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“Sustainable Zoom-Zoom 2030”
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Summary

Mazda announced its long-term vision for technology development “Sustainable Zoom-Zoom” in 2007.
Since then, we have been taking on challenges for technology developments to achieve both “driving
pleasure” and “outstanding environmental and safety performance” at high levels. As a result of our
efforts, the models equipped with the newly-developed SKYACTIV TECHNOLOGY have received high
evaluations globally for their environmental and safety performance as well as driving performance. In
August 2017, a decade after the “Sustainable Zoom-Zoom” announcement, Mazda announced
“Sustainable Zoom-Zoom 2030” amid radical transformations taking place in the automotive industry
worldwide. The new vision represents Mazda’s new initiative in helping solve a variety of issues facing

the earth, society and people in the long run, through driving pleasure — the fundamental appeal of the

FRIN R

Toshio Kamihachi

automobiles.
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B AMBRER LA E 2, L0 EMNRREICLD,
I N DRI THD EHIHD 128 ->T, [HIER)
M) TA) ZRENOBEMRREZ BT H LT ¥
Loy 9254 F 7V “Zoom-Zoom” EE2030] %4
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*1, 2 B
Technology Planning Dept.
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Stylish Insightful Spirited

2002 2007

2015 - 2020

Fig. 1  “Sustainable Zoom-Zoom”
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TV, Fu—BAT DR, N— 2 OEAE
Z USRI IBR L= SKYACTIVHAT (Fig. 2) 12z,
BPEIC BN A2 EAT D TEAT s v T my
Bk | (Fig. 3) IS < AF VY a— g Uibih %,
20124E7 S BHME L=, SKYACTIVHAF 2 #5# L /=8 L\
P 7 a— VB AT B2 LIk D, 20154121
26% DB YEZ FBT 2 2 LN TE, KERERHET
(US EPA) O #E L > RLAR— MZBWT, vV &
DAEFETF-IJRA DI BAR G TR E L & M4 L T,

SKYACTIV-G

SKYACTIV-DRIVE

SKyaACTIV-D SKYACTIV-MT

SKYACTIV-CHASSIS

Fig. 2 SKYACTIV TECHNOLOGY

Step 3:
Motor Drive Technology
(Hybrid System)

Step2:
Brake Energy Regeneration System

(i-ELOOP)

Improved Base Technologies
(Powertrains, Reduced Body Weight, etc.)

Fig. 3 Building-Block Strategy

F, BEFINIZOWTIE, FEaZlx L B4 5l
REBEOPT, RIAN=NENLDOELEIEL < FBH -
WD a2 R—FT2ILIC8-T, BRNOE
DU TEREE LATWEEL, Z2LT, IR—DFKT
AN=DIAHLTH, FHEHPEEOLIL - BN D
L\ 9 [Mazda Proactive Safety] (Fig. 4) D&z 512
EOX, HANBARICID AT, TORR, BAR, I,
KE DK =BT L 2 Z2MREFHT (NCAP) IZBW
T, REM Ny 77 T AOFMEEST D LN TER
(Table 1) .

High

operate the vehicle

Acéd}nl oot ol
havpens, unm e
—_— . Injury
- duct]
Help avold or reduce the Tedueten
Accident becomes severity of an accident when s
Risk of unavoidable the driver alone cannot safety

Accident

Provide hazard alerts to help the
driver avoid dangers and recover
avold dangers and recover the Accident

safe operation of the vehicle reduction
= Maximize the range of conditions
in which the driver can drive
Risk of accident is low U J

(Safe operation of vehicle)

What Mazda's safety technologies aim to provide

Fig. 4 Mazda Proactive Safety

Table 1 Third Party Safety Evaluations

Demio | Atenza Axela

IMazda2 | Mazda6 | Mazda3 | X2 ox5 ox8 ex9

J-NCAP 5-Star 5-Star 5-Star 5-Star 5-Star 5-Star
Japan

(Collision) | (14-15) | (13-14) | (14-15) | (15°16) | (17-18) | (17-18)
-NCAP ASV+ | ASV+ | ASV++ | ASV+ | ASV++ | ASV++
(Advanced) | (1) (14) (16) (15) 17 17

5-Star 5-Star 5-Star 4-Star

us  US-NCAP (MY) | (17my) | (17my) | (17my)

IIHS - 18TSP+ | 18TSP 18TSP | 18TSP+ - 18TSP+

4-Star 5-Star 5-Star 4-Star 5-Star

Europe |Euro-NCAP (15) (13) 13) (15) “7)

As of August, 2018
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At Mazda, we see it as our mission to bring about a
beautiful earth and to enrich people's lives as well as society.
We will continue to seek ways to inspire people through the value found in cars.

People

Enhance customers’ mental well-being with the
satisfaction that comes from protecting the earth and
contributing to society with a car that offers true driving
pleasure

Earth

Through conservation initiatives,
create a sustainable future
in which people and cars coexist with a
bountiful, beautiful earth

Society

Realize cars and @ society that offer
safety and peace of mind, and create a
system that enriches lives by offering

unrestricted mobility to people
everywhere

Fig. 5 Sustainable “Zoom-Zoom” 2030

Corporate Vision

We love cars and want people to enjoy fulfilling lives through cars.
We envision cars existing sustainable with the earth and society,
and we will continue to tackle challenges with creative ideas.

1. Brighten people's lives through car ownership.
2. Offer cars that are sustainabe with the earth and society to more people.

3. Embrace challenges to seek master the Doh ("Way" or "Path") of creativity.

Fig. 6 Mazda Corporate Vision
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Fig. 12 Building-Block Strategy
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Simulation Technique of Cylinder Wall Temperature
to Apply for High Thermal Efficiency Combustion Development
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C

PRBEDHEHNZ L 55 % O 5 COBEHEIZ EBL L 52, HAFORBERIELIBREBKRITT 5 LT
TV ORINEBEIREBRITIEFICEREREAKREE O D, £V LEREEEZEWVRICTHNZ T 5720121%, &
NERIRBENER T D ENEER L, 7RIV bFEMRGIEIC L VR T o2 &3k bnd, ZhaET 5
720, TP UKRIEDEBGE L, BEHIART YL — ANFEHR DO TREMEEIC & DA ER L7
CAE (Computer Aided Engineering) THIEM AL, MHAKKEOHIEHS, F—FT7HOZ V&K
BEWV ool ay b — LB L DB D A D =X LRI L, ZOROTFRICHEHA LT,

Summary

Management of cylinder wall temperature is one of the most important topics for further CO2 emission
reduction and driving performance improvement. In order to achieve such improvement, more precise
control of engine temperature is necessary to maintain suitable condition for higher thermal efficiency
combustion. To achieve this goal, we developed new CAE(Computer Aided Engineering) simulation
technique which couples the engine heat conduction and the fluid convection calculation, and applied to
predict the heat transfer mechanism and its effect of the measures for controlling the temperature by

new technologies such as the coolant flow rate control, and the engine heat retension.
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Vehicle NVH Performance Technology for
Cylinder Deactivation of SKYACTIV-G 2.5

L . HAF Fnzz*2 1 S
Kenta Hamano Kazuhiro Tanaka Yu Chen

T BT

Osamu Torobu

L

FEICX-5, 7T ¥ o= v ISKYACTIV-G2.5] Tif, ER-EREEERAZBEL, &KLY=
TLEBALTND, ZORMKILY AT AL, =2V REARB O R HR 73K & B EECERIC X 2 BRIE
FOENBRKERFETH 72, ZORMDOT0D, EHLBREEIRAE A =X L& EEREEAINOPT L,
BWBR T2 EBER L~V ETHEE LiAd, ETARX—ARRBICTEE L, BERIREINED D DR
DRV TEIMIESRAZ 1T U, EHE2E2II WDy Drwyy MEED TR, WET IES % HEEIC it
SERVEEEE R E DT L —o Z—Hi ML, mVRE T & R 2 i 3L S iz,

Summary

SKYACTIV-G2.5L, new CX-5 and Atenza engine is equipped with cylinder deactivation system for
good environment performance. During cylinder deactivation, the vehicle vibration deteriorates since
excitation force of the engine increases and frequency decreases by half, which is the biggest issue. To
overcome the issue, the complex mechanisms of the generation of vibration were organized by primary
route, each influence factor was translated into the basic-theory, and improvement measures were
studied mainly by model based development. We have achieved both fuel efficiency and comfort by
building the technologies such as application of a centrifugal pendulum vibration absorber to improve
transmission characteristics of drive transmission, a devised shape of engine mount or an improved
structure to address vibration caused by pressure fluctuation of sucked air, to break-through restrictions

of associated items.
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NVH Performance Development Dept.
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Engine Performance Development Dept.
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Fig. 1 Fuel Consumption Characteristics
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Fig. 2 Engine Torque at 70Nm 1,500rpm
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Fig. 4 Vehicle Vibration of Cylinder Deactivation (CAE)
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Fig. 5 Drivetrain Vibration Characteristics

L L I3
Engine+Impeller  Turbine+Unit Tire+Body

Drive Shaft
ky

1st
Torsional
Mode ‘
ond | . el
Torsional
Mode

Fig. 6 Drivetrain Torsional Mode

Lockup Damper

ZITT L= AN—& UTHERA & 72 5 & MR IE >
AT LEROE LR TEIESR (CPA : Centrifugal
Pendulum Absorber) ZBi% L7-, Fig. 1IR3 L 951
ek DB YRE (DVA : Dynamic Vibration Absorber)
VERFE D JENEE D B AR (N T EIIRS) 50
\Zxf L, CPAIZFig. 8T -7 &L o ICEEHICE/RL, &
WO (7277 ¢ 7HRIER) 752 ERHEETH D,
CPAIZHWIZRT LB, R FORORE ILrZ#EL,
HREOWHITRET 5 L To (HHE) ITIKFELIZHE
WHOBIEENRIRRHIZ T2 Z EBNARECTH D, ZDCPA
EVEkOR Y 7T v T NIRRT 52 LT, &
K10dBOEE) R U Y REN ORI S5 L7,

w [r
f=o_d7" @

e )
N

—— with DVA

Better €«&——>Worse
FRF [-]

10 20 30 40 50 60 70
Frequency [Hz]

Fig. 7 Inertance with DVA



AV E

No.35 (2018)

—— without CPA
——with CPA

Better €«——>\Worse

am=s

10 20 30
Frequency [Hz]

Fig. 8 Inertance with CPA
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Fig. 9 Mechanism of Vertical Force Input to Chassis
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Aerodynamic and Aerodynamic Noise Performance
Developments for Next Generation Vehicles
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Summary

The next-generation vehicles were developed under “the Vehicle Architecture Concept”. To enhance the
fuel economy performance, the focus was placed on reducing the aerodynamic drag through aerodynamic
developments. Meanwhile, as the aerodynamic drag largely depends on the vehicle shape, it was a great
challenge to establish compatibility between the design and the aerodynamic drag. In particular, we
strived to reduce the aerodynamic drag while realizing the Mazda “Kodo” design concept to the maximum
possible level. From the above, aerodynamic developments for the next-generation vehicles were quite
demanding tasks.

To carry through the abovementioned challenge, we worked on a further innovation of the aerodynamic
drag reduction technology by adopting a technique for quantitatively analyzing the vehicle peripheral
area by use of the kinetic energy loss. By applying this evolved technology and process, we have been
able to achieve the best-in-class aerodynamic performance and aerodynamic noise performance in our

next-generation vehicles.
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5 Development of New Anti-corrosion Process
for Suspension Parts
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Summary

In order to provide “Driving pleasure” and “Excellent environmental and safety performance” to all
customers, Mazda has been working on weight saving technologies by balancing both better dynamics
performance and environmental performance. However, it is difficult to accomplish weight saving by
thinning material of the suspension parts which are used under severe environment due to material
thickness reduction issue caused by the rust of adjacent welding bead and edge.

On the other hand, creating rust resistant parts is connected to the joy of owning vehicles to customers
and can be one of the attractive performances.

This technology made significant progress of antirust performance possible by improving coated object

and electro deposition coating compare to the conventional process. Here is our approach.
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Fig. 1 Chassis Condition after Vehicle Corrosion Test
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Table 1 Measures to Improve Issues

Improvement .
Conversion .
of coated e-coating
. treatment
object
(1) Slag on
— O
welding bead ©
(2) Edge O A ©
(3) Oxide film — O A

Priority High:© Middle:O Low:A

(1) wEEe—F EoRGERN T, Ele—FEo 2
Z71 OCchHb, A7, Si, MnZ TRk e Lizho
ZAEOWE T, BEREBIRWTZOEEBENER LA
W, F—R/, FBICR A, EEEIIFig 40X 5T
My, BANHY, HEITKMEAL, BHMIZEIET 5,

Water intrusion

(A)Cross section photo (B)Water intrusion route

Fig. 4 Appearance of Slag on Welding Bead
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Fig. 7 Welding Bead by Hi-Argon Welding Process

PERERETIRE L A TN T TR, RPFESRM

TEERE AN LB I35, AR % Fig.

SITRT, AT TN TV UIRBAT, BRI
RE1GT,

Conventional Hi-Argion

Welding Process Welding Process

Fig. 8 Result of Combined Cycle Corrosion Test
(30cycle) @
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Table 2 Test Piece Specification

E-coating Viscosity
Thickness at baking
A 30um Standard
B 30um High
C 30um More High
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]
5]
®

=

[
w
®

Rust incidence

2

%]
®

S

A B C

Fig. 9 Result of Corrosion Test (Edge)
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Fig. 10 Result of Corrosion Test (Welding)
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Fig. 11 Result of Combined Cycle Corrosion Test
(30cycle)
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Fig. 13 Appearance of Sus-crossmember after Vehicle
Corrosion Test
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Introduction of All-New CX-8
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Hideki Matsuoka Katsuaki Sasaki
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Yoji Kurihara Toshio Matsubara
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Shinichi Isayama
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Summary

The newly introduced All-New CX-8 is a high-end model in Mazda’s new-generation “CX series” lineup for
the Japanese market. Mazda proposes the three-row seat Crossover SUV as a new option of passenger
vehicles with a large seating-capacity. We realized a vehicle that satisfies the customers having such desires
as: "Don't want to give up either driving performance or design, but want to enjoy driving with family and

friends", "Want more space and more seat capacity", and "Want a comfortable traveling in a superior space."
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Fig. 1 Exterior Design
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Fig. 2 Interior Design

Fig. 3 Real Wood Panel
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1% Row 2™ Row 3" Row

1% Row Seat: Everyone can take “The ideal driving position” which

is the common value for all Mazda models
2" Row Seat: Realize a space where large adult can relax with
room by the seat with wide width and long slide
3 Row Seat: Realize a space where an occupant with 170cm
height feels comfortable without difficulty
Fig. 4 Interior Package
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Fig. 5 Captain Seat with Console Box for 2" Row
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Fig. 6 Captain Seat with center trough
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Fig. 7 Bench Seat
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Fig. 8 Console Box for 2™ Seat
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Fig. 9 Luggage Space with Bed Pad (option)
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Fig. 10 Sub-Trunk
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Fig. 11 Ingress/Egress of 2" Row
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Fig. 12 Engine Output
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Turbine Blade Variable Nozzle

[Low Speed]
Low Gas Volume=Tighten Nozzle

Fig. 13 Variable Geometry Turbocharger

[High Speed]
High Gas Volume=Open Nozzle
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Conventional combustion

e CX-8 (Rapid Multiple Combustion)
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Fig. 14 Heat Generated Waveform of Rapid Multi-Stage
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Fig. 15 SKYACTIV-CHASSIS (AWD)
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Damping Material
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Fig. 16 Insulator on Rear Fender Panel

£/, D.ET—fHEICHREM 2L, 3FIHRAEDOH
WAL /A Xafil Lz (Fig. 17) .

Attach Sound
Insulating Material
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WA L= (Fig. 18) .
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Fig. 18 Sound Absorb Concept
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Fig. 19 Active Driving Display
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Fig. 20 SKYACTIV-BODY

Fig. 21 Active Bonnet
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NRAEBA LR (Fig. 22) .

Fig. 22 Multi Load-Pass Structure
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Fig. 23 Towing
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Light-Weight - High-Rigidity Body Structure of New CX-8

s fLfm e MR P2
Yoshitomo Takahashi Takashi Narahara

FRICX-SIZENHBICBIT 5~ Y XDk EASUVTH Y, SKYACTIV-BODYWZEA L 7=t DE K
WeEbWZABELTHD, BAFEREL, REAV v aRTHFA L, HPICHELEZRT 4 —H A X& s
SHDLN =V TOFEBLE L HIT, BWEEZ AN it ENE, NVHEREZHER T2 2 2 HIE LT,
SKYACTIV-BODYD =2 &7 N B L 22, KMHEEOFLHEOE VN2 FERSHHE L, HiEomkEk
B LT, EAMREOELE R LT,

ZORER, 1FIENB3FNEETERTOREN, BLEHELUEND, BLTRELRL VT RIALTEHKELD
HZHEAFEB L, AR TIIERTENEMEED ETN—R LR 50E - @EERT 4 — = VBRSO
T, TOEHFEEZHENT D,

Summary

The All-New CX-8 is Mazda’s top level SUV in the domestic market and is a compilation of the
products which employ SKYACTIV-BODY. The CX-8 was designed to offer high collision safety, handling
stability, and ensuring NVH performance as well as the packaging with the boarding of a large number of
occupants, stylish design, and the body size suited to the market. We achieved further improvements in
the basic performance by looking more deeply into highly contributed parts for each performance for
optimization of the structure as following the concept of SKYACTIV-BODY.

Consequently, we realized the cabin that offers comfortable and enjoyable long drive with safety and

security to all passengers in all rows. This report introduces how we developed the light/high-rigidity

No.35 (2018)

body shell on which production of comfortable cabin space is based.
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RS, FMihe LToMhE—Rm+s2 L7

1, 2 AT —BAFEES
Body Development Dept.
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Fig. 1 Body Size of New CX-8
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Fig. 2 Add Reinforcement of Front-Frame
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Fig. 3 Improvement Energy Absorption of Front-Frame
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Fig. 4 Dual Structure for Rear-End Collision
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Fig. 5 Dual Structure of C Pillar Reinforcement
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Fig. 6 Ring Structure of C Pillar
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Continuous sections structure

Fig. 7 Continuous Structure of Lift Gate Opening
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Fig. 8 Articulation Index of Each Seat
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Fig. 9 Optimization of Panel Thickness
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Damping Material

Fig. 10 Optimization of Body Panel
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Fig. 12 Optimize Example
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Study of Human Skeleton to Design Ideal Structure
of Automotive Seat

SRIL R VA AR @R BT Uk R AR HEETS

Tomohiro Izumiyama  Norihiro Nishida Ryusuke Asahi Hiroki Yamagata Hideyuki Iwanaga
KA JIE=]*6 B w7 mAy ZRhs (7N B IR0
Junji Ohgi Ryo Sawai Yasuyoshi Mushitani  Shigeru Sugimoto Masaki Ueno
C: 3 |
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BE) OEEENSLEBEZITLEEZIDLND, TDD, V— NEEROEKT 74 A2 MEKZETR
NEETHY, AR TITHBIE Y — NEEROBKT 74 A2 N, Eih - R - R X Dk
EOWN Lz, 615, AMEOBEKRSCHEZERELZV I 21—y arET70 (LT, AMRFEET /1) THUM
S ver.4 (Copyright 2015 © TOYOTA MOTOR CORPORATION) % X— X |ZHEBOMELERH L-EF
NVEERRL, Zih &AW EEREOREFIT 217, REOREMEHIR TE 5 v — MEEIZOW TR
Uiz, JEREBART T4 A ME, STELEBRED2Z A FITKBIENT-, F-EERIT T, B%EY OXE)E
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Summary

In order to reduce fatalities or serious injuries in traffic accidents, both an appropriate driving posture
and occupant constraint are key points. It is important for us to understand the effect of individual
difference in human skeletal alignment in seated posture. Consequently, in this study, we examined
individual differences on the skeletal alignment in an automotive seat and analyzed the influence by the
factors of age, gender and body type. Additionally, we created several human body models (HBMs) which
represent individual differences by morphing the skeletal alignment of the human FE model, THUMS
ver.4 (Copyright 2015 © TOYOTA MOTOR CORPORATION) and analyzed the kinematics of those
HBMs to study the seat structure to ensure occupant’s safety. The alignment in seated posture could be
classified into two types: S-shaped and kyphosis. The analysis showed the difference of occupant
kinematics in pelvic region, which indicates that it is important to maintain the correct driving position
in consideration of occupant protection in case of accidents. It was confirmed that the next-generation
seat, which was newly developed, facilitated upright pelvis and lumbar lordosis, leading to the advanced

“Jinba-Ittai” philosophy and higher level of comfort and safety simultaneously.

*1,3,9 fHEZEIERED FEHD T AEEBRATEED
Crash Safety Development Dept. Interior & Exterior Components Development Dept.
8 BRAMEREBRFE *10 B SRS
Chassis Dynamics Development Dept. Vehicle Testing & Research Dept.

*2,4,5 WA RFEFHIERE B BEHRE
Department of Orthopedic Surgery and Radiological Technology, Yamaguchi University Hospital
*6 AR s TR

Department of Mechanical Engineering, Yamaguchi University
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Fig. 1 Situation Which Lap Belt is Put on the Pelvis in
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2. EBRAE

21 LY MFUERE

Ly NFURERCT 78T v — M ERY AT ZIREA
ZFig. 21T 7, ¥— bN\wy2724° | JFEE21.5° IZEE
L, ¥— MATA FEERER O D PALEIZHF ATRE L L
Too TREZICERL, #REICIZY v PV A MCREZEE,

TFEEXBCTZ2OETC, HEOERERE > CEEL
Thbol, Fih+ FE - BMI Z & CHEE T8 O#iFH %
IV, THIRYBNECLRWE SEED E, 75
L O T — & B LTz, BRI O KRR E 2 E b
BIF B B A AR S T A 9 B 21 (SONIALVISION
Safire17 SHIMADZU) #{EM L, FEAL « SIAT - BALIC
SWTCHRE L (Fig. 2) .

Fig. 2 X-ray Facility and Situations of X-raying

22 HERMHEE

ABFZEE, A RFERO=Y ZE) O EmHEES
IZCRRE G BT, #BRIHIEICHHEZITOARADS
TNFEE % il TR L, BREICERA T,

23 AET—29
THER OVEREIC DWW T, THH O 3 =M LTz,
THER (Spine) (X, O, OHuE, OHIfgHE, @M
HELZ DT EATHEIR O BRI TAT o8 & e FATHER O
TEHEAT ROk 2 AEZFHI L, FF8E
(Pelvis) 1%, OflIf & EMICK LTZO BT
BREAEREN B R D AJE, KOO LR ER (Anterior-
Superior Iliac Spine; ASIS) & HiE#sE A SM5 & Tt
MPORDAEICONTHIMEZIT o7, & AEOIEFRZ LL
TR T, £z, AEOEER%Fig. 31277,
Cervical Curvature (CC) :
F2ME (C2) —ZBTHME (C7) AE®D
Thoracic Kyphosis (TK) :
Fishatt: (T5) —iE12Mat (T12) MAEE®
Thoracolumbar Kyphosis (TLK) :
E10MaME (T10) —H2lEit (L2) fREe®
Lumbar Lordosis (LL) :
FUEME (L1) — 5550 (L) AEETY
Sacral Slope (SS) :
B (Sacrum) & K EHROH T 9
Pelvic angle (PA) :
ASIS— Bt & FiHR o> L0

®@ ® ® © ©® O

KO~@OHEMEICHOWT+ &S [FicEt) , —&%
E (BGICEE) LT5, £, OIE O mE A K
LV Lo AR, ©IFASIS—HVE#E A OB ER L
HIDYE 2R L BT D,



No.35 (2018)

EVE R E

Spine Pelvis

Front

—
c2

Sacrum

Fig. 3 Measurement Items for Spine and Pelvis
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Fig. 4 Two Types of Skeletal Alignment in Seated

Posture
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(a) Lumbar Lordosis (LL) (b) Pelvis Angle (PA)
Fig. 5 Variability Range of Skeletal Alignment in Seated
Posture
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Fig. 6 Analysis on Angle of Lumbar Spine and Pelvis for
75 Subjects by Gender
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Fig. 7 Normal Distribution of Pelvic Angles and Human
Models Equivalent to Each Percentile
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Fig. 8 Behavior Analysis Using Three Models Which
Modified Pelvic Angle
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(a) Anterior Pelvic Tilt (b) Posterior Pelvic Tilt
Fig. 9 Relationship between Engagement of Seatbelt
and Loading to llium
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Fig. 10 Change of Skeletal Alignment between two
Seats
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Establishment of Fuel Sloshing Evaluation Technique
Upon Crash and its Application to the Development

Py &AL R e
Kazuya Yamauchi
AN=I S
Kosuke Kojima

fEH s

Koji Yoshimura Yu Hanada

L

v AL [EAEOY & TEBIZERE - ZBMRE] WS L7 V<2 BEMICIRIET 522 BEL T
PESLBAFICER D A TV D, e 4erfElL, CAE (Computer Aided Engineering, FHEMEZEITY) %
BREE LT, ZAaliRe &R b/ &% @ikt THliNL T D B S 2RI L T\ b, IEFEICBW T,
YNFT 4y A (BT E N L WEERER) FEIRASOWEANIER L TEY, BREY 7 OBREHEE)
WG DN AN 2 FHUCBR L, PR IEORRBICHEA L Tnb, Z O EimEEIEER 2 AV To
FEREERL OB & FRTRFE OBR R~ LR IR 2 M LS5 DA TR, HEORWEM THOCA
E7 0¥ A EITIC L DEZEEOREHRNBG I OME & WE 23E VAT Z ENEHRTE 7,

Summary

It is our challenge to develop and provide vehicles that satisfy both “driving pleasure” and “outstanding
environmental and safety performance” for all customers. By actively employing CAE (Computer Aided
Engineering) techniques in our crash safety development, we efficiently develop body structures that
simultaneously achieve safety performance and weight reduction. In recent years, CAE techniques are
expanding their scope of applications to multiphysics fields, and we have newly developed an evaluation
technique of fuel sloshing in fuel tanks, and applied it for our next-generation vehicle development. With
this technique, we not only improved development efficiency by replacing the conventional prototype

verification process with early-stage verification process, but also developed fuel-leakage prevention

structure by implementing CAE process in the early-development stage.
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&C, MZEERR O Em SR B FI A SEEICTH LT
2,
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FEAERF O PRI & RIRIBE CKSEBLIEEREZ2 &, RE}
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VL, EmMOBEEIC L DB oS, # 7 BER
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BEtOBE OB L Y, SEIERAGERESED,
I OBRELE Z v 7 EEOF EAERD, EZEREOBE
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*1, 3, 4 HMBHE AL
Vehicle Development Div.

*2 EZEMERERAFEED

Crash Safety Development Dept.
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Fig. 1 Vehicle Fuel System
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= 7

Green:Main body frame  Blue: Suspension system
Red:Exhaust system  Yellow:Fuel system Cyan:Engine

Fig. 4 Under-body Structure
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Liquid begins to move upward
along the wall

| Water || Rigid wall fuel tank |

Returning wave
creates a whirlpool

Liquid hits the other
side of the wall

Fig. 5 Liquid Sloshing Motions in Rigid Tank

Body Valve
4 \

= B

Fuel tank
|

Up s

| Rear

Fuel

‘ Liquid moves upward along the wall

U

Tank expands due to
liquid sloshing

Fig. 6 Fuel Tank Deformation Upon Crash
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Fig. 7 Comparison of Tracer Particle Paths
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(a) Top view (b) Side view

Fig. 8 Configuration of Rigid Tank Sled Test
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Fig. 9 Liquid Sloshing Motion at 40ms
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Fig. 10 Result of Rigid Tank Sled Test
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(a) Inside of The Tank (b) Baffle Plates

Fig. 11 Configuration of Rigid Tank Sled Test
with Baffle Plates

Simulation
Fig. 12 Liquid Sloshing Motion at 40ms
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RT 4 —) WTRELY v 7 AT, b &R CRAET
ALy REBREZATV, BREHY 7 T ONLEE & K%
DRELE 7 O N OB % ZRotiHE THlE L
(Fig. 14) , 7=, o4 7 BEmRRB AR 1L,
BHEEN R DX v 7 TEIRICKE L CAT Y v I sy 7 fifT &
WAL TROT-, Fig. 1579 EBR &R0 Z 7 BEw
BREEWEOSAMDO L I, EREINZLD % 7 Dl
DIREW L T REIEIMOBAFEIL XD~ 2 HEH X
SEHRTETCQWD, £72, Fig 16177427 FEOM
HWELE—IORELZA I T L UL E LR TE
THEY, 0.1REOEFR CREmMA K E < ABT HHEK
B DRBFEHCBE DT O EWHE CHS A BT L
R LT,

Displacements

are measured
at the crossing
points

(a) Upper Pan
Fig. 14 Grid Lines for 3-D Measurement
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Fig. 13 Results of Rigid Tank Sled Test
with Baffle Plates
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Fig. 15 Comparison of Deformed Fuel Tank Shapes
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Fig. 16 Acceleration at Bottom of Fuel Tank
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10

B R BRG EEr felE BT
Seiji Matsumoto Junichi Kubosaki Yohei Sato
AKHE R
Koji Suizu

L

WL ZERTD~Y X axy ME, 2018FEET LCX-90 5, ~Y XL 75 Apple CarPlay™ - Android
Auto™ K USiriusXM®7 — & — B 2 #EE 2 #5475, Apple®SCGoogle® BT 2L ¥ a7 Y #1E
BRPTHERICE LI ENTEDL LI, 2P —A ¥ —T=2—RZTRL, ERPICREREREITID X
THIRR L7z, F72, FHSREOHEFICEEL T, HEBAOBEROLR LT, BRI Y X HIZBRERD W20
TVWABRBRICHIBIETEZL01L, vV Faxl vV T YT &N~ N7 OMABRZ DHT
KB CTEDLLIICVATLERE LI, TNUODOHHERBIZEY, v~V Faxs bo [DRRHH LA &R,
VY HHET DESEY] Zmd T,

Summary

The Mazda Connect that has continued to evolve is equipped with Mazda’s first Apple CarPlay™, An-
droid Auto™ and SiriusXM® data service function from 2018 model CX-9. We have improved user inter-
face and dared to restrict the unnecessary functions while driving so that the users can enjoy a wide vari-
ety of contents provided by Apple® and Google® safely. In addition, we designed the system to enable to

provide new functions with the user not only buying a new car but also already owning the Mazda car by

No.35 (2018)

simply exchanging the Mazda connect software and the partial hardware.

These new functions broaden

"pleasure to be connected" of the Mazda connect and rouse "Celebrate Driving" with Mazda car.

1. (XL®HIC

2013FEDHAUT 72T HEAN LT~ Y X OHH
RaxI T4 ET A=V AT LTHDLYY X aRT b
i, TEHLRbRWT AT A avke 7 M2 EHI L,
MEEDWE L H LWEREDBINC XL v, FEIEILEE
Bxzlz bbbz T TWVWD, 2OV,
20184 E 7 /L CX-91Z, Apple CarPlay} ("Android
Auto & SiriusXMT —# —E 2 ZEBMNML, 5%ME
TCHIERER L TV, I~ Y X HHEH & 7
LHHEREO I LR OEARA » N EHENST D,

2. Apple CarPlay® U*Android Auto

2.1 Apple CarPlay & (&
Apple CarPlayld, (K[EApplettic k> TR I
72, iPhone®% Hfli A > 7 + 7 A A > Mg L X

HH AT ATHD, iPhone% Lightning® — 7 /L
THMOUSBAR— MI#EH L THH T 5, iPhone?
CarPlay®— R CHEfishd &, =V X axs hoT
4 AT L —|{ZApple® D X H A VX —T = — Al
maER RS (Fig. 1) , BT —Y— vy 7 -
SMS - &Eif/e L, &FSFERT TV r—varv i<
Y HaRry NOEIET N A ZARLSiri®% o T, EAT
FTHLEBICFHTE S,

Fig. 1

CarPlay Screen

1~4  TEHEIEE TV BISEER

Infotainment and Control Model Development Dept.
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2.2 Android Auto & &

Android Auto 1%, K[E Google #LiZ & » THF &
7=, Android™ % OS & L TH#i+5A~— b7 7
VEHEHA LT ATAAY MEREEHEIEL VAT
LATHD, Android A~— 7% USB #¥—7 /b
TH@ O USB A— Mo#efe L THMT 5, Android
A~— K7 # 2 Android Auto E— R CEfF I D
L, =YX axy sOFT 4 A7 L —|Z Google Now ®
X9 —FRA VX —T = — ABEPERRIN
(Fig. 2) , &% 7 1 — ¥ — + Google Maps™ -
SMS + E#H R EESFEIERT TV —va vk
CarPlay L [RARIC, ~Y X ax7 FOBIET NA A
ST, ETPFTHLERICHATE 5,

40 12:32 &

A Crossover Dr. r

0.1 mi

) Sarah Wilkinson

New Message * Messenger { ‘D v N

%
Ali Connors .
® New Message * Hangouts ‘ L

Fig. 2 Android Auto Screen

23 VATLEER

A al, CarPlayfie #5720z, vV X ax
I MDYV AT AERE —HELE LT, ROV AT A
HRIZ DWW TIE, ~ > #Hi#iNo.31 (2013) oL
s [y Xaxy s V) 2RO EE 0,

USB-HUB ===v b & figx L, vV ¥ ax7 kD
Ny Ry N THDLIARTTAET 4 —~ AL —
2=y [ (CMU) & OOk HFIEEZ LE LT,

Apple #tD v 27 AFEMIZ X Y, CarPlay #fRED
CMU ¢ iPhone Ofijoi@#EE X USB & A FE— K
(iPhone 2374/ A ) 12GY Hbsd Z ERERINT
W5, ftko USB-HUB == hix CMU %Z7& X b
ETDERE—RNICLORIE LTV, 2
255 USBR—=FDIHLEDOR—K1%HKAIE—FR
RICAFE LT, ®—F 2L EH#HKSD H— K%
a2y b ORI D AHEL 72 BIRHE & LT USB-HUB
2=y hONEEIEZHHRH L (Fig. 8) , T
£V CarPlay €— NidAR— K 1 TOLERIEL 22
%M, CarPlay ##iF Th->TH, FFFIZHR—K 2
WL LMoo USB 534 2 %R 5 2 & & AlfE
2L TWn5sb,

CMU 1%, Y7 =7 DEEDHT CarPlay -
Android Auto HEREDBNNIHKIE L7, # LW HERE
BT 5720, CPU AT Y —IZxd 5 AMINHEK
T 5, OB, FIFFICER L2 VEERE 2 HEth g
BT DL TAEY—HHAEEZHIRLZY, CPU ©

cMmu

USB1 USB2

cMmu

USB1 USB2

» +12VDC

+12VDC

uss
HUB

(Replace)
usB OTG

uUsB HUB

USB USB LT

SD SD
Card Card

Current New

Fig. 3 USB-HUB Unit for CarPlay

FEAEE A BT CPU OB R B A2 0T = &
TR Lz, Zhick v, CX-9 USto~y X axy
HHEICICBWVWTLI=~vAY — ¥ A AT
CarPlay + Android Auto H$fEZ L CXx 272 TX
<, BRle=yFaxy MEHELFIHWZZVWTND
MHOHALE <=1l I=~vLaX T CarPlay -
Android Auto #REE Rt TEx A K HIc L7,

24 RARITHKRLUL

(1) Zetsis

~vHFaxy hME, EEPTLEEFATESZ
EERBRIZLENOYS, a X T 48T 4 —ITLD
FMEMEZEZTEHLHICHMIZRER L TS, £
D=, TAAT L —lRKRENTZA LV F—T = — R
DOEEE, EITHIXY v F XL TORERTE 200
kolichoThY, a~v o F—0HLTHRIETE 5,
CarPlay®t— FiIZBWTH, I~ F—DHLTERIET
x5 X 5 ICAppleth L ¥ %17 -7, CarPlayt— K
O T T 5 15 S0 /E N 1AL X iPhonell £ o CHl# X
NHED, AV F—Tc—AEEH LD — Y LOHE)E
FHpE, av A —THRIET I EDICRE R MNE~
Y E D ApplethICIRE L T L T, Appletho
I~ Y ¥ OBEEEZ BN 2 L THERA L,
Android AutoTh a~ o X — DL TERIETEX 5 &
9 1ZGoogleth & ¥ %17 > 7=, Android AutolI#
FRRNEBRNERT A4 ¥ —7 = — AHH %
BRALTWD =Y, —HIcH v F 3R TLrERET
ERWARZ R H D, ETHITH v F SRV NE X 72
WY Faxy T, EfTFICIND OBENTE
RV, EDRY, BT Reav s X —DRIIER
ETHZET, ETHPTHLLRRACLETORENRTE S
Lol L7,

(2) a—Y—Ar&Z—7=x—2 (UD

2 —H#—(Z k- Tik CarPlay € — K - Android
Auto E—FpDarv sy bt~y Xaxy hoFv
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F—a AT L (FE) BREDEFEaYyTF YR
ORI RPOHEHT 22 —2AbETED
b, TOL O —F—OfEEEEZEL, BHICH
mEETEDL Ul B Lz, Bz, ~VFaxs
s O A5 CarPlay £— FOMEICY Y Rz 55
Elcix, TA—2AL#EmE LD CarPlay 74 22 & 3R
3%, 77V 5—varA==2—/»5 CarPlay
ERIRT S, [Tavr¥—0FR—2FRZ2EHL
?‘%M VoL DYV EZFERH Y, 2—HF—

IGAIC Lo TR T WHELERATHHTLZ L
i)>’6?:'<50 oL, 2=V —RHHFTEELLOTF
ZICKHE L TCHEL LT, 2L DFICE - TEMKZ
<HLWE—FRZRAHAWEZELS 2N TED (Fig.
4) .

F72, CarPlay DI =2—Y v 7 77U 2H/AERIC
AV H =D R =T AR NRE U EMT L
CarPlay @ “Now Playing”fii %z —% &K n~ L7V,
CarPlay ® “~ v 7" 77U CREFEPICa~
F—OFERZ 2 EHT L CarPlay @ “~ v 77HH
ERERLEVTHROIEREH L, Thba—¥—
OHIRFEME L EEOBEL G LY, EMERSFHAT
ErEoicLiplTh D,

B, vwwHaxZ torre CarPlay ® “~v v
77 T T TR A DN— NTA X ART/NT KT A
NW=NRELT D Z L2 hT D7D, —FBRA—bMIA
AR H D —HFD/L— b é’%ﬁt WICRET D &,
DNV— I NTA XL AZAHB TR Y LT HI LT
HAX U APEB LWL ) ICHE L, 7z,
CarPlay - Android Auto #EfeH 2 H Tx 5%’:?5;}8
P AEIX, CarPlay * Android Auto ZNZENDH
RO L L, v/&z%&h@%%ﬁﬁit@b&
WEDIZHIBR U7z, ZAVITBEAFHEEE &8N L 7B RE o
Ny T4 v Il o Ta—Y—lZEMEAE Rt
ol TrewTh b,

Fig. 4 Home Screen with CarPlay Connected
(CarPlay Icon Is Being Displayed on Top of Screen)

3. SiriusXM7—42H4—E X

3.1 SiriusXMTF—449—ERXR&(E
K [E o i B HOEEE £ 4T > % SiriusXMAS 2004 4F

X UFERERIIMZ, SEIEREFEREZN—
—ICRIET 2 — A TH D, HEiT v L oEHEC
X0 EEERCEROBEIE® (Traffic) - V7w
LA DDH Y Y A A B H Y D 2E E R L
(Travel Link®) MWERTE D, ZNHDOH—E R
WX, 7AV AR FXoLfHcRitEnTnd,
~VHAaxyg MIZoV—ERxE2ZEL, EERIRR
HEbEETENL— FRER, HAFHREERRT L
JTh<, TEOHMMICRELRZY, /\‘/x“7U~—
VAT AEHOWCTEREE T 7 & o dEiEbe
L7z, 7ok, EKICIFFMEXEOHDZ U7 JBIEJ
ROV —EANTFEET 2, SiriusXMIT 2 ik T
by, (et VKW TZERETH D, M
AT, BITERY—EAZRH LTV DEERIE, b
TrRBMEHTCZOY—ERZ2ZIT6NDAY v |
BH D7D, SiriusXMOV—vE A& L=,

3.2 WESE
v~V axy N TERALEEREEZR
1) .
Table 1

Jr4 % (Table

SiriusXM Data Service Function List

Traffic Traffic Plus

Travel Link Weather Radar

Weather Forecast

Weather Alerts

Fuel Prices

Sports

Parking

Audio Album Art

Channel Graphics

Sports-Flash™

Traffic & Weather Now™

(1) Traffic Plus

FTEOHK FIZEETERERTT DI LITMAT,
ﬁﬁﬁl;éﬁfk TTERWE AT WM & LT
Z— s 5 (Fig. 5) .

Fig. 5 Traffic Plus Screen

(2) Weather Radar

A HEOEZOONY F— SN EEZ Y TV
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A A LTHTEOHKEG FICKRT 2 (Fig. 6)

Fig. 6 Weather Radar Screen

(38) Weather Forecast

HHENLE T DM OB - 3REMH% - 6% D
RKIAR, bHEBEETORKITHMERRT D, HHENE
DA DO FEH T ORI bR RAERTHD (Fig. 7) .

# W@ Weather Forecast

Los Angeles Metro Area,...

# @ Weather Forecast

Los Angeles Metro Area,...
Current 3H

Fig. 7 Weather Forecast Screen

(4) Weather Alerts

HEMBEOBIIZERN - 7V =K - N r—u
MEFEOURNRE LSS, Ny 77 v 7HIEIZ &
L& LG ®RAERTT D (Fig. 8)

& B Weather Alerts
Hurricane Warning

# W@ Weather Alerts
Current Alerts

Fig. 8 Weather Alerts Screen

(5) Fuel Prices

BEMBEORBIZHD TV AZ L ROU R NE
BAL L ROEFT « B POl & & HITRR
T2, vwHFaxs Me#wE L, EEENTEY, F
EOHMME L TCRELEZVTEZZELAETHD
(Fig. 9) .

# '@ Fuel Prices # @ Fuel Prices

WINALL 1

401 S SOTO ST LOS ANGELES, CA 50033

: Settings

< [Eca

Available Fuel Types

R Elg

Fig. 9 Fuel Prices Screen
(6) Sports
PFPER « N2 o AR — N7 POk TAR
DD AR=YDREFERLAT Va—NVEaRRT D

(Fig. 10) .

& @ Sports Scores # W@ Sports Scores
MLS for Dec. 9 (Today)

Next D,

Select'Sport \

r £
. Football

Previous Day

S (pe
' [ Scheduled Teams

Fig. 10 Sports Screen

(7) Parking

B HEALE DAL H HEEEE D Y X a2 £ EEHEE O
R - kM2 E R E L EBICERRT D, vV
axy b EEEL, BEEBICERENTZY, TED
AR LTRELEZV T2 &b RETH D (Fig.
11) .

& @ Parking

Distance

400E 15
| 2
‘i Route to

§ | Laal

-- [ -- Available

Fig. 11 Parking Screen

(8) Sports Flash

2—F—DBRICAY F—L2ORAPICHZ K2
WU BRETSHE, Ry 77y 7w CTEA L
ZORAEZHHEL TV D SiriusXMO 7 VA F v %
NV EyFTFa—rvT52LRARTHD
(Fig. 12) .

& I SiriusXM

SportsFlash NHL Available
Detroit Red Wings VS. Boston Bruins

CHS5

Disable Alerts™ Dismiss Listen Now

Fig. 12 Sports Flash Screen

3.3 HAROIEAHARSID b

(1) fFRICTT T OILRME

T — A Y — R K I LT H R O SiriusXM T =2 —
+— (X65H) #F a2—F—7 7 =2=v k (TAU)
ICHE R 2, RO BEEE BN Y — B RITxE T
5591, CMUPSLTAUD A > X —T = — R %,
IHETOCANN L EHTT — ¥ 6% {5 /e 72 USB
WICET L7z, SiriusXMF = —F— & O@E R 5z
Y By FATHEZAR K O I — ek O CANMEIE & 7% L
TW2, CMUDY 7 b T 2 NN—Va 7T 7T
522LT, MBEAZRTHLHHY—ERITHIETE D
Lol HErERCE & RUE L, SiriusXMF = —F — Dl
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Radar TOMEDO KRG %, TV A TORTRGIE
EBBILa—P—IlBIRBOHDL DL Lz, £z,
Weather Forecast 2323 2 XM HITAE T 40
MM DA, HEFERT D LTS ESEE T
L7280, Bt ALK BH IS B O T Y & B A MR E
L, 28 MEICHEALZET, MEARRTDLIT A 3
DEREEHND T Z 7 4 v 0T A T =BT+
AL THDY T < ik Lz,

(3) FEiFHmotEll

THIVETIE, BERF BB AR LR
BELPTo TR T72h, AU TIVE A LZTE
BWMEFATAZLICLY, RERKREENLE LV IE
7B THIRA 2RI TE D L5k o Tz,

T, BERIKkETOFTE AT ATRAL TV
BT & R LT, X0 @AM Trafficd 7 — 4
EIEHT 22 LT, ERIZETZEEERERE, X
DEERV— FRENEEB LI, Fl2iE, ZAETiE
HOBEHXBE O MBI ®E CThE, FOoXMIZ4ET
B R LTWER, TOXRMEZMSELEEDR
WER A IRIEFTREIZ /R o 72, F£72, LHEEFHROFMLS
Wb Traffich bZETDHZ EICLY, HEICERT
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ZUIECTHATE S L 5o tz, 22— —2NiElR
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Development of Electrical Component Evaluation System
Using HILS
MH  Sez*t e fEET2 A0 HEhS

Hideyuki Okada

Noriaki Kittaka Masaya Taniguchi

L

BORICHEHEA L - B L T A B S OB I3 R <, Hardware In the Loop Simulation(HILS)
OFEAfiEX—2lZa Ry POBEFRARCEGAEATEH L7 EELFEM S AT A2 E L, 2k Elk
L OFEA T 0% A WD & T2 I F S FERWBIZORE N -T2, KM AT 2O K O34 #04

60

Summary

In order to support the development of automotive electrical equipment, which continues to become

increasingly complex and sophisticated, we developed an electrical equipment evaluation system that

utilizes robots, voice synthesis and image processing technologies based on the Hardware In the Loop

Simulation (HILS) technique.

This system has reduced man-hours required for evaluations of electrical

components by 90%. In this article, we introduce the outline and characteristics of the newly-developed

evaluation system.
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e D HEH B MIT B ERO RN &2 LB T 2 TR L
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Electrical & Electronics Performance Development Dept.
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**2  ESPER (Electronics System with Perfect Robustness)
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@b & E 8 L 7-#E %, National Instrumentsftflod £
AR — L, RiEEEAHEAFPGAZ AL D
VlN—RU =777y N7+ —2 &R RNTDH L LB,
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LabVIEW%A Y 7 NV =7 75 v N7 —AICRE LT,

22 JRATLER

National Instrumentstt#lOHILS™T > ¥ > & H.0MZ,
LIFOBREY AT AEEIC L - TR L= (Fig. 1) &
OFEER Ry ML 2BESBIEMES R T A
QEGIIRIZ X 5 BEPEE S AT A

@OBFF AT AT I
@GPSY I 2L — F AT A
®/ARYIalb— AT A
®/MIaRy MZL DI —F BRI AT A
(DBluetooth®FAfi o A T A
OFHEENTI 2L — VAT A
OFEFLEH T = — s A7 LESPER
77 7= AT A

(— HILs ————————————— | é ’ L))
e | FE7’

Camera,

e :

Synthesized Speaker
Voice

Test Sample-y

—l Robht
Virtual ECU )—‘ CAN/LIN

= e

Report OUT

Fig. 1 System Configuration

3. HiEELEE

31 EERANRY MoK PEERBBRFEIRATLA

BEERFMIIIEER A » THEOBENLIE L 2 572
O, BHEfLOBENGZOBRIEICIIEEH e RNy F &,
=XREou Ry b REEHA L, #79 -51< - Bl

1/F BOX

Fig. 2 Electrical Component Operation Robot

OBAENTTREE 720, AR OBAEIC i LiIZs>& 3
R FHMEOEW AT A E ol (Fig. 2)

3.2 HEBEREBIZKLLSEHEBHESRTLA

BEMFHEO BBk 2 KBS D L THERKA > FD
— 20K - NGO BEPHE & W25, ZhaRN 725 A
TAET DI, FHETICENEERE LN D) T A4 A
LCHEHBHNT L, BEOICAEGHENMTA D VAT hatk
# L7z (Fig. 3)

Fig. 3 Automatic Judgment System

33 HFREAHYRTL

N —F EEBOIFEOBBEML, A1 v FRIEOL
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DRI D BB > T, BEDOA D =XLDONEL
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DEFRBHERICB O T oK EL2’ER L (Fig.

Fig. 4 Speech Synthesis System

34 GPSYEal—FbhIRTA

I —F EOBEERBEEED—>Th 5 OPSHEREZ 2L
LI2DOUT DY AT LatEE LTz (Fig. 5, Fig.6) .
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Fig. 6 GPS Simulation System (All countries)

35 /JA4XYZaL—rURTLA

8F ¥ U HRND ) A AV 2 L—F & AT MHHRIA
Tz L2k, £150VH v T Y v T H A D5 uBETD
SESERBRWN ) A AFHERITA DV AT L E LR
(Fig. 7)

Fig. 7 Noise Simulation System

3.6 /MIARY kDO —FEFHES R TL

B FORFNVOBEIIE ARIBOR R v by Radk
i Li/MiieRy hEBRHALEZ, Zhickh h—x X
—TAVRAY RNT 4 AT VA RFNCTERET DA~ ED
Ry« TV w7« AT A THRIENAEEL 72 5 7= (Fig.
8 .

Fig. 8 Small Robot System

3.7 Bluetooth®s{fi > X 7 L

TR =T A A NURAT ATEHE LI A~
7R s & C HBRHI T A BRSNS LB,

ZOEDFRREZREDLREALTEORKRT AT L THD,
BIZIEASHROER T 7 A NV e~y X axs NTHAE
T2 HERED B BEHM I F B RAE L2, FPlho
R ZHET 5I121%, A2 2T L TBluetooth® DB 7
DHLDETFT7ARXTHZETHRIRT S (Fig. 9) .

Fig. 9 Bluetooth® Evaluation System

38 FEEEAIIaAL—FYRTA
AR & 38 0 FES OBEEMIZRIOEEE M & #8E L
LN SEIET 2HERE L o T D, LIRS o
BN AE LERT OLER S o=, AEIEILZ
NHBEETLEEMZTI 2L — T OHETH D3,
WERDHILS Y A7 MEHED H O TIX /2 <, K0 EREIZT
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Fig. 10 Virtual Electrical Equipment (Cluster)
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Fig. 15 Small Size System Image

Fig. 13 Security Test System
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Advanced Technologies for Noise-Vibration
on New SKYACTIV-D 2.2
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Kiyonori Nagato Koichi Hirata Yoshinao Okuda
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Summary

We've been improving SKYACTIV-D drastically with a lot of new technologies in terms of drivability,
fuel efficiency, emission, and NVH since the first-generation CX-5 launched in 2012. The novel concept of
combustion for NVH has been applied for new SKYACTIV-D 2.2 since CX-8 launched in 2017.
Furthermore, the brand-new technologies are applied for the one equipped ATENZA and CX-5 launched
in 2018 with, consisting of advanced Natural Sound Smoother and the new method reducing idling noise.

In this paper, we introduce these innovative technologies which realize the engine sound expressing

“driving pleasure”.
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T4 =BTV, COBEHEN DRV & LT, RUNEZ R LICEMEL LR b v =7 291
KLU T&ER, RRZERBIY (NOx) 1ZX D5 RRGEMHI D712, NORE M BARE 23 A AT oL T
W5, BRINTIZREAEEHN SN T& 7= New European Driving Cycle (NEDC) (2 L 28125, £ & ik
DT ENBRES N, P ARBI O EEFR A B AR —BRY1 7 L Worldwide harmonized
Light duty Test Cycle (WLTC) (Z/12C, Real Driving Emissions (RDE) JR#fil2320174-9 H 7> & HifT
Sz, 20124F (23858 LI-SKYACTIV-D 2.2i%, (KM & mRilic e F—( x—7 7 &L LIcBE= &
TRZED, ML TTHORNRIEMERE, 7 7 A by T LV OIRIBRE, NOxBWUHEZ VI L L
BRBEMERE A RBL L7-, AFiTIE, SKYACTIV-DO =2t~ h&fkE LoD, BEARHETI v abx i
L CEA L7ZNORIHEIT & ETF NV ETEH LB 7 7 2 2o\, £7ET7A~— 2% (UL TMBD)
T FEHT 5 70O ITHEEE L 7= Selective Catalytic Reduction (LA FSCR) E£F/MZHOWTHET D,

Summary

As internal combustion engines emitting low COs, diesel engines have expanded the market share
mainly in Europe. At the same time, aiming to control air pollution caused by NOx, NOx reduction
technologies have been actively developed. As the gap between the contents and reality of the long-time
used NEDC was indicated in Europe, RDE regulation came into force in September 2017 in addition to
the WLTC. The 2012 SKYACTIV-D 2.2 adopts a low compression ratio and efficient supercharging
technology as key-enablers to realize strong and expansive acceleration, class-top fuel economy and clean
emissions without the after-treatment system of NOx. This paper reports on the NOx reduction
technology and a model-based development process to achieve further low emission, and SCR model

constructed to realize the model-based development.

1. [FLHIC 2. RDEIZDLYT
SKYACTIV-D 2.2%, {KJEHi & EahRi@it s 5 —1 21 RDERH 0¥
F—T S LR EEa L MNCLY, ML Y 7T e DB T 2R TH HNEDCIZ S5 A28 s
R EERE, 7 7 A b v 7T LUV DR, NOx I, TA ML 7 NVEBRRESMEOBARETHD (Table

A 2 TR L LR O BRIEMERE 2 L L 720, AR T, 1) . FFIZRDEDT A b A 7 1%, Bl Lin] X
ZFOarv T NEMHK LoD, HicH b Lizgo NESESERT—APFETE, THAXPEH T ARE
LOTO, NOEHEHAIC>WTIET 5, £/-MBD%E VAT 5 (PEMS) %AW EE{TTONOHEHED
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Table 1 Emissions Regulation in Europe
2016] 2017 | 2018 | 2019 2020 | 2021 2022
Standard Euro 6¢ Euro 6d-TEMP Euro 6d
Test Cycle NEDC WLTC/RDE
NOx Standard
(k) 80 80/168(CF2.1) 80/114(CF1.43)

Air Temp. 2515 3~30 (Moderate) 0~30 (Moderate)
(degC) -2~below 3, 30~35 (Extended) | -7~below 0, 30~35 (Extended)
Altitude _ 0~700m (Moderate)

(m) 700~1300m (Extended)

2.2 FRMTIBICE TS ILEDHE

Fig. 1 ZHTZI v arTAMFAZATO, BHHL
IR OBIFRZRT, Artemisid, BN O S F &£ 7ok
Blicka7 vy MZEXOIERSNTZT A Mo 71
T, RDEDBFBIZIA<IEH I TWD, ol RN
THEITT —# T LR A2 e Ty ey h LT
b, ZOMEEZEHTOERICHYS T 525, RDE
(Artemis) OMHE X, ZhEFRZELLTHDLZ &
IWESIND,

RDEHHIZIT, i&@?&V//7FAm(mLF@
KN ZHIRT 2721, HHEIIEE % 3} U=
HARTAELTH ﬁi’éﬂé ArtemisiZ Z DO H A K
FTALCHICH Y, FITE LVIEE & 4881 K - T
KEND, ZODKINTTIFIZIBW T, T &
BB F CAmMIINOKB AT R A NETH 5,

-#-New -E-Current

/d
i 100mg/km /

___"‘5544
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NO,(mg/km)
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Fig. 2 Raw NOx Potential of New Engine

T, CO IR L, £V MERE & Bl
ZWE LN, b P PEHNOx (LI FRaw
NOx) &gz EH L~ (Fig. 2) . Bfilizgs=I vy =
YT A RNYA TNV EFETERNF = MEWIEIZAE D B
TN D,

L L2E TR 72 L 518, BRMTHTE T OMIRCREEIA
FTOXATIv I Ly PaEBETDE, BICNOIFTHEM
T %, 722 EGREESCIRBERE I OB A1Z K 5 NOx{E

AT U7 E 0 PERE, FRAPE R QYR HERE DR N
DN D, ZHORMIEE R LR nTzbiz, BRI
IFIZIINOX B AEE S 27 L aE A LTz,

SKYACTIV-D D584 T & HIENOxHEHEm &, BRNEF
A D v TR B A ek DO NOXIE IR RE D3R L & % L
T, @WHES AR CEN - NOIFLIERE 2 5 2
Urea-SCRY AT L &38R LT-,

4. MBDIZ & 2 NOyi#EERR &

3.5 E——
. 1y P 1 41 BERFEETTILEE
= WLTC(IPN) NOxf&gkRE A = o ¥ Al & SCRHMITHL /335 728
g “*-WLTC(EU) i Raw NOx, SCR~DHiAN A5M:, SCREHLAIZIZ OV
s e L CHERMAE AT, Fig BIRTEBY, £ 0P
E L \ FlokR SN,
TN
1 R TR—
A
NN e
0 T~ [ ™ % Intake O, IEEe—
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Vehcle Speed(km/h) i BN

Fig. 1 Vehicle Speed vs Acceleration
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Fig. 3 Exploded Views of Function for NOx
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WRE LTI 67220, Fifle DU ot o
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Fig. 4 Model Based Development Image
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kL, BEZREEE, W&k UONO/NOxELFH T 5,
Raw NOx&EIZ DWW CIEFEERGHETE (DoE) ICLDIEEL
TREET A CHEIND, IO HE/REEZSCRET
WMZZTFEST Z LT, T—A 3147 NOx (LLT Tail
NOx) HEMEb oD, flile=y N, EELFEZED
7Yy 7 ICEGR G HIE OB g B & [k L7z b D &
ML, = Yra=y Medp Lz, 2Rk, f
i I — R T OMEE BAE OGN FTEE L e > T D,

4.2 HeeBERE

RDEIZBWTI, T A A 7 2k L Urban (it
) &> B0 Z IS NOxEE H L2358
INb, SCROMKIENOxF{LEREIC R L CTlE, =¥
22HSCRANETOEGEK L, SCRIEA N ADNO/NOx
EROEENRKE WD, TOREEET VI THRIEL,
MEREH T3 2 Urbant 7 ¥ 3 » TONOxF{LFR62% 12
LT, EN—FyxT7 COEREEZME LD, HE
KN ADBEIALR, SCRFEAA A DNOSNOxHFEDE
NENIZ, HREREEZTT )V ECiRE L7, Raw NOx
& Tail NOxDE 7 VR R % Fig. 51277,

o
© Raw NOx

5 ® Tail NOX 1\5"'“3/""‘ °
= Phasel NOx Std.
r= J5 A (U N g
E @ o] .
x .
o o © «® 9
4 . ®

Low €——— Severity (%) —> High

Fig. 5 Simulation of Urban NOx with Function Target

T D Severity (T WLTC D CO2ff & FUEICH I &N B
R TTE T, ETZRAXF—ICHE T 5, Z DSeverity
ERE25%LINIZINE 5 Z EXRDED 7 A M gL 725
TW5, PETADOBMERAKINIC L SCRY A7 A5 HiH
IEME L, {KSeverity 7> & /& Severity ([ £ 5 & TENOx %
FHCTE DMEEREA IR LT,

43 SCRETI
1) =T VO

AT TR~ 7=MBD % EH T 2 7= OITHE L 7-SCRET
JUZOWTHENT %, MBDIC & 2 BAFHEAE B TONOx
BERERd 4 & MR B E O ME 2 EHA L L, Fig. 3Tx
L7ce 2 BB TEX 5 2 L EFRICE 2T, Y —

(GT-POWER) %#~_—R & L1DETIVERFE LT,

ETITIE, HAOBR, {bFRG, My Oitis %
BL T35, LG TR NOXR TS DR IE
K@), @), Goftic, NHsOW# - B, NHz&UNO
OMALZEEL, YUNITHI0REERE L TV, LI
Fif T o MET R D D TRIS0RE TR Lz,

4NHs + 4NO + Oz — 4N+ 6H20 6}

2NHs + NO + NO2 — 2N3 + 3H20 2)

8NHs + 6NOz — 7Nz + 12H20 (3)

(2) ETIVIRIE & ABERMGEE

F 9, SCRAMSEDFEM 72 Rk 2 3R T2 72D 1T,
Table 2(Z7~ 3 B{RMEEEFEAN 2, Synthetic Gas Test
Benchi(Z TSt L7,

Table 2 Experiments on Synthetic Gas Test Bench

Experiment Feed gas composition Temperature SV
" 100/200/300°C 15k/48k/
0, 0,
NHs adsorption |200ppm NH3, 0%/7% H,O heat up to 600°C |120k h't
L 100ppm NO, 10% O,, o 1
NO oxidation 180 to 500°C 48k h
7% H,0
200ppm NHgz, 10% Oy, o }
NH; oxidation ppm N, 1076 2 10010400°C |48k h
7% H,0
. 200ppm NH3;, 100ppm NOy,
NOy reduction 10% Oy, 7% H,0 l40£180/220/ 48k ht
steady-state ) 300°C
with NO,/NOx=0/0.25/0.5
NO, reduci 200ppm NHg;, 200ppm NOy,
X EAUCHON 19 50 0, 79% H,0 10010 400°C  |48K/120k h'™
temp. step .
with NO,/NOx=0/0.25/0.5
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PGSR, T8 CREATBEEE O &y BRI & 0 RE
L7zo BUSZ &R O BARMERERN A2 F5E L, & BU&
ETNVOEMALTRNVFX =722 EOIG/ST A — X & [FE
L7z, [RIE L7z ROV T FREICib <5,

© NH3DWHE - it

Table 2(2H¢VY, FNHs & N A& HAIC @ S,
NH: WA BBEOIREE, Z2MIE (SV) &SR 285
B2, ZHUSZ, NHs:H0i3 ¥4 T4 b EICHS
WHET 5 Z & HH00WH - BEESS & Fiiclc e T v
b L7z, NHs & IIxd 2 H 0D BEEET D[4 T
DEF ARG % Fig. 61077, HaOW5 % 18 L2
BA (EX) XN THEES AR L, NHajE s
M<EHENDA, HORFEZEBIET 5 Z & THXINIC
ZEXWAEY A MU DN EY A MOEIG R
720, BEEMEEESND Z & THRIEWEIZORR T,
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2 2
3 Temperature g
B [
e £
@ o
o [=3
E 1
T O
5 <4
E £
=3 o
& B
a3 I
=z =
0 400 800 1200 1600 2000 2400 0 400 800 1200 1600 2000 2400
Time[s] Time[s]

Fig. 6 NH3 Adsorption and Desorption Model Accuracy,
without H20 (left) and with H2O (right)
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Fig. 7 NH; Adsorption and Desorption Model Accuracy
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% Fig. 812177,
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Fig. 8 NOx Reduction with NH3 Oxidation Model,
without NH3 Oxidation(left) and with NH3 Oxidation(right)

Temperature[°C]

@  EHTOET VR EREERS R

b BEAAS S TAT L CTHRESE L 7= 87 /L 0D JEHE I 1k & B aiE
T 57201, SCRY AT A& L 7= £ TONOxFEH]
HEETNVHEBOLMEEZIT o7z, 7 WITIEHHENH3
Erarbta—ATraly 7 ERVIALE, ZOa v
fe—ir Yy 7i2iE, NOxiEn « NHsfg{t - NHsfit
Bl ONHAENHW A A B LTV 5,

CORERLY, EEICBOTH YR TETIVKEE ik
L TEHY, MBD~OEHMEI R TEZ (Fig. 9) .
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Accumulated NOX(g]
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Time[s]

Fig. 9 WLTC SCR out NOx Model Accuracy

5. BAEM

51 HRVATLATHORBRELER

BT YT, YU v~y ROk
XY —RA hw=FR—/V RERHL W, Fillciy—
RANT U TOMEBMEREHEZUPS 5 Z & T, ZEHmUT
EEL, BEREZEE LT, RIZKZ—FRONTD T
ERRAA Uz, RTZ8 25 Soplis i oD I SO 1 il O 78 o 3
REALIEE L L, BUEROKE VT AEKIZ OV TR
AR EZRA L, 858 & R, TIGIEBEIZ T—
TEENTWG, e 7Y riiEEbanTtesy,
FR & PRRPERERSRER L L7 (Fig. 10) .
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Fig. 10 Double Layer Sheet Metal Housing Technology
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Fig. 11 Improvement of NO Oxidation on DOC
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SCRAMEIZIE, &BEMSNIZEATA M Z A T otk
M7, @R L B4 7 A MZoOWT, Table 3iTY
ZODMRRITT, BEREMRGEA FEHE L 7o, AREA K OB
DONHsW A5 & & NOxiF LR ORI & Fig. 12127577,

Table 3 SCR Catalyst Specifications

Catalyst A Catalyst B
Doped Metal Metal A Metal B
Zeolite Structure | Structure Il

I I I I I I
——Catalyst A NO, /NOx ratio 0% Hydrothermal Aged Condition ‘
—Catalyst A NO, /NOx ratio 25% I I

1 | |

§ ——Catalyst B NO, /NOx ratio 0% System Tolerance
?é' —Catalyst B NO, /NOx ratio 25% |
.g System Tolerance /__//"/ f
g _— |
Q — — ]

< o i
5|
z | [/ —

éé/// 0.2g/L ;
NH,; Load quantity (g/L)

Fig. 12 Comparison of NOx Conversion Characteristics

SCRIAJEX180°C, T AATHE 24 0> 22 R -C D %
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A IZNERICNHs 2 L o220 L35 L CNOxiE T i
4T O OWTH L, BB TIE 22 WNHs % & TR
NOxi# b 47~7T, NOJNOxHZHE=0%DHE GLED)
It BEBIXAMBEAIZ K L CTHHEEOE P35 L <, SCRIZHT
AT BNOI/NOsLRIZE ARF L TWD Z L0 5,

FEBET N AER E R LN S ®ED >
AT 53T % (System Tolerance) %, Fig. 1212~ L
TWb, SCRY AT A%, NGO NHE 5 &% HHE
FHMT D ZENTERWED, NHsEERD AT Y F(C
& L CNOxEH LR DARIR 72 FpiE & b DS 2 FE Luad
fRIEBITIH LR LN K E L, AR MERS D,

FoBATA M H A TOSCRAMETIX, DL
ICHCSR# L, SCROMREZILET S Z LB ®MEIH
T30, WAEHCIE, NHsOE~OWEZHEL, %
7T A —EBNRT 4 Fab— N7 g VF—OFAERIEIE
FFO L O REIET ALY, WHEHCHA—XIZERL L
BA, LIS CEA T4 MBI T 572 8, A
OFEICS7e N D, SCRAEA T A F DS ENPHIZE® X
n, FLREEREDTORE EINEG, SCRIZHE L7-bEhHE
WRAfgEL 72> T35 (Fig. 13)
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Fig. 13 Pore Size of Zeolite for SCR Catalyst
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Fig. 14 HC Influence to NOx Conversion
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Newly Developed Gasoline Engine
“SKYACTIV-G 2.0” for Roadster

o B s SR ER TS
Hiroaki Muranaka Shigehiro Sakogawa  Naoki Shimura
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Hiroyuki Asakura Yohei Suzuki Kazuya Koike
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TP —BLTERLTND [ELEG , TOZHEb 20— FRAZ—DN\T—a=y M itk
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Summary

The Roadster can be regarded as a symbol of “driving pleasure” that Mazda has been consistently
pursuing. The company has recently evolved the power unit of the Roadster in the hope of bringing
brightness to the lives of many more people with it.

To develop a new engine that pursues the ideal performance feel, new technologies to improve
combustion, reduce mechanical friction and enhance engine sound have been incorporated into
“SKYACTIV-G”, a highly efficient direct-injection gasoline engine that the company previously developed
with the aim of offering driving pleasure as well as outstanding environmental performance. This paper

introduces the development concept of the new engine and the breakthrough technologies adopted to

realize the concept.
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Fig. 1 New SKYACTIV-G 2.0 for Roadster
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Fig. 2 Engine Performance
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Table 1 Specifications

Engine Previous New
116kW(158PS 135kW(184PS
Max Power(JIS nef) /6,00(0rpm : /7,00(Orpm :
Max Torque(JIS net) 200NmM/4,600rpm 205Nm/4,000rpm
Max Engine speed(rpm) 6800 7500
BorexStroke(mm) ®83.5x 91.2 «
Displacement(cc) 1,997 “
Compression ratio 13.0 «
Int-valve event angle 258° <
Exh-valve event angle 241° 254°
Fuel Pressure 20MPa max 30MPa max
Fuel Injector DI (6holes) DI (Bholes) .
w/.short penetration
Throttle Dia(mm) 55 60
Fly Wheel Solid Type Dual Mass Type
Water Jacket Specer w/o. w/.
Qil Cooler w/o. w/. (MT)
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Fig. 11 Drivetrain Frequency Comparison
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Formulation of New Wall Heat Transfer Model in
Consideration of In-cylinder Flow of Internal Combustion Engines
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Summary

Recently, reduction of cooling loss in internal combustion engine has been recognized as one of the key
issues to improve thermal efficiency. For maximizing thermal efficiency by suppressing wall heat
transfer under the wide range of engine operation, comprehensive understanding and modeling of wall
heat transfer in engine combustion chamber are definitely necessary. In general, fully-developed
turbulent flow is assumed in existing wall heat transfer models (wall function) used in CFD. However,
undeveloped flow was dominated in engine combustion chamber. In this study, velocity distribution in
wall boundary layer and wall heat flux were measured at the same time under engine-like condition with
RCEM (Rapid Compression and Expansion Machine). From the experiment, we revealed that wall heat
flux could be predicted with turbulent Reynolds number. Considering this finding, we formulated the
new model. Using this model in CFD, it was found that our new model was able to predict wall heat flux

in internal combustion engine quantitatively with high accuracy.
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Fig. 1 Measurement System for RCEM
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Fig. 2 Schematic of RCEM

Table 1 RCEM Specifications and Experimental
Conditions

Bore x Stroke ®89 mm x 95 mm

Compression Ratio 14.2:1

Compression Time 95 msec. (300 rpm Equivalency)

Infill Gas Dry Air

Initial Gas Pressure Atmosphere Pressure

Initial Gas Temperature 298 K

Initial Wall Temperature 298 K

Measurement

High Responsive Thermocouple Area for pPIV

Chamber

Laser Light Sheet
Punching Metal

(b) Type 2
Fig. 3 Schematic of Combustion Chamber

(a) Type 1
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Table 3 Computational Condition of In-Cylinder Flow
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Detailed Chemical Reaction

Reaction Mechanism
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Fluid Air

Time Integration Implicit / Unsteady
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Fig. 11 Comparison of Predicted Friction Velocity
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Fig. 12 Measurement Position of Heat Flux
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Fig. 13 Comparison of Local Heat Flux for Test Engine
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16 ElbHERENDEY AAELEBTOVREEHT S
ZIRM B R AR DERALE
Accelerated Evaluation Technique for Corrosion Resistance of
Painted Parts to Facilitate Innovation of Technological Development
and Quality Management Process

e FREAT HUK  fhTe

Teruaki Asada Tsutomu Shigenaga

L

HEV RO MEIE, BEROLZE « LOICEM LIFEFICEETH D, PidmEx, e, Tk TR
1h72 BN F R LGIT DI b, JBERA %L < SROMEREE L THRTL2METH D, 10k, HAHE
RINOEORFZHIEL, PiFiE 2T 272D EEERBRAAV SN TE 2, FEARBRIIERITHE
fHEE, ToREZEERTMT 2B THY, BEVLOTIIFELU LORBRYIMNLETH D, 1E-7T, B
S G D AT R OB MR AL T, HmWPAREMHERO R v JHAEDOOE S Tho7To, ZORE
ZriRd <, BB OM &V 2 B aE O R FURBLIC A S &, BRULERIERH (EEKI30 A =715
53) CrEkE B E SR AT RE 2R BN & BHSE L7, AT, HTRBA TS U 7o TR R A MR 400 ARG B 0f7 oD R AT It
B, PhsHAfBIzE (BB ORIEEANBEZE, BRI SCamEEBISH T D AMEC OV TR, KEITK
PG 2 L7 & SERFEHEGIZBNT D,

Summary

The rust prevention quality in vehicles is extremely important for the safety and security of customers.
It involves a wide variety of influential factors, including materials, construction methods, and process
conditions, and many companies have a lot of target parts related to the rust prevention quality.
Conventionally, actual corrosion tests have been used to control these complicated factors and to
establish the rust prevention quality. For an actual corrosion test, in which the parts are actually rusted
and the rust condition is qualitatively evaluated, a test period of more than half a year is necessary in
some cases. Because of this, an extended period of time is required for the development of a rust
prevention technology, which has been a bottleneck in shortening the lead time for vehicle development.
To overcome the abovementioned challenge, we developed a new electrochemical evaluation technology
for quantitatively evaluating the corrosion resistance of painted parts, with high precision, in a shorter
time (shortened from the conventional approx. 3 months to only about 5 minutes) based on the principle
of the functional expression of rust prevention. In this technical report, we introduce the evaluation
principle of the newly developed technology for evaluating the corrosion resistance, its effectiveness on
the development of rust prevention technology and the quality management, and various examples of its

utilization.
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<(b) Measurement equipment>

Fig. 1 Principle of Measurement and
Measurement Equipment

Table 1 Details of Specimens Used in This Study
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/ym 3 condition
/mol cm™) /um
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Dissimilar Material Spot Joining Technique
of Aluminum and CFRP
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Katsuya Nishiguchi Kojiro Tanaka Yasuhiro Morita

A sl

Yukihiro Sugimoto
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HIERBRBE M A 1 S BB IS W T OARRY 72 BRSO R D b TR Y, TERDHR D 20D B
—FEM TR T =0 AR B & 2 BT ICELE Lo~ AT <7 U T VEROIFIERED H i
TW5, wAF=T ) TABEEKOTEME, #itk, 71I=0 204, ZHICRFERERLS T AF >
7 (Carbon Fiber Reinforced Plastics : CFRP) ZHHAf1T 27 O OBEAFMNME L 70D, fEk, HFEH
BIO#SIZIZY Ny bRV Ny M E OISO O, AEESCa A MEORENKE o7,
TN =0 L ECFRPE ZRIEM 2 LICEEEAWREL 32720, 7A=Y ARERT VI =0 5 ko
BHMEAEE LTEMbaN TEEBRE RS 2X— 2 & LIEAMBEREIFOREZIToTnD, AT
I5ClE, CFRPO~ hY 7 ABEPICHIET 2 BRI L 7 VI =0 AREOBEFR V v FJE & ML FERIHES L
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MEHEDJIIS A IR AW EZ ERI2EEZ R Uiz, #6500 B RIRECHIIE O BRI IS U THG /N
T A—H—FWEIIRET D & TEHERRBIIE~O i H ATRetE S Rme Sz,

Summary

Radical reduction in body weight is asked in vehicle development against the background of the global

environmental problem, and a study of the multi-material body, arranging aluminum and CFRP properly

instead of the conventional steel sheet body, is advanced. The joining technique to assemble a steel and

aluminum materials, which are the main materials of the multi-material vehicle-body, and CFRP is

needed. Application to joining of aluminum and CFRP was considered based on the "friction stir spot

welding" which came to practical use as the dissimilar material joining way of aluminum materials or

aluminum and a

steel sheet. It was guessed that a joining mechanism is the chemical bonding between

the functional group which exists in matrix resin of CFRP and an oxygen rich layer in the aluminum

surface. Also, the joining strength indicated the value higher than the JIS A-grade tensile shear

strength of the

aluminum resistance spot welding by adopting joining condition properly. Proper

adoption of joining parameter based on the required strength of the joint and thermal property of resin

indicated applicability to diverse resins.
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Fig. 1 Example of Study of Multi-material Body

2. BEEQOEEL L EARIT

21 HEDIILFITIFIE

HARIIART 4 — LN T F RN DY,
MHEED40% % 5O 5 KYEM Th 5, TOBREKITY
¥ U—RNT — N A VR EICDER T D0, Tk
%&KEM@%%%k%woit @ AR, EAT
PERECIRBIR S 72 & B O PEICER T 5720, BE
DRARREE, MEOEEIC ik%&&é%#? EXuNE
EORL, METIEORENREETH D,
BUEOHMRMEHIB A ERTH Y, 5% HO007%R
BEE R LEZ LN, ®EIHKR, Ky h2Z T
HEOMMAILRPMEL, P RIGIIIHIR LIS ORE b i
MBEFTICHEH L7z~ TF~T U T e ERT 2 LB %
LTV, BEICERINO—E kBT, ik, 713
=7 AR OCFRPE A G bR T~V T ~T U 7 ILVHK
NEBLEN TS, HANTYH, BRIk ETHEROM L
RSV T F RO T L I = 0 SPBHE A
HATEY, —EOLBAFEOFEMRE TIECFRPEAM O
HWAHALIRE > TV D,

2.2 EEMEESEIMm

BER DR AR TIN S IN 2 T T Y —F HE
Jay JEENRTERTHY, TOESIZITIIAR Y b
REEA 1R Y72 0 3000~4000 8RR EHFH S Tn5, K
PLAR Y MEBAZ, BIEMBAAETL A Y72 osa
A RDUNEW, BAR Y MCX 2 BELRES CTHhoBs
Re 23, BRICRT 2 B RERRKE Wi EoERT:
a0, v F~T U T IAHEEROBEAELTITHNS
NABRMBEAHN O AR Yy NELOME, 2 X b,

TILSICFRP: b5 5UwF

EEMEDRRD BN D,

TV =T AOEA T, BEAEENEY AR
NS T 7B A TE HREEIC itw7t7///7)ﬂ/
h(ﬁ%)@@ﬁ#sz%@ MRZERS &R DG 72
ERBINSOBRT 7% AREEREIIIZT T4 > KU R
y%%7m~b)»x7):~(mm)&&@I&#%
WHND, EIREMRE TV =T AOBATIE, SPR
OuANEE LN, BEEEOFHARNALET ) 2
YarT LAy MNEEE (FEW) OBEALIAE->TWS,
CFRP L & B OBES TIE, RWIBHEARECEH I < B
LHOMENRDDLTZDRRE L TTITA L Ry h &R
BIZEDEENERTH D,
CFRPIZEURME = A "3 <, Rz, V¥ A7
PR BT D & OFFE R RIC TR C X DA~
DIREARERANHEENEZ X bND, BRFEMEZEE
L7evw v F <7 U T VEEOFEZMECTh 28k, 7V
R =ULAEOER, ZIUWICFRPE AT D700k
BEMBRIEL D, kO Y Xy MEGITITAEENER
A NEOBENRKE <, BEELER= 2 Melcxhis L
T B ANV ETH D, LTI, TAHI=g L
LTV =05 RO BEMESEE LTEMMES
e TEEBE S 29 2= BT, T
I =0 L CFRPEEEIIH SEEEM DA D =X A, P
BRIZOWTHET 5,

3. PVE=) L /CFRPOERIERAES

31 EET0ERARUAD=XLA

TR = AR OBEEE AT, mEEERY
DY —NARTIRETHASN, BEATTVI=ULE
LS8, BErERENC LY E TORPEMRES S NS,
TN =L SHIROBEA T, FECT VI =050

MOBIA SN — VT TARCE TIIHEE T, EEHL
MEINC XY LR F i @R a4 & TR LR AR

TN =0 L CFRPOBEERI#AHESIL, T I=
UL HROBEARICE D IEVWEEZ NS, SEEERT
2V —NME EROT I =0 MU BIEEAIN, AR
I EBRIRERICE Ed b, TAWI=v sy —LH
TEEERR A LBMAEIC X Rin O CFRPOBIE % ARl L

Probe touches Shoulder touches Completion of
to Al to Al penetration

Pulling out
of tool

Fig. 2 Schematic of Joining Process
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Fig. 7 Schematic Image of Joining

Table 1 Joining Conditions

Parameter Conditions
Tool diameter 6~10mm
Rotation speed 1000~15000rpm

Penetration speed 6~60mm/min

Penetration depth 1.0mm
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Fig. 9 Photo of Test Piece after Joining
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Fig. 11 Relationship between Joining Time and Torque
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Clarification of Catalyst Reaction Mechanism
for Modeling of Emission System Control

B Rl W gLth*2 RE s
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Summary

To maximize the performance of catalysts, it is necessary to optimize the precious metal surfaces which
are emission’s adsorption sites. In order to control the precious metal’s surfaces, the precision of the
emission control system need to be improved. Accordingly, we developed an ideal control guide line by
clarifying the relations between emission conditions, precious metals’ surface conditions found by in-situ
analyses (NAP XPS), and the catalytic performance, and found that the oxidation of the Rh surface
deteriorated the catalytic performance. Also, as a result of the research where an oxidized surface was
deoxidized to recover the catalytic performance in an almost-actual emission condition, the NO2 that was
generated by the interaction between the surface oxygen and NO in the emission covered the adsorption
sites, preventing the adsorption of emission components such as CO as well as catalytic reactions. Based
on the outcome, an engine test was performed with the gas composition of lower concentration NO,
showing that the NO emission was reduced by 20%. It was proved that this method improves the

precision of the control of the emission system.
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AWFFETIE, NOxiEbFsEIcENR 2 r YU A (Rh) (2
EB L, e 2ABRE, &&RRERELOE RO
REWFLNZTHZ LT, BAL T o0 HEZHED 2
L xRRBT, BEBREIRESIITIL, EOEHHTRE
R MERRIEXHROEE 06 (Near Ambient Pressure
X-ray Photoelectron Spectroscopy : NAP XPS) %W
7o

2. RERAE

21 FM@Y>IL

il A R L 20, AME26.4mm, K £22mm, kL
#E600cell/inch?2dE / U Z3A{KIZ, RhA2wt%HaE: L
72ALOsKY KB a—T 47 Lizb D& Az, NAP
XPSIZi%, SiHRER LI AR L7-SidEik LIZRhT /i
TEHEELILLDOE MW, Rh) /R IIH AHZEE
TER LT,

2.2 bR ST

B T AR ORBEEENICALE L, Table 1LIIR
THLA2REAGTA ZHBIER2N5, KiE~500CET
30°C/5y TR 21T 72, A =100 AMALIE, LSy
EBILHS DENVE LR E LTz, Z0% A =15MT,
30°C/4y THIREE 285, MEXA-7500 (HORIBA#Y)
MR O T ASHT 21TV, I biERe 2 R Lz,

Table 1 Model Gas Composition (Pretreatment)

Condition | Temp.(C) Concentration (%)

0, | €O | H | €O, [ CH | NO | HO | N,

A=1 500 0.90

Lean® | 200 9020

Lean@ | 400 ’ 073 0.66 139 006 | 000 | 1000 | Balance
Lean® | 200 159

Lean® | 400

SV = 60000 (1/h)

23 I UPVIZ&BEHE

TV U O TR ORI, 2.5L0 B =
YU EMAW, AT EEAE Y =Y )5 150em g
F~B A7z, FHINE, S£AETAF, fildfBediiE,
fill 8 R/ % D H R KL AR 4y AT & AT W, MEXA-7000

(HORIBA#Y) # vz (Fig. 1) .

=)
Catalyst(MP)
L3

Bed Temperature

150cm

Engine(2.5L_DI)
(Control change)

Fig. 1 Schematic of Engine Evaluation Test

2.4 Rh¥HEETE
(1) RhiEi&EDs5HT

Rho#iEI1&IEE T BEMEE (JEM-3000F, JEOL, O
A U EPEFHEEEM ) TG L7z, NAP XPSEHEH
Rh/ki1i%, {ERIFICH SN UOTEMBIZAZ Y v
R~bRIFFIZEE L, 027V v R&#l5E95Z L CRh
DOREEZ M L7,

(2) RhRmREEOSHT (NAP XPS4HT)

NAP XPSOEERIL, T3/l X — LA 7esE - %
B E B R AR SR AT - B OB R A SR M A% (Photon
Factory) BL-13BIZd\\\C, BEEFRFAKT L OILFEHFE
L LTITo 77, H AR ZTable 212779, 2B &9
REBICRTALEE L=, T AEMEIE, Z0%2.5C/HHy
THIE L2 5NAP XPSIZ L W Rh 3d¥— 2 24547 L 7=,
St D A ARBRR D 3T B B3 A atic L - TRRf L 72,

Table 2 Model Gas Composition (NAP XPS)

N N Concentration (%)
Condition Initial
CcO NO 0,
O, Rh metal 0 0 100
CO Rh oxide 100 0 0
A=1 62.5 12.5 25
3. REREER

3.1 fiEMREETMEAER

Fig. 2(ZRhfiltff O L FEMEEMss R E2 "+, =3I v
a UMEREEDO1STH ST A4 AT IRE (NO%E50%
AL LI OIREE) T, A1=11%164CTHDEDITH L
T, LeanO~@DRILILEZITH T & TA=1ILL~T19
~42CHEAL L TRY, MHEIRENEL, MBERENREV
EEHREME T LTV A Z o,
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;
50 —r —

NO Conversion efficiency (%)
2

40 - .'.I ! B Lean@
30 A | «e Lean(2)
20 — Lean@
10 pu——— —Laun@
o n

130 150 170 190 210 230 250

Temperature ("C)

Fig. 2 Result of the Catalytic Performance Evaluation

3.2 RhiEEDHHIER

koL fEZ M E S gD FEE LUEERETH S
BEBOTFT VRN B, ZhuE, @RI S
i) - AN EIEER Z 2RI LI2b D TH D, Fig.
3(2) I RhLFFALOs O TEMBIZ4 & 7”3, A [alaF 1
Wiz fitiE b RhT R TH Y, EROR TR 2RI
2.0nmTh-o7-, ZORhT /KL TITBIT D H AR OW
& - B - ROSBISE EREICE B 25728, Rhi) ki1
ZSUEHRICAE LIz b O &R{ER L7z, Fig. 3(b)ICTEM#E]
KM U v R EIZ#AE LIZRhT / ki OTEMBI 24
ZoRd, fllERh & FERICERIE C VR 7£2132.7nom T
&Y, Rh /Rt & U TIRERR e - BRI
BonsdLEZ, NAPXPSOY 7L e Liz,

! o
(b) Rh Nanoparticles
on a TEM Grid

(a) Rh Loaded Al,O3

Fig. 3 TEM Images

3.3 RhFERESITHR

(1) ‘bz OfRHT

31DOFERN G, RhFmMBKiE &bt miE %
HiEIC T 57-%, Table 2000204 F TNAP XPST/T
-7,

Fig. i3 REICBWTEONZRh 3dA~7 ML &R
7, Fig. 5I3TNE2EEHRTRLEL DT, B —7 ik
ERBALL, BADOD T — =R T LD IFEE A %
0~100% T Lz, =R TITE L Z307.3eVICE)R
RhicRBEhH b~ OB ALNT, BEFTHEL
TV L, HEROEND, 150°CHITH 5270 CHHT
£ TH 4 IZEBRhNEY, 308.3eVORE{LRhIZIFE S
HE—I7 BB, BERhOEIGNEL ol-, T D%

400°CE CTEIN RN 0Tz, ZORRNG, MR
S D BT AL EE Lean D~ @23\ T, RhDEHE AL L
TWoEEZBND,

hy =500 eV Rh 3d

:i 252'0
= &201"0
: %wo%
%&m%
Mg/%&g& o

310 309 308 307 308 305
Binding Energy (eV)
Fig. 4 XPS of Rh 3d Under Oxidation

Temperature (°C)

310 309 308 7 306 305
Binding Energy (eV)
Fig. 5 XPS of Rh 3d with Contour Line Under Oxidation

(2) Rh#F AL DIE T 28 O fRT

R U LA EAME T LARhEE LT D 2 &
THERE A BIE S 5 & a3 5729, Table 200CO
DA T CRhR IR AEIHT 2 NAP XPSTiTo 70, R
ZFig. 612777, R CREMBILRELZRLTEY,
COPFTHIEL TV L 150°CHHI A Bk & I 4 BRhAME
ML, 200~230°CIZh i TRILAEBITHEIT L, 250°C
fHE TR BRhA~ZEL LT,

WIZ, FB{bAsy EBITE ST DB Z LT LT A=1D
4 CRhEHEIRAESHT ZNAP XPSTIT -7, fiE4Fig.
TR T, BRTIEEmRLREZRLTEY, 1=10
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HAPTHIBL TN &, EFEHROLED D, 200°CH
W BABRhA~DOEDIEE Y, 250°CHHE TRES S
4 BRhA~Z L7z, CON ABMTOET & kT2 &,
SRICBAARIR R IL R 5 b O D& BRhA~ZT D IR TR
Ep oty EDZ Enh, HAMMBEDOE NI L - T
FHSERRIGEWRH D EEZHND,

Oxide Metal

300
hv=500eV |

[he]
w
o

nc)

{
]
=

100

Temperature
= g
| I |

(52
(=1

310 309 308 307 306 305
Binding Energy (eV)

Fig. 6 XPS of Rh 3d Under CO Reduction

Oxide  Metal

400

350

300

n
(13
o

Temperature (°C)

310 309 DB 307 306 305
Binding Energy (eV)

Fig. 7 XPS of Rh 3d Under A =1 Condition

FUZFE L < ROCRFE Z T3 572, Fig. 8IZN 1sA
~7 M, Fig. NTREREFH L7 RIS D T ARGy
PR 2R, Fig. 8ICBWT, =IET403.5eVIZNO2il
JRBEND E—r BMEI SNz, ZHIENOAKEE L TH
HBRFELHEEALCTERZLDTHD, EEROE(
£V, NO2F200°CHHETHIBEL, FD%230°CHUTN S
397.5eVIZJE IRNIZIfE Sh b B — 7 & ('400eVIZNO
WRE SN B —2 N8Bz, BT RNIZ4BRh ET
NOWREEST D Z LIk »TELD EEZLND®, T
Fig. 92T, CO2DAERA200°CHHEN DI E - TH
Y, KIEHNAP XPSTCODWEIXIEE A ER SN

STz, E72, 250°CHIEN HNGRER DT M LF Lis
9, 350°CHTUEA b Ne S HREIZ AR LR Tz, LI EDZ
b, COLMLAITH HNO L O3 HAFT D A =154
TiE, CODWAEYA FENOAEALTLE D 72iET
DHEAIZ <V, NOBEER COWE 2 AIHE & 72 Y RhDE
TeSETe & NODFREES AL FRAEDE Z Y, Nad/E
3% & Bbins,

Temperature (°C)

|
‘If'
2

50 't
405 403 401 399 397 395
Binding Energy (gV)

Fig. 8 XPS of N 1s Under 1 =1 Condition

MS Intensity (a.u.)

50 100 150 200 250
Temperature (°C)
Fig. 9 Profiles of Gas Components

PLEOFERD G, FEEE(ERhZKIE XV 2 Ra0IE T
THITE, BELZ EFTNOZBRESE 5, £721%, &
ANOZTELLETFVRLTDHIENENTHDLEEZD,
AT EF O = et Z400CLL LA S TWS Z &
Mo, BEDPAHTHDH EEBbhs,

34 IUPUVERVEHRORER

33 THELNIMERET DU E AW THGE LT, Eix
I¥Table 3IZ/ R 5T o7, ZE LRTALEL, BR{LALER
D, RICITPERHBSLM © 22k 13.3 K OV i1 2
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¢ ZEREE14.7 H IR IENOX CRFAli 21T o 72,

Fig. 10iZNOx M OO DAt D /3T it & 79,
12.5F AR OMERRIE, BHEHE~O FpY 2R LT
WD, PERFIETIXAMBENOBZIIHE TS 00,
NOxP L TE TW Wl xkt L, Hrifilfl © LAt o
W52 T S oD, NOxHEHEZ KT 5 2 &N T
oo WHEFIEA~OG Y B ) £ TONOxHEHER %
Fig. 11T, HiblE CliIpeskil#ic h~520% D NOx
PEHEAEB S5 2 EnTE T,

Table 3 Engine Evaluation Condition

R ti
Pretreatment| Oxidation (Iagenera lon.
conventinal | trial
Bed temp 400
(degC)
A 1 1.8 0.9 1
O, conc.(%) 0.56 11.21 0.27 0.44
NO .
xoone- 1 o351 1072 926 193
(ppm)
SV (1/h) 65000 94000 65000 65000
rt [NOx inlet]] # R 02 finlet]]
1200 4 <onvent tional ——— w \ : | ; -
o -—'\/ [ , P L
fol I | g
& s00 | -]
| It-ial 2
200 4 | .
¢ ion_of NOx_Emission
1200 L 12
conventioral | [Ox (outtet) 02 (outlet)|
_ 800 f -\ s
5 600 i i i E 6
g L4 trial -]
200 uation of NOx Emissinn. 2
Daass:a;mnuxs:a:s 0345578:3101111131415
Time (s) Time (s)

Fig. 10 Profiles of NOx and O, Concentration at
Inlet and Outlet

| conventional

6000 |------- --1 wtrial

2000 [-------

NOx EM

NOx Emission at Engine Evaluation

4. F&H

SOt ORhFE HIRHEZ NAP XPSTZ DN+ 5 2
ET, WREL ORBEMES DN E A0, Al Z K
FRIEIE S & D HIBISE DRREN FTRE L 70 D T & AR &
oo BARHIIZIE, TERGIFETIE, Mt L7=RhoOMRER]
BIZA<IOHT ZZANTE =2, A AP ONOx A K
\Z9 252 & TA=10OH ATHLRhOMEREEIE S FHETH D
ZEaRH L,

ASBITEI, 155N ROE BT TIEEZ R L,
T I v ¥a Ve T LV ORESLICER Y M,

AL, BEHEFERAN BT A SR A & o IR
PR R % A Lo,

SE 3
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(2) fAfHE— : HCCI (TRAEMAEK) Y Yoy
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03-15
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19 [RENTH A > BERICAITI-T L ARBEREILDE M F
Technical Development of Press-Forming Stabilization
for “KODO” Design Realization

R AT ZR kT dl) Y3

Tetsuji Nagazumi Kenji Anraku Koichi Nakayama
fH  Ia* kH JRE*S PR flE e
Mataharu Okada Terumi Hamaguchi Kenji Tsubone

L

EHLTMNEB-TVD LI 7, ELVWEEEKS, Thd BIET A ) . YthidkgEikic, Zo7
AVBRETHAEMEND, BHEEHFLRERCL) RRENREREZEC TV REETLNEBE X TS, FT
FA UL, ZOEMBEXY T 7 X —T7 4 L OIEER L RRER CRE L T e, REEHRT VA1 1T,
ARDOEEREZESL 8T, B R BMEHERHE LIy TARTFINATHD, TOWELMNIORN
HEDWIE, Z AR LT 7 L7 var OBV EDY R, Lo BRRAEMEERELTW
HZEIITKL D, ARTIE, ZOT7— bWV RDWONREDONINE, 7L AREIHRIM TEBT L7201,
SR OBE L 7V ARIE TR 21T > 720 A OW TR T 5,

Summary

Express beauty like a living creature. This is the concept behind “KODO design”. Vitality created by
the design brings a special bond same as the relationship between horse and rider. The design of new
generation expressed this vitality by dynamics of character line or continuous shadow shape. Design in
next generation represents distinct Japanese aesthetics in extremely lean and simple form. The surface
flow to connect its smoothness with changes in reflection by the car to be lightened expresses vitality
more naturally. This report introduces the activity to realize the most optimal method of die

manufacturing and press forming process to realize this smooth flow of surface like art.

ZDTHA Db 0IXEICEb AT TR Y
ZHUTHENT LV ARRTEOFEG L B3> T B,

1. [FLHIC

Wik THET A ) kY, RAADOLERESS
HE97%, mbHE/ELIEZZAEDEZBIRELTND,
[BRENT VA > ) ZEBET D018, B DA PERE
FETHRNZZEDY AR D, H 2 HIRBRARICED A T
5, HHo7 L AGMEWERM S, TBET YA ) O
FHUHETT LT B0 M 2 RIS T > T D, [3RED
TYA ) TEEYNRE D BROEIELFE L S 2 IEMm

DEEEZ, #ig L BERRSX Yy 77 ¥4 —F 1 12 Fig. 1 “KODO Design”
£V, TOEMEERBLIZbOTHD (Fig. 1), BEFT
T A FT—DRNPIADHENTEY, ZOMNETDH BUREAN T E Z £ TR Z T TE 20 RIERT F A
B L TN &R, bz Tnd, VERULIE R @MARYEL, TUVARELIZE 25,
1~3 v— U U TRUER F4~6  HIREATED

Tool & Die Production Dept. Body Production Engineering Dept.
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— T A CHOKSE CCADET MICH La <3 Y
DTN FEA LTz, Z ORETIEIRIART A TEE
LIRBRNB IO T L7 v a il 1EH0xR
P REL, AMENKBTERNE VD KEREE
DV LT, T FA DY 7Ly g v ERERT
B diziE, IR X Y 30% O~HEKER EXVETH -
oo ZOMBEMRT D120, SMIART 4 —ORUHET 1
TRICKIL, Fith TREROFH D OEEE T AR
s DL Z Lic L= (Fig. 2) ,

AT, TYA CEHEEROYI TR THY, SRR
T A —DRTEIORZREL TS Fe—TRIZER L
T EF R D,

Design Dept R&D.Dept

-l

Exterior Development process

"’Press Engineering Dept.  Tool&Die Productin Dept.

Problems

1. Die accuracy

2. Relative accuracy
3. Behavior at forming

AN J

7 N
Process. Surface Machining Press-forming Mass
Engineering Engineering & assembly Production
e [ LAY A L e 1
[T
CAD model

Fig. 2 Production Process of Press Die

2. }itR THEN TV A 21 EBRDOFE
TLAMTO R e —TROKFEERZFig. 312R-7,
EF7, OMESRIZEY NLATA FEBET, @M
LT TG RNE =T EAR—V RLTIENZINA
%5, @F0RETEN, TRV E—EBETL,
@THRTHIEIET & 725, MIBHOMMIL, A— K
RIEBICE DR ERIERICE DTS N5 Z LT
XV YIRS LI SHEDSEE D,
THAFT—DERELY ORIV ERET D720
Wi, @RBRESEEICEY, TOEAIREBY I
JRIET 2 ZEPMETH D, £D72d, 7 L ASHEYE
ERSFHORBEII R E < 3T D L IRDIETH D,
1) HRKEE R b GO L, T B RED)
2) FxPEEm L AT, ETAbE)
3) RIEREDOZFENHIE (@8, )

IS OREERRT 5 ETT L A STBYER I,

2010 L 0 B LEFEEAEEA LTS UV, 84T

MEIZ LT, e 52 THWDRTFHAMU»EZAELEL,

F0 AR MEOENEHFEES Z LT, THA B
PETx BRERFOMREEZ N D > TN D,

R
\

(@Holding state

(DMaterials injection

Matg\rial Die-face

P
2
Blank |:>
holder
Pin

Q @Forming completion

Blank

holder

®@The lowest point

Blank
holder

Fig. 3 Forming Process of Drawing Mold

Product

)

WIOIZ, 1) BEAKEEE & 2) FIXHREEE IS L, Htom T,
F: BT OETIE D AT K DR BSOS B
ZHE ESEHIM M EITY, HERREEIC BT 5 Bk
I L ToREHLTER @, kic, 3)lERO%
FHIENC I Y o 72, W SROVEIE R ORI E
rr WS IRMb Y EEREC TS, TDH,
FUREECIRAE LTS E L 13 Ry, ETRIOZ YT T
ARIZEBRZ D, ZOEPERLT, BHMOED H
LRICIES D& MN3AE L, B SOUEE OBl S2
No T e, ZTOZEENTT L AR OHAEOHE O
MR, BHITMRTE 720,

— BN DOEY H L EZ 2> b r—F 5120,
Y B — RIZTENEMZ DD, 7 A~ONMRT 1 —
REREIBLER O, KOBIEEEY B LUREEZE
ALTHIEL TS, &Y EIBIE2RD T (FrikEES,
FEES) 2BETILERD Y, SNELOFEBEZIT0
FTWO 2o, METLHEFEEAOT EROSMNLEE
NHolE LTh, EETORABED Y ho—/LRIE
AT A D R NA RRIENR TE 2V iBRTH Z & IC
L7,

3. MEIRZRAV-REMR

31 EvITF—40iER

MABED 2 b —/L&1T 5 20I2lE, & L72KY
v — RO L ERICHEA TE DIRIEZ D D HEN
bDHEBZ, TNEFNTE 5 ME T TO HIBEE
BRI Lz, BT T 7 RAE =D b X2 L0
BLTWD, £2C, ZOBRPEEZEDDI HFiEzE LD
7= (Fig. 4) . \EHUEOWEICE, [TUHI S 2 mEH

e — Nl &R &Pt [ A REBRIREL 035355,
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Resistance at blank holder

- Die + Cushion pressure
+ Clearance at blank holder
+ Surface roughness at blank

holder

Punch

Material

Blank holder

Material flow resistance at die R Bead draw resistance

+ Size of bead R

« Clearance between upper die
and blank holder

« Surface roughness of die-face

- Size in R
+ Surface roughness
+ Draw amount

Fig. 4 Factor about Resistance
Value of Die-Face

INEEELANERT, ZOEHES> &R L L
EHDHZENAERRNTLELT, TLLMEXHEOES]
Ll ZOULOLHEZHOERAOKR/NISLT, 77
VIRNVE— RO MoK &) NET 570, 2
NEEIEEE Uiz, EBRIC, Z ORI THEBIEN
BB, TIERTHGE LToRER, R+ 0800
-7 (Fig. 5) ,

+ CAE
/
/

—~ ’

g ° ’

E L
os 8 Actual
£Q8
£ ©
© &
e, 7/
o o
0 2
FE ©
.. g Actual material gets into than CAE.
> T

oo

50,000
M © Cushion pressure (kg)

100,000 150,000

Fig. 5 Pilot Study Result

O TIRFEBROBRIZ, BOEHICRIE FTRE 2R Frtk & 1550
H&3157 — 4 MG Lz, ThEHatftry 7 & TRy
(A—F vV —R) BR—RLTANMY 7 D [ 75
ZHEELHTT (LUFGSA) #AWT, &RTOMAK
FEtREfEE (L L7 (Fig. 6) .

GSA L 3= (N4 XHEE) &7 7 7HmEaa L
ey P F =R FEDLIHS>TH S P, ZHUIE TR
DOFERSAHEEZHEE LT, DY 072 W EERBLC
BEICREL L, AT 2Y 7 FTHDH, AU v b
E LTHER e T — 2 0 bR 7 M O BRI R T,
RO S DT 72 BRF b AT 2 RN TE 5,

Input : The remaining quantity of material
D

XR_size

AD1mold_size_MH

Output : Cushion pressure

Fig. 6 GSA Result in Press Formation

GSADFER LV IRD3EHHBA LT,

O BLRICXVRDI-HIER LRI GSADA > - T
Mo TUbME 2 EDES) & TR o5k &) HE
T ENTZ, ZOEIREE AW FHI O 2 4 237
FES Tz,

@ WM D% EiX, Lbi& 2 moES ORI X T
AT %, OBRMEO®R FICBLG SRS EE IR FE
T2, FoEOay ho—/URE LR SRR
FEIZHBANR S B Z E Do T,

@ BEMEDORKEWHBIZOWTHET —F 2308 L5 R,
T RN —ORIEARRSHA L., ik, B
FREDITNY v v a VBRI TRIET 5 2 3
RETHY, EEARMHERTE2HRATHENTE,

3.2 N—FrINFTA—LBEC K DEBEGRBEL
NR=Fy WRT A—=HFE L, WETHEO—2DF
ETHD, MEROERIECCAERGEE B2V, WL
Rre NH (=F28— 1) BPHEL, ZOHmAE IR
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EAVEC R E

HHICHFER R 2B HT 250 TH D, ZOFEEHN
7eBRE & LT, B ISR R 2 0 ANTZBRIS,
FEBR T LA ORI TN MBE L 220, R ERE
HBREL R B0 ThH D,

B TETOHMK 2% ET S BT, N F2
N— MZXDRTFHEEITZ, GSAFERNLHI L2
EERRVIANLT, T, MR N— &, RIZHT,
TEIREREr, RUERIROME) O E54EY, AT =2 b
0 —/LC& DR T2 16E5%F Lic, ZDF0 b
DOEWIRTE2T O3B L7z, MAT, GSAHER (Fig. 5)
B 1A T %800 L T8 1% 8 E L7 (Table 1),

Table 1 Control Factor, Error Factor
DPresent condition g00d bad
Control factor revell revel? reveld
A |Bead R size small m
B |Face roughness of the blank holder small middle
G [Clearance of the blank holder small [m] large
D |Relative accuracy of the blank holder | methodA | methodB m]
E |Inflow balance methodA [nm methodC
F |Material touch area methodA m methodC
G [Cushion pin arrangement method4 | methodB M}]
H |Formation oil methodA [rm] methodC

BAER T, BESRMTH R AR MEOBEOERESMN:
FEHTAZEERDY, [FLABMOBKE L T
MOBIREIES &) 28T LT,

WA, REELAN, FEReRE, SRR OB b K34
DEEIL DN T F A X— N TR—F y L85 A —FFH
HEfToTz, FORRIZ, ST L3 >DKMEEET L=
VARG DA A= NN -7, HIEETF0EA
TORBEZHIEIC Lz, Z0%, KEDS VIR
THROESNERMEIC Lz, 0~ TEIEA/ NSV
ERADRENE LTIHMEL, 2N b DEZRD, L18
BEARRICEID AT 72, #ERELB/IFESNLECHEAE LT
(Fig. 7) .

FERBRE DR D4R Lz,

O MHNIRER A, C, E, FORFBEHCIEN K&
WETFRRLTW, LavL, BYERD X, &R GO
R bR TH T, SAFEEHECE DR &
L CHBENREWNEE X T,

@ F 2oV TIEE&TF 23— & L EBS 5K Lo
7o ZHUEZ D @ TUbMS X ETHE] OREEEE
THMNE I M THRERPE D> TS, BERMEN R
PR THISTA DS & T LT,

@ H 2o\ TN FEAET S Z LI FHL TV B2,
LEAIT E ORREMEN S 5 04l L E o1z,

KEDSVIEEZ - L RELT LT ETHRELTFAIIC
T&EEZD,

@ 94EBOFETHIE 2.31db (1.81~2.54db) TH Y,
TR H ITm O ORIE & 2o Tz, ZHUTHERRAT
ORISR L, S—F v LR %
ERECAT 272 EHERI L 7=,

Db 4 siziitEz48¥ (C, D, E, G #£FL, &
WstEA A2, B3, C1, D1, E1, F2, G1, H2 & L7,

() Optimized condition /\ Present condition
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Hydraulic
press machine

Scribing line of
the blank holder

Fig. 8 Experimental Landscape

Table 2 Experimental Profit

SN ratio Vertual Parameter Actual
Fresant -s068|  -5475|  -s078| -328m
condition
Optimized -4863|  -5214|  -4852| -3080
condition
Gain 205 281 225 208
Surface Production
Engineer Engineer
(mm)
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80 w0y
70 . .
‘>~<" * Present
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C A CAE
& X
X
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:::;:::::32::;:::: ::;;::1 _ =, _ _ - ::5::
00 T T T 1
] 50,000 100,000 150,000 (kg)

Fig. 9 Real Trial Result
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Fig. 10 Change in Material Remaining Amount
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Fig. 13 Comparison of Reflection Quality
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Development of Computer Aided Engineering Technology
for Thin Wall Die-Casting
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L

<~V T RATA4F TN “Zoom-Zoom” HEE| ITHSX, ELBONELEREMRELZSKRICCTHIM IETE
Too ATy vy —FAAAN (LT, A4 A N) OFEKRTIE, TOREEHREL2 RElk) 5 x,
P& TR L CAEFIROEH 2D TE 7200, F4 h 2 MR T, MSEREOHALEZERELO TR L
LT, flmicar sy b= o=7Y 07 (LIF, aribrbh) TRREBRL TERERDH D

WHARD RIS T, R E B2 B2 KGR E(LE EBT B8, BRI T 2RANE~OHP &
woﬁb%ﬁﬁﬁ% YE LT, T, BRLICLVIBESh28ENETH D, BELOIE (RE» R
BICHLATEED DY) BETNAR—RATHRIET D ZENRRAIRTHD EE 2T,

Summary

Based on the ”Sustainable Zoom-Zoom”, Mazda achieved both driving pleasure and environmental
performance at a high level. For high pressure die-casting, weight saving is considered to be essential,
and the innovation of the die-casting method and CAE technology have been focused on. In die-casting
die design, as a method of weight saving for making thinner plate of product thickness, we have proposed
the shape of concurrent engineering.

In order to realize drastic weight saving more than normal in next product, we determined an
ambitious target which is a challenge to limit thickness that the shape can be formed. Therefore, it is
inevitable to verify molten metal flow (molten metal flows into the product completely) which is a concern

of casting quality by making thinner with model base.
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— X-ray Transmission Imaging
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Fig. 2 X-ray Transmission Imaging
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Cover Die Praten Plunger Hole

Ejector Die Praten They have no window

(a) Casting Position ” “
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o

(c) Cover Die Praten (d) Ejector Die Praten

(b) Ejecting Position OK

NG

(f) Unvisible Direction

Fig. 3 Structure of Die-Cast Machine
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Fig. 11(a) Compare with Vacuum Effect
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Fig. 15 CAE Turning Block Chart
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m,,, : Gas mass from vent per second --a

m,,; : Gas mass into Cavity per second ‘b
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