the other
is to improve CAE accuracy by measuring such detailed data that cannot be obtained with actual
vehicles.

This paper introduces one of applicable examples of a new approach to crash testing, particularly

technology development of a side impact crash simulator capable of analytically improving vehicle

reproducibility using dynamic models.
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Summary

Modularity became active in Europe in the first half of 90’s for the purpose of achieving cost
reductions by the outsourcing of assembly processes. Mazda, on the other hand, had been promoting
its own modularity before then in order to compensate for differences in MP volume from
competitors by means of wide-variety/low-volume production. “Functional integration module” that
can realize architectural rationalization through parts consolidation and commonality activities from
the earliest stage of development has been newly introduced into four models: Demio, RX-8, and
Axela following Atenza released in May 2002, and has greatly contributed to high merchantability
and cost and weight reductions.

This paper introduces Mazda’s approach to the modularity, focusing on the outcome of the

functional integration module.
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Automation of Engine Design Process
by Development of Parametric Design System
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Summary

With increasing needs of shorter development period and higher quality, we had drastically revised
development to production processes, and have been promoting digital innovation making good use
of leading-edge CAD/CAM/CAE/PDM. Through practical design tasks, we had studied a number of
necessary requirements on a CAD, and found that the key to achieving higher efficiency in the future
is how quickly we should reflect the study results onto each product geometry. To accomplish this
target, we have developed a parametric design system which enables automatic creation of 3D

models as one of means of achieving higher efficiency. This paper introduces one of applicable

examples of engine,” piston design’.
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Fig.9 Flow of Piston Parametric Design System

IMPLEMENTATION
CONTROL
PROGRAM

Reading
wd ¥
For input of spec Ly
] Program@
‘ i implementation
GUI@
Value calculation
result indication '
'

value calculation
—

- 1

_';_-'F"'-

I-DEAS

Retain base form in template model file.

il Ly
i @

i ﬁ]_(oads spinoud) |1y BIEIpaLIEIY]

—_—

Program ()
3D process
s implementation control

Y

| Alias name

1 Reading copy
1

i [Lig fley
Fig.10 System Structure

43 0JO0O0O0OO00O0OODOOOO
(1) oo@ooooooooo
00000000o0oo0000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000Fig.11Mm OO0
00000000000000000000000000

— 122 —



No.2200 20040

goooog

It fits for various input method such as key-in,
file select, pull down menu select .

GUI
(Graphicel User lnterf_ace)

key |nput

data file

pull down menu

Fig.11 Process(® 'Input Spec to the Table’

00000000000 00000D0D00000D0OO
00000000000 00000D0D00000D0OO
0000003p0000000000000000000
oooo
(20 DOD@O3DOOOOOOOOO
0000000000000 000I1-DEASOOOOOD
000000000000 0D10000000000000
O00O00Figl200000000000000000
00000000000000000000D0 M Fig.13[0
O0000D0O0IDEASDOO0DDOOOOOODODOOO
000003000 ooooon

D
S

IMPLEMENTATION
CONTROL
PROGRAM

Delivery of input specification
in intermediate file

Delivery of input
specification
in intermediate file

I-DEAS

Model file Template model included in
model file.

Fig.12 Process® '3D Model Automatic Production’

Fig.13 Template Model Update

(3 DOEOIODODODOO0OOODOO
3DO000O00000o0O00ooooooooooonod
ooboboboooboooos3acagoooa
10 0o0Ooooogooood
spib0oboooooboobooooooooooann

gobooboobbooboobooobooboo
2000 0000b0bOO00oOoboboObOOoOooboO
OFigM4D 00000000000 O0OOOGUIDOO
gobooboobbooboobooobooboo
0000000000 FigASIODOOOoOoo3boOn
gobooboobbooboobobooobooboo
goobobooobboboooobbooooboboo
spUb0b00ob0o0oooobooboooobOoDbo

Measure with
3D model

Numerical
calculus

Input

cam profile file

Key-in T Measure distance

*Valve timing Yerlfy valliliay Gif accurately with 3D
" e . input value

*Piston specification value

Fig.14 Interference Check with Valve

u W ey NI

LLE R S el
plrs - B | ™
LI AT | ]
LA i r
B
T
E — B | i
R B R Sy £
P2 PN P ]

L | Hite
T I =ikl Hilt
WEREE
[ == i L | e b
bk AT B o o S i~z e Ha
Ry {7 - b M
rEH L VS =t rdd | e HE

Fig.15 Example of Warning

20 JObooboobobooboon
goobooooobobooooboboboooobbooo
pUboooooooobogIbEASD O 0ODO0OD0ODOd
0000000000030 0000Figl6 000
gobooboobobmuooboooboboobooob

Extracted measuring object surface * :

Fig.16 Wall Thickness Measurement

30 dooooooooooon
gobooooooooooocoooooooooon
coobooooool-peEaASsODOb0OOOooooooaon

— 123 —



goboooboooooooooooOooooOooboooon

No.22[0 20040

OO000000FgI7MO0OODODOODOOODOOD

gobooboobbooboobo

oobob0ooboboooboboOoobogIl-bEASOOO
000000000000 Fig.a8Mm

Produce solid model for volume calculation, and
measure its volume.

MW characteristic

Result indication

o

Produced model for volume calculation

Fig.18 Result of Automatic Verification

(4) Do@UoOoOOOOOOo
0000003000000 000nonoonoooo
0oo00ooo0ooDoos30oo0o0oo
10 0000000000 D0DOO0
000000000000 00000D00000D
OD0D0D0D00FIgl19M0000D0DO0nOD
000000000000 0000D00000000D
000000000000 0000D00000000D
000000000000 0000D00000000D
000000000000 0000D00000000D
000000000000 0000D00000000D
0000000000030 000000D0DodFig.20D

Adjusting recess level (crown depth) of crown

lcrown depth Jdimension

MESE

Adjusted
4 by recess volume
in crown part
combustion chamber volume
(yellow+pink)

Fig.19 Fitted Part for Targeted Compression Ratio

I

i ma

Fig.20 Fitted Piston Crown

20 FEMOODODOOOOOOO
gogbooobooboooboobboooboon
gobooooboboooboboooboboogooboobood
OFig2l00 0000000000000 0O03Db00O0O
ooduoFrFEMOOOOOOOOODDODOODOOOOO
goboobooobuoobobooobooboboon

Temperature & Stress distribution

Temperature

distribution (optimization)

@heat dissipation
feature
@wall thickness
@ material
etc

(verification item)
@fatigue strength
@strength at elevated
temperature

=thermal expansion

Stress distribution ®tensile strength
-explosion load

reciprocating inertia force

Fig.21 Functional Verification by FEM

30 Jgoboobooboboobooobooboa
gooboooooboboooobobboooobbooo
000000000000 00000Fig.220 000
gooooobobbboboooooooooboooboobooo
goboobooboboobbooobooboon

Analysis of piston behavior

(optimization)
@ outside periphery of skirt
@ stiffness
@pin boss offse
etc

Simulation

Fig.22 Functional Verification by Simulation

coooboboooboooooooobooooooboooon
goboooooooobobooobooooooooon
spooooooooooooon

— 124 —



No.2200 20040

goooog

stpPTOOOODOOO

51 000bOOo0oboooobooobo

gobboooobooboooobbboooobboo
925000000090 000000000OO0OFig.23M
ggoboooboobbooboobboobooboo
0dod0oodo0ooDoOoooOowiodooonDoooOoo
ggobooboobbooboobboobooboo
ggbobooboobbooboobbooobda

Dramatic reduction of man—hour for piston design

(DCase of compression ratio change (mating of crown feature)

Before use

After use A 925%

@Case of new design (3D model production ~ verification)

Before use

After use

For using range, it is possible to reduce man—hour
to about 1/10

Fig.23 Effect of Using Piston Parametric Design System

52 PTOOOOOODOODOO

goboooboobobuooboobbooboobooo
000000000000 0000D000000Fig.240
ggbobooboobobooboobbobobooboo
ggbobooboobobooboobbobobooboo
go0obO0o0o0oDbO0OOo33pObO0ooooooobooOon
gogbobooboobboobmoooboobbooo
gbobobooooobobobooooobboboouoobobobooo
od

theoretical
verification

specification
Sudys 20" 3D

drawing
modification

prototype & engine

Conventional evaluation

Parametric design system is an effective enabler in{]
design innovation.

Fig.24 Effect of PT Design Innovation

el 0O0O

coobooooooooboooobooooooooon
gobooobooooooooobodoooooooon
goboooooooooooobodoooooooon
goboooooooooooobodoooooooon
gboooooodobooooooboooooooogood
goboooooooooooobodoooooooon
goboooooooo

gobooboobbooboobooobooboo
gogboooobooboobobooboobbooboo
gogood

m000m

gooo oooo

gooo

— 125 —



goboooboocopbpPFOOOOOOO No.2200 20040

ooooo

24

goooooooobPRFOOOOOOO
Development of Catalyzed DPF System for Bongo
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Summary

Air pollution caused by particulate matterd PMO contained in the emissions from a diesel engine
has turned into severe health problems. In the capital sphere, therefore, no duty-diesel activity has
started, which imposes regulations on diesel vehicles so that they cannot be driven freely and
uninhibitedly in the sphere. The Bongo has the capability of removing almost all of PM using a newly
developed DPFO Diesel Particulate Filterd system which can automatically regenerate the PM

trapped in DPF. The Bongo is the first-in-class vehicle to satisfy new Japanese short-term emission

standards and NOx/PM law for vehicles.
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Table 1 Engine Specification

Displacement cc 1998
Bore X Stroke mm 86 % 86
Combustion Type Direct Injection
Compression Ratio 18.4

Max Power kW/rpm 63/3500
Max Torque Nm/rpm 178/2000
Variable Swirl system with

Common Rail System
(Denso U2P)

Injection system

Fuel Pressure Max MPa 180
Turbo Charger with
(IHI RHF3H)

Charged air cooler Without

sigoboogbpPFOOOO0ODOO

ooobooooooobooopMOOOO0OOO0OO0O0O0O
“DPFO0OOO” OO0O0OO0OO0OO0OO0200000000000
ag
10 oDoooooooooopMOOO0OO0OO
20 ODOooOOpPMOOOOOOO
3.1 DPFOPMOOOOOOOOOO
DPFOO0O0O000Fg20000

Fig.2 Outer View of DPF

DPpFOOOOO0OOO0O0OO00OOOO0O0COO0O000
gooooobodooobimmO0O0OoooOOoooooo
gobooobooooooooooboocooooooooo
o000oo00OO00000000rg3M@MODbDOOOO000

gogboooobooboobobooboobboopp g
OpmOO0O03000000D0O0O0O0ODOOODOOO
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gooooobobooopMOOOODDDDOOOOO
000000000 0000dFig4m
PMOODOOODOOODODDOOODOOOFRES0O00O
goboobooobobPROODDbDOODObOOODOO
opMOOOSODOOODOODODOOOODOOOOODO

L]
L
LI |

Fig.4

Fig.5 Cutting View of Cell with PM

— 127 —



goboooboocopbpPFOOOOOOO

No.22[0 20040

32 PMOOOOOOOODOODODOOOOOOOO
(1) PMOOOOODOOO
PMODOODOOODOODOOOODODOOPMOOOO
00000o000o000000000000000000
0000000000000 0PMOOOOOOOOOO
0o« 0ooo” 0000000
000000 0O00OO0PMOODODOOOOOOCOOO
00000o0o0o0o000000000* 00000000
00" 000000000000000000000* O
0" 000000000000000000DPFOOOO
000030 0000oooo
10 000D000..000000000000000PM
00000000ooooooooooon
20 000D0OO0O00..0000PMOOOODOOOOD
000D00000000000000000000PM
0000000o0oooooooooooo
30 O00O0..DPFO00000000O0O0O0OONOOD
goooPMOOOOODOOODOD
(2) DODODPFOOODO
0000000000oooooooooooooon
00000@MO0000000000o0o0o0ooooooon
00000000000000000000000000
“« 0000” 000000000000ODPFOOOOOOD
000000000OPMODOOOODOOOOODDOO
0000000 00OPMOOOODODOODOODOODOOD
0000000  0000” 0000000000000
0000000000000 0DOPMOODOODODOOD
00000000000000000000000000
00000000000000000000000000
0000000000000 000000000000
PMOOOOODDOOOODDOOOODOOOOOOOOOO
000000000 0O0OoPMOOOOOOOO" OOO
000’ 0000000000000 000000000
000000 O0Figed OO0

Fig.6 Schematic of DPF System for Bongo

33 0000DPFOOODODODODOODO
0000000000 0ODPFOODODDOOOOODOO
oooooooo
(1) DPFOOOO
O00DO0ODPFOODDDOOOOODDDOOOODPF
000000000000« 200000 000DO0D0OO
00000000000 00000D0DD0O00dFig.7
00000000000 00000D0D0D000000O
000000000000 D00000D0D0D00000nO
000000000000 D00000D0D0D00000nO
00D0D0ODODPFOODDOOOODDDOOOOODOD
000000000000 00000000000000n
0oD0DD0OO0000OD0DOoOo

Fig.7 DPF UnitO cut modelO

OO0ODPFOO* DOOO0OOOSIC 0000O01.9L0
NGKWOOOOOOOODPFOOOOOO* 0ODOOO
OoOooor O« sico0o0” DoOooosicoooonn
0000000000000100000000000PM
00000000000000000000000000
000000000000 0000000000000
PMOOODOOODODOOOOOOODOOOOOOOPM
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000kmO1000000000000000
00000000000000000000000000
00000000000000000000000000
000000O0OPMOOOOOODOOOOOOOODOOD
00000000O0OPMOODOOODOOOOOOOODOODO
00000000000000 SiICODPF 00000
0000000000 0DPFOOOOOOOOOPMODO
0000000000000 000000000PMOO
00000000000000000000000PMO
00000000000000000000000000
00000000000000000000000000
00000000000000002000000000
00000000000000100000000000
00100150 0000000000000

— 128 —



No.2200 20040

goooog

(2 DODODOODOOOOODOOOODO
000000000000 000MZR-CDOODOOO
OORF-COTOOOOODOOODOOODPFOODOOO
PMOOOOO* O0OODO” 00DOO0OO0OODOOOOO
0000000000000 00000000000ono
goooooooooo
(3) PMOOODOOOOOO
DPFOPMOOOODPFODOOODOOODDOOO
00200000000DPFO0OCOOOOODPFOOO
00M3000000000000000DPFD 00O DPF
000000000 00000000o0oOooooooo
0000000000000 o000ooooooooo
DPFOCOPMOOOOOODODOOOOOOO
(4) DODODOOOODOOOOOO0
0000000000000 00000oO0o0ooogo
00000000000 000000000000DCO
000000000000 00000000000000
0000000000000 000000o0oooooo
0000000000000 0000000TACM
O Throttle Actuator Control ModuleD 0D OO0 OO0 QO O0OO
goooooooon

400ob0oboooooobPRObDODODOOO

41 DO0OO0ODOObOOObOObOOooobdg

DPFOPMOUOCOODODODOOOOOODODPFOOO
gobooboobooboooboobooo

gbboboooobobbooooobboopbPFOROOO
PMOOGO4OooOOoOOOOODOOoOoooobobObOOOoOod
gogobobobbooooooboopeMObOOODPFOODO
goobipigobobobooooobobbooouooboboo
Fig80 DO DODO0ODODO0OODODODOODODO0OOODOO
gobooboobobooboobooobooboon
goboobboobobooobpPFOOO0DbDOODDOOO
gobooboobboooboobooooboo

t 1o

Preisore Diflecseace [WPa

il of Saet Lol 0gL]

Fig.8 Characteristic of DPF Pressure Drop

goooooobobboboooo® bPROOPMOOOO
00000"0Frg0DO0O0D0O0ODOO0OOOODOODO
gogoooboopvmbOboogoooonbobbbOoOoOooo
gooooobbbboooobPFODOOOPMOOO
gogboogoobooboobobooboobbooboo
ud

Prasn i [frapaed inside of wals) Pramed{trapped on walle]

-.. I'. --I H] -...'.I-'. --
e e
1T
-
Pranmbragrnset nd on wale] Prase’l regeneatea irmos of walle)

'ﬂ: 1.;.--=l-

Fig.9 Patterns of PM Trap on DPF

gobooboobbooboobooobobooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gobooooboobooobobooobo

42 ODO0DOPMOOOOO

goooooooboobobopbpPROODOObODbDDbDODOOOPM
gdbbooobuomobbooboobobooboooboo
Fig.n00 00 0000000000000 00OO0OO

Hatching area:Auto Regeneration active area

Full load line

T\
)|

Continuous
Regeneration area

Torque

Road load line

Ta— Eﬁi\\\\

Engine speed rpm

Fig.10 The Way of Regeneration

(1) 0000 O Continuously Regeneration areal]
ooopPMOOOOOOOOOS00000000DO0O
00o0oo00o0ooooooooooooooooooog
ooooooooobpPROOOPMOOOOOOOOOO
ooooopPMOOOOO10001500000000000
oooooooopooooo
(2) 00O 00 Hatching areal] Auto Regeneration active areal]
DPFOOOCOOOODOCOOOOPMODOCOOOOOCOO
O0dddTrapareal 0O ODOODODOOOOOOOTrap

— 129 —



goboooboocopbpPFOOOOOOO

No.22[0 20040

& Continuously Regeneration aread O OPMO O OO OO
goooobooooooboooooopMOOOGOoOo
goooobooobooooobooobobooooooo
goooobooobooooobooobobooooooo
goopPpMOOOOOODODOODOOOODOOOOOO
ogooaa
10 0ooooooooobooooooa
gbodooooooobooobooobooooonboo
20 000000

gd2000000ooobobobooooobooobog

pMOOOooooODPFOOOOOODLODOOOPMOD

gooogo

@O 000000000000 000000000000
gobooboobbuooboobboobooboo
gobooboobbuooboobboobooboo
gobooboooboboon

@ 000000000000000000000000
gobooboobbuooboobboobooboo
goboobobooboobobooobPrFOOODnDOO
gopMOODOODOOODOODO
FigllD OO OO0OOOO0OOFigl200000000

S
Fadlkes up

e lae -
beiars =
Irgasciion ] f Ipciior j

Y

'::, Coaia ildacd] _owabmpyioe = rpagmmon ]

[y {_::

i Craed dnga

Fig.11 Image Drawing of Each Injection

¥ " e e T

Ve mrwrseer o L0

e s me ! B0

£, g e wara

T e e T P
B T i v 00 DT R
P imaerd s P 75P0 g

T

Fig.12 Temperature at Auto Regeneration

(3) DOOO
00000000o00000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000DPFOPMODOO

gobooboooboobbooboobPRObDbDOODOO
gogboooobooboobbooboobbooboo
gogoooobooopbo® bPROOO” ODDOODOO
gooooooobobobbboobpPRFO0OO0ODODDODO
gogboooobooboobbooboobbooboo
goo* bpPFOOOO” DL OOODOODLDOOODOO
gobooopMOODOODOODOOODOO

43 0ODO00O0O0O0ODOODOODOOOOO

gooooboobobpPROOPMOODDDOOOOO
gogboooobooboobbooboobbooboo
gogboooobooboobbooboobbooboo
gogboooobooboobobooboobbooboo
gogboooobooboobobooboobbooboo
gogboooboobboobobooboobbooboo
gogboooboobboobobooboobbooboo
gogboooboobboobobooboobbooboo
gogooooobo* booobobogor bobboobod
gogboooobooboobobuooboobbooboo
gogboooobooboobobuooboobbooboo

sugbobogoodg

51 0000000O00OODOO0O0OO0OOOO0
O0D0O0ODPFOOOODOO0O20000000000
000000000000000000000
(1) O0D0D0O0D0O00O0D0D00O00O00000O0O0o
O0OO0OO0ODPFODODOODODODDODODOO
“« JO00D00000DODPFODOOOODOOOO” OO
00000000o0o0oo0o0o0oDo0o00Doooooooo
00000000o0o0oo0o0o0oDo0o00Doooooooo
0000000D0O0ODPFOODODDDOOODDDODOOO
0000000000 00000000000000DPF
00000000o0o0oo0o0o0oDo0o00Doooooooo
00002000000000000000000000
000000ooooooooo
10 0000000000000 0000000000o
00000000o0ooooooDooooooooon
oooo
20 000000000 O0OPMOOOOOOOOOOOO
0000000000oooooooooo
0000000 0OPMODODODOO" S500000
0" 00000000000ooooooooo
(2) DPFOOODOOODOODO
DPFO0OO0O0O0ODODDDDDDDDODDDDOODOOO
00000000000000000000000000
0000000000000 O0000000000000
00000000000000000DPFOOOOOO0
00000000000000000000000000
00000000000000000000000000

— 130 —



No.220 20040 0oooonon

goobooooo® bl goooobobo" oogda
gogog
(3) DOooDOoOoOoOOoOoOoOooOoOooo
gobboooobobbooooobboooooboboo
ggoboooboobbooboobboobooboo
ggboboobboobboobooobooobbooon
gooooooobobbbbooooooooooboobobo
gooooobpRODOODDOODLOOODOODDOO
ggobooboobbooboobbobobooboo
ggobooboobbooboobbobobooboo
gooooooobobobbbbotoooooooooboobobo
RF-COTOOOOOODPFOODODOOMZRCDOODODOO
gogoooooboooobooo

60 U0

(1) D0ODO00O0DO0O0O0O0ODPFO100OO0OOODODPF
gobooboobbuooboobbooboobooo
(2) DPFOOPMOODDDOOOODOOOODOOOODPFO
gobooboobbuooboobboobooboo
ag
(3) DODOOOD0DODOOODO0OOoOoODCOOOODOOOn
gobooboobbuooboobboobooboo
gobooboooooppMODOODOOODDOOO
(4) DODO0O00OO0D0O0O0O0O00000O0000000
gobooobbooboobbooboooboon
(5) DO0DO0O0D0OO0D0O00OO0O000O0O0O00OO0OO0n
gobodboboobuoobbuooboobbodDbPF
goboooboogbooboon
(6) 0O0DO0D0D0OO0DDO0OODOO0OODOOOODPFOOOOO
gogooooobboopPMOOQQUUOOODODODOOOO
0000000 00DOOo0obOoOoOoOgNOxoPMODO
gobooboobobuooboobobooboobooo
goboobooobobooboobbooobg

goog

(1) DODO0O00DO0D00000000001240000SiC
godbooooboo—bhooboobbooboon
J 200100

m000m

e

IO OO

— 131 —

oooo




RX-8OOOOOOOREODOO No.2200 20040

goooo
25 RX-8UUOUOOOOOREOOO
Introduction of RX-8 Hydrogen RE
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Summary

Hydrogen energy is greatly expectable as a promising vehicle fuel in the future. Generally, a fuel-
cell vehicle has been developed as a hydrogen utilization technology, while a hydrogen-fueled
internal combustion engine vehicle will have opportunities to be introduced to the market from the
viewpoint of cost and mass production. Mazda obtained the certificate of the Ministry of Transport in
1995, and conducted the public road tests of the hydrogen-fueled internal combustion engine
vehicle. Technologies of rotary engines, fuel supply systems, fuel tanks and so on have attained great
progress since then. An experimental vehicle reflecting the technological progress was prototyped.
We employed a dual fuel system to achieve high convenience even under a condition where hydrogen
stations are not in good service. Direct injection of hydrogen attained by additionally installing an
electronically controlled gas injector on RENESIS substantially improved engine output. Use of ultra
lean combustion also reduced NOx. We adopted the safety technology based on the technologies
which had been incorporated at the time of obtaining the above certificate. The same 35 MPa high-
pressure hydrogen tank as in a fuel-cell car was installed. This research vehicle was exhibited at the

37th Tokyo Motor Show held in 2003 and gained public favor.

0105 O00O00O
Technical Research Center
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Table 1 Characteristics of Hydrogen®

item Hydrogen | Gasoline

Chemical formula H: C7.5H17
molecular weight 2016 107
Chemical amount theory density (volume) 29.53 1.7
lower calorific value(LHV)

Calorific value per stoich. mixture (MJ/m) 2.98 3.55

Calorific value per theortical air(MJ/ni) 4.23 3.62
Ignition limit (Vol%) 4-75 1.0-7.6
Laminar flow combustion speed(cm/s)

stoichiometric mixture (cm/sec) 265 40

A =2(cm/sec) 48
Minimum ignition energy (mWS) 0.02 0.24
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Table 2 Required Total Number of Injectors

0 2rotorsO]
Engine 1000 | 2000 | 3000 | 4000 | 5000 | 6000 | 7000
speed(rpm)
A 0.8 24 3.9 49 5.1 6.3 6.9
B 0.7 1 1 1.2 1.3 1.6 1.7

A compression stroke
B: compression stroke+ induction stoke
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Fig.7 Schematic of RENESIS Hydrogen RE-(2)
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Fig.8 NOx Characteristic of Hydrogen RE"

Table 3 Vehicle Main Specifications

Dimensions |Overall length 4435mm
Overall width 1770mm
Overall height 1340mm
Wheelbase 2700mm
Track: front/rear |1500mm/1505mm
Occupancy 4persons
Engine Type Mazda RENESIS hydrogen roatary engine
Maximum power Using Gasoline : 154kW(210Ps)@7200rpm
Using Hydrogen : 81kW (110Ps)@7200rpm
Maximum torque Using Gasoline : 222N -m/5000rpm
Using Hydrogen : 120N-m/5000rpm
Fuel tank [ Gasoline 61L
Hydrogen 74L/35MPa
Tranmission Type 5MT
Suspension

Suspension system;|
fornt/rear

Double wishbone/Multi-link

Brake

Main brake system:
front/rear

Ventilated disc

Tires and
wheels

Tires fornt/rear

225/45R18

Wheels front/rear

18 X 8JJ

10

400000
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Fig.9 RX-8 Hydrogen RE Layout

— 136 —



No.2200 20040

goooog

Table 4 Comparisons of the Hydrogen Storage

Compressed Liquid Metal hydride
Hydrogen Hydrogen Hydrogen
(35MPa)
X Weight(kcal/kg) 15 50 6
Energy
density |\ ojume(koal/L) 7 23 15
-The handling |- An energy *The low
Feat (filling etc. ) is |density is temperature
eature easy . high. start and the
=The volume |-The boil off |low weight

2X- Relative value when gasoline is assumed to be 100

Fig.10 High-pressure Hydrogen Tank

Fig.11 Filler Lid for Hydrogen

S
v @

Fig.12 Filler Lid for Gasoline
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Development of Mazda AHS Safety Driving Support System

gooooooeRr Dogooogor: ggoooooeoes
Masashi Yamamoto Hitoshi Tamegai Masaki Chiba

gooooooeoes
Kenji Fujita

goo

0000000000000 0000000000000000000000000000O000ooOO000
00000000000000000000000000ASVO Advanced Safety VehicleD OO OQOQOO OO O
0000000000000 0o000oo00o0oo0oo000o0o0o00oUoo000oDooO0ooUooOoooO
000000 ODOAHSO Advanced cruise-assist Highway SystemO O 0D 00000000 D0OODODODODOO
ooooooo

20010 00ASVOAHSO OO OOOASVOOODAHSOOOOOODOOODODODODO00OO0OO0OOOoOoooOOo
oo oooooobobobobobbobobooooz2002010000200303000000040d
0000000000000 0o00o0ooD0oo0D0oDoDoooOoo300000gASvVIAHSOOOOoOO
goooood

0000000000 o0ooo0oDoooDO0ooo0ooDoooo0ooon0nDddHMIOHuman Machine
Interface0 00000000000 DOO0OO0ODO0OO0OODOODOODOODOODOODOODOOOOODOOOOOOO
0000000000000 0000000000007000000000000ASV/AHSOOOOOOOO
0000000000000 000OASV/AHSOOOOOO0O0O0O0O0O0O0OODAHSOOOOOO0OOOOOHMIO
0000ooo0ooooooooooooooooo

Summary

Automobile manufactures have been aggressively conducting researches on ASVJ Advanced Safety
Vehicle technologies, which prevent traffic accidents and reduce damage from the accidents.
Electric-appliance makers and infrastructure manufacturers also have been making researches on
AHSO Advanced cruise-assist Highway System[ , which employs infrastructure support for safer
driving.

In 2001, automobile manufacturers, electric-appliance makers, and infrastructure manufacturers
cooperated in constructing a prototype of safety driving support system with AHS road
infrastructure. From Oct. 2002 to Mar. 2003, joint verification tests were conducted on a proving
ground and public roads.

In order to design HMIO Human Machine Interfacel which is highly acceptable to a driver, and to
verify effectiveness of safety driving support system with AHS road infrastructure, we developed a
test vehicle equipped with seven driving support systems such as a forward vehicle information
system and a right turn collision prevention advisory system, and participated in verification tests.
This paper reports an overview of Mazda AHS safety driving support system, and the results of

fundamental tests for driver's acceptability of HMI.

0104 O00O0O0O
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Table 1 Mazda AHS Safety Driving Support Systems

Complex
Systems S .sth
% Forward vehicle and traffic jam information system ,
]
2 | Road surface condition information system +
c
o . . . ®
Curve overshooting prevention advisory system
& [ Right turn collision prevention advisory system ’
(o]
g Crossing pedestrian collision prevention advisory system ‘
(2]
@ . ) .
€ Intersection stopping advisory system ’
< Crossing collision prevention advisory system ‘
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Fig.2 Mazda AHS Test Vehicle
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Investigation of Excitation Mechanism of Odd and Half
Vibrations at Engine Mount
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Summary

It is known that poor sound quality in passenger car equipped with an in-line 4-cylinder engine is
mainly caused by the excitation of odd and half-order of the engine vibration. We made a correlation
analysis between the crankshaft system vibration pointed out as a generation source and power-
plant vibration and clarified the vibration-transfer-pass of each order. We identified the excitation
mechanism of odd and half-order of engine vibration by investigating an influence of static rigidity
and bending resonance of a crankshaft on the engine vibration. As a result, we also clarified a
guideline of crankshaft design for high sound quality. This paper reports investigation results of the

excitation mechanism.
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Summary

In recent years, the safety performance of the vehicle has been improved, and the fatalities of
occupants due to traffic accidents are on the decrease because of established stringent safety
regulations in each country and enhanced passive safety technologies and active safety technologies,
as represented by airbag and Anti-lock Braking System. In addition, attention has been focused on
occupant injury caused by airbag deployment for higher safety performance. In U.S., FMVSS
00 Federal Motor Vehicle Safety Standardd No.208, which is specified about occupant protection, has
been revised toward the reduction in the risk of the occupant injury caused by the airbag
deployment. Especially, it is required that small women or young children who could get seriously
injured by the airbag deployment should be protected from the risk by taking proper measures
including the advanced airbag technology.

Therefore, Mazda has developed the system which enables a sensor to detect the presence of
possible occupant's injury risk due to airbag deployment and to automatically suppress the airbag
deployment. Development of the sensor, however, requires evaluations in various sitting positions
and driving conditions. This report describes one of simulation technologies that enables efficient

development and verification of the sensor in a short time.

0102 OOO0OO O304 OOOO0O
Technical Research Center Electrical & Electronics Development Dept.
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Summary

In the studies of driving support systems to reduce vehicle accidents and drivers’ workload, a
deviation in communication between a driver and the system has turned into a problem. To solve
such a problem, the approach of* personalization” which adapts the system to driver’s individual
characteristics will become important. While attributes such as age and driving experience have
often been used as the individual characteristics so far, in addition to the above, a driving support
method may depend on psychological characteristics such as attitude for driving so-called driving
style] and sensitivity to driving workload. However, there is rarely found the method which permits
the driver’s characteristics to be easily identified from these psychological aspects, and it has not
been established as a simple and practical form. Therefore, as fundamental technology toward
personalization of the driving support system, the authors developed the metrics of driver’s
individual characteristics in the form of practical questionnaires.

First,* Driving Style Questionnaire” 0 18 questions and“ Workload Sensitivity Questionnaire”
[0 38 questionsl] were developed from an investigation for non-occupational drivers, which revealed
these scales. Then, focusing on route guidance as a case of driving support, the validation of the
metrics was verified from a relational analysis between route choice preference and their scales.
Finally, as it was found that route guidance logic could be personalized based on these driver’s

characteristics, the availability of the metrics was pointed.
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Table 1 Ratio of Significant Cases in the
Chi-square Test

atbute | DSQ | Wsa

All cases 75 120 150
Same | Significant cases 10 44 42

Trip Ratio 13.3% 36.7% 28.0%
time All cases 30 48 60
Different| Significant cases 3 17 18

Ratio 10.0% 35.4% 30.0%
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Summary

Fatigue due to long driving time will influence driver’s judgment and driving behaviors, which
makes it difficult for a driver to drive safely. The need for car driving often arises even under a
fatigue condition in daily life, therefore a technique of determining the driver’s fatigue and giving
driving support based on the driver’s fatigue is very important. We focused attention on changes in
the posture and body movement of the driver at fatigue, and examined a method of estimating the
fatigue by detecting them with body pressure sensors. First, we accumulated the data of the changes
in body pressures of many people, and grasped these characteristics at fatigue and the individual
variation. Based on the results, we developed an algorithm of estimating the fatigue from the
changes in the body pressures in consideration of the individual variation. This paper introduces the

estimation of driver’s fatigue based on changes in body pressure distribution.
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Table 1 Number of Significant Correlations between
Estimated Fatigue Index and Subjective Fatigue

Number [ Number of Significant Correlation
of Panel| Bp Br Cp Cr_| MAX
145~154
Female 6 3 2 2 1 2
155~164
Session2 Female 6 3 3 3 3 3
e s 5|55 46
175~184
e |1 ]2]|2]2]3
145~154
Female 6 1 2 2 2 3
155~164
. Female 6 2 2 4 3 3
Session3 T65~172
1M 6 | 5|5]3|3]6
e e 133|333
Total 48| 23| 24| 24| 21] 29

Fig.11 Change of LCP by Body Pressure Seat
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Introduction of X-Rays CT Scanner and Application Examples
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Summary

Mazda started to implement product development based on 3D CAD data by MDI O Mazda Digital
Innovationd plan several years ago. Prototype Fabrication Dept. has been achieving quality
improvement with 3D CAD data by fabricating prototype parts, grasping their quality, and diagnosing
the cause of defects of an engineering or production process in a short period.

Our conventional quality inspection, which usually used manual direct measurement, had
problems such as time-consuming measurement and low measurement accuracy. In particular, it was
difficult to realize shorter prototype periods and positive quality assurance of proper internal shapes
and no casting defects, because the quality inspection of the internal shapes of casting parts and the
casting defect examination always require cutting inspection. In order to address these problems,
we, having focused on X-rays CT 0O Computed Tomographyll scanners that can take a single
tomogram without destruction and contact as optimum tools have adopted the scanner this time. Our
scanner is capable of high-speed serial radiography, highly precise measurement of product inside
and outside, and prompt 3D image production, which has enabled us to be the first to have
practicable CT scanner technology in the auto industry though the CT technology itself is previously
known.

The result of the utilization of this scanner in a prototype casting area has made us achieve the
following: (1) Shorter inspection period for prototype casting parts (2) Positive quality assurance of
prototype casting parts. This paper makes a report of purpose of adoption and outline of the X-rays

CT scanner and application examples.

010406 O0O0O 05 0O00Oo00oo0oooooooo
Prototype Fabrication Dept. Process Re-Engineering Dept.
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Tablel Specification of CT Scanning Machine

@600 X 600Height mm

Max. Work Size 250ke

Precision of Dimension +0.2mm

Detective Capacity
of Casting Defect
Max. Size of
X Ray Penetration

@ 1.5mm (Min.) --- Automatic

Iron:130mm Aluminum:340mm
Plastic:750mm

Measurement Time 20sec./ 1section
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Fig.8 3D Measurement
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Summary

Novel exhaust port layout of a newly-developed rotary RENESIS engine provides precise

dimensions of intake and exhaust ports for its mass production, thus achieving high power and great

fuel economy. These targets can be achieved by reducing the dimensional dispersion in casting side

housing, including the intake and exhaust ports.

This paper reports that mold design parameters efficiently optimized with Taguchi method and

CAE has achieved high precision - the dimensional dispersion in the intake port was reduced by

600 .
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Table 1 Control Factors and Level

Level value
1 2 3

Young ratio of mold and core Small | Normal | Large

Thermal expansion coefficient of mold and core | Large | Normal [ Small
Position of center of gravity Inside | Normal | Outside

Volume of core print Small | Normal | Large

Dowel length of core print Short | Normal | Long

Side clearance Large | Normal [ Small

Height clearance Large | Normal [ Small

Mold direction Side Lower | Upper

Control factor
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Table 2 Noise Factors and Level

Level value
1 2
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Thermal expansion coefficient of mold and core
Position of center of gravity
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Mold direction
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Table 3 SN ratio Average on Each Control Factor and Level

Control factor Level value
1 2 3
Young ratio of mold and core 9.39 9.14 -
Thermal expansion coefficient of mold and core 9.63 8.57 9.59
Position of center of gravity 8.65 11.41 1.74
Volume of core print 5.77 9.7 12.33
Dowel length of core print 9.97 7.95 9.87
Side clearance 197 8.67 11.15
Height clearance 8.93 9.05 9.81
Mold direction 8.42 9.96 9.41
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Fig.9 Factorial Effect Diagram
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Table 4 Confirmation Experiment

SN ratio
Estimation| Verification
Optimum condition 18.66 18.27
Mass production condition 3.89 6.18
Acquisition(db) 14.77 12.09
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Table 5 Confirmation Experiment with Real Model

SN ratio
Simplified model | Real model
Optimum condition 18.27 19.35
Mass production condition 6.18 5.84
Acquisition(db) 12.09 13.50
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Development of Independent Production System for Engine Assembly
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Summary

During the progress of changes in the surroundings of the automobile industry and a wide variety
of consumer preferences, it is very difficult for us to estimate future consumption trends in
production volume or specifications. To timely provide low-priced and high-quality competitive
products even in these surroundings, we should create a production system that can promptly
accommodates the changeable production volume or specifications while maintaining highly efficient
conventional production. We found one potential solution to the issues surrounding the development
of the independent production system capable of promptly responding, without losses, to line
balancing of manual processes most susceptible to changes in yield cycle time caused by the changes
in production volume or specifications or time differences in assembly between models on a mixed
production line. This paper introduces one of applicable examples of the independent production
system for a wide-variety/low-volume assembly line used for obsolete-model engines, which was

adopted as the 1st step activity.
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Summary

In designing and manufacturing stamping dies, we aim to establish a manufacturing process
independent of craftsman work, such as polishing and adjustment after machining. The attainment of
high machining accuracy has so far dramatically eliminated most polishing and adjustment work. The
high accuracy machining, however, has increased machining time, which has become a bottleneck in
responding to the needs of further cost reduction and shorter time to the market.

Our purpose is, therefore, to shorten the machining time without need for feed rate adjustment by
machine operators. For this purpose, we have developed the technology of improving average cutting
speed, and more particularly the cutting feed rate variable control which can attain a constant
cutting load, as compared to the constant cutting feed rate which causes tool breakage due to a

change in the cutting load. Finally we increased the average cutting speed dramatically. This paper

reports how we have attained machining time reduction in die manufacture.

woogo

coobooooooooboooobooooooooon
goboboooooooooboooooooooooon
goboboooooooooboooooooooooon
goboboooooooooboooooooooooon
gobobooooboooooboooooooooooon
oooood

coooboooobobooobooobooooooooon
gobobooooboooooboooooooooooon

oobooooooOoOoobo0ooboOooooooooo
goboooooooooboooobooooooooon
goboooooooooboooobooooooooon
goboooooooooood
cooboooobooooboooobooooooooon
goboooooooooboooobooooooooon
goboooboooooobooobooooooooon
goboooboooooobooobooooooooon
O0o0oo0o0oo0ooo0o0oO0gFriglm

0103 O0OoOooo
Body Production Engineering Dept.

— 183 —



coooooooooobooooo

No.22[0 20040

Fig.1 High Precision Surface Machining

Table 1 Comparison of Average Feed Rate
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Development of Monitoring System for Spot Welding
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Summary

Spot welding is used as one of major welding methods of structural steel sheet for automobiles
from past to present. One of open issues is to eliminate chisel checks in quality control. The chisel
check requires the line stop for work and sampling process in addition to number of man-hours. If a
problem may arise, inferior products would occur by the same number as that of welding processes
ranging from a problem process to a check process. Our issue is, therefore, to automate quality
verification and conduct in-line inspection in a welding process. We have developed a monitoring
system which monitors the resistance between electrodes under the welding to assure positive
quality control, and have introduced it into a mass production line. This paper introduces the

philosophy of quality assurance and present conditions of practical use.
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Development of Adhesive Shape Measurement System
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Summary

We aim to create a Car Assembly process which is robust against dispersion in mass production to
constantly output stably high quality. Car Assembly line has many processes such as tightening,
fitting, bonding, and filling. We worked for quality improvement by quantitatively grasping control
characteristics such as tightening torque and liquid filling rate and conducting total control for
positive identification of a possible cause for the dispersion, however, assembly positions of parts
and application shape of the adhesive were difficult for us to conduct total control quantitatively in
mass production, which were issues in attaining high quality.

We worked toward the development of the instrumentation technology capable of conducting total
control, quantitatively in mass production, for the adhesive shapes which may have significant loss if
discrepancy flows to the downstream side. This instrumentation technology can measure the height
and width of the adhesive coming out from a spreading nozzle with a 2D laser displacement pickup,
thus enables us to conduct hitherto difficult measurement of the adhesive shapes in the full

application range within a mass production cycle time.
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Table 1 Comparison of Measurement System

Comparison item
Ability of measurement || Evaluation
Measurement system Processing time
Height Width

Displacement pickup A 10 O O ©
Displacement pickup B 30 o X x
Image Processor A 120 (@] (@] (o]
Image Processor B 200 X X X
Image Processor C 78 O (o] A
Image Processor D 80 O (o] A
Image Processor E 30 o (@] (@]
Image Processor F 60 X X X
Image Processor G 200 X X x
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Table 2 Evaluated Iltem

Evaluated item Confirmed condition

Adjusted item Optical amount

Averaging frecuency

Setting of detected range

Setting of detected data

Possibility of measurement Height, width, position

Certainty measurement Speed of robot
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Repeatability of accuracy

Urethan Adhesive

Cut part

Window glass

Fig.4 Image of Tested Parts

3.4 0DOO0OODO
000000000o0oooooDooooooooon
000000000 Table200 00000000000
0000000000000 0000000000000
00000000o0o00o0o00Do0o0o0o0Doooooooo
00000000o0o00o0o00Do0o0o0o0Doooooooo
00000000o0o00o0o00Do0o0o0o0Doooooooo
00000000o0o00o0o00Do0o0o0o0Doooooooo
00000000o0o00o0o00Do0o0o0o0Doooooooo
0000000000O00oooooooooonooooo
0oo0o00o0ooooooo
(1) Doooooo
000000000ooooooooooooooon
0000000000000 o0oooDoooooooo
0000000000000 o0oooDoooooooo
0000000000000 o0oooDoooooooo
0ooooooooo
0O0000000Fg4D0O0DDOO0DODO0OODOOD
0000000mMO0D000000o0oooooooooo
O0D00000D0Fg0O00D00D00O00O00O0O00OD
00000000000000000000000000
0000000000000000000000.5mmO0
0oooooooooooo
0000o0000oooo0oo0oo000030000000
0000000 Table30 00000000 000O0OO

— 194 —



No.2200 20040

goooog

goobooooboo+xosmmiboboooooooon
gooboobobobooboobobobobooooog
gobooboobbooboobboobooboo
goboobooboobooboos3goboobooo
gooooooobobbbbboooooooooobooobo
goAlgdoobobbooooobbbooooobbbog
Fig60OOOUOODOOOFg7OODOOO0OODODOOO
goozxosmmi000OO00O0O0OO0O0OOOO0OOOOOOOO
ggbobooboobbooboobboobooboo
gogbobooobooboobbooboon

100
Cut Part
80 m
=60 t
=
on
T 40 -
o —l— High speed
20 ~ —&— Low speed
0
0 20 40 60 80 100
Numeber of measurements
Fig.5 Influence of Robot Speed
Table 3 Result of Repeatability Test
Height
Robot speed | Average (%) Three sigma
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Fit & Finish Improvement for Bumper Fascia
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Summary

Our Bumper Fascia has been integrated with body styling to achieve an attractive shape, and has
an important role as the face of Mazda Brand. To improve craftsmanship, the Bumper Fascia design
has recently evolved to eliminate gap and flushness relative to peripheral parts, such as a fender and
a side frame outer.

We worked for realization of perfect Fit & Finish by improving product appearance and dimensional
accuracy and developed a new product structure which never be affected by assembly variations.

Through these activities, we have developed a new injection molding die called a “collapsible die”,

and a product deformation analysis method with CAE.
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Fig.3 Dimensional Quality Evaluation System
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Standardization of Vehicle Structure in Trim & Final Assembly
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Summary

In order to realize a competitive cost structure while dramatically improving the quality, the
activities in a manufacturing area must go further into a vehicle structure area to eradicate
concerns. In addition, in aiming to shorten a new-model development period, we need to change the
approach to production feasibility evaluation from the way we find concerns on drawings and at
prototype builds and take corrective actions to the way we standardize an optimum structure in
terms of cost and quality and incorporate it into 3D data and drawings in advance.

This report shows two of our activities to build and standardize the optimum structure in terms of
productivity, quality and cost in the areas of parts assembly of the trim & final assembly process.
One relates to the standardization of the tightening structure of critical safety parts and the other

the element structure of major interior/exterior parts.
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