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Summary

The first-generation CX-5 was launched in 2012 featuring SKYACTIV technology and KODO design.
Since then, its excellent environmental and safety performance has been highly acclaimed and the model
has won numerous awards including “2012-2013 Car of the Year Japan”. Then, it has grown into a core
model accounting for approximately 25 percent of Mazda’s annual sales. And to date, over 1.4 million
units have been sold in around 120 different countries.

The All-New CX-5 was developed to maintain business momentum established by the first generation
CX-5, and to encourage customers to choose our CX-5 again. To that end, with “Deepening of driving
pleasure” as our keyword, we made effort to develop an SUV that can bring a smile to every customer

who drives it.
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Fig. 1 New Dimensions of “driving pleasure”

3. B

[EDEOY OWbEEBT L7201, <Y F0R3FED
THA v EFIROETEEES LI —A0BHACX-5TH
Do

FETHWY, BFILIEZRALWL, b3 s 2 L%i8
WRDBDTIEARL, 7V~ DORETHDHENERK -
) 7 B R B - BT DB A RA T,

FDE=DIT, BESOTFTYA ), BT
e, [BoEFofy) 2L, <2 Z0HpEmnE
(2R 0 A AT E I BABOHEIN, 02 TAERUSICE X
R, CEmOLMZEE RIFAZ LR BERLE,

31 FHALY

Refined Toughness=¥&f 7= 1R ) 27 A
YOFXF—U—RELT, TEREALZERK) , [Eod
L74N5), HINITORWER 03-2%#z, KA
DEMEFNET HE L IERBL LT,

T2, AAOEERICKOTERL, BAROGEHNA
E DL VIZZTHBINTND T ER2HI % &
Lzt ZAlZEEND, VT VTHFIEREINTEL
] HBRLTTYA &2 D BiFTe,

MzT, THT—bERBO—H LW EEBOT, ¥
BICK-5 D 2 EEm < Lot 1<, Ehhds
NDZRNVF Y v afBS LN, B ORWIER
YA LD BRI TR, SEDHEY Vb y K7
URZNVAZY v 7%k, <V ZMEORERN K%
TAKUMINURI) #®iZ#{b S ECRALE (Fig. 2) .

Fig. 2 Paint-coat Composition of Soul Red Crystal
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Fig. 3 Exterior Design
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Fig. 4 Interior Design
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Fig. 5 Road Noise in Comparison with Previous Model
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Rigid Mounting

Fig. 6 Rigid Mounting
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Fig. 7 Body Rigidity
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Fig. 9 High-damping Urethane
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First Generation CX-5

Previously. opening a door was a four-step operation.

Tomm All New CX5

Fig. 10 Improvement of Inner Door Handle Operability
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Fig. 11 Rear Seat Heaters

Fig. 12 Air Condition Vents & Two USB Charging Ports
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Fig. 13 Power Liftgate
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Fig. 14 Comparison of Acceleration Change
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Fig. 15 Active Driving Display
Front Window Shield Type
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Fig. 16 Stop and Go Function
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BE - HBICX5
2 FHEICX-5 DTHA >
Design of All-New Mazda CX-5

Bl B

Shinichi Isayama

L

T ETHFA L TIIBBI E WHOHFOT, A~ EHERLEOFTIERL, Mbdbo7EE v ) EE L HE
EHLoTTFIA U EITH> TS, HMCX-5TIX, F¥A o TAHILT AMEEZ EIC B3 & EF 5729, #
7212 TCar As Art] £ WIH T —~&FHE LT, TIUTE D TT — MEMZE RIZFHILEDI, E2HL, TA
Al E 7 v~ DT A TEILIEY, EVWIRVMATHD, TOFEL LT, NOFTHRINAELH
IND Th<bh ] ZEELNLIRESC, BARBEAOEORE MHI&HOE] ITEH, EREMWO LIFEEE
THICEBOE L S PRELORBICIMOAMATE, HRCX5L LTOTY A a7 Mid [Refined
Toughness = Wi 18E] L L, =7 AT UT T, 7aR—valOR_ELLY 7L 7Y arna
Yhr—MZkY, A LTOELE, EVORIZEEIEDIALA YV T E2EY BT, A7 YT T
X, B, FM, BROREICLY, FIAETEOEEEOND LEREMEHEE L, $EHBY UL
Yy R VRAZNVAZY » 7 BRRL, RS ERAETNL S EER O =27 VA EMICERI T2 2 & 3Af
BELieolz, THOEOERVMADORE, 2HT—BEERERZE L CWERET 57V A v 2R L,

Summary

Under the philosophy of KODO - Soul of Motion design, Mazda designers, who regard the car as
something that has life, not simply a mass of metal, are passionately engaged in car design. To elevate
the KODO design language to a new level, we set a new design theme “Car As Art”. This represents our
commitment to embodying a value similar to that you would find when you are fascinated and fall in love
with a work of art, in the form of car design. To realize such a car design, we focused on the “warmth” of a
human hand in elaborate details and Japan’s unique artistic expression “Subtractive aesthetics”, and
challenged ourselves to create an expression in which the beauty of formative design stands out in a
minimum quantity of finely-honed elements. We defined the design concept for the All-New Mazda CX-5
as “Refined Toughness”. For the exterior design, we produced the beauty as a car and such a styling that
suggests outstanding driving performance backed by a refined proportion and more precisely-controlled
light reflection. Likewise, we realized a quality interior space that conveys the pleasure of ownership by
optimizing its framework, materials and shapes. A new color available for the first time on the All-New
CX-5, Soul Red Crystal Metallic, was created specifically to balance vividness with depth and express a
subtle nuance of its formative design. As a result of the efforts described above, we successfully developed

a design that, in every direction, provides a premium and quality experience for our customers.

1. RL&I= T oTe, EOMENR Ny r—IR08 2 U< BEES

SNDAZA Y TITHRRTELL DDA Z<—IZ5ZIF A

HWURCX-51E~ > FIZ & o THHAARPE S O N y & — noh, —RTw Y X OB~ LR E L, Hritbed
ThY, THA LI OEFE BB LRI O M R L4, Z OFRCX-51L R ARG S~ 72

1 FYA A
Design Div.
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Fig. 1 RX-VISION
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31 FAkR—3r - s ELLWVISUR

TN ELTOEYDRIEK L TN DEHED
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— (IR & BT T L 53 mmgIR S, Tu v
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7'V v Bk B AL & TR, 1w Vi T
4 Y RORANERET D Z L Th— = T4 2 &
2 F=Z A THRIO0mmE RETWa, £72, ~L b
TA FEMO®E S & B, BAE TS Z & TO0K
WHMAT X AL, FxbEUrEELS, AT 4 —%FEL<
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RO LK -7- (Fig. 2) .

Fig. 2 Proportion
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Fig. 3 Front Face

Ty NTIYNTE TR F Yy —IOA T T I Ry
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Fig. 4 Front Girill
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B KRB A MR N G, BRSO A Y — REE LA )
2 v ZIZEBRT D EOERICHEE LT,
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DR 2T~ EBET DBERDONA T A MRV AR DEAL,
TOY—7 OB EERUEICREL, =E—Ya L
BRI FNETHD ERIFICZ VT ALK TWRET S
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1% Gen CX-5

P e

New CX-5

Rhythm &) Speed RE— KR

Fig. 5 Comparison of New and Old Themes

Fig. 7 Bodyside Reflection
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FRi-w7- (Fig. 8) .

Fig. 8 Front & Rear Lamps
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—VIZHEA LT, THITINA, A7R— 2 Wi O Setiis 281
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Fig. 9 Alloy Wheels
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Fig. 11 Center Console
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Fig. 12 Door Trim
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Fig. 13 Front Seat

Fig. 14 AC Duct

Fig. 15 Decoration Panel
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Fig. 17 Black Interior
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Light-Weight - High-Rigidity Body Structure of All-New CX-5
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Summary

In the All-New CX-5, while making use of the body structure of its predecessor who first featured the
SKYACTIV-BODY technology, we thoroughly pursued significant advancement in “quality” of basic
performance by further evolving the body structure. To do so efficiently, we returned to and considered
the principles of mechanics that composes the concept of the SKYACTIV-BODY technology. Specifically,
the body was reviewed from perspectives of 1) "Straight structure" where frames are straightened as
much as possible; 2) "Continuous structure" where frames function in union and; 3) "multi load path"
which disperses loads to multiple parts rather than concentrating on a specific part. Through this effort,
we were able to find some areas we should mainly work on. When creating the structure, we made full
use of the latest CAE verification technology, looked at the large contribution areas and optimized the
structures of these parts.

By building up these meticulous evolutions, we realized ultimate quietness, one rank higher driving

performance and crash performance that achieves top ratings in strict tests around the world.
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Fig. 1

Structure of New CX-5
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Quietness while Driving on Rough Road
[Sound Pressure Level dB(A)]

Quietness at High Speed Driving
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Fig. 2 Balance Chart of Quietness
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Dash Panel
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Fig. 7 Rigidity Improvement of Rear Body
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Fig. 10 Deformation Mode of Hinge Pillar
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Quietness Development for All-New CX-5
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Takuya Fujita
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FRCX-5TIE, TRIANRN=ZF TR, FHNTNTHPGEICIE ZE 5 HENZER] 2BEIT 5720,
AIET A b DO RIERERER Ea His L7, §ltEoRRICHY, knbon— R/ A ARLmEEE D
TSN 2 TR & R JE DO FEZAERLH ORI F & W o 7o LW Z D TERENICE W R ZBE L
Tz BREEROTD, FROMER, FEEERFESGE, REMEMRUGE & CHEN TR ESEO R 2
1To72hs, ZOBFITIEE ORI D A0 ik 722 ENVHO CAEFAT B0 EERFAR Bl 2 5L L,
BICX-50D HE 7R N2 2 B LT,

Summary

In the quietness development of the All-New CX-5, our aim was to achieve a significant
improvement from the former model to offer all occupants a comfortable cabin. We set high
targets not only for conventional indices but also for new ones such as "Sound pressure gap
between front and rear seats" and "Sound decay time". For the targets achievement, we
developed the decrease of the sound source, the improvement of sound transmission
performance, the improvement of vibration transmission performance and the sound
performance improvement in the cabin. We worked on these indices making use of CAE
analysis as well as testing evaluation technology which analyzes temporal variation and
visualization of sound. This way, we realized a quality interior space of the All-New CX-5.
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Summary

The Bose sound system for all-new CX-5 features ten speakers while the previous system uses nine
speakers. Collaborating with Bose from the early development phase, we overcame the issues of first
generation CX-5 and realized advanced “Mazda Sound”. It is achieved by optimized system configuration
and speaker layout. Newly designed Silkdome tweeter on A-pillar delivers delicacy of high tone in the
much quieter car cabin. The bass box, also newly designed, with 130mm woofer in 8 litter volume
reproduces deep, powerful bass sound throughout the cabin. The digital equalization (EQ) amplifier
provides separate EQ parameters for leather and cloth seat surfaces. It also features two very convenient
features: AUDIOPILOT Noise Compensation Technology and Centerpoint Surround Technology. You can
enjoy virtual surround sound with Centerpoint with most music sources.

With all these features, the system reproduces very clear sound close to live concert experience at all
seats. This Mazda sound is realized by acoustic tuning with Bose engineers at development phase.

This paper introduces the main features of all-new CX-5 Bose sound system and its technology outlines.
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Integrated Control System Development Div. Bose Automotive G.K.
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TEN HIGH-PERFORMANCE SPEAKERS

o One 3.25-inch (80mm) Twiddler mid/high-range 0 One 5.25-inch (130mm) Richbass woofer in a
speaker in the center of the instrument panel. 8-liter (internal volume) custom-engineered
enclosure, mounted In the spare tire wheel well.

@ Two Tinch (25mm) neodymium tweeters,

one in each A-Pillar. SYSTEM ELECTRONICS

o Digital amplifier mounted under the front right
seat with Bose Digital Signal Processing:
a7 channels of customized eQuallzatlcn
. ilot 2 Noise Comp

© Two 6.5-inch (165mm) wide-range speakers,
one in each front door.

@ Two 5.25-inch (130mm) wide-range speakers,

: + Centerpoint 2 Surround Technology
one in each rear door.

* SurroundStage Signal Processing

© Two 2:5-inch (60mm) Twiddler mid/high-range @  AudioPilot microphone mounted in the steering
speakers, one in each D-pilar. column.

Fig. 1 Bose Sound System for New CX-5
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Fig. 2 Bose Sound System Components
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Fig. 3 Front Door Vibration
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Fig. 4 Frequency Response Comparison between
New Tweeter and Previous Tweeter
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Fig. 5 Appearance of A-Pillar Tweeter
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Redaction Technology of Diesel Nocking Noise for SKYACTIV-D
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Summary

A new generation clean diesel engine, SKYACTIV-D 2.2, was developed and applied to the New Mazda

CX-5. In addition to its excellent power, fuel economy and emission performance, the engine has less

knocking noise than that of the previous diesel engine.

To reduce the knocking noise, we worked on the

reduction of combustion exciting force, the optimization of structure resonance and damping technology,

and the engine-to-vehicle pathway of the noise. This report introduces the efforts presented above.
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Fig. 1 Relation between Knocking Noise and Structural
Resonance
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Newly Developed Gasoline Engine
“‘SKYACTIV-G 2.5 with Cylinder Deactivation”
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A LTeFEMIZONT, KR IRIEEA 2 OB 5,

Summary

Mazda had developed “SKYACTIV-G” based on its long-term vision, “Sustainable Zoom-
Zoom”. The engine has achieved both driving dynamics that offer drivers the opportunity to
celebrate driving and excellent environmental performance, and received a favorable reception
from the market. On the other hand, Downsized engines mass-produced by other OEMs have
become a competitive threat to SKYACTIV-G. Mazda has therefore developed a new engine
based on the “Rightsizing” concept evolved to pursue highly responsive driving and good real-
world fuel economy, and installed it in the All-New CX-5. The new engine, which has adopted
cylinder deactivation system as well as the combustion technologies and friction-reducing
technologies evolved from SKYACTIV-G, has excelled down-sized engines in thermal efficiency
over the entire load range and further enhanced the balance between driving dynamics and
low fuel consumption. This paper introduces the concept of the engine and the adopted
technologies with a focus on cylinder deactivation system.
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Driveability & Environmental Performance Development Dept.
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Fig. 2 SKYACTIV-G 2.5 with Cylinder Deactivation

Table 1 Specifications

SKYACTIV-G 2.5

Engine SKYACTIV-G 2.5 Cylinder Deactivation
Engine Type In-Line 4 —
Displacement 2488cm” -

Bore x Stroke 89mm x 100mm —
Compression Ratio 13 —
Fuel Injector bl bl .
6 holes 6 holes w/short penetration
Fuel Pressure 20MPa max 30MPa max

#1/4: S-HLA + Roller follower

Valve Trai e
ave tran HLA ™"+ Roller follower #2/3: HLA + Roller follower
Oil Pum Electric control Electric control
P 2 stage Variable
Coolant Flow Control w/o w/

*1: Hydraulic Lash Adjuster
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Summary

The new gasoline engine series, “SKYACTIV-G”, was developed under Mazda’s long-term
vision for technology development, “Sustainable Zoom-Zoom”, and achieved high levels of
driving pleasure and environmental performance. With these characteristics, the series has
received a favorable reception from the market. Recently, Mazda has developed “New
SKYACTIV-G 2.5” and installed it in the new CX-5. Features further enhanced for the new
engine are output performance that enables highly responsive driving, good fuel economy over
a wide operating range and clean emissions. The engine also has potential to comply with Euro
6d to which particle number (PN) standards have been added.

This paper introduces the combustion concept and new breakthrough technologies of the
engine with a focus on PN-reducing combustion technologies.
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Fig. 1 Vision for Evolution of Internal Combustion
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Table 1 Specification

Cylinder head wetting

(PREVIOUS) NEW
Engine SKYACTIV-G | SKYACTIV-G
2.5 2.5
Engine Type In-Line 4
Displacement [cc] 2488
Bore x Stroke [mm] 89 x 100
Compression Ratio [-] 13
Combustion Chamber Pentroof
Fuel Supply System Side Direct Injection
Number of holes 6 holes 6 holes
g‘é‘i‘gm Static Flow Rate Base 30"3}:’3‘::“,“
Fuel Pressure [MPa] max 20 max 30
PCM Injection Pattern max double max triple
(Powertrain Minimum Q Base Reduced
Control
Module) Injection Timing Base Optimized
Ideal Air-Fuel
mixture distribution

Mode®:High Load

|

e
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wetting Intake valve Fig. 3 Air-Fuel Mixture in Each Operation Condition
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Fig. 4 Comparison of Emissions and Fuel Consumption
in NEDC
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Breakthrough Technology

PN Emission Factor Countermeasure Issue
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stability and PN -raise fuel pressure
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—Injection hole spec
—NMultiple injection
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PN reduction both
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Optimize injection pattern
—NMultiple injection
—Injection timing

Piston wetting

3)Control spray change

Liner wetting Combustion chamber caused by injector deposit

wall temp decreased
by i-stop or fuel cut

Raise combustion
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Fig. 5 Breakthrough Technologies
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Fig. 14 Comparison of Fuel Film at Light Load
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Summary

With this small, convertible sports car, we want to offer even more people a fun-filled life
through “driving pleasure”. With the aim, we developed the Mazda MX-5 RF which is the
retractable hardtop model based on 4th generation MX-5. The first decision made when
preparing to develop the Mazda MX-5 RF was to retain the following three key features. It had
to be lightweight and compact; it had to have the same wheelbase as the soft-top model; and it
could not sacrifice trunk space. In the Mazda MX-5 RF, we have challenged toward the further
evolution by thinking outside the box with the offered values such as 1) beautiful fastback
styling that resonates with any car lover, 2) a new open-air sensation with a feeling of being
ensconced securely in the cabin as well as a pleasing sense of freedom and 3) a quiet cabin
with the relaxed feeling of quality ride comfort while retaining the aim of enabling to feel
familiar with and to easily feel the pleasure of convertible sports car.
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Exterior Design
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Table 1 Exterior Dimension
RF Model Softtop Model Difference
Overall length (mm) 3,915 3,915 +0
Overall width (mm) 1,735 1,735 +0
Overall height (mm) 1,245 1,235 10
Wheel base (mm) 2,310 2,310 +0
Tire size 205/45R17 195/50R16 -
Weel size 17x7J 16 x6.5J -
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Interior Design
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Fig. 5 Elegant Opening and Closing Sequence
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Fig. 7 Independent Trunk
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Fig. 8 Vehicle Layout
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Fig. 9 Tunnel Member Dedicated for Roadster RF
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Fig. 10 Brembo Brake
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Fig. 11 SKYACTIV-G 2.0
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Summary

Mazda’s all-new 4th-generatin Roadster was developed with the aim of overall development, “Change in
order to preserve”. Also, its target was to inherit/evolve 25-year-long (as of 2014) heritage and pass it
down to the future generations to respond to the expectations of worldwide Roadster fans by fully
adopting the Mazda’s latest technology, “SKYACTIV TECHNOLOGY”, and deepening the new design
theme “KODO”. For Roadster RF, its derivative model, development was conducted to offer pleasure of
open-air motoring while lowering resistance feel to a convertible car as much as possible by further
emphasizing emotional, beautiful, and throbbing-at-a-sight styling and adopting electric hardtop that
evokes interior quietness and comfort, however, design that opens/closes a roof keeping beautiful closing
roofline was extremely difficult. In this report, background of planning of this car with distinctive roofline
and open/close mechanism and attractiveness of Roadster RF design that has overcome lots of hardships

with the co-creative development process by Design and Engineering Divisions are introduced.

T A 72 TR BIRWELE EALIEM T TV, LALND

1. [FLHIC

0— RRAZ —DOBBEMHAN—F by 7ET LI,
20074EC (XU —Y T 7 2T~ KEhv7 (LLF,
RHT) | L WHPERT, 3fkHr—RAx%— (LLF, NC
ETN) OYRAEEMEE LTREL, Ui, Y7 My TR
EBOlr— RAX—RREREEOTEE B2 5 NRET
e lpode,

NCET NV TOEREMNSL, 4ffHrn—FAZ¥— (LT
NDET V) T, RENO»LRATOMEIZS Y, B

EFNOERaA YT ML, T4 bV FAR—=Y I—
E L TORAENE, FroREa Ly MRk a iR
BICAIY BEiFd s e L=z, £9, Y7 by 7T
ANy =D U T ERE D LT — AT LT,
7 LTCNDET VIR e — FA X —TRrbEVWEE
L7210, NCETANSBRA —/L_"— 2% 20mmifi/NT 5
LA 7D NERoTz, ZOROMAL—7 2RO R o
A= D=, REFN e KEYET D R L RIS
HoT, B—RAZ—FENZH LN -T2 3T MET

1 FPA A
Design Div.



No.34 (2017)

EAVEC R E

DHIEEREATZ,

FOLAT T T, ROV —TRHAL—Z 3
R METDHZ EIZORNDETD, BT —AITENET
IRV — T AN D B Z R D BN o T2,

SEIERBERF LR, V—T% [T &
Wiz T L7z, ZOfER, NDEF/ALORHT (ULF, o—FR
2% —RF) 1, Friasy 2k GRICSEM A )
ERD, Oy I U4 RUESAROTL2E0 S, H
BHE AR L CTH, 2=—7 BTz,

2. LL47 FOBE

21 NDEFILDNyHF—TBE
gD B0, NDET ILERDONCET L5 KIE
REW O 3T MEEIToTm, BARRICIE, AA—N

— 2 %20mmiEfE. F7-, F—EMET—R L MEKOT- D

B & B PRI 15mm A8 CRLE L7,

—WREIZIE, MEEX 7y h U EREOBIE, b
TUAI vV a AL SN, _YVEERIMIIC A
Yo hEEDZHEENLZ, OFED, BTLE RTA =D
EEICAZABEETE T, P e nanizk o
) RV arEBRNLND, AROBMNAGNDET L
TIHERBEZNANCFETHNDDOT, TOMMITFICHELS 72
Do

LMWL YHATIE, FIANRN—RNEBIIMW-EEA
SRICHZ BT D, KT A S—ZIER LTSS VEE & FEAR
BMIZLTWD, NDETATHZOBMEFKES 2L,
FELLT, =V LTREOMNEZRIBS W,

Ly, AIEERRSE5050T50— K24 —0
BHE7e LA 7 MNERARILESE D7, 7ry hRA
— BN LTy DU ENCET L & ) RoR%iB LT
BIZEELTWHOT, Eitédbd, 7ur hkai—n
ZIEHEICS D L 36mm, NCEF /L LY RENEEHIRS
wrEALAT T RELTNS (Fig. 1) ,

Fig. 1

Basic Layout
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Fig. 3 Boot Space for 2 Persons
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Fig. 4 Roof Study

(2

KODO ' SOUL of MOTION

Fig. 5 KODO Soul of Motion
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Fig. 6 Key Sketch

Fig. 7 CG for 3D Modeling
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Fig. 8 Fastback Style

Fig. 10 Stance
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Fig. 11 Tunnel-back

Fig. 12 Long Deck
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Fig. 13 Parting Line
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Fig. 14 Roof Operation Switch
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Fig. 15 Wind Blocker
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Fig. 16 Machine Gray

Paint-coat composition
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Fig. 17 Paint-coat Composition
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Fig. 19 Auburn Interior
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Fig. 20 Brochure of NA Model
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Summary
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HieR

The Retractable Hard Top (hereinafter called RHT) was developed under the Mazda’s road
ster concept and introduced to the 3rd generation roadster. The RHT is light weight, requires

minimum shift in center of gravity and short time for opening/closing, which allows casual

application of open roof. The RHT model accounted for more than a half of the overall road

ster sales, making it an essential lineup. For the 4th generation roadster, the RHT was inno

vated with a high goal to realize the ideal status while proceeding the normal evolution of t

he positive points of the previous model. The motion of the system was improved to more fit

with a person’s operation, and the quietness and quality feel when the roof is closed was si

gnificantly upgraded. The fastback-style, a key for the differentiation in appearance was reali

zed by the revision of the linkwork and the efficient way of roof retraction.

This report describes the development target and process as well as measures taken.

1. [FLHIC

Frilo — R 2 2 —RFOBAFICEF L7 YK, 20004
PABEAR ONC W 7 it RHTE 5 /W BE 0O R 52 b 3R 3B 1]
IR W (Fig. 1) ,» 23, Y7k by 7oMRE
DRIEIZE EL, §EltE, M, HEVBFicRnTn—
R Ry P EBROBRNLADUICEL TE 2 ERER & A
bId, Fio, V=T EENT DO AT I T T
WA BB L ERITET LT = O TEREM LT
WM S BT b,

Ratio of Roof Type

100%
80%
60%
40%

20%
0% -

1

Fig. 1

RNNNNNY

Softtop

HT

i
0

MOITLOONOD
(olo]olelele ]
(olo]o]ele]lele]
ANANANANANANN

Market Analysis of Roof
(Researched by Mazda)

O~
Aah
[o]le)
NN

1 RT—BHEE
Body Development Dept.



EQVE R E ]

No.34 (2017)

L7=0->TC, Hf — Ky 7ETLVORZITERD
ERZFTEARFITHY, RERMEESLIEL WD HE
WICESTZ, TLT, BROEL LTHEEZUTOLD
IZER LBFICEF L,

O BEOLRLT X, BfEDEL SDiEK

©@ 7 r—XRRT ¢ —[FEOFHFEM, NENE

@ RETIA > OEB

WICEAME, #ie (0Q) , KOTHF1 v (@) @
TNENOREIHICDONT, BAFsIRME L HERFELIRR5,

2. AT LDEKREE

VAT MERITRIE TRE 2001200 D, BRI
oy hv—7, T RANL—T, Ryl Kokl Ly
7 CHEEI XY, EA2UEOT—Z—TCHREIT 5, B0V
TN—T 3 DAF Y 7 TREFE N, [FU < 4208
DE—H—TE#NT 5, AIfL—7 &Ny T 7 0 RY
1 — MR D AR— T E N, REFFEE R
T AR=AZIC Loy r—2 b L= (Fig. 2),

Front Roof

Rear Roof

Storage of Roof Trunk Space

Fig. 2 Structure of Roof

3. HeE

3.1 FAFRMEDR L LY
FEfbrlcbRBICAH—7v /7 u— X&) ) %
ZDIEMTENIE, AT EITOMENREZ, n—
RALZ—% LRI ENTED, TNEVHR— T
DITIEBHBARF I N BT T <, B E, BIEE HICA
~v—hebDL L, FOHITIE “BBEEZTIC
OB TERETE, a7 MBI TR LA—X
POERNITHEENT 2" ZENBELEZ T,

WIC 2z FEBL ST fE, fHEic W TR 5,

3.2 by FOvynEHHE

AA o FERAEOHTHMAZZE T SH 2720, 1ERITTF
HTholt by Tuy s BBINIA S ITER L, £
WihE LTER—RAF L —}, 7y, T—F—, &7
2—x7, Vo7, VUIv MAALvTF T, Thbxray
X7 MZVA4 T U FLTCWS(Fig. 3), £, 7 v 7 OfE
B S B OFARETH D,

Sector Gear

Fig. 3 Top Lock

BEMLIC LV EL 220, KEMEEEZR S V—7H
Sy OEEHINTEET 72 uE e B2, AU, WATL
THREIZHED TV — 7 R L DB EAL T H N— L=,
BEN—TOMBEEBERIEL, 702 Ml—T7D X )
HOROESIT T LI B L TS E W) FEamicE -7,
RRIEM:, SMBUBES A C A TRROMBE AR L, by
Oy Y EEH-7a s h— 7 AR T2.3kg DR BV &
FERL LTz,

Fi, TE—F—BNREICLY, ENOEBBIZOMR
BOBENRD TN, ENEROBELAENRLE—X —
EREL, by =V OBRRE TLRLIZZET
EREORVENZEMETHZ ENTET,

3.3 {EBIEF OISR DEF] & BARRREEHIE

N—THBAAL v FIXZT a2 ZA YN T ORI
BlE L, BHEARRBIIA —F —ND~VFTFT 4 AT L —T
PWRTED, ZhiE, B8, BEMEEZTRIETELE



No.34 (2017)

KR

FTR<, =T DEEFFRISRMEORERMIZ DR 57,
BIET VT E#HOkm/Mh, KONV 7 hARY Y g 3 R—F
V7 (=2 T VI =a— T L) TholmbOrH
HWOHOHK) (10km/hEA N, HBIBRFIIARR) (CEE Lz,
N—7 DHBEE A L — X TEHNCHETE L %
L, BARIPTER, G, B4 - 2oL
—ZIRENR D NT 2% B Chaiifb. Lz, RIET L H
FREDOBERIHZIT > TWDH, LVRWZ A I 70
O BRI OE 3 SR AE L T D, 2720, %k
DIEFNFD Y > 7 [l Dm o/ —7 Oz L b &
IAHABREV,

Instrumental
Panel
(@)
PCM
2 |—{cm
@ Keyless]
2 ECU
- 6 Opening
T o
op LDCKIMI SW
CH soesd
o g
@ @Power Window
.bg%
@ M )Front Roof
@ M )Rear Roof
RHT —
ECU

Trunk Latch

> | <«-Over Lap
Rear Roof Open *L»m
Front Roof | Open S
Top Lock “[:]LJNOCK S
Side Window | |Down Lup
Close »  Open

Fig. 4 System & Operation Time Chart

F7m, Jur =7 LU TA—TOENE B A —
N=F y TEETWDLH, FMARFMO e X & f/NRET
BT TR, NN T LT, BEAKEE
L REDDEEFRL->TWA([Fig 4) . MAT, B
B oo — 7 8% 2 250ma3ic#z, U 77—
AR THL EmM AL W IFAE SRV L S ICRE L,

PLECEY, BELEED A~— MIITH 2 & 23 Al6E
Lo TBY, BABFATELY—U BRI VER->THL L
DEEZEZTND,

34 NT—9 4 U FES

T —1 ¢ REENI R Y XMl s L,
N—TEHASED7DICE, T NY—U 4 FUE
TF20ERDH D, 728, NOFTRE/BR I E
NA—T UL 0 U E EFCEITLTEY, £
RHTE T /O NEOMEFNR, RNT—7 4> KU %
RETTFTF D2 & LHE LT EEN, LRI VBT
IV E R NROFK40m & L, 1EEISE TR ICTTONEIC
ROEEE Lz dekmd <) .

3.5 VA—X FRT 1 —FIFHEREORER

VNI IHZTATH-THZ B— AT o — X RR
T4 —[AEDON—TTHDHZENHETHD, Lo,
e, WEERIZBW L a—X RRT 4 —li% B
e Lz, V=T HBEENL0ZT V=7 NN &R
KEMRE R D120, ¥ — VTR OFUEA 727 LA
HEATo T2 BT, BEETRHOAELBE LIV —1T
v TR E L, BEROERELZ N ESE D013 —
7 OWEE, WEMREE EF T BERHLN, by
VU T DR - BEMICRERICENTCEMEREL,
WENRETED LG E Lz, ik, [Rohiz
AN A BRI A Z 7205 S E R BSR4 El T 5
ZEMNTET,

by 7=V U IRIINEER L ELS, 7r—XF
AT 4 — AR, WA N2V I BN FET D2
EMBRRDETHD, %V 7iciE, RIHFmICH)> EL—
BT B LD THA v LIl N—%&5E LTz, B
TERWEAECTH D0, FEIRZ MR L b TEIZIEY
AT (Fig. 5) o

Ceiling

Link Cover

Fig. 5 Top Ceiling and Link Cover



AV E

No.34 (2017)

4. WETH M4 VDB
41 L—JBFAMEr —X X3 T«

e — R 27— 3EREFICH LAE % 105miE
FELT=, BT A=A L2 & D3RRI

BOPFD, — TR — AN BUETH T, £
7=, VT HRA =t X —O55mEi by — ) 75
A =782 WL RIS LARIZ FIach b, Lz
BoT, L—7HMAEEI Y e »rbEXEHTLERD -
72

Bad Appearance Complicatedly

Alt.1 Alt.2 Alt.3 Alt.4
3part 4part 5part Tpart

Fig. 6 Case Study of Roof Structure

AL T5720121E, —7RiEBREE2E LA
w7 4 R ZSITTWDIFIER W, FHA D
Jatk & T35 (Fig. 6 Alt.1)

PEHAEIE DIE R LTINS L, v—7 5
BT TR Lz, K ar s Mor—7
EPO 7DD LI, FRTHEMAAN—R
NI D Z L IXREECH - 72,

Ny g v R/ X B MR EEia b,
Ny 704 RUBTRRABEINIZ bRy 7 24
ANVDRBENTFA XV HoT, LrL, TNTHLE
THEANT DI IIIE DS EHEIZ 72 0 3 X BLZEH TIE 20,
Fe, HEITA B ELBENH o 7= (Fig. 6
Alt.4),

COBEMELY, ©T—%ET N TOMBEIED, K
FEHNZITHBED 7 7 A RNy I ZAZ A )b DR 5T
W<, =T UIRELHREEAKT LT, A— TR
—ZADREICOWTIZ BB 7278, R ICHE Eo
M S BRI > CTE T2,

42 L—2 2 DRIEFRZE
U2 BRI —RCHEBI AN R EVIE LD 7 A
DIAA L7220, MMENRNELEILR D, AEITV— 7KK

REEDHIFINS, AL U7 OFEEHAKIS0° Hed
WERH Y, BRI EN b o Tz, T OSSR, At
T LR UHIE T, R h o7 e bb— 7 LREE
MWRARRET B ENGhole, VUV IWET v 72k s
KRIIHENEL, KIBREEHMELES, £bZE B A
N—=2D ETHLRBIT 2 NoTe, £ZT, 7y h—
TORBREE LB L) 7 OF A N A ERETS
ZEEL,

DV T IFIAAL V7 DOBE NNy 7T 4R
Jo7ry M= DIRIBEZ TS EEE LT R
(Fig. @), AENFIAA ) v r—-T70r FL—T—>y
794 RUDIEE 725 L HAEE LI=(Fig. 7-Q) , R
BINZ U 7 2 2RBINT 2 MR H - 7228, U > 7 HIPEIX
Kigizm EL, AA—XZBHAOFEBICH D> T,

Front Roof Brkt Additional Link

Back Window
Support Brkt

Propagation

@O Previous Structure ® Final Structure

Fig. 7 Link Geometry

4.3 )7 IL—D OiEERE
O FEaZA

U7 =77y hb—7, 2 RLb—7 OBEEHEL
WS BB D=8, BB 23 2 U idFig.8lnT
AITHNT 5, LvL, UTI—TDR—F 47
FTA NI DIN~DTHA L BREDTDEHRZDD,
L UL EREORNT A LB ERTXBAISE L,

L L, fEkER UM Tl =y MEHFRFOMLERR
BREL, N—=T 47 T4 ard—J4 80
SMAE BT LEN B o T2,

Small Rear Roof Size Large
ABusy Parting Line & Seal Simple O
Alt.1 Alt.2 Alt.3

Rear Roof

~ e e

Parting Line
Fig. 8 Rear Roof Study



No.34 (2017)

KR

HEOTA VEBORLYD, MEmTIXE—4%— X7
OEEICEVIBREE T "y ML L7z, 1T
BIE Y R WTHIASL T T A TOBTIBE DL EL N
A RERIT THERORN Z M T 5 TR TR L7,
T, VT A—OR KA LEEZ B2k -, EVniin

TRAEDEEL < 72278, ZOERBFEIZHONT i?&ii”é‘éo

ZDTA UL, THA L RRE S EEOIANC
Zpe 0 EF b0t S 25,

(2) B’ —7 L— A58

B 7 —fizV 7 r—>7, ¥4 Ky Ky, I Kb
J—T DIEBRINEIR DAL TH Y, T — U AEIEOKFEE
SGERE, V=X ) v TEYTL—T, $L<
WAL U 7 NCEET &R E 2 6 b 2 (Fig.
9 Alt.1,2), AENERME LT —AMEREARIET % 2 &%
LB L, ©7—WH~EEROT7 L— o587
L L L= (Fig. 9 Alt.3),

THUCE D, T VEOEIPERE R &AL E RS PRGEDS BT
REER D, MER—NVEEERHERETDHZ ENTEL,
T, BEAZRZESELRD, 7ZL—A0BERIIT Y
YA MEMAHZ, BxEfEcEL LKL, 7L
— DRI 72 W T, WIS BT, T
LH UM EERH L,

AWeak Seal Performance Goodo

AFully Side Window Travel Minimumo
Alt.1 Alt.2 Alt.3

Attached To Attached To Fixed

Main Link

Rear Roof

Fig. 9 Rear Roof Study

4.4 NEREOREF

(DA E

SERRELD HIEAZEHE ST 5720, K£V—T7T7 vtk
TV —FEWVEENESR SRS, LL, 2o
THERENTEY, ZRENOAZERA B Tl L
2, T, VUV EAES, A by SR A 0.5~
1.0mm®D > A THHEF oG L LT,
TEEIEBCTHRHEN, A X7 NN THENE
TTHEIITL,

(DL & BpE AR

YT NV—TEI R—7, U772 F—, hTv
7 O3FEIHEL TRV, BEIZBWT, FlmEOmSe
AR 22 Z & OGS EIXEV. Lo, SAERE L
BEERTWTTHLI=H, AZEOBEIEIEELE.

Rear Roof
Tighten &
Adjust(By Sim

Rear Roof
Kinematic

Wedge

& Dovetail & Dovetail

Fig. 10 Locating of Rear Roof

KRR D720, HEEIIZI4MBIC A A& B4 5
?1// ETFHRERETHA Ny T T N—%REL
7-(Fig. 10),

UL, U7 —7 OMEREIL S — V)RR
DLENT Y X OREBELZ T 50, IhEireL=
v M7 A NCTHEIEL, B ONZE, WA O
FRIZR M L7z,

Fio, BRENCAEHRERLEECHD, VT —
TET7 2 X —OEERE, ML, EERIAIE TR
REAF ST CTide <, PREOEAFELEFERL T
%, Fiz, BREZTTRIER, =TT w7V
—p Y, FTRICBNT, fMICEEL TV D,

5 BbHVYIc

BEICED ETITE, 2L OREERREETTRT 504
BRB oI, FARLPNIBT - BIEEEBT 52 &N
T& T, 7V ~DOMEBAZET 2%, ED X 5IZFE
MENDZONEERLDD, TDOT 04— R_v 7 2T
IRNOZTHRNTE a2 el EEES7-
DIZHALZ B STV TR CTH D,

BE #n

A T



EQVAE R E ] No.34 (2017)

W& O0— KX4—RF
12 MBDE MEIXFNDEEIZKL HHETFETE TEOHKEIL

Proposal of Optimization for Design Parameter and Process Development
with Coupling of MBD Approach and Quality-Engineering

e SR

Fumihiro Tokumitsu

L

Wi OB RMRE A e T A 2 RE N OLZMIZBRE T A Z 2, L L THFERT DA E o T
WD, Lo USRI HE S 2 3 TS & 2 RS BA T IZ 35 C B 72 2 BRI 0 e & B o i 37 U PR
EWHD, ZOFICEWTREL EbN AR #HOFMAMEIC & o THL EFFIE 1T 5 ek Fikic L -
TELOINZFHRE R S EH SN EHE T A OE IR A o FOREORE T, SFIEARHHRETT
OHRED R EMZIRIE LGS EIXEWEE, Ly UMD T 7B OB R ZRA1T 5 2 &1k, HiH
BN OB AN BEMEIZZ LS, BT VE AW EFMCED S22 820 OREF Lo TWn5,

AFaTik, MLEFMEZITI BRE SR EHLNE LI ET, AME2ERLAEALESEH-OICEEL
R HEER L E MM A RE L T A E T NV EHAGH LIEAT 5 2 & T, &REEE L oRE{kiomz T4
PE TR O I & AT iR E BN 5,

Summary

Developing products satisfying market needs quicker and cheaper has become crucial for a company to
survive. However, with product development becoming much more complex, it is extremely difficult to
shorten the development period further while maintaining product quality. Under such circumstances, it
is very hard to guarantee the stability of performance in various market conditions using design
parameters, management variables and evaluation criteria extracted from a conventional method in
which desk evaluation is conducted based only on limited evaluation criteria of assumed worst conditions.
However, performing a comprehensive function test once a prototype becomes available is impractical in
light of development lead time and cost, giving us no choice but to rely on theoretical evaluation.

In this paper, firstly, we clarified purpose and subject for theoretical evaluation, then, drew model
conditions that enable the extraction of the design variables and directions which are important in
serving the purpose and stabilizing the quality. Lastly, in addition to design parameter optimization, we

also introduced trial results of production process optimization.
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Fig. 10 Scattering at Connection Parts Like Front-Roof
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Introduction of Production Engineering Endeavor

to Achieve “KODO” Design in Mass Production
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Hiroki Sugiyama
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Motonori Moriwaki
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Katsunori Takahashi
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Summary

308y ) 7 A > OEBUT N T2 BPEUE(R O BARR 720 M A HF 25057 %,

In order to realize common design theme “KODO - soul of motion” by mass production which

was adopted to New-Generation models from fist CX-5, all relative members who have been

involved in Monotsukuri shared designer’s passion and continued to enhance technological

strength and improve excellent skills of “Takumi”. We would like to introduce the concept and

the characteristics of “Monotsukuri Innovation” activity on production engineering area and

process innovation of mass production preparation to realize KODO design and examples of

activities.
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Value that exceeds customer’s expectation

[Kodo Design] Dinbaittai] [Fuen Economcy]
Manufacturing for Design / for Customer Value

Car manufacturing to cherish every customer’s vehicle
[Achieve Zero Defect (100-1=0)]
Design for Manufacturing

66 656 G

Fig. 1 Activity to Establish Brand in Production
Engineering Division
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Production Planning Dept.
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Support the production process to improve volume efficiency

Common Architecture Concept

-
Breakthrough

Flexible Production Concept

Support the mix production of competitive products

Fig. 3 Purpose of “Monotsukuri Innovation”
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Fig. 2 “Monotsukuri Innovation”
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Activity to optimize structure and process

Flexible Manufacturing concept

Pursue |deal BOP

+Pursue BOP (Bill Of Process)

that shows optimum objective index
(method/process)
*Realize process for Ideal BOP

. =

Flexible-Line Concept
(define “fixed" and “variable™ elements of process)

Common Architecture Concept

Pursue Best Structure

+Clarify mechanism that achieves performance

-Allocate functions to each system
+Set structure scheme to fulfill functional needs
+Best structure that minimize mass/function

Common Architecture Concept
(define “fixed” and “variable’ elements of structure)

R = R =
‘ Ali t: defi pti “fixed" and “variable” ‘
| | E =

‘ Realize Monotsukuri Innovation to provide more attractive products with high efficiency ‘

Fig. 4 Approach to “Monotsukuri Innovation”

BT, EOBEF S & RN 2 BRI m 2 7

ETRZFEIAT LD, FREAHEE Ly TR



AV E

No.34 (2017)

W) r THAATRE) #2iB%ELT7,

H212, TERHOvmEAY, EkoMEd ) & TL
BEZEXL20TIERL, HiEL TREFEFFCHRTFNT 5
o ACEE L, a2 T7T—%77Fv—] T,
o &z e bl (BHE) LTHEEZED, Y228
ZTCEMEEZ MO (E8) ZRELTWD, [7LF
CTNVAERE] TIE, TRO Y Zadmile (EiE) LT
RKEB\IEL, TNV == g ST 500 (%
) FREL WD, ThEho TEEEEE 1Tl
T, UERRBEAIRY 250 L, #EkICV B2
EOAFERINAIRET 5 2L T, Mg s TROKEIC
B9 2 ERAIBZES AIRE & T2 o 72,

322 ECRAHE

H OO EODOREIL, THEIEIEE LT & s v
FEVRAMER] EALTVWDEETHS, [EVFA
BhER) X M) ~ Tax b)) CTERSHKD, WEEY
IR END M) L, BEHRERECHD
M2z b i, FRICERT DI EDRREECHT, %
=T, Fig. 4iTmTX9ic, Taxbh) &2, Taxbx
WETLWHE) ICEXBMIHET LI LT, EEND
OFRERM 7R P A FREIZ 72 Y, A —F ¢ —ThoE b
DT EMATREE o Tz,

Value Ft}lnctionali}ty 1
= X
: Physical
Cost Weight quantity

Total optimization:

Business efficiency based on physical quantity

Fig. 5 Business Efficiency

323 TE/#BVEH OBME

~VHED [EED ) AHEELZER, 7L~
DT at ARKIBICHELL, MFELSEE A MFE
FMRHCER TS Z LN TE 2, BAMICIE, #HfioO#RE
RPN T AT yra OMEREN BRI X DI
BRAEY OYGE, BAFE TECEERM~OM Y K LY
Z RIBIZHIHI T & 7=,

F7- £ /78&0EH 1KY, T4 BRIEERM
EOHANEBIABEL T, B~ A— AN [BEHROHF;
EB2 OMEEZ BB E R RET S L d v A R
L, BOBZITET AR LEEREE>TVE, &
DEE, BEEA~OERED 272D 23%ET HIEENC
HLORBo TS, Bz, 2RO —F v hE

TOT 7oAy MIEBICSINT 5728, “abiE
0” ~EEY I DEGHED > TN D,

4. TRE THMA OERRICRAEIF-RYEH

41 ER{BTH IR\ THIUEE

WRCX-5% 45D & T 2 ARG~ > X7 A
X, TYA 0B, &, TowHe HETlke 5]
LWV HETITo TS, HxDINV~v%FELITDHE
TR, BEL TR, A =D Tho—
EMOHDLA v —VEFEOTHA U HERIDZ & T,
T RELTOFEREED TS, 72, ADFI
Lo TULMELAHTZ EDTEARVWERNAR T 4L A
ZEDbY, ENEIALOTYA L LTCEBYET 57
WIZ, WERYIADTHANTE DN DOTIE R
K, E8FSERTANLD [FTVx] oY, Ei
RABFBADLEIT OO EIBORDET, BHTH
AFHhoL b, ZTHLETrEBRZL-T, BNAvE
— VM E—EMEEY LFCuvwd (Fig. 6) .

Fig. 6 Objet of KODO Design
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Summary

Thoughts and finishing by the manufacturing “MONOZUKURI” technology and the skill of “Takumi”
to give a car a life are indispensable to embody “KODO” Design of MAZDA. In stamping molding parts
taking many parts from the exterior design, all fields engaged in the embodiment of the “KODO” design
as a mass production car, share the thought of the designer and continue to improve the “MONOZUKURI”
technology and the skill of “Takumi”. A new level of faithful reproduction is needed to reproduce “KODO”
Design with stamping molding parts in a new generation line of products, this is to express the muscle of
the animal which ran at full speed by the molding of the character, and the full feeling of vitality
movement. This report introduces the approach of the stamping process design field which for the
construction of the new appearance guarantee of quality process to assume a thought of "the model base

development" of Mazda a foundation.
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Fig. 1 V-Type of Stamping Production Readiness
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Fig. 2 Concept Model MAZDA SHINARI
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Fig. 4 Model Based V-Type Development Process
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Fig. 5 Intersection Caused by Offset Elements
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Fig. 7 Arrangement of Solid Elements
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Fig. 11 Results with New Evaluation
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Summary

“BREATHING LIFE INTO THE CAR. THAT'S MAZDA’S DESIGN PHILOSOPHY.”

To convey the true meaning of this message to our customers, it is important to reproduce the
obsession and aspiration of designers and clay modelers rather than simply sculpting a physical form.
Aiming at giving shape to Mazda’s “KODO Design” language, the Tool & Die Production Dept. worked, as
part of its co-creation activities, on development of a technology for high-precision milling process,
improvement in handwork skills, and sharing of the designers’ vision and aspiration. This article

introduces the tooling performance developed with the aim of embodying the “KODO Design” concept.
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The headlamp top-front dander peak-hipbone-rear fender peak-
a sequence of shape to the rear end.

A movement 6f R which-enters the I;r‘ﬁp bottom from the
front intake side is also a subtle change.

Fig. 1 Design Briefing Session
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“GOSHINTAI” Model 3D Measurement
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Fig. 2 “GOSHINTAI” Making
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Fig. 4 Reduce Feed Rate at Shape Which Suddenly
Changes
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Design Shapes: Machining Along Shape

Rapid Angle Shape: Z-Constant Machining

h

Cs

Slow Angle Shape: Concentric Machining

Fig. 5 High-Precision Machining in Accord with Shape
Characteristic
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RNTY X ERIZ, TBREEOIITHRER L4 X7z,

R, INTEH SOV TIERz=m ¥ Tl FETH =
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Fig. 6 Machined Shape
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Fig. 7 Transition of Machining Precision
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Fig. 8 Transition of Machining Times

5. BEERODFRERR

51 BEEEOMER

Y=Y — N e D EMOBEXIIBNTL, T
Il % AR S T HOIN L OUIHNE (I A7) OBZHFEIT
H1EEFig. &, THA T —0MBNE SRR E AL
NHHEEWBLINCT DAL= THEENRD D,
ERDERIFEX (ZRBNTIL, S T/ X—T4 &Kk
WLL, ThEBLRNSEHOAL— U JEELT
HILEN, THA LRY A X el LT < 2RMTH
St LovL, T2k ofENLXYy I 75 —F4
COFEEENTAHEY, mEREAHIVIEE, Adik
DHIBIN TN D BENFER Lz,

(3R 71 o CIdlg L e BIRNEE T, %
NIZEVAEMEEELTCND, 207D, F¥ 77 42—

FA v ERDET, mOMEEELEEILRD, £IT,
SFETULZTYA VEREZEMBEL, £ TOHNL THEL
P EREEICER L W ZENREBETHLEEZT-,

52 BEFEORFEML

[ZHR) OBUYEZB L THD - i@ N D, [HEX
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Cusp

CAD line

Fig. 9 Cusp & Section Image

5G: Make Character Line Priority
To Design Surface

6G: Make Design Surface then
Appear Character Line

Fig. 10  Grinding for Soul of Motion (KODQO)
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oo . . .
L argel20 49"93“
(2) Bonding agent (3) Pores
score  Hardness {degree of binding) Score Density (structure)
100 we
80 + Toolingoriginal 8o |
gri one:
6o | 6o | Toolingoriginal
qgrii
40 | a0
Conventional
20 20 4
o0 4 Comvent o |
Soft G H ] ] KHard Smal  Mormal Porous Large

Fig. 11 Three-Element Control
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“KODQ” Light’'s Reflection
Fig. 12 Results of Grinding for "KODO”
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Selecting the Basic Function Control Factor, Error Factor
Fig. 13 Selection of Basic Function & Control Factor,
Error Factor
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Die Reflection Evaluation
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Panel Reflection Evaluation
Fig. 14 Reflection Evaluation with Floodlight
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Development of Soul Red Crystal Metallic

TEOCET A EEY EA £

Fumi Hirano Kouji Teramoto Keiichi Okamoto
Hrp PRinT4 LR EFn*5
Ryuji Nonaka Takakazu Yamane

L

~VHF BT —bERO—H) LnWIBEXOLE, BTV AL OEEELVELI AEDLDDRE
RKEZBRL, 77V RERETLOHT7—L L TYULL Yy RTVLITARAZ Y v, vV HON) T —
ERBA LI~y =T =TV ITAAXY v BBEN LR,

HOLEREFRD IO ETE5E, BFEEAEML L T FERERTH I, £ ok BETREK
DT, BREMEERFEENMET TS, vV X CIIHERBREICE L WBETEZ BHE LT, i
BREEAMTE OPEH EARBIC I Y FA TV D, BARIITIIMEEGEZ S 5 2 & TRIKOBEEEN Ly %
TV, TIREEEZED D ZE TIROENEED, A —v oy AV, BIET 777 v 7 BE%H
FELTE, LT, INETOMYMATHEA LT CEEENEZENTZLICLY, BEBOKEZECT
ZEL, BN T OB EED TN D,

A, BRENT YA DML LTS EE FICESL CH0IS, YLy RZURZALAZY v 7 2% L
Too THA v, BB, AEREEN, 774 Y —RNEE LIEHE T e AOP TORY MANFERBIT D,

Summary

Mazda has developed sophisticated colors to emphasize beauty of Kodo design, under the philosophy of
“color 1s part of design”. We pursuit expression of contrast to emphasize form, and we have introduced
Soul Red Premium Metallic as brand symbol color and Machine Gray Premium Metallic as Mazda’s
heritage expression color, into global market.

Sophisticated color is typically composed of multiple film layers for coloring and texture, so it increases
paint usage and process length, and affects environmental/economic performance. Mazda has been
establishing paint process to reduce environmental load. 3 Wet-on paint and Aqua-tech paint were
developed by film function redesign and process integration with upgrading function of material and
process. By applying established technologies to color development, we are developing sophisticated color
without increasing film layers.

This time, we have developed Soul Red Crystal Metallic to emphasize evolution of Kodo design. We
would like to introduce co-creation activities with Design, R&D, and Production engineering, and

Suppliers.

1. (ZIL®HIC

MHDLORET N O—BROBXLE L I ZEBRT D
BB T A 0%, 20124FICENEA L 729 CX-52 Bl
WIER L C&ET, Tz, REHIH T —BRITEE 2B
THEWVWHIHREDR LD TE T,

0124EMBLHBEA LY ULy RV I T AAK
Uy 7k, v~ VERBRIEbo T&IfkE )&
E TR RV THNSET, v VX7 T7 R
ERET LN T — L LTBERICGRAMINTE T,

HZ, 20164I2idu—F V— U D URAIA T I T
47T aY—=RE “w—rDEFZOBER” L)

*1, 2 EMm AR

3 T LA

Painting, Trim & Final Assembly Engineering Dept. Design Div.

R4 N7 —BAFEER
Body Development Dept.

*5 B AR
Vehicle Testing & Research Dept.
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Fig. 1

Soul Red Crystal Metallic
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Fig. 2 Paint Process
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primer basecoat clearcoat
-
x voc coz
Agua-tech paint T
(2009~) ﬂ»oﬂ@l Ce I
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Fig. 3 Process Transition
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Clearcoat

Key function Aqua-tech

Smoothness igh functional
clearcoat
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Fig. 4 Distribution of Film Function
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Table 1

Pursuit of Energy Efficiency

Material
saving

Energy Space

Item ; i
saving saving

1 ) Energy saving booth air

S o
conditioning
2 ) High-efficient flash off o o
3 ) Space saving cartridge - &
paint supply system
4 ) Sharing paint piping &

with solvent borne paint

NSO AR I ST, T TT v 8#IIFig5
IR L HIZVOC & CO2 % [RIRFIT IR L T & 7=,
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Fig. 5 Effect of Aqua-Tech
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Fig. 6 Technology Expansion to Sophisticated Color
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Fig. 8 Transformation of Color Development
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Fig. 9 Conversion to Optical Characteristics
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Realization of Continuity Surface to Achieve “KODQO” Design
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Summary

Under its “human-centered monotsukuri” philosophy, Mazda pursues a vehicle design that makes all
who see it feel the dynamics at first glance and invites them to drive. This is what we call the “KODO
Design” concept. Exterior parts are designed to express vitality, beauty and power of motion, with the
aim of giving shape to Mazda’s KODO Design language. Defining the vitality and a sense of speed
presented by a design as values to offer customers, we designed a vehicle structure and developed a
production process to translate them into a product. This process of works was conducted via a project
named “Artist for reflection of surfaces”. Attaching importance to continuity in surfaces of adjacent
exterior parts, we focused on a normal vector as the key physical property. This article describes the
efforts made to realize the continuity in surfaces, taking process establishment based on the normal

vector and preparation for bumper mass production as examples.
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Fig. 1 Reflection of Smoothness Surface
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Development of G-Vectoring Control
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Summary

The G-Vectoring Control (GVC) using high response engine torque control has been developed for mass

production. G-Vectoring system generates slight deceleration in response to lateral jerk to improve

vehicle dynamics. In this paper, the basic concept of G-Vectoring is summarized first, the configuration of

the new system will be described followed by subjective and objective investigations into its control

effects.
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Fig. 1 Concept of “Harmonized Dynamic Feel”
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R DR BT,
2. G-Vectoring ControlD#IE

WM S X 2 E TOMT, BHEBNIS U CRIZIES)
R S D o DSR2 HIEES & L TR 2 RS
L72W, Zh#, itk - BROGDRT M ZFAHIET 5
LWV EMT [G-Vectoring Control] & -5,

Gye = —sgn(Gy - G'y)& Gyl (1)

1+Ts

2T, GxelXEMNE T RMONMMELEES, CxyldiHlE
A, Gyl LB ORI % B < 1R L 7B
DGEEE, TsiZREERTH 5, HAMIHEIIELE Gyl 4
A L Cxy & DT 7oA % BT IS B RS & U C i He 4y
THEND U IREIEBITH D,
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Fig. 2 Concept of G-Vectoring Control
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I8 L CRhERA IR BEIRHE 2 TR TE 3~ 2 BRE) 7D Il 1H1© o Kei
%492 L T, Powertrain Control Module (PCM) HNiZ
GVCOfliHie Y v 7 ZEE L, GVCO HAZREEE & FRE)
TIHIE O B EEANEREE &2 it U TRk e hv s
PRET DHREHE S AT D&% Lz, #lEfESGe%
WrET B 1= D ORGEBIRIEGYIE, KT A DA 2T b
M Th DM & HmEESE DR DHEE SN D,
VAT LAOEEK % Fig. 31277,

Powertrain Control Module

Steering

1
1
! Whesl Er

Wheel Angle | Vehicle | Gy | o Gy | Targetea m:ee T:?q‘:: Engine

u e
State > "0 [—>| Deceleration 1 Reduction J|—o—> Reduction [ Torave

1 iction Control
1 Calculation

Vehicle
Velocity

Fig. 3 GVC System Configuration

4. GVCIC & S EMEEMFRENDHETIR

41 RERER
FROBFERGVCIZE 2T D F A I 7 AERESE
R, REEROBRNIOHLINCT S, EREMO
#or%&Table 11Z/RT, B IZSKYACTIV-D % #5# L 7=
<~V & 7Y (EM4 Mazda6) OFFET, Zhic
BERIGVC A REE L TEBREIT-7- (Fig. 4) .

Table 1 Test Vehicle Specifications
Length 4805 mm
Width 1840 mm
Height 1480 mm
Weight 1520 kg
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Fig. 4 Test Vehicle
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Fig. 5 Steering Input by Steer Robot
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Fig. 6 Lateral Jerk and GVC Control Flag
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Fig. 7 Driving Force at Front Inner Wheel
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Fig. 8 G-G Diagram with/without GVC
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Fig. 9 Roll Angle and Pitch Angle with/without GVC

F72, BEINEEEQ.25GHE S TOAMRDF A g
e —7 B Fig. 1012773, FERINAMROME « JERFC
A, BIEROA b o—27 OlEENS, KT AT LWHNHE
MR A AEEBNC RS> TWD Z ERATENS, FEE,
=ty FNEMILI-Z A 7 I va— RN EH T
ENGAYH

Rear Rear
Front Inner Front Inner

Wheel Inner Wheel
- W”‘”'

Rear 'Tum/ng Rear

ter Direetion_ Quter

Tuning

Direction-
Wheel
D ant il Front e
Outer Outer
Wheel Wheel
(a) GVC ON (b) GVC OFF

Fig. 10 Comparison of Suspension Stroke Mode
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5. FS A/ \BIERRIEDHEHR

FHROGVCIZ L2 HIE OWHEIC L > T, EEEDO R
T A NEERBIEIZED X D REER S L ONEFHE L,
REM 5 ENE, R—ElCOGVCEH - ol L, —ik
BIZBITORFEOESESERER L —VEBELa—
AT, AR D 2 CEBREIT o7 (Table 2) .

Table 2 Test condition

Test case Test Scene Speed
1 Single corner 40km/h
2 Winding 60km/h
3 Lane Change 60km/h
4 Straight 80km/h
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Fig. 11 Single Cornering Evaluation Course
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Fig. 12 Single Cornering (Steer-in) Driving Result
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Fig. 13 Winding Course Driving Result
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Fig. 14 Driver’s Steering Workload (Steering Entropy
Analysis)
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Fig. 16 Lane Change Result
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Fig. 18 Straight Driving Test Result
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Introduction of CX-4
FAESET-R i1 FEH Fnigk™ = EXR®
Naoki Okano Kazuya Sumida Masayoshi Sannomiya
Z 8

CX-41%, =Y EZ RO THRICENT THETRERETIH LI —F AT v 7 Thd, FFRZ, B
EAEAERCEET L2 LR EZ iz, RO BBETFHIHZRSUVEZ AL FZAIEL LS EWnWH~
VDR E KRBT E 7V~ THhH b, vV EANIOL S RICBWESZFENINE, MLy, EWES
EHLENRL D RICE(EL TN S ETA2FED AL DNBENEIZH -T2,

~VHE, ZO XD RFEOEENMER E FEOEEEICAT T, CX4na 7 MEAID IS, BRE
EDHTWoT2, KT, CXADZ—F v MR Z~<—REL a7 MEEDD, W, B3, EEET
DERIEE AR T 5,

Summary

CX-4 is an all-new model that Mazda releases in the Chinese market first in the world.
This vehicle embodies our challenges of creating a new SUV segment in the global automobile
market, exceeding the stereotype SUV category based on our close examinations of the
contemporary Chinese market. The energy and dynamism of Chinese people who have a long
history and now trying to adventurously change their lifestyle motivated our challenges.

For those young Chinese people with advanced values, we created the concept of the CX-4
and developed it following the concept. This report briefly describes the overall activities
from target customer setup, concept creation, product planning and development to production.

1. XL ®IZ CX-4DhDOgTHDH L EZ, PTERBMOR Y v 7 L —i
WZHET K SADOBERIZHE Y, TOBWEEEI|C
eV IATIEEN 21T o 72, FT2, BriffHdlF TSKYACTIV
TECHNOLOY] & [3l#E(Z & 5)7 %A v 2HhEOBR
BICHICART DL BEXx P50, B ERERE
ROEHEBREE A FLT- B B & T LB 2 TR -,

oL H e, B%, LTy XN EORE A
EORk A 72D A 2 N —OHRER, CX-4DHT LU MillifiE
A ATERRRE RN T D,

SO THLRL, HETHFMA T -FHEANOLD
&, BEHKROBRKITIEOTSG LY IRV, ZOHTHE
TEREA T LN DA EEET 27201 PEO BEEE
ERUERINC WL, ¥ —F v NHARAF~—IZT +—H A
L7z DHfffEDRIH ] ~DOHERMETH -7, LaL,
AE— T LAY —ThHbHvVEN, —nbhEEHE
BEDZ L0, KB R BN D - DIEF IR EET
HoT,

T, Y AEHIRES O AR
N & BRIV 2236, B M TE D by Ty 2. 3=y hRAT—LEFaETH
MNMEKOT A oy r—UT, BOWEEZED AT
ZlizEN L,

FL7=H1X TOne Mazda] CTZ OWREEHIPRRT 2= &

21 3=y b HARET—
CX-ADBFIZEE L T Y ¥035EH Lcoix, hEO%E

*1, 2 PEHSAES *3 PSR
Product Div. Product Planning Dept.
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Fig. 1 Exterior Design
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Fig. 2 Exterior Design
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Flg 3 Interior Design
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Fig. 4 i-ACTIV AWD

F2, RIANRN—OPRERER LR — 2720
27 L — RNiZ4— b F— /v Kf} & Electric Parking
Brake(EPB)%#, Ei#7 L — KiZAdvanced Blind Spot
Monitoring(A-BSM), Smart City Brake System(SCBS)
DS H R L T 5,

3.3 Sustainable Zoom-Zoom
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Design for CX-4

R
Iwao Koizumi

CX-4DT VA BT 28k, HEORWIME OFEREZRAETH 2L Tholo, £ LTHKORK, b
TINF—=RAT Y — L Vo EEFORAE B X 2o Ml 2 AE L, FiROBBT S A T4
T TOERBITHELDE LT A DR Lz, “BBO NI 7 arv 740l B2 RATIVT
DOFYArTF—<b L, ZHLEAR=T A —TROHEToR—ay, BERKEAY—RNEOH D7
b, LR TEZEDOHLMH, Yy RTHBRT 47— VICERERY, RHNEEZ 525 1~
X BT, A 0T VT, BEOAEICEN 2525 &7 —<IC, il ENIDOREAEZT-
Too POEICEIRT DR LI ERDZD RIAN—FV Ty Rigay Iy b v X —T =R, VT
v ATEDLEAROBENZER, THINZERERIICE > TCX40MBOHRBAZAE LT, 1T —&~
FUT ML “REMD D7 &7 —~IZ, ROCEPFFOMEPHS ERAC L > TEH B LERR L, =
NHOMATE D ORAIEN2 T 70 —FIZ LY, RREROEELZRT T 27 A Mt L o7,

Summary

Our challenge at the design of CX-4 is to create a completed unique presence. We created a new value
which exceeds an accomplished framework as hierarchy and category, we realized beautiful design which
can be fit a comprehensive compilation of the New Gen.’s “KODO” design line up. We set “Ultimate
traction form” as the exterior design theme, and brush up the design factors to the level which impress
those who to see as follows, the extreme sporty and elegant proportion, stable and speedy simple form,
alluring and dynamic surface, solid and precise detail. Aiming to vitalize customer’s life as interior
design theme, we express the advance and rich feeling. We created CX-4’s unique outlook of the world by
below, driver oriented cockpit and interface which can deliver comfortable and fun to drive feel to the
driver, interior space with relax atmosphere, sophisticated quality, “Ultimate red sensation” is the design
theme for color and material. Based on this theme, we expressed vitality and relax by vividness and
deepness of the color range of red. By this creative approach from unique view points, we could establish

the design which charm young future oriented people.
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Design Div.
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Fig. 1 Concept Image “Exploring Coupe”
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Fig. 2 China Mazda Line Up
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Fig. 4 Exceed an Accomplished Frame Work
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CX-4 brings evolution of SUV

Fig. 6 Completion of New Mazda Generation Line Up

. TVARFUFZTHAY

31 FHYALT—<

CXATI AT VT THAL L OT A 7 —=1L, “4E
MO NT7ary7xND" Thbd, BRDNE4ODXA
YIEZ, ZTONBHEEMESE THHEE T —DR
DOLINEEMET DAL — REICE->THRBTDH L%
REL TS, £ LTUTITRAT 542D 20
F—<OBBYLICHRY AT, “TZARN)—L-Fn
R—vay” “AbarZ&VyINTHNLNT “HA
FTIvIYP—T A XX NT I TF¥—" “VIv &
VYA AT 47—V ThhH,

Fig.7 Ultimate Traction Form
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v premium car has

Sporty & Elegant proportion which only

Fig. 8 Extreme Proportion
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Stable stance and forwarding solidity reflects owner’

Fig. 9 Strong & Simple Form
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Sensual motion of the surface stimulates instinctive aesthetics

Fig. 11 Stability & Light over Hang
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Brightness of the metal parts exp

orecision look like cutting out from genuine solid metal

Fig. 12 Solid & Precise Detail

\ WS e

Fig. 13 Mazda Identifying Signature
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Vitalizing interior. Express advanced and classy feel

Fig. 14 Vitalizing Interior
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Fig.15 Smart Interface

Fig.17 Driver's Seat
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Fig. 18 Relax Atmosphere

Fig. 20 Rear Console & EPB

Fig. 21 Relax Seat Back Angle
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Fig.22-25 Sophisticated Quality
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Fig. 28 IN: Deep Red Image
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Fig. 30 Interior Color Line Up
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Development of the System which Automated a Check of the

Clearance and the Interference between the Body Parts

Wi
Tetsuji Watanabe
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Masayuki Tanaka Yoshinori Karasuyama
JIPE  fH3E*5 CATRIS TR

Reiko Tokuno Hiromi Kawanishi Eri Taniguchi

CEF

<Y, Al et ALV REE LT T Y T — A BB LEHEE~ERE LTV,
BRSOl TIE S < O R CHERFHEZ1T O 2%, TRV 2B <o EEMN e o Bt
EREVIAALTHELS ZEBRBEITR D, 7272, BE & 5 HIRH OB E MR R R R A2 2372
B, MM CHEBIREENRE S & CAD HROEM R /L T\, 22T, vV ¥ Dk
CAD T % NX CILE#E A IR Z - RIE O B B b A2 Y — v & O C B U IR 2 & L7z,

Summary

Mazda develops the platform which we optimized by a collective plan process and unfolds to each
car model. We perform a performance evaluation in many car model / cars case by the optimization
of the body work, but it is necessary to interweave requirements such as the productivity to prevent
hand return. But the postponement of the figure of CAD release became normalization to need
enormous time for the clearance requirements confirmation between the body parts which there
was several hundred when a body shape change was fixed at a release brink. Therefore we realized

automation of the difficult clearance requirements measurement by the cooperation with the

outside tool in NX which was basic CAD of Mazda and shortened a period.
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W AERITEE L < Ze o TN D, —HEAERHZRIC L v
R S - BRI WO T HIMIER U Th 5,
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v Mz ZAME L, (TE b OB Chh3 2 HIE AT
(ZH AL <A ZVEENT AN — VTR T 5 2 & TR
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2. IU-DPA &I
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T, B FWAEMIET 2158 % DPA (Digital Pre
Assembly) EIES, A7 —BHIEETIE, HAERERO DPA
DOHT, HEREHET HEMEI O - TUEMGEET 2158
% IU-DPA (In Unit -Digital Pre Assembly) & FES,

IU-DPA @ IU &1, HiE%E 1 2Ox=v M BZ, %
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Fig. 1 12, IU-DPA OB T vt 2%md, et AT
2 OHD, 1 DlF, FHMETHEIC L, BIRO%
HIRA R M2 TIARIERRDSE T & [RIREIZ B &
DI« THERIET 2 10 iA% IU-DPA Zut 2] (UL
T ERGEE Tho, &9 1 20F, HIKA N2 M
B THEHERT DI AT TH 1 0% —FIChHird
% HERIU-DPA 7'mtx)  (LLF —H6#GE Th o,

Data Data Data Final
Release 1 Release 2 Release 3 Drawing
Development| Stage 1 Stage 2 Stage 3 Stage 4
Individual | Refine Refine Refine Refine
Inspection| |U-DPA IU-DPA IU-DPA IU-DPA

i i i i : ; Final

. . Confirmationg Confirmationgl Confirmation i i
Confi i

Collective Inspectlon. |U-DPA . |U-DPA . |U-DP Il?-rIBIFr’ma ion

Fig. 1 IU-DPA Development Process

PXD+%i ﬂﬂ%”*ﬁumv *E*ﬁuﬂi ;:i’ob"C Flg 2 ;qu
£ 9 7o OFES I SE AR L CTHX LTV D,

\Body Part B
> Clearance Check

Fig. 2 1U-DPA Outline

3. IU-DPA D&

31 REIRE
Fig. 3 1%, #IADR - THARGEET 2&FT% 1 -DOWik
WERN LR TH D, BEENEIE, A, B, C, D1~3, E,
Fo 8 HH®HD, HCTHHERCTHALEINI AR CITHET
TENEEL DT, BT o7 0T 57 Bk
DBV Th D, FHCEA B (X, HiHos72=
Bﬂ%@@%@tw%bg<<ﬁw;%$%ﬂﬁﬁ o Z
51T Table 1 1R LT=NEZERGET D72 0DIC0EE L 72D,

‘The point that we are more likely to overlook.

Fig. 3 IU-DPA Evaluation Contents

Table 1 i%, Fig. 3 ®EA A~F ORGEEMFEZ TR LT-F
Thb, 2 DOPENLEMEZERZ L TWVD, 1 DL

A L AR 2R TR R R 70 E O AR B &R S
BRNWZ LT, THA A~D1 & F THiET 2, &9 1 2%
Bias BRI T S — L A BB 22 < BhEREICIBAT TE 5
GRS 5 2 & T, HE D2, D3, E THErd 2,

Table 1 |U-DPA Requirement Details

Item| Requirement Purpose Confirmation ltem

A |Securing of y Clearance |Assembly  [No Interference

B |Coincidence Assembly Spot Welding

C__|Securing of y Clearance |[Assembly  |Distance between R End and R End
D1 _|Securing of Necessary Clearance |Assembly Distance between Part End and R End
D2 |Securing of Ni y Clearance |Painting Seal |Distance between Part End and R End

Securing of Necessary Clearance

D3 (Too Tiered Doll Stand Clearance) Painting Seal | Distance between Part End and R End
E _[Securing of y Clearance |Painting Seal |Clearance of the Crescent Moon
F__|Axis Coincidence Assembly Fastening

BIZIE, BREHRT D& L AEREIE, Fig. 4 X
s (UIF R) &R O SN D, R &FEmE
OESR%E R IEED, a0l il E D SRS, K5
%@Rti@%%,Rti@&%&ti@ﬁ?%bﬁm@
e, H7eD R EOBIRAT Y I L BHAFHTREA &
~w@h%%$éﬁ&m@%%%ﬁé_k%mﬁbfwéo

Fig. 4 Contents of the R & R Stop & Part Stop

32 ®EIFOtER

Fig. 513, Fig. 3 ZMGET 57 2% rd, BRI
i, TEERE—Y Y v Rk (F7& v b)) —dHlE
%%W#eﬁﬂe%*Jf%é =Y HTIE, BT 4 —EB
M 3D T—H EY—T7 = ATV TIER L TEY, 3D
EF VD ARESA 7y F LT BEHIZTT S,

Solid Check Position
OﬁSE‘t) Identification Measurement Judgment

Choice of
Peripheral Parts

Fig. 5 1U-DPA Inspection Process

Alal, ZORGET v AR LTLLT 3 S0 A bEdf
ERIAATZ S AT KBFEIZID AT, BARRIIZIE
- R E L OMEEE B & EEE T A R < BRI
- FRAEGE T 2 BRI VO < MEREROI SRR D Bl
- FERN TR L C OKING % IERECHIBT 5450k
Thb, BbLifizEAT A Z T, ZhE TYE
I & 72 o T TR OBESCHEEE B ORE, HIZ
12 OK/NG D% HET175, £ LT Fig. 6 17”7 L9
R NI K DGR CIRREE B O OK/ING OHIE 2
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A Z[BBEE U SVE DT Y R LT,

Inspection ltem
:,:ffet i:g“er A[BJ|]C|Di|D2|[D3] EF
Judge|Judge|Judge|Judge) Judge\Judge|Judge\Judge
1 2 NG OKTIFOK Omission pfdnspection
3 OK e
4 OK | OK | OK | oK [ NG | oK | oK
5 OK | OK | OK OK | OK
% 6 OK NG XK: A OK | OK
<0 7 | OK | OK | NG o Misige
e \
Fig. 6 Inspection Result of IU-DPA
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TR I R A AL, ﬁ.%u%ELTWth
7T DL D ARBE ORI A RO VBT E IR T,

Fig. 7 Example of a Defect

F7c, Fig. 8 [T X1, BEOHEN B OIK
PR DT 1 R EMREMRNT & & O TNPA 7 LTI Z
LITEY, HLEMGHEEZ RESEREAORMFEE, 7
HHEIEIZ S22 ORI 2 & D 7o MRS I T & 5,

Structure Decision Process Shape Decision Process

Structuj P EXa "matlon ‘ Shapﬁfnation
lm deling “ 3D Ivbdeling
AE : NVH- ColllslonM\ance

Data
Release
Turn a Small Cycle

Data
Release

Fig. 8 Shape Decision Process

42 Y EEEERBIOHEL
ERENIBNTH, KUAT L% Fig. 5 DFGRE Bk A
Wi A3 HUE Fig. 9 1\ & 9 2B b ifFcx %,

. Laborsaving % :Abolition

CheckPosition > >
}_)|(§%el)}_>| Identification Measgent Judgmert

Choice,
Periphet al Parts

Clearance|

Fig. 9 Efficiency of IU-DPA Inspection Process

Fig. 9 12 X W ERIRGEDE b C&, £z, ERIRIE

A [FIRFZ BT 5720, AR I A2 3% CF L
TW-—fEEEEBEIET S (Fig. 10) , FiZ, AR E
LT Fig. 812X AHEERED B\ ROEE VAL THII% D
REA ZWIME LR E OIS T [ Cc & 5,

Z O LTz THCR BRE DO T2 518 ¥ IATIEH
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Choice,
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PeripherahParts '|(Cs)get) dentification | ] "easufement —> Judgment

Data Data Data Final
Release 1 Release 2 Release 3 Drawing

Development| Stage 1 Stage 2 Stage 3 Stage 4

Individual | Réfine Refine Refine Refine
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5 i i i " . Final
X . Confirmationgh Confirmationgh Gonfirmation 3 i
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Fig. 10 Efficiency of IU-DPA Work Process
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Fig.11 IU-DPA Automation Flow
) #iElE O~
TERRRER —FERGEE HIZIED T o X Th D,
BARENTIE, v AT 2% @ET 2N S5 LB - T
Fx v 7 PEIAHTFGDO 8D 7 —& KOS S ORE
HEDEHMEER LIz D) 2 M Y i+ 2,
DA HERIRRE & —FERGE T 22 2D D,

— 118 —



No.34 (2017)

TV YRR

@) fHBIRGE @~

BV, Fig. 8 TRT LKA Y3 DMkt
L, FORIERRASET Uiz & RIRRC AR & O - Fib%
ALY —IZRNRSBREL, REASOBMFRE, s
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| (1)Precondition Setting |

1) To Exiract all the Points of less than Standard Clearance

2) To Result being less than F0.01mm from NX Measurements

3) To Check of 1 Part vs 5 Parts be completed within 10 Minutes

4) To Use application during a Check other than Office

5) To Save an Output Result in NX.

6) To Reveal Definitely NG of which Item including "A" and "C" by a Screen.

L>{(2)Evaluation Data Preparation |——{ A/B/C Company |
Viewpoint
1) To Let Cover All Evaluation ltem from A to F
2) To Put the shape that Inspection has difficult
{(3)Possibility Ascertainment }<—{ Examination ‘
Viewpoint
1) Functional Requirement
(D Solid Precision
& Solid Success Rate
@ 3D Data Conversion Precision

@ 3D Data Conversion Success Rate
& Processing Speed
& Detection Leak Nothing

2) Cost

3) Function Extensibility

4) Operation

(4)System Decision B Company

Fig. 12 Decision Process of the 3D Measurement Tool
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Fig. 13 Inspection ltem A

2) WEFEE Bl2oW T (Fig. 14)
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Fig. 14 Inspection ltem B

3) MEFEE C 2o\ T (Fig. 15)
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Fig. 15 Inspection ltem C

4) Wi H D1~D3 (2o\W T (Fig. 16)
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EEMH L CERTDH L,

\(‘

.
Dashed Line " :

Fig. 16 Inspection ltem D1~D3
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Fig. 17 Inspection Iltem E
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Fig. 18 Inspection ltem F
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Table 2 NG Result List

Part No.: Date Rev. : Solid |Part No. Date Rev. : Solid | Inspectionltem | Result
Y 1.025 @] Z 1.068 (0] A 2.5
Y 1.025 @] Z 1.068 o A 2
Y 1.025 9] z 1.068 (9] A 18
Y 1.025 O 4 1.068 O B 0.5

55 BEMLOEZA

bk U777 b7y BT, Fig. 19 I
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Fig. 19 Way of Thinking of the Automation
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Input [ Parts Date, SpotWelding Date, PaintingSeal Date, VS List( Thickness Information ) ]»

Identify Welding Position

There isa
R End Pair.

1
L 2N identify REnd(¥I) aroundWeld | | 4| idantity PartEnd
T
LS Identify Near Part End
L6 of R End Boundary Edge

¥

L7 Identify Near Edge between
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L
L3 Identify Near Part End Identify Standard Parts
of R End Boundary Edge
T Identify Construct Parts

tg [ Identify Position of the Crescent Moon
1

L10| Identify R End Pairof Seal Position

No
m ere is a Seal Position,

ﬁ
| A

Fig. 20 Inspection Part Identification Flow

Thereisa
Construct Part Pair.
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Fig. 21 Definition of [Hli" R
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Development of New Welding Process in High Argon Gas

Hf A" FE E T2 R B\l
Masaaki Tanaka Naoko Saito Mitsugi Fukahori
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Summary

With a purpose of providing "Driving pleasure" and "Excellent environmental performance" to all
customers, Mazda is developing vehicle weight saving technologies which improve both vehicle dynamic
and environmental performance. Stamping parts applied to suspension used under severe conditions are
difficult to reduce the weight as they need material thickness to prevent rusting. As rustproof parts
increase customer’s satisfaction and have appealing quality, we addressed welding technology
development with increased Argon ratio.

This technology minimizes the "slag", one of the causes of rusting, which is generated at welding, so
that the adhesion of E-coat painting is improved, leading to the significant improvement in rustproof
performance. However, as the amount of oxygen in the shield gas is significantly small in this process,
causing unprecedented variations, which may affect the rustproof performance. In this article, the
developmental process of High-Argon welding and the "turbulence flow" mechanism which is derived

from CAE analysis of gas flow at welding to be reported.
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Fig. 1 Chassis Condition after Car Corrosion Test
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Fig. 3 Schematic of Welding Basic Process
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(B) Ar+5%CO, (High Argon Process)
Fig. 4 Comparison of Appearance of Welding Bead both
20% COz on Short Arc and 5% CO; on Pulse

(A) Ar+20%CO2
(Conventional Process)
Fig. 5 Comparison of Welding Section both 20% CO;
on Short Arc and 5% CO; on Pulse

(B) Ar+5%CO;
(High Argon Process)
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Fig. 8 Relationship between Welding Slag
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Fig. 9 Schematic of Shield Gas for Welding
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Development of Cognitive Performance of 360° View Monitor
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Summary

Mazda has been developing various safety technologies according to the concept of “Mazda Proactive
Safety”. This year, we introduce a newly developed recognition support technology for low-speed driving,
“360° View Monitor”. In the development, focusing on the fact that providing more information improves
drivers’ conveniences while it may increase risk of misrecognition, we consider providing information
that enables accurate recognition is indispensable. We have studied requirements for image recognition
and reflected them into “360° View Monitor” , a driving support system we developed focusing on the
safety. Our efforts based on human-centered design concept resulted in this breakthrough technology
which enables intuitive recognition in low-speed driving. This system is applied to New CX-8 launched in
2017 followed by Mazda 3 and others. This paper describes a part of our development activities of this

system.
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Fig. 2 Distortion
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Fig. 4 Threshold of Contrast Ratio “
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Fig. 5 Evaluation of Distortion
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Fig. 6 Degree of Distortion of Mirror Used for
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Fig. 8 Implementation of Ideal View
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Fig. 9 Impact on Image Quality Due to Various
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Newly Developed Diesel Engine SKYACTIV-D 2.2

s R VAR T2 RED Rz drts

Mitsutaka Yamaya Kazunori Hirabayashi Einosuke Suekuni

EA2 R b =R A% NINIEE A

Yasunori Uesugi Kouji Tsuji Masayoshi Matsumoto

L

2012423858 L7-SKYACTIV-D 2.2i1%, KEMtt & BhRi@ieE ¥ — A4 F—7 JIC Lo v 7 M C
X oT, BVIRE LT HHIHE T Z2BAAIEST, MLZ AT RIENERE, 7T Ay L
VOEBRE:, NOXDBUHEZ VT L LW U — 0 RPFRE2 R L, ZOMEEZEE LN S, Hidd)h
R L 201TELIEICEA SLHRDE (Real Driving Emissions) B~ & & HLEHZ AT, TR
SKYACTIV-D 2.2] #Bi% L, CX-8IZ##iL7-, AT, 20OV =a—7 NV 1L722LT 4 —EBLz=2 T
DORFEa T N EFOEBRODEM L-Hidific oW TR T 5,

Summary

2012 SKYACTIV-D 2.2 embodied a combustion concept with a low compression ratio and high-
efficiency supercharging as key enablers and realized torqueful and smooth acceleration, class-top fuel
economy and clean emissions without NOx after-treatment systems. Maintaining these values, Mazda
has developed new SKYACTIV-D 2.2 and installed on CX-8, with a view to further improve thermal
efficiency and comply with the RDE (Real Driving Emissions) legislation beginning in 2017. This paper

describes a development concept of and new technologies adopted to the new 2.2L diesel engine.

1. (IL®HIC

20124FIZ385¢ L 72 CX-5ITH) 6O THEdk L 72 B &2.2L 0
H s ) —F 4 —Prz Py [SKYACTIV-D 2.2)
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W7 U — U EREV@ 2 L LT,

ARTIE, EZETHLEYHITZ RDHSKYACTIV-D
72 5 CIEOMGEMERE L riE 2 Ficm EL, V=a—
7L LTz THAISKYACTIV-D 221 (BAITF#HA) oBs
a7 b EEOEBROZOEM LIZHEHTIC W THE
5,

2. RO VT FEEEHRT

< ZIIFARO AR A B4R LT, BGhEREOHIER
T OMRAEZE BARZ ST Y fiA % Fig. LU RT L 91,

BT TnWb, T4—BAxm Pl BIT A1 Stepld,
IREME I & B RBRE S —A F—7 712 LT, #EHo
HIEE %4 RN RIS RN # A T 2 SKYACTIV-D#RSE
a7 NERB L, FEOBREIE, RURE= &
T ERBELEN L L ERDNFEYFEL, 201THELEIC
BRIN > SR EFENTIAN 5 Z E BT SN DRDE (Real
Driving Emissions) #ifil%& 27 V74227 U— 1 REEOYE
Kuehbolz, BARIZIE, KO3 SO CTHEEN L%
X -7~

- PREPEIR OB « ZBAbIC K 28 F

- SEAARE AT & B hEPERE )

- BSIRPL O T 72 2K L 28 F

NS OWRRERBT DHI227 L— 7 Z—HiIE,
WA Fig. 2127 L, dEix %l d 5, o EEECE
Table 112, ¥ AT AEE % Fig. 312777,

*1~3 T U URRFHE *4
Engine Design Engineering Dept.
*5 XU — kLA BIREAES “6

Powertrain Development Div.

TV VEREBRSE

Engine Performance Development Dept.
XD — kLA AR

Powertrain Planning Dept.
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Distance to ideal

Close

- g Table 1 Specifications
S — T — Engine 2012 2017 New
] 9 SKYACTIV-D 2.2 SKYACTIV-D 2.2
Control factors | Previous 1st step 1.5% step 2 step KRS Engine Type In-Line 4 _
i L
. T I:l :‘\i Low CR 14.4 |:| Displacement 2188 cm? —
|:| Ho Igl E |:| Compression ratio 14.0 144
. Ly E High-response D Fuel Injection Common Rail System «—
period injector
N System G3P (Piezo) G4P-i (Piezo w/ i-ART®*)
Combgstlon . =’ k .
timing Max. Injection
B PO e ] e | 0P .
to wall I
o |Q c . .
. High-efficiency ombustion Conventional Stepped
|:| id E 2 stage TC . Bowl Shape Egg-Bowl Shape Egg-Bowl Shape
Coolant
Mechanical control valve HP: FGT
. > |:| N Low it N . 2 Stage HP: FGT LP: Turbocharger with
e Turbocharger LP-FGT variéble turbine geometry
Fig. 1 Vision for Evolution of Diesel Engine EGR System HP-EGR _
After-treatment
. System DOC + DPF —
Performance Function / control factor Breakthrough technology
— — Max.Torque/rpm | 420 Nm /2000 rpm 450 Nm /2000 rpm
by || Omrson oo [—{ovesir i ST R v Powerpm | 129KW/4500pm | 140 KW /4500 rom
i || "y i espors et Emissions JPN H21 JPN H30 (WLTC)
: Reduction of squish = -
Tow ncombusin ¥ Ofpamochansisen |+ [ | ART®) s a registered trademark of DENSO CORPORATION
Rgduction of pressure Rapid warming up | Coolant control valve | 3. 'HEEE/ \ F7#x—T2A
e " /
ing efich 25tage TC 31 HAh/ MLOERE
— Boosting efficiency b
B }X

Transient acceleration
response

widened range

Emissions

Optimization of
Air/ EGR volume
under transient

Rapid multiple

Fine mixture

combustion

variable turbine geometry

High-precision
DE boost control

Fig. 2 Upgrading Technologies

Fig. 3 Engine System

Inter Cooler c
——
4 HP-EGR
::::Plezo- Injector U—@O
N© 2 Stage
Turbocharger
=¢N=
{ . {
0
DOC
() DPF :
=00

Torque [Nm]

%

550
500
450
400
350
300
250
200

150
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BMEP [kPa]

Fig. 5 Fuel Consumption
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Fig. 6 Acceleration Distribution
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fEReAT—2 OFERDMENC LY, BHEOED MR
DOHERERVED, FZTHETIE, BELTEVME
RO a7 NEILT, #Hikd 2DERSRGHIEIICLY,
£V & NOxHNH D Fefb 2 [RIREZ EEL L7z,

Z DRIFZRAMEPERES B R A Fig. TIORT,

3¢  30—50km/h

T10%
0.4s

Accelerator Pedal
Position [%]
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— Previous — New

Acceleration Speed
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Fig. 7 Acceleration Performance

4. TL—9 R IL—5if

41 REES SR T L

BN BT DT OOHEE 7D 5 5, BRI &L
Mazhbuy, BREES &4 B IcHlE T 2805 & LT,
T IRREE S S 25 o (G4P-1) &M L7,

BRI, SREOA Y7 2O EICREE
P—ZNE Lk e oY= izt L, ek
MHEDT 4 — K7+ T — RNz, 47 2RO
JFEEALZE AW TS B %2 7 — KXy 755
H#H G-ART®) #BMN+25Z LT, EHEHEHREL R
b, Fig. 81777 X 5 22 BB K 2 055 7 B
A EELL 7=,

Pre Injection

AN,

1Pilot&1Pre&After Tinle\
Injection
A ANA
>
Time
1Pilot&2Pre&After
Injection
Time E
Z
2Pre Injection -
3
3
A
Time
" T Engine Speed [rpm]
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Fig. 8 Multi-Stage Injection Control Strategies
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Tz, RVAT ALY, TiEZERENEN SR T
X520, XY ET 4 OFICETOREINER TX, B
&y 'y o A TIRBER O BE R B IR B B & e K
RSl L 2FREE Lz, ZOME, MEERT &R
PERE~DBRER <, Fig. 9RT & 5 IR BEIM 0%
X7,

Table 2 Specification Comparison

<Previous Injection Pattern>
Mixture @ Heat flux

Lean mwss= m Rich

2000rpm
BMEP : 900kPa

NOx : const.
Noise : const.

Heat release rate [J/deg]

-40 -20 0 20 40 60
Crank angle [deg ATDC]

Fig. 9 Comparison of Rate of Heat Release

42 2RT—SA—RF¥v—Cr P RT L

PERTITEA L CW2A T =D H — R F v — T v [Tkt
L, HATIERMY —ARTF v =X ZEEAA N —
B—RF =T NOAETFA N —F =R Ty —
¥ (LLTFVGH —ARF¥—T %) ICEHE LT (Table 2,
Fig. 10), VG¥ —RF ¥ —Iy 2ALEZZ LT,
H—IRTF v — T ¥ EERGEEL E DO DY A L— KT
D, BIRTOWLREY ZEH L,

FIVGY =R TF ¥ —V v ZBE T 57 7 Faxz—H L,
NS —RTF XY =T ORI Y —R T v — % DU
AEITIVX 2L —T 4 VI NVTT I Fax—LFIE
FHIEREZRAT 5 2 & T BUERBEATRICRY,
VAR ARRL, MOmzhZ Ty & 2 sk A
DY, IR, ROVEEHEITREO/RT 7 Ve Y &5
L7,

Engine Previous 2.2L New 2.2L
Turbo type FGT FGT
a 8
2| Water cooled at . .
bearing housing with without
é’ o| type Butterfly type Swing arm
< >
=
§ =1 Control device Vacuum Actuator Electric Actuator
FGT Turbocharger
Turbo type ith waste aat with variable
withwaste gate | tyrhine geometry
a 8| Control device Vacuum Actuator |  Electric Actuator
-4 5
. . . Double wall sheet
Turbine housing Cast iron metal
Water cooled at . .
bearing housing with without

Fig. 10 2 Stage Turbocharger
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Oxidation Catalyst) ORHIARAEZFEHR LT-, ZO2EE
HWiElX, A7 LR VA E AT v A AR
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Fig. 12 Expected Acceleration
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Fig. 13 Coolant Control Valve
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Single tensioner system

Dual tensioner system
Fig. 14 Comparison of Oil-Pump Chain System
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Effect of the Shape of a Front Window Frame

on Brain Activity Related to Kansei
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R DR (RFBHEN) TER LT, AV —DfERREL, UERBICRZHIEN WHEBER 11E
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% Z T, MRI (Magnetic Resonance Imaging) (ZX AT, ED X=X LOMERZRMT-, EBRT
%, ENENOEM IR 2HEETREOEE B2, U FLRF A I 7 TE—Fy NafERL,
X—y BRI ENTE D, TELRTREIAZ 2T X A7 258 U CEEMMRIGHIIZ1T S & & I,
U 79 7RO EEEHN 2 IS L7,

FER, WREERL, BFEEMRLEST, AV —i<IZIRINIZE —F Yy MERHIZBWT, LRERH
DERE, HEEZAY bu— L3 L2 AT DM T 5AEREHN A bNT, £ OO
L, EEERBRAEWEREIICEWT, V27 U READFHBENAR LT,

PLEMG, RAFBERL, UEREMLHELT, EEay br— B8l NI W OEIR LT, F
TAN—ZT I U I FTHRWVEMEIREZIEtCE B2 b5,

Summary

The shape of a front window frame is formed by A-pillars, a front header, an upper surface of the
instrument panel, and others. It is known to affect the ease and pleasure of driving operation; however,
the underlying mechanism in the brain is unknown. Hence, in this study, we conducted experiments to
elucidate this mechanism using magnetic resonance imaging (MRI).

During the experiment, targets were presented at random on a driving-simulating animation of the
outside of a vehicle, viewed through two types of window frames with a differently angled A-pillar. The
participants pressed a button as quickly as possible when the target appeared. In addition, they
performed subjective ratings on their level of excitement.

The results showed that the reaction times to detect the target presented near the A-pillar were
extended when the pillar was tilted. In relation to the increase in reaction times, the brain region, which
is suggested to be involved in controlling visual attention, was activated. In addition, the activity of this
region was negatively correlated with the subjective ratings of excitement in the participants who had
considerable driving experience.

From the above results, adopting the “rectangle-shaped front window” as a basic policy will create good

Kansei conditions that will decrease the burden of attention control and eliminate the hindrance to

excitement.
*1,3,4,6~8,10 HAAFSEAT *5 HATHHEIS R T LBHFEAHED
Technical Research Center Integrated Control System Development Div.

*2,9 IREKAERAESE IEHORRESTIIR, HbEmER
Graduate School of Biomedical & Health Sciences, Department of Psychiatry and Neurosciences, Hiroshima
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Left2 Center
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Right1

(a) Vertical Pillar

."-:'l

“w”,ﬂw =,
o9

Right2
Rightl

Left?2 Center

Leftl

(b) Tilted Pillar

Fig. 2 Stimuli Used in the Visual Target Detection Task. Target Was a Red Circle Presented at Either of
Five Different Locations (Left2, Left1, Center, Right1, and Right2). The Window Shield with a (a) Vertical
or (b) Tilted A-pillar Was Superimposed on a Simulated Driving Environment
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Fig. 3 Reaction Time
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(Fig. 4) ,

Tilted Pillar > Vertical Pillar

Precuneus
(BA7/31)

Fig. 4 Significant Brain Activities in the Tilted Pillar
Condition Relative to Those in the Vertical Pillar Condition

for Detection of the Target Presented at Right2
(Uncorrected p<0.001 with 20 Vox. Ext.)
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Fig. 5 Brain Activities Positively Correlated with the Subjective Ratings of a Feeling of Excitement. (Uncorrected p<0.001

with 20 Vox. Ext.) (a) The Activation in the Left Superior Frontal Gyrus (BA9) Observed in the Low Driving Experience
Group (University Students; n=16). (b) The Activation in the Inferior Frontal Gyrus (BA45), Orbitofrontal Cortex (BA10), and
Middle Temporal Gyrus (BA19/37) Observed in the High Driving Experience Group (Mazda Employees; n=16)
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Fig. 6 Brain Activities Negatively Correlated with the
Subjective Ratings of a Feeling of Excitement in the High
Driving Experience Group (Mazda Employees; n=16)
(Uncorrected p<0.005 with 20 Vox. Ext.)
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B Activities in the Tilted Pillar
Condition
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Fig. 7 The Overlapped Brain Regions between Those
Negatively Correlated with the Subjective Ratings of a
Feeling of Excitement and those Activated in the Tilted
Pillar Condition Relative to the Vertical Pillar Condition
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Analyzing Mechanism of Increasing Interfacial Strength in
Glass Fiber Reinforced Polypropylene Using Molecular Dynamics
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Summary

For weight reduction of automobiles, Fiber Reinforced Plastics (FRP) is drawing attention as a
promising material. Along with the characteristics of a fiber and a resin, the characteristics of a resin-
fiber interface have a great influence on those of FRP. As a basic study for predicting interfacial resin-
fiber characteristics property, we performed the methodology of molecular dynamics simulations was
adopted to construct a models of resin-fiber interface in the injection molded glass fiber reinforced
polypropylene and the model that can explain the mechanism of interface improving was found out.
According to the model, it is thought that the covalent bond could be formed between maleic-anhydride-
modified polypropylene (MAH-PP, interface modifier) and surface treatment agent of glass fiber, and it is

because that there is the strong entanglement between matrix and MAH-PP the movement of molecular

chains was constrained so that the interfacial strength was increased.
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Table 1 Material under Test

Glass Fiber
MAH-PP
Content Surface PP(wt%)
(Wt%)
(Wt%) Treatment
93 0
A 88 5
83 10
7
93 0
B 88 5
83 10
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Fig. 1 Measured Part for Fiber Orientation

Fig. 2 Image of Micro X-Ray CT

—146—



No.34 (2017)

EQVE R E ]

3. EEREER

31 SIREHRER

MAH-PPOIFINE K OGFR AL D 72 5 GFPPH H
RIS DB BRI E & Fig. 31071, FREALHE OB I
EIMEICEE L TWARWA, MAH-PPAZ IS IC) LT
SWE% RN L 72 iR fh D TR E IXIMAH-PP A IR L T/
W Sl TRI15% M L L7z, —J5, MAH-PP%
W% H 10Wt%IZ 9% & FIRIREE D f] RITKIE% TH Y,
MAH-PPOIINZAEWBIIRIRE O EH RIS < 7 58
& o,

N
o

7| m=TreatmentA  mTreatmentB |

w
(&)

N N W
o o1 O
| |

Tensile Strength (MPa)

o
o 01 O O,
|

0 5 10
Content of MAH-PP (wt%)
Fig. 3 Effect of MAH-PP Content and GF
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Fig. 6 Effect of MAH-PP Content on Interfacial
Shear Strength Obtained by Kelly-Tyson Model
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Flik 2 Fika iy FEN TR, B RBEE RIS L VK
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Utorsion © T G2 fART v v ¥ b
Unon—bonding : FEAH o AHHAEH
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R=ZRAEISNTWH A, 4EIZIAED &
DREIDING /1350 % v 7=,
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HEOMAH-PPS T8 2 IRE 72 PPO 4y B M 2 B L7z,
~ bV 7 ZBHRIXEE0.95g/cm3 & L TRV A XERE
L7z, RMEWELE D5 THEEIZGC-MS (B & BT
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Fig. 7 Model for Molecular Dynamics Simulation
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International Efforts towards ITS Standardization

=f4 IEET

Masanori Misumi

L

ITS (fEEEE A E S AT L)

(2B B EBR B O RE 1T
THBEOETHIE S AT MR LKA ZH YT 5, WGI4ITHADRHRETSH Y,

ISO/TC204 THED LN TV D, ZOHFDOWG14
SRR sk AW

ELTHBEY THEEZBEL, BREIYFREL L TN,

WG14Tid,

WATER - BRI T L — X 78 EORER RER SR Y AT A0, HEIERERE R LA

BNEITV AT DTN A, Hx BEEE 2O P ELERR R o AT M T D2 ED T D,

PR AT AT ADEAHE

204/WG14DiEE Z s & LT, ITSOEBAEAE Iz T

Summary

TR, WML I AT ARBETV AT AORFREES R EOBNARE %X, ISO/TC
DR R iRR oy T RS

ISO/TC204 is working on international standardization for ITS (Intelligent Transport Systems)

technologies. ISO/TC204/WG14 is in charge of standardization for vehicle/roadway warning and control

systems. The convener of WG14 has been appointed from Japanese automotive manufacturers in turns.

Current convener of WG14 is Mazda.

WG14 is developing standards for advanced driver assistance systems such as the pedestrian detection

and collision mitigation systems and for automated driving systems including the automated lane change

system. WG14 is also developing standards for cooperative driver assistance systems that use vehicle-to-

vehicle communication technologies.

This article mainly summarizes major international standardization activities in ISO/TC204/WG14 in

light of recent trends such as a rapid spread of active safety systems and intensifying competition in

developing automated driving systems.

1. (ZIL®HIC

WHLECHFLEr 2D X L, ITS (Intelligent
Transport Systems ; EEEKEIE T AT &) Hiffo5E
FUERBHITHEALTHWD N, 7o — ULk I 5
ISERER LN EETH D,

ISO (International Organization for
Standardization : [EFSEAE(LEERE) O TITSOREAE(L
D HTC (Technical Committee ; HIFEES) &L
TTC204 (FEERKASE Y AT MEINEBS) 1119924
(ZRROL S AL, 1993 BIEEIA IR S L7z, BUE, 120
WG (Working Group ; 1E¥H<) NEBIHFTH D, £

DOHTWG14 (Vehicle/Roadway Warning and Control
Systems) 1%, ZREEHEIIE AT Lig L, HEOEST
S 27 Ao Z L & LIZIEE 2B L T\ 5

RPN G, BABRHERETHY, B @Jﬂ‘i/‘ﬁ%qﬂ
LELT, FHEY THEREHO TN D, FEHIT20134F
4H LY, 6ffBDarbe—F (WGOHEESGER) Y
LT3,

AFi CIEISO/TC204/WG 14 DIE BRI A AR § 5 & &
HIZHFROITS DI D FHF OB SOV TR S 2,

1 BARRTIERT

Technical Research Center
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B A2 S5 AT AN ARG E LT B,
2. ISO /TC204M:EE Fig. 2I2WG 14D &30k 727,

2.1 ISOITC204M[ERsAR#E

ISOITI3220% % A DTCHEBE SN TNER, £ :
DHF DOTC204TlETable 17T WGHHRE S, ITSIC External External info.
R , . o factors: via sensors et
B4 5 % HHOEELAED SN TW5, ZEEEIT 7
KETHY, FEFIIITS AmericaTh 5, - Traffic Judgment ] Vehicle
ZoHT, WG3, MUWGI4IZBEANEEETH DM, Roadway T status
ST, AR Y B8 Y & R S B B C B 5 el pe—
Yl 24T Y, TC2040 T b HHIIE I A G B A0 :\F,’\Z‘L‘iﬁg'ra“ - 9
HHRTNG, : )
2.2 ISO/TC204M E PG4 etc. D“Ve*r assistance
ISOCHAE CUEBEOZNREIC /R D Z LN T, A Driving info. ¥ Venicte control

ATIHRFEEEACHREINT- AR LEFERES

(Japanese Industrial Standards Committee ; JISC) Environment

. N ; e S ! Infrastructure
WEFEFIN TN D, AAEHEN B B EE TS IR E S
NITSHEHELZ B A A, TC2040 EWNFHEHEMK L LT
A T Sk T 2 0 5 FKER S LTV 5. ITSE (L Z Fig. 1 Vehicle/Roadway Warning & Control System
B2OEGERIIASHEEAN BB EHEIFRTH L0, %
WGOHEERILTable U R TTHETHHEIN TN D,

2.3 ISOITC204/WG14DEENHE @

Fig. 1 ICWG14 TEHELOR S & LT\ 5 Bl 17
W AT LOWMSKERT, IATROL—F =R EDHE
oV —IT X D HES UG, F T 2 RO ]
DIEE TRAF TE DMMEREFIHL, FIA 1 —~0D
HEEMEE, HDUNE, FHELEES U < I3EERBO- O,

Onboard system

Fig.2 WG14 Meeting
Table 1 TC204 Structure

e T e T e

1 Architecture USA ‘ Japan Automotive Research Institute

3 ITS database technology Japan | Japan Digital Road Map Association

4 Automatic vehicle & equipment identification Norway | UTMS*'

5 Fee & toll collection Sweden | UTMS

7 General fleet management and commercial/freight Canada | Highway Industry Development Organization
8 Public transport /emergency USA | Japan Institute of Constructions Engineering
9 Integrated transport Info., management & control ~ Australia | UTMS

10 Traveler information systems UK | UTMS

14 Vehicle/roadway warning & control systems Japan | Society of Automotive Engineers of Japan
16 Communications USA | JEITA*?

17 Nomadic devices in ITS systems Korea | JEITA
18 Cooperative systems German | Highway Industry Development Organization

*1 : Universal Traffic Management Society of Japan, *2 : Japan Electronics and Information Technology Industries Association
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WG 14 TlIH4E2EBAfE X HISO/TC204 DRI EE
SHMOEESHABME L, AIFEEHEE OREER~Dx)
e, FRLOEMERBITO G/ P E#H L T D,

HUEE TRRNE LT EOREHE ) HISOIC Bk S
NIz X A=K ThY, fEE], 30~404FRE O HFEH
»5, PRI, SFEOBBEAYE, HWAe, oA,
K%, BURREELRETHY, ERETRT LV ADEN
TRERR & e TV B,

HE, ISOTIZLLT DB AR THM AT I LD,

NP, CD, DISDO# B TIZISO/TC204DP A > /3 —[H
BNE ; BEXENHD) 28VE~D KT 7 Mok &
BREEVELT S, 20D, FEHHIC, BKERET
BISOFAT £ TIHSENDHUEOHMZMNEL T 5,
Table 2 I[ZWG4DIEHELIE¥EEE — 4477, No. 1
~No. 15X EFEH & L THRITHOHEE TH 5,

201743 AREAC, No. 16LABEDHEIZBI L, 1Z#E(L
E¥EED TN D,

WG14 THITEDISO#MKIL, H, Mo HBHEAEZE,
WA =B —Z e LT, FEibFEOERIEY AT

PWI  Preliminary Work Item THIEEER LOFERE/MEREEMC, BEEICET 2 HORZ N,
NP  New Work Item Proposal HFEE RS RFEAITIE, 1S015622 HFHEEHESIHE S 27 A (ACC)
CD  Committee Draft ESSEES R°ISO011270 H#RHMERFSCHE > A7 & (LKAS) 7g K32
DIS  Draft International Standard [E| BRI 2 Fond, TRBOYAT ABKIE, HifheEORKT
ISO International Standard [EBEHRRS Rohs, BB A EMR VWO BE LY b,
AtLRER OEBRRBA O, ISOMLIZ & - THEHSLT
Table 2 WG14 Work items  (as of March, 2017)
Work items No. Contents Lead
1 HRIIERHIMS 27 L (ACC) ISO ETEEOEMERE—EILROZATAL: ITYFRA) | EBHT L —FHE
Adaptive Cruise Control Systems 15622 IL&DUTAFT , #llHE , RZANCKDBENABEEEZRE
2 RIS EERE®RS AT L (FVCWS ) 1ISO RTEEDEMERARELEE , BRICKY RSA/NICERBERZREL , BRE E
Forward Vehicle Collision Warning Systems 15623 FHITBDIATL : RITERRAEE & RAMRE | THES LS EZRE
3 B EEEYRES AT A (TIWS) TS H—THHOEENERMO LY TREL , BARTRTRIANICASEDI SR E
Traffic Impediment Warning Systems 15624 TL:AV7FREEABAENERNAEL , ISOCETTRMEEEL LTHRT
4 EmEDEENER (MALSO ) ISO EETOHE , EER, kS NCEARSPI—FORENERERE ¥y -
Maneuvering Aids for Low Speed Operation 17386 JATL RATIVTICLD USRS, kBIRY  BRAESEERE
5 = EREHEHRSATLA (LDWS) ISO TEBLCRVEREEBRG T OSSN BB EE , RKTANISERERTIRT [
Lane Departure Warning Systems 17361 L EREBOES , BRRERY  BRAFEASEERE
6 HRTERBRELES AT L (LCDAS ) ISO BREER , Y1 RIS—ORAZETTOEMPEEN S QBEEAOIFHRER =
Lane Change Decision Aid Systems 17387 f# BHIDZATL  AIN—BBICED USRS, BEEMF , BRAEELE =
7 SERGEMERGMES AT A (FSRA) 1ISO ACCOEARMIER , BEMBETIRL LS AT A HREIBDATEAOER 5 -
Full Speed Range Adaptive Cruise Control Systems 22179 REDEY S , DATLADEBRAZEDEREY. , BRAZEEERE
g  EEEBRETIRATLA (LSF) ISO FHBETORBERPMETS S AT L FSRAE DHBEBE O , 2—5"Y MY E
Low Speed Following Systems 22178 WED O EBAOKIESE R EEEERE
9 FHREFTL—F AT L (FVCMS) ISO APERMCBRIDTRHERNHZLE , ADNCRIFIBDEZTVERREEZEATS =
Forward Vehicle Collision Mitigation Systems 22839 DATA BTN | DRATLEN  RBREES EERE —
10 HGRESEEYERS AT L (ERBA) 1ISO HBHEVIESZHEBRIC , EMEHOBRSYERERYE BRIDIATA: =
Extended-range Backing Aid Systems 22840  MALSOELNHL , RO—7, NREEYW  RATVT , YATLAFBRMHEREERE =—
1 BIRERFRES AT L (LKAS) ISO BAEREREBL , ERAOETERIEXET LS CHBNICRIREZSHNTIS R -
Lane Keeping Assist Systems 11270 Th: ARO—7,YATLER, ERBESEEZRE
12 RERGESHR , BRERATL (CIWS) 1ISO BEHACKY , EERRMEREERBICRTL , FLHMEEEEEL TS A1 Py
Cooperative Intersection Signal Information and Violation Waming Systems 26684 CEEBYPTERT DI AT L  BEXRMEE  BENMER , BRAAE L OBEERE bt 4
13 H—TREBHS AT L (CSWS) I1SO FTEF—PaHREBRFICETE  N—THEARENI BTEDLSBEE, RSA Py
Curve Speed Waming System 11067 NCHUTEBRIZATL: AO—7, YATLESR , ERBEREERE bt 4
14 BEXES AT L (APS) ISO BEIR—ZAZRAL , HBNICRREZHHTIE TREEXEIDATA
Assisted Parking Systems 16787 Part! BERR%E RAY , Par2h XS AR & AAN ) —K
15 RRBAS AT LAEEEH (HNS) 1ISO BRAZATLAEHRDATALCS T EERBE BROEANREL HERE E
External Hazard Detection and Notification Systems 18682
16 SITERE HRERTL—+> AT LA (PDCMS ) DIS KHESTECEHERTDTRMNHDEE , HBNCRSHB 2 TVBREEEZERT E
Pedestrian Detection & Collision Mitigation Systems 19237 BYATLA BTN, MEEH  BRAESEERE
17 EESSURBIFLES AT A (RBDPS ) NP TEBC L ERERERBTITEMN 5D EE | T4, @I — + R E
Road Boundary Departure Prevention Systems 19638 TV, BEASORFELEFBLETDS AT A : HEH KRB xR
18 FARERIERIMES AT A (CACC) CcD BEZAVBIHBREIATLALKY , ATEEOEMERIHOBEYE BEZEYD =
Cooperative Adaptive Cruise Control Systems 20035 % . A0—7 , YATLESR , FEIER  BRA L R =
19 B BB O EE(V3REE (RoVAS ) Report on standar- DTR BESEGICBIL T, BRI BEEEZIShPEEEHRNICEE - EHLLTIZ E
dization for Vehicle Automated driving Systems. 20545 AILLR—K : HiBAROBE , BECEBOBE , SELES , KEE2TR
20 EBOWEBEBEIATLA (PAPS) NP RZANOERTT , SATLAFRBBL LREAR—AICERZ ABNICRETS EE'
Partially Automated Parking Systems 20900 SATL: BAT1 RSANEE, ZB4(472; UE—NIV MO
21 SRETHBIT (EEBL) NP HZMBECLY BT L—FEAOEBEREL , BEEO NS /N—(EERE
Emergency Electronic Brake Light Systems 20901 ZRI AT L BERY  RBES EERE 2T
2 ERABIHEBETS AT L (PADS) NP kS NOREEROLS , EHESAEOR —FRNT , B, AE , woicxk -
Partially Automated In-lane Driving Systems 21717 HROEL , REZABILTIIATLA  BERG , EREREERE
23 BOWEBEEEESATLA (PALS) PWI B}, RUBIEmE Y TRBL , ABNCEREEIBVRT L B(T 1 E
Partially Automated Lane Change Systems 21202 RSAINER , B472 ; DATLARRRSANER BERME  RBREERE
24 BEERE HRERTL—+ AT A (BDCMS ) PWI KADEAGECERI DTN HDEE  ABNICRRB 2TV EREEEEE B—
Bicyclist Detection & Collision Mitigation Systems 22078 $AVATLA:EBICETN , BEEH  RBEERE 2R =
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DOFAMTEME 2T L, @G EORRERAZ RRITBHIET D
EVV) BIREWVAKRE Y,

231 FHREDRATLOBIE
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R ETOFHBELEMNFME T 0 7T JMIBHRT 5720,
TEH2ODHMRIT, FOEEMNHE LTV,

- DIS19237 MATHFMH « BZRB T L—F VAT A

- PWI22078 HREREH - BZURHT L —F 2 27 A
KT E DO THEERY AT LAOFM T 7 77 A%, BEIC
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TWD @ R, GRBTESL, *tEEEO T IR
fii 23— NCAP T20184E L BItA S LB 3 @ L7
S>TW%, Z0O7=®, DIS 19237Ti%, EICHMOMT,
RSB T 5 R B R 21T > T D,

INLDOFRRERBA OIS 2 — (BITEX I —
HERE & I —) OISOMM K EIXISO/TC22 (H B H)
/SC33 (BMEE & o ¥ v —H#FiL) /WG16 (FRh%e4
HEBER  EEAVz—FT V) THEDOLN TS, 7
i Z 2 — D HKIFISO/TC22/SC33 /WG16, ZiL b &1
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WO RFIC, WA LS OB RE 2
HTWND,

ek, OIS EOHET ERAA L N a s T AT,
KRB DOZEMEREDENE LNV GITT5Z L2 BH
L, BLOWERETORBRTH S, —J7, ISOEMKIT
[EIBER 7o el B, WO RARME R B2 HET D 2 &
ZHEE LTWAENERS,

WTO (World Trade Organization ; 58 5 #)
DTBT (Technical Barriers to Trade ; &5 Ok
) WETIE, MEENCK L, 7O RN EBERK
REBETHILERDTND O,

ISORMKITER TR R MEEHBE THLNR, Zo0
TBTHED T, FEOHMITK L T—EDMEI % FF
D, FETEAAL N BT T AIBNTHISORITHE
X2 OBMEBEREL D,

232 HBEETIATLICET 28

—fERALEEAN B ARABETES (U, BIR) b,
20154E11HIC THENEE D g v ) AREERER TS ©

Detection

Lane recognition

B ERE S A L B, B AR OBRICRIE TR
Rl EFEEDELDOTHD, ZORT, AELEIROERH
U AR I TS, ISO/TC204/WG14 Tl H
TaEMBE LR TAERNEREE Y a ) ITRENTHE
BE5E L LT, LLTOHKBEEICETL TS,

- NP 20900 B0 HENSEH S 27 A
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EL, RIAN—NZLEEREG LRI L EFiRIC L
TWD, LR, BAEOFERORIE BHIZIE~ S,

(1) NP 20900 H53A) B BifIE S 27 A

FE10km/hLL T CEMET 2 BEIEH S 2 7 A & 1YL
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R L BEE R, WONCHREE, FEE, NNEGE, E1kE
179, A 71E LT, RIAN—NEERFHICREST S 2
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ETEBERMET 2 b DI LTWD, X4 7 1EAKRY
— R, ¥4 72% KAV U— K& ) BB THRLE
EEEDTND,

ZA 71, 20T G ERIEDEIIAR (K7 A —F
TR RERIER) BELEAS ZE AR LTVD,

(2) NP 21717 HNESIIEBIETS AT A

EEE e & A BB COR—HERN TOETE
BB (Bhe, IEGE, FiE 5k, pTELERE) §5 v
AT ANTHD, RITAN—CLD VAT DEARZ T L
LTEY, flELTHATICED RTA—EHS, =
FT7 VTN TN TOARWIREEO R A28 & & Fife
ELTWB, Hf, EEEhER, FEREIEE R DT R
T AOEEGMRR, TORBRIER EOFEMmEED TN 5D,
ZOBBBEOIERIZ RAYBRY = FLTW5AR, HADL
TEFRITHEMIZSI L TV D,

(3) PWI 21202 Ay H B A R T A

S 2 &R BB B o> B B SRS TOE{ES
AfE e L, ETHOEBREEEZ T MICHE LT SR
F L ThD, Fig. 312 AT AEIWEOREAR 2757,

Detection

Turn signal  Automated lane change

Fig. 3 ISO PWI 21202 Partially Automated Lane Change System
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DEATIROIZ A T2ATFNEN, TEROITITVCK
PO 7T IDIZEEHT 5,

Table 3 R79 Revision ; ACSF Category ©®

Category Function
CSF Objective is not to keep the lane
ESF Emergency steering
A Low speed automated steering  (for parking etc. )
B1 Lane keeping (hands on the steering wheel)
B2 Lane keeping (hands off the steering wheel)
C Lane change commanded by the driver
Lane change prosed by the system/ driver approval
E Automated lane change without driver confirmation

7¥)  CSF : Corrective Steering Function
ESF : Emergency Steering Function

ACSFO AT IVC, 17 3 VDDOKGTHAE T HRET
2018FHICHITSND PETHY @, 2019FDISO%
1T%FE LTV BPWI 2120288571 B Bh 8RS o 27
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+ Forward Collision Warning (FCW) : RijFfliZ24E
- Emergency Electronic Brake Light (EEBL)

B BT
+ Intersection Movement Assist (IMA)

AR I SR
« Left Turn Assist (LTA) FEHT SR
+ Do Not Pass Warning (DNPW) : BV i LRt

* Blind Spot /Lane Change Warning (BS/LCW)
LM TR D 5E A N T B
Ao X 51z, ZoHH, EEBLICOWTHE, BEICIS
OTHIKILIZEF LTI, ZotoT 7Y r—a
Y OEBHEIC OIS HOMFIETH 5, 2D
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(7) United Nations : Uniform provisions concerning

the approval of vehicles with regard to steering
equipment, Addendum?78 : Regulation No.79
Revision 2 (2005)

(8) KL - AENEERDEBRIERE N QUL ~0> B B 3
RoTES), BEEEEEIIZET R T 8hEiko
EEH 72— AED IZONT D R YT A B

(2017)

(9) #RpFpEEY RIEPEER BEEER | SERR28FE A~
— hEE VT 4 VAT LSBT - EFEF IR D
FREIEOFIFERIZ DN T (2016)

(10) NHTSA : Federal Motor Vehicle Standards ;
V2VCommunications ; Notice of Proposed
Rulemaking (2016)

(1) — M EEN BABEEHIZERT : ITSHFH S 27 2
DREHRIEH ORI BT 25047 - WaEis &

(2014)

—156—



No.34 (2017) AV E

X - R

28 TV DEEREHT T-ACTIVSENSE] D1t

Evolution of Mazda Advanced Safety Technology “i-ACTIVSENSE”

I e d ' &R Z2InET Ak FERH

Koji Hirai Kanichi Koyama Takashi Goto Takanori Kume

~ V2%, ANMZEFLICT 2 REEIFOMIE - FFRICIY A, TRTOREFIEIC EDHHV) &
MENT-BRE - ZeVE) 2B oBMaBRITT52L T, BESEFOANEEZLVENCIL, BESELD
RN 2R A o= 7T FICR D Z L2 B LTS, D%V, FI4 A—BEOL4LEM [MAZDA
PROACTIVE SAFETY (V& - 7u7 547 - kv—75F4) | IcHS%, @EE4TH8BERAEBHLTD,
RIAN=PNELLRBE - W52 L 2R —bL, ZR2CZLLTERELTWDIRE] 24 T 5 2
&, T, F—ORIANR—DOIRAZHLHMIETED LD, FHWELELEE - BFTEHL 2V FR— T2
LR G o - AT Ti-ACTIVSENSE ] #20124E 2 A L, Zh U b maEEl S Bkt T g
AEl, YT NI =L RTOHEMSIERICESE BEEEZREL, HrLh 2 THIFORMASIZLY
HATHF O BB A AR O RIS A U CEERR L2 3l &2, 20164EICEM% B L7 27 ks, 7T
WXV ERES, AR TPHZEMEMTHEWVEHMi 2 TEW -, FOBRRED A2 HEIT 5,

Summary

Mazda is committed to develop safety technologies focusing on drivers, and deliver products that have
"driving pleasure" and "excellent environmental/safety performance" to all customers, and become a
brand with a special relationship with customers by making it more rich. Based on "MAZDA
PROACTIVE SAFETY" which is the safety concept respecting the driver, we introduced the advanced
safety technology "i-ACTIVSENSE" in 2012, and have continued to evolve our technology every year
since then. We support the driver to recognize and judge correctly even if the driving environment
changes, and keep safely and securely driving conditions, and support avoidance / mitigation of accident
damage even if the driver should fail.

We redesigned target performances based on results of accident analysis at the real world, and
introduced new technologies solved through avoidance of pedestrian accidents and recognition of traffic
signs by adopting advanced camera technology etc. in 2016 AXELA and ATENZA, which got high

evaluation in public active safety performance evaluation. This paper describes those technologies.

1. (ZIL®HIC

(LDWS) “FEHmELAr, FIZHEHHHETOWREI &

B SEL~YH « L—F— - J—X .+ ar ta—)
vV [ FHE ZHAWEEWE, TToR (MRCC) , H—DOFHDOBEOHELZBEHIE LA~ —
BRRC TRV & MEIVZREL - ZatkeE) &Rt ke ZL—% - $R— K (SBS) 72 CHEAVVERE 2 %
T2 LnHeTarEBS, RIAN—%28ET 5% TS T, TO®LEFELEER TS

4848 TMAZDA PROACTIVE SAFETY (=Y 4% « 7 Al BT A T H & F T TE S o B A
Q7T 4T =TT 4) JICE SR LR bbb o e FHPEFRILEN (7 KAV R R« 2w —
2N [-ACTIVSENSE] #2012 fiEA Lz, kevF 47V —%-%K—hF (F KA}

[i-ACTIVSENSE] 1%, &R Em Ex¢57 47 SCBS) | , fl[RHEEZEDOEHZFTRIL KT A N—IZ

*747“-LED-/\‘y FZA4 & (ALH) FOBH SRR, 2% IZ5BIE#RR A7 &5 (TSR) J 72 E&#BAFL,

BolfEmEzmMLE D HBEDER S 2T A 2016 LB LT V85, TF bt

*1~3  RAHIES AT ABRFEAHR 4 EFBRIEED
Integrated Control System Development Div. Electrical & Electronics Development Dept.
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L7,
TN OFNFIZONT, LTI D,

2. PERAVUR K- RT—F = F 4 TL—
* . HYR— b (7 F/A2X FSCBS)

W% U727 R/ 2 RSCBSIE, €30 {6 &1 7hs
DEERFERRE YR — 5 [A~v—h- 2T 4 7
L—=% - $iR— |k (SCBS) | mifb=t, [EENEE
Wenyr k) KO TEBIRIZROILR] 1KY, BoetkiEs
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21 FHORE

EN OB ERIAERRE H D &, H36%%1BZEEIK
MhEDD (Fig. 1) O, FiZ, BZEFHIAER O d5E % 7
5L, FORI8%MHERRE0km L T O » Hid B TR
LT3 (Fig.2) @,
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Fig. 1 Types of Traffic Accidents
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Fig. 2 Vehicle Speed in Rear-end Collision ?
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Fig. 3 Classification of Fatal Accidents "
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Fig. 4 Vehicle Speed in Car-Pedestrian Collisions ®
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BT D720, A by T T TR TS D,
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T A N—PEREEE (BIECT 7 ' VEME) 21T o 74
L, RIAN—EEL eI, 7 /N2 FSCBS
[ Y 2| Bt /N e SE Ve G 2 o

24 JRTLOWER

R L7 4V — Rk - AT (FSC)
BRI, XA Iy s« AFZEY T 40— a3 ba—
/v (DSC) ==v b, NU—hLb A -arba—j-
£Va—)b (PCM) , RFf—+arba—)L - T2

—/ BCM) , IR T4 ET 4 — - TARF— 2=y
F (CMU) , KA —=FZ—THg N5, £ECU
(Electronic Control Unit) [ZCAN (Controller Area
Network) Tt =i, WA MBEIZ L > THIET 5
(Fig. 5) .
FSC bpsc .
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>
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\ 4
Time To ‘ o
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Sound
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Fig. 5 System Structure
FSC (Fig. 6) lx7my M4 A R BERA
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Fig. 6 Sensor Appearance

25 JRTFTLOMRE
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ST KB E D RS, R T L Ok, FEE
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RLT, BHEPEHEE0km TEITL TCWAEE, HEOK
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STWbHZ EEIRZ D, BT, RT7A/N—DERHRERN
RVGATE, BIZEOK1LOMEIN HIRWEIEI ) 2R A S
5708, RUUDIE U2 mBBAE & 1 X v 7 ROV
e L (Fig. 7)
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Fig. 7 Brake Timing and Deceleration
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Fig. 8 Traffic Sign Recognition System
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MR LT 787, 770V, CX83DT7 77 4
T RIAEU T « T4 AT LA SR T — W LA
W, TEASRILERY, TR BRI A R, 2017

B R LTI2CX-5DT /747 « RIAEL T « T 4 A
TrA (Tur AT AR XA T) EEETIE, FR

FEIR DL KICTEDE T IBWVEE L /13477 L IFER %
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Table 1 Priority of Traffic Signs

RHRE (TL—F2E) -—
ve

Priority1 | Regulatory sign

(stepping on the brake)

RERE (TowILIEE

*ETRIEHEET

Priority2 | Driveway restriction
(Limit driving on ego lane)

*Included supplemental sign

ERARHE (\URILEME)

Driveway restriction

@I ©

Priority3

(Limit driving near lane)

33 YRTLOER

VAT AL, 7AT—R-kwrvT AT
(FSC) , ax /T4 ET 4 —+ wAZ— 2=y |
(CMU) , 77747+ RIA VT ~TAAT VAR
VA —F—THk &S5 (Fig. 9) .

FSC CMU Active Driving
Display
Detect Customize —-L
Traffic Sign 7| Display
A1 Traffic Sign
\J/ Meter g
Estimate ~ '
Driving Path Speed Limit Display
Caution Warning
V
Decide H- Buzzer
Traffic Sign Warning

Fig. 9 System Architecture

FSCIZ L~ C, El O @IE#E AR, Hiljo
ZEE) ) D eI o 7o 2 BAEER LS B B X 5 AT T
HOVEHEL, BEmIIIT 5 2@k Lk L
BT IT AT« RTIA LT « T 4 AT LA IR IBIE
Wk ETRTT D,

CMUD /I A X~ A XAREWE T, KiBEEHROR
SRON”, POFF" & INATRETH 5, F /- E IR ER D
By —"0FF, "ERESR DL, TERF R +ER
BIRRINTE 5, HEBREHRAHRE LZLEAIL, KT
A R NBUHER R ST D AR 00 328 FE I PR 12 b
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U, & L7ol BEEERIE & 0 @B TEIT LT
L&A= —PRIT D &, EERERE RO R A LR
IRRPLE MR T H A TR, b LIEFR R EFTEE
4% (Fig. 10) ,

Fig. 10 Speed Limit Warning

34 JRATLOWERE

JEEE ORI, FERRLE D D W EE IR Y R
Do, FSCHOME AR L, B A% % @
WS HEA I TTTIT 47« RIALELT «F 4R
TUA TR ERAT B, I B S WA AN
DUHERERC R B A AL, HEER O NICFREk LA
IE# A For$ 5, HEEHRE RN LT L —EHEE
EITL, Fl R EERNTRHTE R WEE, RTAN
—ZRR o T E A2 FoR LTV 2 ATREME DS @V & H T
Ui 5, £ T, AEY Lz TIREKE
B2 0 EERIIR S B DA N Z\W 20, AHEmO
I—L— MR- EOMMEEE X -HE1E, HEERE
1742 (Fig. 11) .

»)

Fig. 11 Turn at Intersection

IR IR, ARRRAL (T O kAR THE IR L7220
TR DN B EETHEHRTH D, FIA4 1=
BORIMED PR ZART 72, IRk — s IR &
TERHHCE DWW & X ICRR AT 5, BEmA
TOARE TR IR L —EOHEEEITR, —FFIERRE
HIT4 % (Fig. 12)

Fig. 12 Displaying of Stop Sign

35 79747 FSAEVY - T4 RT L1 DHE
TIT47 - RIALEVT « T4 AT AL, 1.5miE
WCEBEEFRT LI LICL ST, BAOBEIA 5/NEH
DRI A 72D b AETER bR TE 28BN 7-HMI

(Human Machine Interface) T&» 5,

TITA4T7 « RIAELT « F 4 2T AiF [Hx
EET D, EfTICKNEREREERL CRTT D] 2
& & BECHERER Y 24T > C& T2, SRIOHMT 7 T 4
T RIS - T4 AT LA DOBRBICEEL, kK
D BB E D B 120 KT A N—~DfEHE” B O
DEBEOEHR E” BOOEOER DORE 22K S L
FORORE B EREINNIS U CRBERMBICERT S Z
L EMIE LT,

ZWERRIT B OROBREOHBHR TH Y, Mmoo L
ICELE T 5 2 & CHRBOBB A i NRICEO b, FZ
A R—= IR RN E O BER G W it 5 2 &
MCTE, BEOHEHIFRG BEHOHEOFEHR L LTH
RIZFTREND T2, EROEEHIRE B EOHEEZ
WCHRFUCHE 2 5 2 L3 T, A EEA MR L CEls
THIENTED, BIZRTAN—NIE L < BTG
WMERRTED LI, RRBEMEROENE LD 7L
BT —TFTOWRICER L, 27 EER2.505 280
L2 & CEBMRRrzrmiEgs LTnWd, £/, &F
SFERALVEREN T CTHRBEROR T ERRTED
X OICEREE A ECRO2METICH LS Tnd, Zhb
R TRAY 7T A% ELTND FI A 3—DH
FMEL IR T A Z A TE R (Fig. 13) ,

BEPFEH HE R HH M

8 5 kmv/h ’A 85

Fig. 13 Concept of Contents Layouts
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Mazda Technology for Kids
MR FFHE* iR PR 2

Toshiyasu Tasaka Takahiro Nakano

L

~ > F DR,

TMAZDA PROACTIVE SAFETY (vY ¥ - 7Ju7r7 /747 - &®—774¢) | Th

Do ZhF, FIAN=LEFTRS, RRELCMOEEOSRITERE~NLFLETILEEMTHL, LD

I, FEBIZOWTE, KACHATUZER NS S HELTH, RAIFBB LA TWTEEZ L 22 L0835
5, OFMERS D, TEBHATOEMBO Y HbEERELETHY, TECHNOLOGY FOR KIDS [Z&H£ S0
FREMBRAIRTHD, vV ZIE, FEBRE~OIY MATEED 2 — W —~f8%nm b & H3EHEIC L 2
FEN25 M2 BIC, § v XTYPA U H#ESFEOKIDS DESIGN AWARDIZ20144E 70 S ke L CIssE L
TW5b, TORER, 2014FEICHKEFE, 20154F~20164FEI12% v AT A1 VH, 01THEICEHEL2ZET D &
WO EWEMI 25 TS, AR TIE, KIDS DESIGN AWARD#%i# L T, MAZDA TECHNOLOGY FOR
KIDSO#EALEHRIT T 5,

Summary
Mazda’s safety strategy is represented by “MAZDA PROACTIVE SAFETY”. This strategy applies not

only to drivers but contributes to all those involved, including passengers, of both the own car and others,
and pedestrians. Children, in particular, whose bodies are relatively small and weak, sometimes behave
in a way adults can hardly imagine. Recognizing that product development from a standpoint of children
is essential in car manufacturing, Mazda develops vehicles based on the safety philosophy called
“TECHNOLOGY FOR KIDS”. Aiming at raising awareness among users and for objective evaluations by
a third party, Mazda has been taking part in KIDS DESIGN AWARD competition hosted by KIDS
DESIGN ASSOCIATION since 2014, thereby receiving “Most Valuable Award” in 2014, “KIDS DESIGN
AWARD” in 2015 to 2016 and 2017 in Incentive Award. This article introduces how Mazda’s
TECHNOLOGY FOR KIDS has evolved through the participation in KIDS DESIGN AWARD.

1. [FLHIC

FEbEBEIANTEERD R LT T2, BITEL LT
DHEKIZT TR, FELOEMEIZS K508, AP D
FHE, Fr AL R— FO@ETARERIILBAAD
&, REEROY AT HR/NRICMZ D ZENTELE
SFH I &I, HEEIREETO, RTICFERREHA
re PORBNERE Rk Z SixTE Ry, HiZ, &
LAPEICEN T IS Z b RUTHY, 7 ~<lan
REEMETHIERHo TR LR, TELRMHD
TWY R EMELRNS I L3 W RITH Z L NEE
ThHD,

A TiE, ¥ v X7 HFA v HEks Mo KIDS
DESIGN AWARD #3j# L T, MAZDA TECHNOLOGY
FOR KIDSOi#{ &89 %,

2. IYFDREBMTADIEY HH

SFEIFERERRET, FIANN—DNRMNEELLR
o CHE - BMETE D LDV R—FL, FHOY AT &
BRI Z B Z Ly, R CReREER, £ L TEHIE
W27 %,

Fnn, v XoEeE M TMAZDA PROACTIVE
SAFETY (V& - 7ua777 47 «%—774) ] T
»% (Fig. 1) ,

1, 2 HeAfr{EmEEs
Technology Planning Dept.
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T, RIA N TRL, REECMOEm 0
TERE~LFEGTIREEMRTH D,

—J5, BAHBENL, RIANR=EINmEThIgon
5HOTEHRY, FAICKIC D Z LRH 5 LIERRIZET
TER, BIPRECRIEICE S RIRE ORI 5F
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WD, EVDIF, FELIZONTIE, KAZHARIUZED
INELFERBT, KRATITARE LATVTEIZ & 5 2 &
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High Help protect passengers  —

/ ®———————— andpedestrians in the

Accident event of an accident Injury
/ happens \\
¢ SR

Risk of Accident becomes
Accident unav?ldabie
4

reduction

Help avoid or reduce the J
severity of an accident when —*
the driver alone cannot -

safely operate the vehicle

Provide hazard alerts to help
the driver avoid dangers and Accident
recover the safe operation reduction
of the vehicle

Maximize the range of
conditions in which the
driver can drive safely and ~
comfortably

Risk of accident is low

(Safe operation of vehicle)

Fig. 1 MAZDA PROACTIVE SAFETY

3. FEBITEURERK

IRt AT ELDY R L LT, REdh, #
ENFE (FICEmEILRE) | ETRFOHERICE 257
N~ BNTR E DB, BREIADA MLARTEBHIIK
ETREHN R EEENE I OND,

(1) ZESFH

RBFERB OB FEHICEE R E R D &, HIR (6Ak
i) TIXBEEhERER R EB TR OREE IR L <, IR
AL, SRS ER DI oNCHIREOREEH I %
TWBD0R501n5 (Fig. 2) W

Infant
leans of Transport
9000 I Others
8,000 [EPedestrian ||
[CIBicycle
7,000 Evehicles [
Injury
6,000
And
Death 5,000+
4,000
3,000
2,000
] O N NN NN
0_
Before Entering st
e Enterng 1st | 20 | 3rd | 4th | 5th | 6th | 1t [ 2 | 3rd
Before Entering
Elementary
School | Elementary School I Junior School |

Fig. 2 Traffic Accident of Kids

REPOERIIIBNT, DY (6mcRim) THET v AL
R¥—FORNEEFER & F v AV F— FAERZEDE

% LB DA% E HH TS (Fig. 3) ¥,
Not Use Child Seat : 32%

Use Child Seat : 66%

.
Infant Non-wearing
(Under 6 Years Old) Use | Seat-belt
(n=100655)
L T T T T J 2%
0% 20% 40% 60% 80% 100%
Fig. 3 Seat-Belt Usage for Kids
(2) HENEFL

FICHMEIRRE T, RTICTERR AR, ERE
WITLT:, NU—T 4 ROICF - B B EERARE, T
SESHD 34 & EDHTND (Fig.4) @,

®Get Food Caught

In Throart
2.6%
(B®Heatstroke
1.2% @gtg;rs (@Catch Hand
A (n Door
25.5%
@Get Burned
0.9%

(@Hit Head and
Body
35.5%

Fig.4 Accident in Vehicle

(3) EATRDHIRIC G- 2 DR

FiZ, ZA~BR, FE - E - B I L DRSO
BB Z HND,

I N~BENOERBBEEIC LD &, RAIZERD T
X7 =N DR NZ L3 0nD, 10~19 oD
%<, F0%, hribphoTns Fig5) @,

o Frequency of Motion Sickness

a5

40 [ Men [ Women

50~59 60~69 70~79 80~89

35
30
25

20
15
10
1l |
o
40~49

2~9Years Old  10~19 20~29 30~39

Fig. 5 Motion Sickness

(4) BREEADZ R ARTE B RIT I HEEE
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FITBE S MTEIRORB RN L, EIRFEICAERS
PAELDET TR, RIFELITENZR FLARBN, i
BT EBITHEI B> TTFELDA ML RIZRD EE X
HiD,

~VHIE (1) ~ 1) OEBEEEX 1L, T8
RERBEAMFLTHELWIZ L3 D ZAKFE LTV A,
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4. MAZDA TECHNOLOGY FOR KIDS
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41 KIDS DESIGN AWARD
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4.2 KIDS DESIGN AWARDA®D Y YA DER Y #1H

<Y ZII20144E I REFHE, 20156E~20164EI1CF v X
FY A Y, 2017412 TMAZDA TECHNOLOGY FOR
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Safety

Mother’s Consideration Pressure and Stress
View-point Before Moving
@ISO-FIX Child-Seat(2017) ~ @Driving Support for Mothers(2017)
Mutual Dependence Breadth mind of mothers make children smile.
Accident Physical Condition i
in Compartment Badness Traffic Accident
Children’
View-point ® Advanced Keyless Entry-System (2014) ® A-pillar and Dorr-Mirror Layout

ring Control (2016) (2014)
@Pouwer Lift Gate(2017) g s G ¢ S 10

® Advanced SCBS (2016)

> >

Stop
Fig. 6 Evolution of TECHNOLOGY FOR KIDS

SHb,
BHEEBIT, TNHOHAM RS ROBTREIC
DIAATNL,

(1) 20144F

MAZDA TECHNOLOGY FOR KIDS| T, %8
Y ATHAE TNERBEEREE] 22E L (Fig. 7) .

KIDS DESIGN AWARD~®DH Y flA & #5i 1T
bR fk

('4

8" KIDS DESIGN MOST VALUABLE AWRD
PRIME MINISTER AWARD

PROMOTOR:KIDS DESIGN COUCIL

Fig. 7 Kids Design Mark
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Fig. 8 Layout of A-Pillar and Door-Mirror
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Fig. 9 Side Monitor

@F &b E 7 N~ ERIT WA L— X7 EHERAE

—165—



AV E

No.34 (2017)

DEBEYR—F451DM (A TV P= b -
7w AH—)

[T 51 EHIZT L~ SIS WK 9 ISR
ED A F VA o BT 58 TH 5, BEEFDOT 71,
TL—%, Ny RAEEER ) T XA MHEL, A—X
—NOT T TSRS, J~FRODFIK & 72D AR
EhzXxxvyFL, FIAN—DEREZHMTSZ TR
L= ATHRIEZEERAFOE[II 21T 5 (Fig. 10 : ZH
o7 L) |

k54

s
o

Fig. 10 Intelligent Drive Master
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Glare-free by Turning off Head-light Partially

Fig. 11 Glare-Free High-Beam

Expand View of Right and Left

Fig. 12 Wide Light-Distribution Low-Beam
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[Source]
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Fig. 13 Advanced Smart City Brake Support
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Fig. 14 G-Vectoring Control
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Fig. 19 Pre-Collision Throttle Control
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Fig. 15 Door Open-Angle
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Fig.21 MRCC
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Fig. 23 Program for Children

Fig. 24 Paper Craft
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Development of High Performance Torsion Beam
e B! B S R JIa F5E*s
Hiroyuki Takahashi Shun Kuwako Hideaki Kawaguchi
Ft et
Nobuyuki Nakado
Z 8

h—va =LA77 ZAVER (BLFTBA) O& ¥ —E—AIZBW T, Hlj#EEMEEL (L S 25 Smart
Expand Beam (LLFSEB) #B¥ L7-, SEBIZEAEFRIEICL VAL VENE, HEE2ZOE EICHITHIMES
KIBIZED D D TH D, BEHiiz 7 L 2 MTICAY, &4 E L NEOBEMERIEEORAE % B/MEd 5
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ML STz, ARRTIE, ZOBYMANFIZOWTHRET D,

Summary

On the center beam of torsion beam axle, Mazda developed “Smart Expand Beam” for improvement of
the performance of vehicle dynamics. SEB increases bending stiffness of the center beam without
increases of torsion rigidity and mass. Typical forging method was provided by stamping, the
requirement of narrow gap for leaser welding is achieved. Providing compression stress to all portions,
difference of elastic removal both inside surface and outside could be minimalized. As the result, with
satisfaction of high productivity by stamping, welding assembly and high quality of forging, the forming

method of pipe with variable diameter was established by using popular facilities as follows.
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Fig. 6 V-Shape Gap of End of Pipe in Case of Roll
Formed Pipe without Restraining Force

Fig. TIZ— &7 34 TIEO TRREZ R, FTHEH
LETEORRICOIE L, 2% UBRICKRET 5, 20
%, OBIROEEEKET, ZO7VAMTELT, U-0
RIS, ZOo0L, wEEE LEE L5, U-Om
TSI D A EEBAR A IS fT e 72 (R 1-1%, ORKIE TRz
\ZE D £ TOLIEER KL OZF OTIROWTE & M ETE K
ONEHEIE R OGO IEL Th D,

Blanking U-Form O -Form Welding

1777

Fig. 7 Forming Process of Conventional U-O Forming

3.2 UBtiistk T F R L T

ko —EEOU-OBIZEMET cH v, Uk
Ik MEEIE O R EEETIEL VS, BARIEDFE
BOGEITHEREIIMZ TRO S EEET D HERD
%

o

Fig. 8ICHEZEOZE(LT 2 U-OIE 01 T ORI %

AT, MPORBHTIZBRERORATHD, Z O
WELCEEORE — 2L SE D58, pl, p20 RO
AT BEMLE R o T B0, Thb Z2OEENNb
% 2 & THEHES OO B IX ST & 13k & < B
5, ZOBEHOBIRELZRIETALENEL S, B
WHIEOBHIL, ROOE D= 05 SOk TR O k
BHR (=N) OWNRNCINES Z L ThHD, T EFEE
T 57O ORI E L CORIE TR ORI T it oz
DOTIRERT 5,

Portion A

Finshed Shape

Developed Shape

Fig. 8 Developed Shape from Pipe to Plane

3.3 AESEEENOBRICL DXy v TOREH

Fig. 612 7 — /LRl ORI O Mefa O FZIR & FE L 7=
WS IR 2R L= 28, @ ORI T b RIAE R 34
MIAET D, Fig. NTRT L D ITHNEEBFIELTIE Y IS 13,
WA IRERE RS I3 0303 %, BEEA%, 2 OIS H MR
s EF, H0 LD ITHEREIZE D v v 7N
£ B,

Tension a

) j Shrink E Shrink
ﬁ VA

Stretch  Stretch

Compression

Fig. 9 Difference of Elastic Removal

ZITIDX Yy v IO~ — BT D, WEFD
DOEFR2r=9100, HEt=2.6L LT, HEOOT AiTt/2r
THZ BN, 2.6%L75, Yp=600MPad s {A & (i
ET D ERERBEOOTAIEE02% L7258, Th2b5
SMERNIAESER TR L ZF-09mm & 725, FEMRN G
FAEIZH0.9mm & 72 0, @H O EE Tl L —F —&
BRSO S50 1mmBBEDORM AL Z LR TE 20
ZEERLTWD,

T THMER B OBMERIEIC L 2 ¥ v v S ERIET
BB L L CIHIEIRE & L COEMIC L BRIt Z R
Wiz, TRbbEERE LY BWVMECHRIE L2 E
HBoHrZLThDH, ZOHEEEMENERKE (LLTFGC

—171—



EQVE R E ]

No.34 (2017)

ratio) &MES, Fig. 101ZGC ratioD EF xR~ 7,

e
H 2 e
@ =]
a []
$
5|8
cL Bt _
2| s
£ 2
s S
@ |
‘_! | b‘ I i
> o S i
- ==

Developed Shape
GC Ratio= ( Lc - Lo ) /100 - 1

Fig. 10 Definition of Geometrical Compression Ratio
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(a) iJ-Formed (b) Pre-Formed
Fig. 15 Shape of U-Formed and Pre-Bended
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Table 2 Compression Force to Make Ring without
Gap
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i |
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