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Introduction of CX-90
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Abstract

CX-90 is a product under the multi-solution strategy that aims to enable fundamental CO, reduction. The
product is equipped with powertrain and platform that embody always-exhilarating driving pleasure and
deepening KODO design, which are expected of Mazda product. In addition to those features, it offers an
interior space enough to accommodate all occupants (family members, for example) comfortably in the 3-row
mid sized-SUV, as well as convenient functions that can extend a range of their experience. It is also equipped
with evolved safety technologies that reduce an accident risk. Here are what we, CX-90 Development Team,

worked hard on, including identification of a target customer and details /characteristics of a way to achieve such

product value.

Key words : Driving entertainment, e-SKYACTIV PHEYV, Safety, Design
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Fig. 2 CX-90 Exterior/Interior
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“DIGNIFIED BEAUTY”
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Fig.3 CX-90
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CX-90 DFH 1 >
Design of CX-90

B &

Takanori Tsubaki

C: 2

IVAN, 2030 EFTOEIEHBBDO T —X 1 E LTERATS, TEDIHV ¢ RERZLMEE £
TR —CERBOE_HEN CX-90 TH B, BATSY M I+—LPETEIOAVR—X > b ERTEALL
CX-60 LB LADS, OVIRA—IR=RERRT 1 —IIRHE, XA>F—7y b3tk T7 73
D—BICT7 1w b TRE[METHFAVIHIULTHIF Tz FIS, F—CF IV b TA—LOEEORIEZFENL
7o, ROSNBZERNEBMEELWVWIOR—>a VEMIILIEZDTH A Ik, CX-90 OIREEEICSITZ N\
SHA4RDVEDTH B0

CX-90 DFHA UiE, BEHLIZTILHEZHBLAVWA—F—DRZTHVEETR L, B<XE% BB %:E
REEZFRIRT D, TLT, ELLWHOBZTEBOAHLSERITIRITZZDEIE, HITKADREELN, DESE
3. RBFGITDHED, BSDERICEDEZERLS5ND, D, CX90 DTHA UICEWTIRELEWE
EZMETH S,

Abstract

Mazda will launch the CX-90 as part of Phase 1 of the electrification strategy toward 2030. While sharing the
basic platform and main components with the preceding CX-60, the space and design were tailored to fit the
North American family group, the main target, by adopting a long wheelbase and a wide body. One of the
highlights of the value offered by the CX-90 is its design, which takes advantage of the features of the large
platform and achieves both the desired interior space and beautiful proportions. It embodies the owner’s
unwavering sense of values that does not compromise on function or style, and his/her clever yet discerning eyes
for the essence. The vehicle runs through the street with enchanting play of light on its body, which steals the
hearts of passersby and uplifts their spirits. Every time | see it, my heart dances and | feel proud of my choice. This

is the value we wanted to offer in the design of the CX-90.

Key words : Vehicle development, Design, Exterior/Interior, Color, Kodo
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1 TYA UKE
Design Dep.
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Fig. 1 Exterior Overall
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Fig. 2 “Breakthrough”
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UL, 2oFAICE L TEEEZEBRLAEIOR—>3
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<> <—

Fig. 3 Sense of Motion

Fig. 4 Sideview of CX-9
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Fig. 5 Visual Rhythm of Overhangs
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Fig. 6 Position of the Cabin Center
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ZCICiE, THA VAR LTOESIEHBEAAREH,
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Fig. 7 Proportion with a Sense of Motion

Fig. 8 Sideview of CX-90
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Fig. 9 Simple Form
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Fig. 11 Thick Face

Fig. 12 Strong Stance and Wideness
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Fig. 13 Uniformly Designed Interior
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Fig. 14 Panoramic Sunroof
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Fig. 15 New Designed 21 inch Alloy Wheel
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Fig. 16 Artisan Red Premium Metallic
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03 SKYACTIV-G 3.3T DA%
Development of Skyactiv-G 3.3T

Bk E—T s kT w0 BERC

Koichi Shimizu Mitsutaka Yamaya Naohiro Yamaguchi
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Abstract

In a transitional period to a carbon-neutral society with renewable energy power generation, it is necessary to
apply a multi-solution strategy utilizing powertrains in line with regional power supply configurations, so that
CO, emissions can be practically and effectively reduced from both “Well-to-Wheel” and Life cycle perspectives.
With a view to the widespread use of renewable fuels in future, along with electrification, it is imperative to
improve the thermal efficiency of internal combustion engines.

As part of initiatives, we have developed a new 3.3L in-line six-cylinder gasoline turbocharged engine (New-
model 3.3T). With the high-compression combustion technology pursuing the ideal of an internal combustion
engine and the increased displacement from 2.5L to 3.3L, this engine achieves high power, strong torque, and
good acceleration response in the mid-to-low speed range as well as high thermal efficiency across a wide
operating range. As a result, upgraded “driving pleasure” and “excellent environmental performance” have been

realized. This paper introduces the technologies we have achieved.

Key words : Heat engine, Spark ignition engine, Performance /Fuel economy/ Efficiency, High tumble ratio
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Value Delivered Enhanced Function

Adopted Technology

Acceleration response Large Displacement

\
\< Twin scroll turbo system

\/

Performance
Powerful acceleration and engine
sound for driving pleasure

Shortening of
the combustion period
P2+48V Mild-Hybrid

\ Combustion assist start
— —
Dilution combustion High tumble port,
flow maintenance piston

/ - - \
Friction reduction
Emissions /

Large opening angle cam,
high pressure-EGR system
Clean exhaust with the ideal N
Control of combustion gas

combustion that optimizes Electronic control piston,
combustion chamber temperature temperature cooling oil jet system

Fuel economy
Mild-hybrid and combustion
optimization for outstanding
environmental performance

g
H

Premium

500Nm New 3.3T 3
2 Previous 2.5T
=
B 4 | Enough torque for driving pleasure | /43 Inox —\
< 434Nm , ~N x
P Previous 2.5T o ,
3 ~ z
g Increase of displacement g
= & New 3.37
! 100 150 200 250 300
Torque(Nm)

1000 2000 3000 4000 5000 6000
Engine Speed (rpm)

Fuel economy & CO2
\ 1500rpm
f /; (% ,3.3Lwith previous 2.5T characteristic

2 \

#Strengthen and maintain E]
9]
4
5
3

\ ‘./ Previous 2.5T
“tumble flow

with intake port and piston shape

Combustion improvement /,, .

2 ew 3,37
Cooperative Control with Mild hybrid and 8 AT
",\\/Previous 2.5T with 6AT

J\\ New 3.3
\with Mild hybrid & AT

Practical use
Frequency

0 5o 100 150 200 250 300 350 400
Torque [Nm]

Fig. 2 Development and Technology Concept

Table 1  Engine Specifications

New 3.3T

Previous 2.5T Hi-power New 3.3T

. Std-power

(Regular) (Premium (Regular)
Recommend) 8!
Engine Type In-Line4 In-Line6 MHEV48 «
Displacement 2488cm’ 3283cm’ “
Bore x Stroke 89mm X 100mm 86mmXx94.2mm «
Compression ratio 10.5 12.0 “—
Fuel Injection DI (6 Hole Injectore) “« «

Single Turbocharger .
“ " Twin Scroll
Turbocharger Dynamic «
» Turbocharger
Pressure Turbo’

EGR System HP-Cooled EGR « “«
Open (BTDC) —24~50 —10~45 «—
Intak Ive Timing
Close (ABDC) 100~26 100~45 «
Valve opening angle 256 270 «—
Open (BBDC) 50~5 68~30 «
Exhaust-Valve Timing
Close (ATDC) 2~47 3~41 —
Valve opening angle 232 251 «—

500Nm/2000-4500 | 450Nm /2000-3500

Max.Torque /rpm pm rpm

420Nm/2000rpm

254kw/5000-6000 | 209kw/5000-6000

Max.Power/rpm pm rpm

169kw/5000rpm

Table 2 Common Basic Frame

Bore 86mm
Stroke 94.2mm
) Cylinder Block Height 228.05mm

In-Engine

Bore Pitch 94mm
System - .

Pin Journal Diameter $52mm

Crank Journal Diameter $52mm

Intercooler Size 2.7L:213.6X153.8 X82.9mm
In-Vehicle | LT Radiator 570X229.5X3Tmm
System HT Radiator 570X397.5X31Tmm
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HHEE I MAZDA CX-90
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Package Development of Skyactiv-G 3.3T
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IVAI, BERORBE Y 3y THXF1+ Il “Zoom-Zoom” EE 20304 IZT, ZILYAEARKDHES
THEHEDBELICE > T MERY, ™HE1, TAl ZRENORERREZBEIETLES LT, S, IVEA D
MBEARES a VICEDTE, E3HVCENREMELZSNTTHIIZ L E2BELTEN 6 RBEHYV ) >
F—REEBEIT T T SKYACTIV-G3.3T 2R LTce COFBI I UL, SKYACTIV IV VEDO—FERHE
BRICEDT, TEIFLERICEETE CXIOANBH LI RIS YONYT—JRARTEALIERIY
M, YYAMBOMETH 25871 U PAE—FEWVWoT, ABFOOIZILTEDICEMLTWVS, K
FBTIE, SKYACTIV-G3.3T DNy T —CRRICDODWVWTEN T %,

Abstract

Mazda announced in “Sustainable Zoom-Zoom 2030”, Mazda’s long-term vison for technology development
that we will aim for solving issues that the earth, society and people are facing, by providing driving-pleasure — a
fundamental appeal of automobiles. Now, based on Mazda’s technology development strategy, we developed
Skyactiv-G3.3T, a new gasoline engine which has straight 6-cylinders and is longitudinally mounded, to realize
both fun-to-drive and excellent environmental performance at high level. This new engine firmly adheres to the
bundled concept of the Skyactiv engine group, meets various package requirements, and is mounted on the All-
New Mazda CX-90. The points we focused on package development of this engine contribute to human-centric
car development represented by KODO design and Jinba-ittai that are Mazda’s unique values. This report

introduces the package development of Skyactiv-G3.3T.

Key words : Engine Package, Car Package, Layout
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Fig. 2 Engine General View with Capsule Cover
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Fig. 6 Cross-Sectional Diagram of Engine
(Longitudinal Direction View)
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HHEE I MAZDA CX-90

05 CX-90 DI YT UHH Y RERISOVT
Engine Sound Development for CX-90

BREE 2T BN BT AW BE T A =

Yukifusa Hattori ~ Takaya Katsuragawa Shuhei Otsuki Saburo Kawagoe

= BHE” B wRC #n 'Y

Akinori Miyake Kamikaze Takasaki Minoru Koya

C:

CX- 90 DIV UH IV REETIE, 6 JRBAIVIS VYOV ROEEBIVE I RELT, MLZICRLTY
ZT7BREDOEY, THEOELICL>T “BER ZHURI L, EELEFICHESMRROFEHUORE
FRFBEROZELT “HRUR OHZ3TUI oIV REZBIEL. EDORRBABHAILT, 7ot
ZRAATCIFEICED E—HLEBRDOFXDEGRZ Y R— T30 DY FRARKICIRRDBEAT,

Abstract
In the development of the engine sound for CX-90, in order to convey driving pleasure to our customers, we
aimed to provide not only elation which is a common concept of Mazda’s six-cylinder engine sound, but also

stretch feel which is a characteristic of gasoline engines.

Key words : Vibration, Noise, Engine sound, Sound quality evaluation, Driver behavior, Operational
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4.2 MEEFICFHETRLS “BER”
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EIEDLSICaZy MFEZIEDIAAT, £DHAL
TMMIRZAN—IZEITR1=0IC, BRREBEZEEAICE
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BLT, R—RLBEZFHEEED AL (Fig. 7).

Intake manifold

Induction.'sound 1%7435&' =

XISE : Induction Sound Enhancer

3E.0. 4,5E.0 6E.O.

Sound Pressue Level

Fig. 7 Inline 6 Engine Characteristic
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BMTRERETERVEEIE, 7 —T1rFRE—H—D
SO T R TTFSEREED A, NIBTIEIL
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N—RTRIRTZHICIE, REBEVCELREGE DN
DAL LW, BROBERBDOEIE, A—T 4
oL, BEEREEHICHIZ2AEENLERE
{t92 TEIZEZERTE LR (Fig. 8).

A
Audible frequency range CX-90

(Gasoline)

Frequency [Hz]

v

Engine speed [rpm]

Fig. 8 The Target of Audible Frequency Range

Mk, CX-90 (3, ILKIRETOHEDEVELY, B
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‘B BRRL, BELFICHESIMEROE HBUDOR
%, ARBESOERTRETWERESE, 7OtlL%E
BAADIZFEICBEDEFEFOED LIV VHD
Y RZERBELRE (Fig. 9)o

Fig. 9 CX-90 Engine Sound While Accelerating
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#5EE | MAZDA CX-90
06 CX-90 DEHER L 4E
Passive Safety of CX-90

AR BAT X B2 BER BNC &8 #z”

Hiroto Kido Hiromasa Honiji Yosuke Sawada Toshiyuki Koga

= Nk 5 N 6 = *7 N 8
i RET OMT FRT ORE =T OBE LT
Ryohei Nakagiri Kouji Matsushita Ryo Ando Reiko Yoshiura

VAT, T8V & TEBNRE - Z2MiE) ZEEIC, 2 - BORVIVEHROERZEEL
T-EMBERICEDEATVS, TORT, BELZEMEEREIIEVEZENREEBStE VWS EROBRZ S
FTCHILIEB78IC, MBD (Model Based Development) % Eif§i L TEEEIEZFE L TWLW 3, SKYACTIV-
VEHICLE ARCHITECTURE ] ICRERINZEEARHFETIE, &fEE CAE iz BWVWT, EREFOEEZWERMICK
L, PBLTEABTILFO-RNRZECSEIHLVWT—F T Fv—%2ED EiFT,

CX-90 Tl&, FILWERHRHARZR—IE LS —CERBETRAT A DTS Y b7 13— 4IZ, REOD
B - BERRERODHDONY IF v R T4 VU LIEERZEFEME LT, BLWIRILF—RIGHEZHER -
HiAEE, MFERESRERUVSTERERELELTE, KEOFEREZLTEIX Y b THS USNCAP ¥
IHS TH by LRI OMEEFEE S5 e #BIZ L THR L. AETIE, RERNAERFETH Z00E
B, AEEE, EEEERVSTEREICOVTERDIAALERESEMZBNT %,

Abstract

Mazda has been developing products to realize safe and secure cars and society, aiming to achieve
“outstanding environmental and safety performance” and “driving pleasure”. In crash safety development,
Mazda uses MBD (Model Based Development) to develop vehicle structures with the aim to combine
conflicting relationship, light weight and safety performance, at a high level. In vehicle body development
characterized by Mazda Skyactiv-Vehicle Architecture, the new architecture was developed by using high-
accuracy CAE technology. This is a structure evolved from the multi-load path structure with which a collision
load is efficiently absorbed and dispersed to endure it.

The CX-90 combines a new rear-wheel drive-based maximum-sized platform (in Large line-up) with the crash
safety technology that is back-cast from the analysis of real-world accident/injury forms, at a high level. It has
achieved evolution of a body structure equipped with high energy absorption rate, protection of the other
vehicle and protection of pedestrians. The car aims to get the top rating in the Insurance Institute for Highway
Safety (IIHS) and New Car Assessment Program (NCAP). This report introduces the technologies incorporated in

typical crash modes: frontal, side, and rear collision, and pedestrian protection.

Key words : Passive safety, MBD, Skyactiv-Vehicle Architecture, Multi-load path, Energy absorption, Light
weight, IIHS, NCAP
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R3REMEOALEAROENATWVWS, ZD®, CX-90 T, EL LB TH 1 VP ROFFICIES

"1~8 EZRMERERARED
Crash Safety Development Dept.
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2. AiE AR RER T

2.1 S=CHESEICE T3 EEENSEFREO
bi:3 (4

HIE@ERIE, TV VI —LEELTEHREIR/ILE—
Z|RINL, REOBEEBRRZRNZ O —RH N,
CX-90IE, 6 RBAIVCVOMEZTNT—FLA12E
SA—brF—N=NITTHAUIIEITBZITvIvT
LY =2 DORERP, PHEV ICK ZEEHEN, SBERE
BEIC, ZLOBENRDH 1o CX-90 TN 5 DIEEIC
WL, YILFA—RNRICLZETEDE, 5TRILEF—
UNEER VBT OERELE WS 3 20T L—7
ZIIL—EMIC L 2T, BEHL DEN-AIEERLZLERE
EEMR LT, TR, CX-90 135> — FDRE, R
T14—DER, 218, 25DILKIZED CX-60H 5
200kg L EQEBREEDEMICHAL DS T, CX-60 &
BLYa—bbA—N=N\2TFTH1> (852mm) %ZiEM
L7

(1) <JLFO—R/SX (Multi- Load Pass) IC & BEENDEL
CX-90 IEH 5B AMDANICK L TEEICMDSE
Bzof, EEOERZ&R/IRICEEDH D70, HiE
BEBOANZXAVRY (JOYRTL—L4L) - Tv
N=FRF (T7OY) - O7—%% (Y RIOXEE) D
300O—RNZATHERMIIRILF—E2RINT 188
ERBLE (Fig. 1), BIC7AOY M IL—LDS5DAS
I, EDB 7L —LIZMZ, FYRILTARPRILY
Ry R, 7yN—O—RNRGEETIHE, FRT
DANZEEZDEMMCAHIEZ LT, EERN%E
MR EENOBENLEHEOERZR 57,

Upper Loadpath

Lower Loadpath

Fig. T Multi-Load-Path Structure for Frontal Crash

(2) BIFRILF—IRINIEIE
CX-90 IZRBENTcRR—XDHT & O RHEMPICHET
FILF—ZRINT B7cDIC, MESTOI2DA) Y K

EEDL, XAYAO—RNRRDIZvTahvIIh5
B7L—L, OF7—O—RNADIVZv>aRyIAh
SHRUIORBY, BETMERARINL—MMET B
CETHEDEERZ LIFf, BEMERORVERZEIR
L7 (Fig. 2)o

Crashbox

Lower Load-Path

Fig. 2 Comparison of Body Structure & Suscross

%E,7D>h7»—A%TME%%*EME%E%
ZRSEZHREICTL, HEROOZ ML —MEXE
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EEZDBERHETEEZRDAT . (Fig. 3) TEM
L, TRILF—RNNRZFEIELEDNSERIR—ZT
DIXINF—RINHREBREMERMILIE. CN5D
Bffic& D, CX-90 1F0V & DDHRFT 1 —TICE ¥ PHEV
ERHAREABEC LoD, SV IEERETEMREL &
EEERRLI,

Mode control BRKT

W

| [secAA‘ secBB

AD 3_7 i

Fig. 3 Structure of Straight Frame

Energy Absorption effinciency
of Front Frame

k)/kg
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FINF—RNEZBICEHZ2HRENHZD, CAEIZEL D
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Aluminium

Fig. 4 Body Material of High Tensile

2.2 RE=INA—-N—-Fvy7aEEREE—FIZEIT
395 RF7EEDORRA
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ERCEEEEHDIOICIECDE— RADOHBHEE
THD, IHSIEZDRE—IA—N—F v THIEEEE
BLIFH@EZIRA L TWa,

CX-90 Tl&, RE—=IA—N—Fv TeiEERCEE
L DI DT=HIZ, ATDESICERESHIFE L
THELER > T Fig. 5ICRT&EDIC, FYEUAD
ANDARELCFVvEVREZSL THIHEDHZI TV
F—I8E) (N TICEmAS | o#NBEE) ISHLT,
HlEEABICED LT v EVADRBRARAANDIIZ
SNEERBEENNS K TERBADH RIS VR AT
2y (NUTICHLTERHSITILESEE) #RELT
ZeMor L B2OmIIzR -7,

Grance off Mode
Fig. 5 Engage and Granceoff Mode

Engage Mode

BFEMICIFEREN SEAESBRICHERRE, FR
THEBH, ORUX—F E—LEEARABICEERL,
BEBEOFEERUA—F E—LHSHIIOIXY
N—RBBETERARANGE (Fig. 6 Partl) &, @Y XY
AXXYN—BHDOEABE F SV AN—AXYN=T

DRE, FILIHEOT7 -7 —LHSTFTRXIOZAAXY
N—RBHRTEAABNTERE (Fig. 6 Part2) Z1TLY,
BRPEBL SERZMICT 5 TANZMENICEXTY
FURFTEHERR L.

"
Suscross-Member /\‘\Transeverse Member

7
L 5 Collision direction = Collision direction

Fig. 6 Suspension Deformation Mode of Smalloverlap

3. &Rt aem R

AIEERE, BEEOEREZMZ DD, R7ARNSE
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HB. CX-90 TIE, &MHHsRLI NI IIHS DF L WMEIE
BRI TS ehFRBe Ao (Fig. 7). F7OL
LS, BRIRILEF—HREFELAT 80%E L %D, HEik
ER MR ZHPO0MNABREZRELLTEIEBES—DGE
BMEMICMZ, RTROA VNI MN—ICKBTILTF
O—RNXBEERATZICT, aWVlilEEEZeN
BEERB L1

Moving Deformable Barrier
Weight: 1900kg

Fig. 7 Side Impact Moving Deformable Barrier for IIHS

BEZ—IZ, Fig. 8 ICRI LSICEBDERZEHEDD
THICEHRZRELTED, INEKDODTMIZERSE
BILT, BRIXINF-—ZRINL, REEHFEZH=HE



TYAER

No.40 (2023)

R 2% EH->TWVB, CX-90 TIX, BES—IcMHE
PIRENERZMWRET—5— R TSI TRAEDYE
ToRy FREVTHERBTZ T, SRE{L &R
IXILF—DRNERBEL L (Fg. 9). BIZ, BEF—
LB, BHERT IBEDDERBRLA>Y T +—
AXY NTHBT B ICED, MRMICHITTDZR
E&E7 (Fig. 10)e CHE5DEEICED, BUEEHK
DOIRILF—RNEZRRLET 50%AESESZ N
TEf (Fig. 1),

A-A'" section
Fig. 8 B-pillar Deformation Mode

No Bending Area
1800MPa
(Hot Stamped Material)

Bending Area
1300MPa
(Hot Stamped Material)

Fig. 9 B-pillar Material

Reinforcement Spot Weld Reinforcement Spot Weld
-~ \
B-pillar Outer / N B-pillar Outer “' N
/ \\ \J’/ \\
/’” \\\ / \
B-pillar Inner B-pillar Inner
Conventional CX-90

Fig. 10 Cross Section of B-pillar

Energy Absorption Efficiency

50% UP

k/kg

Conventional CX-90
Fig. 11 Energy Absorption Efficiency of B-pillar

R7RAIBBDA >V INT bN—IE, RT7OERZMHEIL,
R7HSEARAODO—R/NIE L TORENDH 3,
CX-90 Tl&, 7ZAY L RT7ICRRHISREL TLS SR
ICINZ, FEICHA NI bN—%FZELT (Fig. 12),
TEDA VN bN—IF, BEEFEZ R 7H5RERE
VUSRI OARXYN—ABBRTETZIO0—RK/NX
EHB3DT, RT7TOERGIE BES—DRIBZE®FT
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Front Door
Upper Impact Bar

Front Door
Lower Impact Bar

Cross Member

Vehicle Side View
Fig. 12 Front Door Impact Bar

4. FEEEIEEER T
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No.40 (2023)

TYAER

! Straight

P o
o T Mg T
Taper l'

Bend Axial compression  Axial compression

Conventional CX-60 CX-90
Fig. 13 Crash Behavior of Rear Frame

> ——
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Deformation-Force of Rear Frame [kN]
- — — —

~

Crash Stroke of Rear Frame [mm)]

Fig. 14 Energy Absorption Performance of Rear Frame
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Fig. 15 Head Impact at Conventional Fender Bracket

Minimize injury

@

[Deformed]

radius of curvature

Crushable

Fig. 16 S-shaped Fender Bracket of CX-90
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Pedestrian DOT HS 813458, pp.1-16 (2023)

1 (3) it ANED | CX-60 DBRREMEE, <V LER,

— No.39, pp.96-101 (2022)
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(Copyright 2015 © TOYOTA MOTOR CORPORATION)

Fig. 17 Pelvis Injury by Headlamp Load

Pedestrian
S

§

No collision
with Headlamp

Minimize
injury

B R NI}

[ ' Energy Absorption
complement

*Used THUMS AM50 ver4.02

(Copyright 2015 © TOYOTA MOTOR CORPORATION)

Fig. 18 Crash Box for Pelvis Load Alleviation of CX-90
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Fig. 19 Energy Absorption Performance and Pelvis
Load
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(2) NHTSA: Pedestrians Traffic Safety Facts 2021 Data,
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Further Evolution of Mazda’s Unique Paint Engineering

“TAKUMI-NURI”
gL gL =& BB mEkx £
Shuji Hozan Natsumi Mimura  Keiichi Okamoto
iR &M Fh EA T
Takakazu Yamane Ryuji Nonaka
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e#hircls TEZR) AS—THB3T7—TA4 LY RTLITLXZY v I =RE LT,

FRTIE, 10FLVWSERDOPTEL TELEEKMOMBZIRD RS LERIC, ChETO NEES A
T—RAETHE S TELRMEBODRAARTY -T2V LYy RTLITLXEZ) v I DEDEHIOVWTHENT %,

Abstract

In our painting process in which a lot of CO, is emitted, we are making a challenge for process innovation and
production engineering development to further accelerate environmental activities in the vehicle manufacturing
process. Based on the idea that “Color is a part of design”, Mazda has been pursuing colors to make the KODO
Design look even more beautiful. TAKUMI-NURI which realizes beautiful painting that looks like craftsman’s
meticulous hand painting in production line has continued to evolve, while making a lot of engineering efforts
combining design and environmental performance. To celebrate the 10th anniversary milestone from the production
start of the first TAKUMI-NURI color, “Soul Red Premium Metallic,” we developed “Artisan Red Premium Metallic”
which is a new TAKUMI-NURI color that conveys a message as mature and deepened Mazda brand.

This article looks back on the TAKUMI-NURI technologies that have been evolving over the decade and
introduces challenges in the “Artisan Red Premium Metallic” development that reflects skills we have cultivated

through the TAKUMI-NURI color development to date.

Key words : Materials, Paint, Process, Design, Color, Development, Artisan Red Premium Metallic
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Fig. T Artisan Red Premium Metallic
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Abstract

The “KODO Design” emits a beautiful expression as if it is filled with life. We want our customers to feel the
special bond shared between a beloved horse and rider through the sense of life that this design emits. The
CX-90, the second in our large product line, is expected to achieve a high-quality expression of continuous
shading by reflection when the car is illuminated by light. This paper describes our efforts to optimize the die

fabrication and stamping process to achieve premium quality mass production of press-formed parts for the

CX-90.

Key words : Draw molding, Bending forming, Press forming CAE, 3D shape measurement, Quality

engineering
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ZHEFANMD S Z eIk DEBEER LRI E £ 3.

Die
(“}\\ Blank (] [ ]
Holder
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[ | ] Pin | ]
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Cushion Pad

C
Cushion Pad
(@Holding state

(D Materials injection
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I Punch| I
Cushion Pad

®Forming completion

iI‘ ‘Ii
Cushion Pad

(3The lowest point

Fig. 4 Forming Process of a Drawing Mold
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YNTEEME LTFORLL, BRERNRILEEE
LSRN EL—RKTETIEZ TOEINNUETH
BrEZf. TOTROBNBESEE—RTERT 37-
SO 7O ARBED - OHIZRHZ CAE O FAREER _EIZE
DIBATERICDVWTBNT 3,

3.2 FifiZ CAE $EEEDRIRE

CX-90 DD TRRDR/NIL & AT CAE IC & 2 Bt
BELBLIER, M CAE TIZRASBIE TSI SEES
NTOIMFEIINTED (Fig. 5), E/INKILTIERRZA]
HICRE LY OHDEISEIEINTHELTVS, Thbd
ICDOWTHELER, TEOMENH S Z e hHIEL .
(1) CAE ERNRILICHITBMERAZEDEL
(2) CAE TOYIREE HEDIEL

"

Wrinkles
disappeared

Fig. 5 Wrinkle Generation in the Molding Process
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RRTORIDREDHIFS5N 5, BFIBIETORTIREIC
SO TENTBIMPRAEDNRENRINE RS CRBEL TS
D, ZO—HXRIL30.3% LHRVRETH 7= (Fig. 6),
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&, MERAEZ—RIE 3 EHREHLFECEX,
EERAZE3mm U, —5EE 80% U Lz BiZL LT,
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0

Difference in panel inflow
CAE panel inflow
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Fig. 6 Difference between CAE and Actual Panel Inflow
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128, EERICBRADID > TVBEHEREENE T L,
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BEFEENEBHRIE 3702, EAZRGZEUICIC
BERETEDL3IC3DEHIEE Lo RICHBILT
BUCEDENEEZRET 7D, EXDLATI NS
REOEY 1 AHDDHEZTICAITENERE LT,

Fig. 7 Cushion Pad Tilt Phenomenon

3.4 CAETOIIREE HEDFRERR

ENRILE BT CAE Z R U T-HER, ENRILTHEE
LTWB 2 IH A CAE TIFHEER TIAh o7z CNUE
CAE ETILOFRERIRT Z/1-HDDX v 28> TOH
ReDTesE AT, Xy aiRECEH) ICE>TET
I ETIERICO DR ERETEI AL (Fg. 8)s £ZT
B, CAE BETILD Xy > 2aBRER AR E T A E50um
BT, 50um UTDYTIZDOWTIFRETE AL
CEHHIBBLT: (Fig.9)o €2T, Xy afRZE+15um
UTZRITIZ e zBEC L
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M
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In case of fine mesh
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Fig. 8 Shape Error due to Mesh Quality

Fig. 9 Difference of Wrinkles between CAE and
Actual Panel
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I3, SEOCTOREBEFRIESTRAICES FTHIRIC
EELAWESD (Fig. 10), XvPatr1 XISEVIRES
HIFT 270, Ay PaRENATVEEFTH T
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‘ No contact ‘ ‘ No contact

Fig. 10 Panel and Mold Cross Section in the Molding
Process
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L7 (Fig. 1),

Wrinkles during molding
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CAE Analysis Results
"\\‘

Fig. 11 Results of Application of Countermeasure
Contents
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Fig. 12 Mold Modification Process Application Results
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Punch

(3The lowest point @®Forming completion

Fig. 13 Forming Process of a Bending Mold
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#ioh, 7LI7LREERICERINZMMELLOR
EHRWTIRWVWI EMHIBAL . (Fig. 14b)e TH A
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Fig. 14 Panel Malfunction (a) and Light Reflection (b)

4.2 HIFTRICET3RS IEEDBFRERE

Dy U LZIET BICIE, RIERICET BTN
THAVEIGIRT 202 < cHD+R RS XEE
TN ZRETIHED DD, EDIceH, FTHIX
EEDBFEDREICEDBAT. NRILZTDHLT



No.40 (2023)

TYAER

CAEZRHWT, I3 XEEZZELIEEBO vy I L2
70Oy kLT, REITHAVEBRTES v ILE
BIEER VTR EED SRS X EED BIZE% 1
E LT

4.3 3 ZEEDBEERICHET TIREE

KRBT ZEEZFTALIER, > v LREELMU
ICBAL CTEFMEICHLTARELTVWS ZENMHIAL T,
BECAEEZERTICIICEREDT YTy hEBBH
ARTN) 2T DR EZIBINS € B Z EHRIRIIED,
ENTRARRTVTERER>TLES, &, #
HEMNMBEMT 3 2B ZILET 37O 2RIt ZS
HBZIVENHD, BHYWES UP ICHVEMED NS, £
DfeHIEAREFE LT, HRAXT) I HEEZH#ERL
fcEF, BEREMRICBERDKLIINSZEEZERTY
PlrEBEBL LTco COERFDE, HARTIVY
DONFIIBTIHETORERERRZEIEL (Fg.
15)0
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Fig. 15 Load Path from Gas Spring to Holding Surface
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Fig. 16 CAE Model
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Fig. 177 Comparison of Holding Surface Pressure
between Optimal Condition and
Current Condition
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Fig. 18 Reducing Width of Holding Surface
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Fig. 19 Light Reflection (a) Old (b) CX-90
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HHEE | MAZDA MX-30 Rotary-EV

09 MX-30 Rotary-EV D24}
Introduction of MX-30 Rotary-EV

LB AMEFT EmAN AT mE #EXC

Wakako Uefuji Ken Nishigouchi Jota Okada

WHE B—" ER BT kB HR

Youichi Matsuda Shoji Nobumoto Masaya Sato

MX-30 &, FTL \MBEEDEIEICHE LA VLY DF LVLWBEREZRELEETILTH S AR, IVYEAD
EEMLEED) —RHE-TWS, IVAVOEEEREHE, YAILRNITUy REICHKES, F=#r L
TEALLFREO—42)—IT>IY8CE (LT, SCRIRE) THEITZ STV NIT VY REFILICD

WT, RBIHEPEEERBNT 3,
Abstract

MX-30 is a model that made a challenge creating new value, proposing new relationship between human and

vehicle, taking leading role for electrification strategy within Mazda. After launching Mazda’s first ever mass-

produced electric vehicle and the following mild-hybrid model, we are here introducing the value and

characteristics of our third variation — the Rotary featured PHEV model that can generate electricity.

Key words : Heat engine, EV and HV systems, Rotary engine, Lithium-ion battery, Plug-in hybrid, V2L, V2H
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CIRBRZE BRI FICRML TSI oo MX-30 Rotary-EV
I&, MX-30 OEARMGIREMEITEDE KIS, BEVE
LTCOFEVWAZLRLIESU—XRTST1oN1T

Uy REFILTH S,
2. 1R {1 fE

MX-30 Rotary-EV |&, BREBICETZMIEVEL S ZEE
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SENT T JIBI LIV, ZELTTHFAUPED
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3. FAmiFE
(ATBERHD IR Y VI, ERTHRICET S)

3.1 KV#1 EEBIZBEVELTESCLHTES

BEHD, THXOEFOHTTEZROBFER2ICD
BH2TEEEDRZVL, TH, RBICHTZFRAERIP
AMLRZRERLELSBRVL] EVWSBWIRZRSEXRL, H
BEEEO Y ETCRRREN A LEZRR, T
BOEFORTHY U VEEELAL, KETIILB
BoRBEEBI L. £/, MX-30 EV MODEL [E#D,
S—LLRAT—EROHZOMEWVWED HRE LT
(1) BEEZEBEIZBEVE LTBHTIZABRENY T

IJ._

SEROBEDFERAREICET IAELRME, TORRE
ZHBER, BEVELTES) CeZERLITBEZHFD
T, MX-30 Rotary-EV (& 17.8kWh™' OABE/NY T —
=HBHL, 1 EOBRETEV EITHREER (HMEev L
>) 107km™ ZRER L T2
(2) BEV & L TOREME S S 2K

MEEE

MX-30 Rotary-EV Tld MX-30 EV MODEL L [EtRIC, &

B (AC) REBr 2% (DC) REOMADARTORE
ZrRlgEr Lz (Table 1), BUNFIBOET@EREICH LT
IE 3 1TkW OREHREICHORIEIE T FT-2ERE
ANDBWIETDCICED, NHETOEREODFREI T
BEX 72D, 17.8kWh™' ODRBREBNY T —DIRBLED
BTSTANACT Iy RTHDIBEHSBEVELLTD
FEMETED,

REHRAITE

Table T MX-30 Rotary-EV Charging Performance

Charge . . Charging
ode Max charging capacity time ™
Single
phase 6.0kW ?ﬁggﬁ
Normal (Japan)
Charging
3 Phase 11kW Approx.
(Europe) 50m
Quick Approx.
Charging Over 40kW 25m
*50C20~80% % TDFTEEFR]

(3) 100%E—Z2—%FEfT — PV—ARTST1VN1T
Jw R
MX-30 Rotary-EV (32 V) —XRX TS TA N1 T )y
RzIALTHD, TV VIFREHEHAT, SCEIRE%®
®A, BENIIBICE—H—T1T5. &2T, MX30EV
MODELEEDSBWVWE—F—ERENIC &2 TAE—7F1 @
ED%E, ETHBICHETEICEREL TV,
F72 125kW/260Nm = RHE T 25 HNE—2 —%2EH

TBILT, NyTU—REIZHMHDLET, BEREITH

PEIRFFG L CRIREICLBHEEFRHED, EITDELT

% E—4—TERE, 140km/h £S5 MX-30 EV MODEL

CAFEDHEEREDHERRLTWVS,

(4) MX-30 EV MODELEZE®D TAE—&] OEDZRIR
ERCESA ]

MX-30 Rotary-EV ICEWTH, MX-30 EV MODEL T
Eo-EmZEFFIEEMzEAL, AN DAY o7k
>—LLXBEmES, BICERAICKVWEESNTWS
PDOLSBELEZIDOHZEDDER, BREMICIHZT
FEOLSICEIHEZ Y bO—LEEHIE LT

ZDRBED =&, MX-30 Rotary-EV TlE, MX-30 EV
MODEL X BE#KICIUAT D & 5 Az A L f.

c BB oy —LL ABEFICK > TARIC

COTHRICERARREREEZRHETS ITLYV M)y

G- RoURY>VHG Ay rO—JL 75X (e-GVC

Plus) J
- ANEFEICESVWTERER ML DY M O—LZR

BEICT D TE—2—RAL]
cNT—AZy bHRIBETEZMNLIDKREZ K1 /\—

HEERICRNTEDZ LT, LDERRERIY -

O—)LZzagelldd eV YR
T L—FERFINOBEENS R TAN—DREL TS

FEhz L, ZOEBATRAROIR/LE—[ME

£E5TVDD, REDZERICLZHENTHS L

T, RSAN—DEREEDDOHEAERELEHS

HEMRLRIRIINE—EEZAEEICLT TE4HRET

L—=]
CTEIERETO—VICBVLWTRSAN—ICEBRBAE

ARERIY MO, sigEEI>Y FO-LOL

PITIERMHTSZ (RFT7ITRA—ILISKILL

3.2 Kv#2 RDLTREBRERFS1IHTE, HbF
RTOTITATBA—F1 728 LS

HEIEBEV E LTES ZETHY U > EFHLARVEH
HTE, BRPHRBRICIESCEIREICEZHEICL->TE
ROFBRZEZL DB LDO L TREHO R Z1TH
TIB L, MREBHEPEITE- FUBKEICEL ST,
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ICITETE, BODES EXICBREFES N TES
Clo COD2DOZBLTEBERDT VT THRIAITR
21 DOFR[EBERELT

(1) OYIRZA4THRDDHEER 8C B RE

MX-30 Rotary-EV (&, EV EfTHEES (FMEV LY
) 107km™? |CHNZ, 8CEIRE THEY 3 & THRHA
Ny TF)—IZBAEMBL, BEAZ2O0VIRS17ICD
WIGAETH D, CNERRLIEON REDFRD—D
THd MEAR—RM] THD, HERE 830cc THREH
73 53kW (72PS) /4500rpm %= HAE T ZFHEHFEOHEEH
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(2) EREIFLERIAEMEE

BILERADKREXABEL T3 TV2L (Vehicle to
Load) J ICRISTE7ze WEICEE L7 1500W £TER
ZEFEIVEY b, BARTERTIETRE OASISESS
HERATSE %,

IEKERICE TR\ T ) —BEHEIC K 20T
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NTEB, 17.8kWh™ DNy F 1 —hERETHNIE—
REOBREDH 1.2 B 0BEH%E, £MRIEL
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REDEEMARE BEV & L TEEMNICED IZVER, 7
T bR TOREMEDERBR IR TNy T 5%
EZHERLTEILVRFICESE— R LTERE LT

Ny T ) —FREIF 10%BEA TERICHKRENTRET, 8C

BREZBAVEREI> FAO-ILICED, RELZ/NY

F)—REFHIETET S,

U BHEBAN
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1 HO—RNABRETCOFERENEEREICLIIES
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PR—FTEBZLSIIH 2 ETH A VEATHRE
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Fig. 2 MX-30 Rotary-EV Natural Monotone
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#5EE | MAZDA MX-30 Rotary-EV
10 FRO—2 Y —T 2T 8C HOMRIERIH
Combustion Technology for 8C New Rotary Engine

FA BET BEA T OhIE BET it wmER

Hiroki Morimoto Toru Miyamoto Katsuya Nakajima Takuya Kikuchi

B BE” WK #ERC HX g7 B R

Kiyotaka Tanaka Yugou Sunagare Tetsuya Nomoto  Yoshito Wakabayashi

IVAIE, W11 ERXRDRBZHFEO—F)—IT>IY SCREZEHE L, NISEHAREAI= v & MX-30
ICON=RAKTSTANAT )y RORERLE LTEET 2 T, HEEEING E VWS HEEEAD
RILFY)a—a RO 1 D%EFRT 3, 8CHEIL, BENAMRIERERTZLOHICEIETIL13BENS
[EfEtkE B, REHEHAZ BEEERT Cooled EGR Y X T L%EIRA, BICRBEEFREZZEE L. £k, B
HERI-—Y b LTHREZREL LT, TOMRR, BNROABLARBL 2N (ERUBFIR) =1 Ek%
FRLACETIBEMNSOAZY MRAEDRA 25%EEL, RFIOII v 3 ViREITH SRUN Euroed Rl
ICHEEF LT

Abstract

Mazda has developed an 8C new rotary engine for the first time in about 11 years. The MX-30 embodies one
of our multi-solution strategies for the social issue of curbing global warming, with use of this small, high-output
engine as a generator for a series plug-in hybrid. In the 8C, ideal combustion was pursued with a higher
compression ratio than a 13B previous model, direct fuel injection, cooled EGR system, and a change in the
shape of combustion chamber. In addition, the displacement was optimized as a generator-dedicated unit. As a
result, the 8C has achieved a significant improvement in thermal efficiency and A (excess air ratio)=1 operation
over the entire range, improving fuel consumption of the unit by up to 25% compared to the 13B. It also

complies with Europe’s Euro6d regulations, the latest emissions regulations.

Key words : Heat engine, Rotary engine /Rotary combustion engine, Performance /Fuel economy/ Efficiency
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Fig. 2 Roadmap to Goal of Rotary Engine

Efficiency Improvement
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Fig. 3 Combustion Chamber at Compression Top
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13BBlY 8CBIDFEFETE Table 1 IR T, 8CHEIT
ISBIR DM BIEERIRT 372010, KIBHRBEHREIC
B L 7o 13BBIK D EMELEEE S, MEMtEZEREL
L, Cooled EGR Y ZXTLBIHA LT, o, BEEZR
HBETaRAYay (TVIUTHE) #2—HT5crd
I2, REMERI1I=-v b LTHREZREL LTS

Table 1 Specifications for Europe

Engine 13B (2008MY) 8C
Way to Use For Drive For Pow_er
Generation
Displancement cc 654X2 830X1
iy
R atng mm R=105 R=120
b: Width b=80 b=76
Compression Ratio 10.0 0 1 11901
kW (PS)/ 151 (205)/ 55(74.8)/
Max. Power rpm 7,500 (Std.) 4,500
Nm (kgfm)/| 211 (21.5)/ 117 (11.9)/
Max. Torque rpm 5,500 4,000
Fuel Injection System Port Injection |Direct Injection
Intake Type Side/3 Port Side/2 Port
Exhaust Type Side/2 Port Side/2 Port
Secondary Air
System .
Emission System (ElectricA/P+ Dlreigslt:alyst
ACV) UF-3Way
(2 BED)
EGR System — Cooled EGR
Ignition System 2 Plug 1 Plug

4. 18 - T v a o HERN

4.1 SEMELLZERRT S/ v x> JEERE
EEMLEEF Y h— 1 U )LoER (1) hSE
HEOMLEICHFSL, BEREICEDHAIEEDE
BI3H, /x> I RFRIEZI LV oBELH S,
8CEITIF, MEERNDAENROHZIEBEL S L
THEH A RRICEEIR St % Cooled EGR Y R T L%
RAEAL, /v J%EMEILI Cooled EGRIK, /v
F U JERENROM, thERbDmE EMRPREEREDE
R & B HERCHAH LEEDERDRERNH D, BIC
BoamETIIRYEYTORDERE W2 e ZIKICE
ZMEBER LOHRIESN S,

Theoretical Thermal Efficiency of Otto Cycle

K—1
Notto = 1- [l)
& (1)

n : Thermal Efficiency
£ : Compression Ratio

K : Specific Heat Ratio

(1) BEICELD/ v 2Tl
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RAFHADEADFIRETHRED M LT B,
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Fig. 6 Temp. Distribution when Knocking Occurs



No.40 (2023)

TR

Air-fuel Ratio

L_.\
T Side

\
Rich Cooling @

Temp.
4500rpm High Load

o

CH
Rotor Rotation r
Direction

abyf [-] temp [K]

250 ’ / 1800.0

1 20.0 | 1425.0
.LS|de150 | bposg:
100 675.0

50 300.0

Fig. 7 Air-fuel Ratio and Temp. Distribution
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Fig. 8 Performance due to Difference in EGR Ratio
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Fig. 9 Combustion Chamber Pressure of 13B
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Fig. 17 Heat Release due to Difference in EGR Ratio
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Fig. 18 Comparison of Flow Velocity
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H5EE | MAZDA MX-30 Rotary-EV
11 HEO-2)—-I2T Y 8CEOMRE
—EETENRE, SEEEZMIL EERREM—
Development of the New Rotary Engine

— Technology of Structural Parts that Achieved Lightweight,
Low Fuel Consumption and High Reliability —

MR BET OFH RAT RH KU #H FaT

Takeshi Yokoo Eiji Arai Takanori Sakai Yoshinori Ogata
*5 ~ 3 *6 Tz *7
B EF Hk BKXT =R B8
Masanori Hashimoto Yuta Morinaga Shinsuke Miyata

IVAIE, 11T ERDIETERI3FRO—R)—I ooy SCRZEK LT, NEgRABAI VD V%
HEMELT, PU—INATVYRTERTZIHDOTHD, HEREZTILOHOMERL LTHIFTWLWEY
WFVIa—aVBBO1DTHD, ALV VORRETD M AIHE oFmziEaL, RBEED
ELE S 3 > & RIAY ZBNRAERM, BERMOEL RBILICERDEAT, O—2)—IT VIV THE
35 E%E, EXETERELREL L. MEFRHTH T RNII VT IEMHETILIICE
BLBE L, 7, MEBELICHDOETEEL Y 7OV VEEMOER E BEEMEICTTZ S 518
LA T o/, LYTAIYI VA, ROSNZHIMEELD AT b ARIZ Y FTRETEZH
REEHDIL, YA XDKREBREHNE—F—, PR —F—ciFEHLETR#EMLICEEEL RIS, MX-
30 DEET L —LAADBEERREL LT,

Abstract

Mazda has developed an 8C rotary engine, making a comeback after approximately 11 years. This compact
and high-output engine is intended to be utilized as a generator in a series hybrid system, and it is one of the
strategies in our multi-solution approach aimed at preserving the Earth’s environment. The development of this
engine also carried forward “the spirit of Never-Stop Challenging” focusing on improving thermal efficiency and
evolving and optimizing structural technology to realize the vision of advancement in internal combustion
engines. The challenge of cooling loss in rotary engines was addressed by reevaluating and optimizing basic
specifications. The previously cast iron-made side housings were replaced with aluminum to reduce weight.
Additionally, in line with the evolution of combustion, enhancements were made to leverage reciprocating
engine enablement and strengthen the structure to withstand high-load combustion. Unlike reciprocating
engines, the unique advantage of the rotary engine lies in achieving the required output performance with a
more compact unit. This allowed for integration with larger, high-output motors and generators, positioned

coaxially, while still enabling installation within the chassis frame of the MX-30 model.

Key words : Heat Engine, Rotary Engine, Design, Thermal Efficiency, Low Friction Loss
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Table 1 Specifications

Engine 1325:::;5'5 8C (Japan)
Number of Rotor 2 Rotor 1 Rotor
Basic Specifications [B Dimension] [C Dimension]

e: Eccentricity e=15 e=17.5

R: Generating Radius R=105 R=120

b: Width b=80 b=76
Displacement 654 X2 830X1
Compression Ratio 10.0:1 11.9:1

Side Housing Material

Cast Iron+Gas
Carbonitriding

Aluminum-+
Cermet Thermal

Spraying
Intake Type Side/2port Side/2port
Exhaust Type Side/2port Side/2port
W=2.0 W=25
Apex Seal Type 2 pieces 2 pieces

Chilled Cast Iron

Chilled Cast Iron

Fuel Injection System

Port Injection

Direct Injection

Max. Injection Pressure 0.4MPa 30MPa
EGR System w/o w/
Max. Power/rpm 158kVE/S/t7d4)50rpm 53kW/4500rpm

Fuel Type

Premium Gasoline

Regular Gasoline

MZT, HAOBEELICHL, RARBEEDOLFICEK
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CYVOMBEIIT VORI v TFEEZLTED, O—
B=N\TI VT DTNICL ZMRRREEORENNE
B, Fio, YILFEEBEMOVE S bZRIRT S
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NRBE 3%, CNOSERT ZEBERDERILRIEEE
ELIZCDWTBN T %,
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HHEE | MAZDA MX-30 Rotary-EV

12 MX-30 Rotary-EV D/NT— k L1 §lIfH
Powertrain Control for MX-30 Rotary-EV

JIR == FE E%F” &E B8R

Takuji Kawada Yukihiro Soeda Ikumi Edahiro

AR =87 ¥k #NT

Takuya Shiraishi ~ Seisuke Mitsunaga

EVETFILOE—HE LT 2020 F£ICEERIA L 7= MX-30 EV MODEL ({F, EVMODEL) #~R—2XIZ, ¥
VARMBOFREO—2)—T>T > 8CH (WUF, SCHIRE) #HEME LTEBHTZITISITI1VNT1T )Y
KEFIL TMX-30 Rotary-EV] ZBF LTzo NT— kL1 UHIHBEROEEREIL, EV MODEL THF=2E
ETHEEEMAL, MGEHT KIBICHESEZTHofo AIETIE, NTTUYRETE—RIZEWVWT
IVIVEBEHEEZ RS LTEVSLIZBRLANSD, REBEIRSAN—BECIECEVZTRIVY
VEEEHEICE > TAE—FRRERZRRB L IO EAICDOVWTEBNT %,

Abstract

Based on the MX-30 EV MODEL, whose mass production started in 2020 as Mazda’s first EV. model, we have
developed the MX-30 Rotary-EV, a plug-in hybrid model equipped with a generator using Mazda’s unique rotary
engine. The key issue of the powertrain control development was to inherit the driving performance that has been
well-received in the EV MODEL and significantly improve the cruising range. This paper introduces the efforts that
achieved “Jinba Ittai” feel by reducing the engine operation frequency in hybrid driving mode to pursuit for EV-like

feel, while linearly changing engine speed in response to driver operations during power generation.

Key words : Powertrain control, Energy management, Performance Feel, NVH
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4545 | MAZDA MX-30 Rotary-EV
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Development of HVOF Thermal Spray Technology
for Aluminum Side Housing

A =HFET R BT BB EMT

Shinji Yamamoto Yukitoshi Nakata  Hirokazu Takahashi

W M BEA SRC A R

Yuichiro lkeda Takaho Kishida Yasuhiko Okada

IVRITERIARVCBENEESEERET3—DOORRKE LT, IVAHMBOEE, OV /N raeO—
2)—T>TY (UTF, RE) IC&KBNYT)—ADREEZFEEL T3 e-SKYACTIVR-EV ZFHAFE L, BEHKICHE
HLTW3, MFRDRETIE, TORBEBRIBRTHZI A RNDI>YT (7OY NSV ITRTUTND
DY) EHBHRMUTHD, A=y FOBEICKIF LRI ZEFHEEE L IRBESEEZBR T H7HICIE, D2
MOTILEZD L (LT, 7ILI) AOMBBBRAEEFEL H>TWe, L L, BEDEWLWTILI T,
CEREEN T2 O— 2 —ICEE TN — LB OEEICH T IMAMEIESNAEWZD, BVREREEEET
PEMLBEZREHmICI—T 1 VT T R2RENDH D, €T, BEEOWMEREEEERIT S I—7T1 VI FERL
LT, @8&7L—L (AT, HVOF) AHEMEEA L. AEMOBERICHID, BEmICERINSHEE
B DR, ANEEORBEFHICEETIERC ZDOXAZILEZHEEIC L, CNSDREEEAER,
Bz FORLT B CIcLD, BERigRE, RBEZHARLDD, HER/NROIRE, X NTEEERAZEIR
L7co ARBTIECDEDIEAHICDOVWTHRET S0

Abstract

As one of the options for realizing both driving pleasure and excellent environmental performance, Mazda has
developed and released e-SKYACTIV R-EV that enables Mazda’s unique light-weight compact Rotary Engine (RE)
to charge the battery. The conventional RE has cast-iron side housings which have been required to be replaced
with aluminum for lighter weight and higher performance, but the aluminum side housing needs wear-resistant
coating on its sliding surface to secure durability. We therefore developed High Velocity Oxy-Fuel (HVOF)
thermal spray technology and verified the effects of the influential factors on its coating quality and required
functions, while minimizing the cost and investment through a series of verifications. This paper reports our

initiatives aiming to put the technology into production.

Key words : Heat engine, Rotary engine, Wear resistance, Thermal spray, HVOF
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Powertrain Production Engineering Dept. Powertrain Production Dept. No.2
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Std. Partial Regression
Variables Coefficient
Thickness | Deformation

Overspray (mm) N.S. -0.659
Gun Traverse Speed (m/min) -1.176 N.S.

Cooling Air Supply (L/min) N.S. -0.159
Spray Distance (mm) -0.144 | -0.633

Number of Spray Layers (cycle) 0.899 N.S.
Powder Feed Rate (g/min) 0.564 N.S.
Adjusted Contribution R? 0.815 | 0.632

|, Spray Distance

Cooling Air Supply

Fig. 13 Multiple Regression Analysis Result
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BENMEVE, TP OEREIINIK BB I 9D o7

Effect of Temperature on Deformation

Effect of Overspray on TP Temperature
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Fig. 14 Overspray vs. Temperature vs. Deformation
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Fig. 15 ICIRT &SI, BHEHFPICTL—LICEDTILZE
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HEﬂtEd p l'tldES Thermal Expansion ~ Thermal Shrinkage Stress Final Displacement

“ L / HVOF Coating HVOF Coating
g, DEEE

During HVOF spraying, heated ~ After the spraying is finished, the coatingand ~ When cooled down, the
particles bite into Al surface and the Al cool down and shrink according to the  unconstrained backside of
become deposited while the Al each linear expansion coefficient (a). the Al shrinks larger than
substrate heats up and expands  AS Qcemen) is much smaller than aa), the Al the coating, causing convex
due to the heat of the flame. around the interface cannot shrink sufficiently ~deformation in the central

due to the constraint at the interface. portion of the substrate.

Fig. 15 Mechanism of Work Deformation
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Fig. 16 Effect of Overspray and Cooling Air on
Deformation
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Fig. 17 Continuous Spraying on Four Works
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Fig. 18 Coating Thickness and Work Deformation
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New Method

Grind minimum allowance.
As-sprayed surface height is measured
by a touch sensor.

Conventional Method
Grind to a constant height from datum.

Excessive grinding allowance including
various variation factors is required.

Minimum
Grinding
Allowance

As-sprayed Surface

Finish-ground Surface =

Pre-machined Surface Thickness
Constant Height
Covering Surface
(Backside) A Datum &

Fig. 19 Comparison of Grinding Methods
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Minimum grinding allowance should be
equivalent to the maximum Rz value.

Fig. 20 Measuring Points and Grinding Allowance
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Improvement of Imbalance in Cast Iron Rotor for Rotary Engine

. 1 2 N 3
HORNT TR mET O OBR O HET
Ryosuke Tsuboi Hideo Tone Masaharu Sone

NG Rt R OHE OBEAT

Hitoshi Kojima Kazuhiro Yamamitsu ~ Masato Takagaki

e-SKYACTIV R-EV OEEREHH L THRALEFEO—2U—T>P > 8CE (LT, 8CHE) &, NvTF
J— EVO LS BRELENAZROERRZEIE L THREMORALZR >TED, 2AICEO—42—07 VN7
VADBKIKREET D, O—F—H 1 IDRERETILOH 1.3 FICKB LI 8CBIL, ZDREMDER
RADZEDHIBRTZDH, LDBELVBEZEICHER L co BFEREDSHLETTIUNS VR ERD B8V —IL%
FREL, XEVWRZEENICTFH TR TEEEZEZEN T IBREDSVHERHEL, TOV—IEZEHETSC
ETHAAL) —REBOMBFTEREERB LT, CNICEDEETEY FEEWERALDD, HEIES5D2FTOM
IMeE RSO - BHE T2 % ML L 7o

Abstract

The new 8C type rotary engine (RE) adopted as the power source for the e-Skyactiv R-EV’s generator aims to
improve quietness to achieve a comfortable interior space like a battery EV, and rotor imbalance has a major
impact on this. The 8C type RE, which has a rotor size about 1.3 times larger than the previous model, has a
greater impact on the quality of the formed material due to its larger size, so it has taken on more challenging
goals. An analysis tool was developed to obtain the imbalance from the sand mold, and by quantitatively
predicting the improvement effect, highly reliable measures to achieve the goal were taken, and by applying this
tool, timely maintenance management of metallic pattern was achieved. As a result, a casting process that

minimizes casting variations while effectively utilizing existing assets has been established.

Key words : Production, Casting, Rotary engine, Dynamic balance
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Casting design
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Fig. 2 Sand Molds and Casting Design
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Gray: machining surface
Yellow: casting surface
Green: cross section
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Fig. 3 Casting Surface and Machining Surface
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Circumferential datum

Fig. 4 Machining Datums for Rotors
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Fig. 5 Adjustment Machining Area (8C Type)
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Cross section of rotor Metallic pattern

Adjustment seat

Fig. 6 Adjustment Seat of Metallic Pattern (13B Type)
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Previous process New process Table 1 Expected Difference of Imbalance
R Predicted Measured Concordance
o value value rate (%)
(0]
<3 .
Adjustment of 53 imbalance Gear-side 843 999 84
metallic pattern % Scanning (gemm) Opposite 1643 1769 93
_ ‘ gear-side
{ﬁg S Gear-side 214 210 98
\‘L)_*' . y Angl o .
H : ngle () Opposite 4, 196 97
e gear-side

Feedback

Replaement

Core setting of the hollow shape

Melting/Pouring/Fettling

Machining

L roo

Imbalance measurement

Imbalance analysis

Fig. 7 Imbalance Analysis
120

100 9

y = 1.000662 o
80 1 R2-0.999999 &

60

Core dimension (mm)

0 20 40 60 80 100 120
Material dimension (mm)

Fig. 8 Relationship between Core Dimensions and
Material Dimensions
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Table 2 Measures against Imbalance

Imbalance  Control Preqlcted
maximum
Measure (g*mm) value .
per mm (£mm) imbalance
(g*mm)
(1? Reduce pattern 897 0.20 179
shift
@ (2) Maintenance
. 741 0.20 148
metallic pattern
@ Improved core 2190 0.30 657
assembly precision
® Control the core 1793 0.20 359

deforming

Reduction of
@ machining 7869 0.10 787
standard deviation

Avg. 179

o 365

Target level 1675
Cpk (against target) 1.36
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Fig. 9 Metallic Pattern Structure of No.1 Core
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Fig. 13 Improvement of Flash Shape
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Fig. 14 Improvement of Casting Design
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Table 3 Result of Mass Production

Cpk
Imbalance Gear-side Oppo§|te
(gemm) gear-side
Target level 1675 1.80 1.43
Standard level 2393 2.84 2.32
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Development of High-Speed Chrome-Molybdenum Plating Method
for New 8C Rotary Engine

*1 *2 *3
o EEH ZEIE™ &K &R
Masao Hayashi ~ Takamasa Sonoda Kana Haruki
=% Bah ™
Nobuhiro Takaba
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Abstract

The trochoid surface of the rotary engine’s rotor housing is coated with a chrome-molybdenum alloy plating
for the purpose of wear resistance. Wear resistance is achieved by maintaining a high-strength plating film and
retaining a lubricating oil in the oil retention grooves on the plating surface. In the revival of the rotary engine,
efforts were made to apply a new plating method while addressing CO, reduction. The previous plating method
required a lengthy plating processing time of 6.5 hours and an additional step of forming oil retention grooves
through reverse electroplating. Although there had been a method proposal to reduce the processing time to 3
hours by adding a catalyst to the plating solution while forming oil retention grooves, achieving a uniform plating
film on complex-shaped workpieces remained a challenge for mass production. To address this issue, mass
production was realized by utilizing CAE to optimize electrode shapes and processing conditions, significantly

improving production efficiency, and reducing CO, emissions during the plating process by 45%.

Key words : Materials, Catalyst, Addition, Surface treatment/plating, Strength/stiffness /rigidity/wear resi
stance
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Fig. 8 Picture of Oil Retention Grooves in a Plating Film
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Fig. 12 Plating Equipment Configuration
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Development of Prediction Technology for Exhaust Noise
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Abstract

In recent years, from the perspective of the coexistence between society and cars, regulations on vehicle
exterior noise have been tightened. Vehicles with internal combustion engines are required to reduce engine
noise. Among engine noises, exhaust noise is an important factor for customers to perceive the value of the
vehicle, such as quietness and sound, in addition to external noise regulations. Under these circumstances, we
have been working on the development of prediction technology for exhaust noise in order to improve
development efficiency. To achieve both regulation compliance and sound evolution, it is necessary to control
the exhaust noise more closely than before, which requires higher prediction accuracy than before. Therefore,
we improved the prediction accuracy of the airflow and pulsation noises contained in the exhaust noise by newly

developing analysis technology for measurement results and improving CFD and acoustic analysis models. This
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report explains the efforts on our achievement.

Key words : Vibration, Noise, Ride comfort, Exhaust system, CAE, Simulation, Exhaust noise
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Virtual Sensor Development with Neural Network

1N S 5 NS = R 1< <)

Kenta Kobayashi Yuki Yano Koshiro Wada

HE B Wk X"

Kenichi Morizane Nobuo Yunoki

RVAIIERD SEDHEATE - MBD 7OERICMZA T, WHFEZERISZLICLBT7ILIYDE IS
L TWVWB, EFNBERDEAE LT, IVIVIBHINTWRE O —DEX 2FEEBRT I,
YFEE% Neural Network EFILTFRTZ T, EoH—CBEIHBZXD N—F vl —BFI HdH
30 KB TRET s —EILIOO VDAY T—IXRZTA—ILRBREL A —RFvy—2v—LEHEFAT ST
®IZ, Neural Network ETILZHAR T2 7O R ZEMNT 5. £ic, LRIKRAZGTTERIND IILIA
DERZB/EL, ANNTA—Z-—HFEBRFHNFET BHEOHBICOVTHRT,

Abstract

Mazda is taking up the challenge to evolve vehicle performance by utilizing machine learning in addition to
the MBD process that we have continued to work on. What we specifically have done to solve the issues related
to the sensors mounted on the engine is “virtual sensor development” that replaces sensors by predicting
physical quantities with a Neural Network model. This paper introduces the process of developing the Neural
Network model to predict the intake manifold temperature and the turbocharger rotational frequency of a diesel
engine. Additionally, this paper shows how to deal with the situation when the input parameter falls outside the

learning domain, assuming practical applications to vehicles that will be used under a wide variety of conditions.

No.40 (2023)

Key words : Electronics and control, Engine control, New measuring technique, Neural Network
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Model Based Development of Infotainment Software

A T AW AT KE BE”

Xuefeng Bai So Honjo Takamasa Suetomi

C: 2

CASE (Connected, Autonomous, Shared, Electric) Z{&R ¥ 33 100 FIC—EDLTEZ DI BEFEDS X T L
EETETEMEGRD, ZOVI NI T7ORBIFIEALTWVNS, FHEREMERL, BEIBELEVED
ICIFBRDIEIEDAMBBE R > TWVWD, CNETI VI VAIIIREBESIES X7 LR EDEMFIHRICH L T
FETIAR—IBERZBEBALTEED, SEBY I NI THREMNMBRTZ1 2T 471X MREDERE!
HRICEWT, ETIAR—IFARICLZRHAOARKIRLL, BEII—FERICEZ Y T U T 7REDOREL
ICERD AT, AT, BREBROET) VI FERVETIL P RIOBRBEICOVWTERS Y,

Abstract

In the age of CASE (Connected, Autonomous, Shared, Electric), automotive software has been growing in size
with systems becoming more and more complex, making it crucial to improve development efficiency to avoid
the collapse of development caused by expanded development scales and post-implementation reworks. So far,
model based development has been applied to dynamic control systems such as engine controls and advanced
driver assistance systems, and from now on, such development will also be required for information control
systems, including infotainment systems that will further grow in the software scale to perform specification
verifications at an early stage. Also we challenged efficient software implementation using automatic code

generations. This paper describes the models of information control systems and the development environment

of the model exchanges and verifications.

Key words : Model based development, Infotainment, SysML, MILS, SILS
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1 Software Design/Verification: OEM

2) Software Design/Verification: Supplier

Fig. T Work Sharing Patterns in Software Development
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3.1 XRitKORRFE
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DEREICEELTED, AROHERZAFICLS L
Ea—TTo2TE. CO&SBEROBETIIAKSE
DEEABICERIPCEHIEVHIEA LR T LD, Fig. 2
ICRTEHBEDY T I FRERICTANTERCER
ZEEIHNEEL, TOBEROEEWVICGIEAZIAFR
DEHRZZEHH 3,

OEM

System Requirements Analysis

Wrong discovery by the test

Specifications by Natural language

Integrated Software test

Software Design | [ software Integration test

Supplier

Fig. 2 Development Method (As is)
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OEM ) Verification
) Auto generation
Y
System Requirements Analysis ) f)
System Architecture Design J
Software Requirements Analysis : Integrated Software test 1

J [ Software Integration test P

Supplier
Fig. 3 Development Method (To be)
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3.2 ETFIITOEFIRE (ETILERE, MILS)
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SEYT B7=IZ, MILS (Model in the Loop Simulation) ,
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EFILBEE, BERINTOARVRE (BH) A3 A
NOEELZMBNICKREL, T5RIFXHERE, L
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172 MILS RUETILEREOBMER RT,

Requirements model

(Behavior model) Check whether a

result(output value)
is as good as expected.

System Architecture Design

Define outputs(value) to expect
and run simulation

Fig. 4 MILS and Model Checking Overview
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(b) Activity Diagram
Fig. 5 Example of SysML Model Representation
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5 MATLAB Simulink ETI)ILADZEH) r@QFEEI—R4E
DO DEH (SysMLETFILHSETFILZIRHA RS
A VNHERLL T2 SysMLETILADZEHE) D 2 DY,
TS ETIILDREV OEMERSE 1T o7, Fig. 6
ICORT LT —F T FvRFHITEBLI-ETIILEHR
CRREEDOBEZE R T,

System Architecture Design Plant model
(Simulink model)

@ Model conversion for simulation | | O

S [Vertcton |

imulink model(Requirements model)

SysML(Requirements model) ) Mo del conver:

SysML according to an exchange rule
(Requirements model)

Software Requiremer:t:Analysls
Fig. 6 Overview of Model Transformation

5.2 WREERETIINEHR SRk

SZal—>a>DHDETILER (SysMLETIL
H5 MATLAB Simulink EFIILADZERE) ICDWVWTIRR B,

SysML EFTILH'S Simulink ETIAZTETEIHWVET
ILOERIIHLTIE, BRABEAETILERZAVE
SysMLEFILEERTEBRET U VT IL—ILEER LT
Table 1 ICETU YT NL—ILDO—FlZRT,

Table 1 Example of Modelling Rules
I N A

When plural transition exists from one state of the state  Because a drive form of the simulation is different from

machine diagram, Define the transitional priority on SysML model in the Simulink madel, a turn may be
SysML. mixed up about the transition that a transition turn is not
defined.

Use JavaScript for a programming language. Because, by the program by JavaScript, We were able to

confirm that simulation changed definitely.

Do not use Signal Event for a transition condition and Because, in Signal Event, the conversion by the
use Change Event or Time Event. conversien function of the SysML modeling tool is
impossible,

ERL L 72 )L—JLICREW SysML ET )L HEE T 5 L [FR
I2, ZEEIBRTOEMEEHRT 20D Ial—>3
YEETLI, Fig. 7 ICETLIE Sy MLETILERT, C
CTOTFART—ZD SysMLETIL (Fig. 7 D)
i, BIRIEI—F—RIEDORRBERD SysMLET L
(Fig. 70 DAEMH) 2RITITZHD—EDAITH 3,

Input values

Requirements model
e (test case) -
3

v i oo P 1

i
i
|
{

= | — ’

g
t

Fig. 7 SysML Simulation Execution Model
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ZNRJo

Table 2 Examples of Manual Modifications After
Simulink Model Transformation

Evasion of the Algebraic Loop The concept of the Algebraic loop Insert a delay block in the point that
does not exist by the simulation of  is an Algebraic Loop.

SysML.
Correction of the garbled text The converted Simulink model may  Delete “null’,
Include “null” in a description.

Designation of the model step time  When the simulation step time of the St below the simulation step time of
Simulink model after the conversion  the Simulink model at time of Time
is longer than time of Time Event Event.
setting in SysML model, it s for an
error at the time of simulation.
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Fig. 8 Evaluation Results from Simulink TEST
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Fig. 9 Example of Model Transformation for
Implementation Code Generation
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Fig. 10 MILS-SILS Integrated Simulator
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Management System Construction for On-Vehicle Software Update

=B #HAT Bh Mz L BZza

Yudai Miake Kazuyuki Nakamaru  Shinnosuke Tsuboyama
- 4 5 6
B ®T AR FET A &HihT
Takashi Kunikawa Chie Kadomoto Takahiro Sakamoto

I, BEEIF CASETEE (DT 7w RElT, BENEGRMTCEE L) To®EIELS, VI I
FTHEBEOMEICAZTREEEER DL DIH>TE T, BIZ, BEEMPIT X TLOESICED, Bk
BIZHLTYIMIITZEHRTESZLSICRD, ZNUILIDBERICRFTOMEEE MHEEZTIRMHTZ e h'|
BEL B> TETWLW3B,

RYLATIE, RE-ILEREDSHERNOTSCHAROTZICEVWT, MELLKV I NI 7ERZITSE
BEEITWD, £LT, 2021 F9IBICIRY 7 Iz 7ERICL ZBIREDOMRER L2175 TMAZDA SPIRIT
UPGRADE D1.1] OH—EX%ZRIR LTz D, UN-R156 Software update and software update management
system (LAB%, UN-R156) DEITSI N CICHW, BRELTHY 7 NI T7TEFOEELREML TEHL K
HENBLSICH >, RE—ILBERBETHBELLIOE IRV TS XTLZHERL, UN-R156 D#E
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Abstract

Due to the recent advancement of communication technologies and IT systems, it becomes possible to
provide new functions and performances only by updating the software of existing marketed vehicles.

Mazda has established high-quality environment for updating software in plants/markets for Small products
and later, and implemented the service called “ MAZDA SPIRIT UPGRADE D1.1” in September 2021, which
improved the performance of existing marketed vehicles by updating software.

Afterwards, “UN-R156 Software Update and Software Update Management System” (called UN-R156) was
enforced, which requires secure implementation and control of software update. Therefore, we have expanded
the process/IT systems constructed for the small products and obtained approval of the UN-R156.

This article introduces our initiatives, process, and IT systems for the vehicle software updates and UN-R156

approval.

Key words : Information communication and control, Cloud system, Information system, Traceability
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Technologies for Improving the Efficiency and Operation of
Air Conditioning Equipment
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Masashi Ninomiya  Shigeru Miyoshi Takashi Yasui Hiroshi Matsushita
LR "z HBF B2 BT #HE 7

Katsuyuki Yamane Hiromi Tanaka Yuji Fujishita

VA, 2060 EETICBBEOS A I IILNEERICEVWTH—R>YZa—r3J)L AT CN) ZE&ERT
3 cZBELTVWS, CNOERICIE, BEFNLGEMZRAE - EATILITTERL, RERTHATRELAR
MERARISERAL, BIEBICIDEAZRIBT 2 bRARNTH D, AT TIE, CNRRICHEITFEBCR
3 TEIx ICEALT, 2HMNAIRDEAORTEELRTEEZ L OEARBOEMNEBNT 2. 771 XL
PIIZOERIER SN ARECSENB R ORENENET I IFEICITL, B—DORBRTHEERRLZ
BEIEIRFEERMZEATEILCT, BOXMIDBRRICIXILE— THR| 2#2HESE. BIC, B
EREREDEHEHEZER L CEARREOEGLAEETIXTZ LT, NEA] OREERE LI, £z, C
NSOWMDPAZEETE DS, KEMNREZAAHRILL, PDCAH AU/ ZzETHEAZEA LT,

Abstract

Mazda aims to achieve carbon neutrality (CN) throughout the entire vehicle life cycle by 2050. In order to
realize CN, it is essential not only to develop and introduce innovative technologies, but also to make maximum
use of currently available technologies and start working on them immediately. This paper introduces an example
of air conditioning equipment, which has an important impact on company-wide efforts to save energy, which is
the basis for achieving CN. To address the problem of reduced capacity of equipment such as refrigerators and
cooling towers used for air conditioning in office buildings and factories, we have introduced local cleaning
technology that circulates cleaning chemicals within a single piece of equipment, making it easy and cost-
effective. improved energy efficiency. Furthermore, improvements in operation were achieved by devising ways
to operate air conditioning equipment that take into account seasonal fluctuations in temperature settings and
other factors. Additionally, to ensure that these initiatives take hold, we have introduced a system that visualizes

the effects of improvements and runs a PDCA cycle.

Key words : Carbon neutrality, Energy saving, Efficiency, Operation, Visualization of effects
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Fig. 1 Mazda’s Roadmap for Reducing CO, Emissions
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Abstract

To achieve carbon neutrality, | am working on reduction of energy consumption of the bodywork process,
because the ratio that the energy of the spot welding accounts for is substantial in the process. However, with
increasing application of high strength materials as background, the energy of spot welding is increasing to keep
welding quality stable. Therefore, | paid attention to why energy was needed from a melt process point of view
to balance secure welding quality and reduction of energy consumption then clarified that it was effective to
change the pressurization power according to the nugget formation process. This is called Multi-step force spot
welding. In addition, it is developed to utilize existing facilities and introduced a mass production with less

investment. In this report, | introduce the optimization of the melt process and the development of facilities to

achieve the innovation.

Key words : Spot welding, Body production development, Energy reduction
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%3 (Fig. 4)o BRIMRIEI—ARMICEREICHRBICD
NRESAESNMEZZZICLD, BEERELNS<
BBEEICH D, BEENEDELRZHMHAOBEEEICE
WTlid, BEBEREOS VMR S REARFT 5, o
T Table 1 @ & 5 ARMAICE W TIEH R IR D HRE
SHEEARL, MALEHRICEIETZE VWS LS54E
ROt %% (Fig.5).

Outer

Fig. 4 Example of Sheet Combination

Table 1 Sheet Combination

Sheet1 | Thin mild Steel
i Sheet2 | Thick high tensile steel
Sheet3 | Thick high tensile steel
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Standa rd Nugget
Diameter

Fig. 5 Schematic of Spot Welding Process

AR, BR-ERAOFT v b T 370 ICIFBImE
FEOBBEEREE RS THUHENTH S, —HTER-
ERBEIIEES Ty MEETHLATEZ-HBEERREZ
L T2HENH B, TDRHRNK, BAEREZERYT
371=%, BIMEANZREL, LWEEERZERL TV
B

Fig. 6 ICER-ERBDF7 v b4E (Diameter between
18&2) YER-EARBOF4 v b2 (Diameter between
2&3) DERMBLOEAFRERT. CORBERIFHAEMKR
1.4mm Z{J1F 7 1 BIDORE (5.39kN, 500ms) TDHE
RTH3, Fig. 5DESBAMTIOLRALRZTHICE
RA-ERABOF 7Y bZ2EZ I, ER-EREAODOF
Ty EDBKRICERINTWE ZEH DD . €079,
ER-ERMEOED ZiMZX 2 -HICEICEMENKRE L &
b, BR-ERABO 7y b ZHRT 37010, REHS
BERIMBEL 2> TW3,

8
E 7 o—© . < Q
E. o o o\
5 = Sputter
k9]
€4
8
O3 _
o ) @ Diameter between 1 & 2
?3.‘3 1 © Diameter between 2 & 3
4
0 oo
85 9 9.5 10 10.5
Current [kA]
Fig. 6 Relationship between Nugget Diameter and
Current

BRE LTERDL S BIBRGARTOt R eRb,
FREBERIXIF—HEZHBL TV S,

4. BfsvEa@7OER

TREDBERBOTEHRFREBEIRILY —HIRZ
MILIE37HDF— LT, RAEZT DI ERD—
DTHZHBEEBICER Lo MRIGBER ST v MR
P/ ARXEDSROT-MENTEEARNRE>TWVS
h, +5y FOERBRICEhE CEEEREZEYICO
Y hAO—ILT B THENG STy MERICDBRH S
CEZT, TLTCCOBERBAOIY FO—ILEMES
IC&o2TITS e EER T

2 DDA EERFICLTRSVWO O X %5HBT %,

1 DB LTEARASERNMIRD 2 ERICD W T

T2, AEOFETIHEVNESTEERRZHRC LB
BEEZROZCICELD, BEREZTIFS. BFIEE
;T FMBRETIHARIEZHICHVINESNTLWE
BEEL TS (Fig. 7)o

Narrow Wide
Conducting Area Conducting Area
by Low Force by High Force

Fig. 7 Schematic of Conducting Area Control

2 DB LTTable 1 IZRYT & 5% 3MHMICDOVWTE
B9 3, oW g3 7OtERIE, ER-EABDS
7w hzERLIELET, ER-ERABOFT Y czEES
TYRRETHKRT R THB, ER-ERABDTT Y
FEFERT 27012, BRAEORAZTRING, BV
MEANTEEEREZML T3, €L TER-EABOF
Ty R EREFTSY MEETIRARIE 3 7HICHVINE

ATLEVEEERE 95 (Fig. 8)o

Standard Nugget
Diameter

Narrow Wide

Conducting Area
by Low Force

Conducting Area
by High Force

Fig. 8 Schematic of Conducting Area Control

ERRDOLSICHENZZLSE S TBEREZ O
YrA-LLUARTOERZRBILIER 2B RXTS

5. ZBMER Ry MEZICEL 3 ERTOEX
e

FEMEHEZNTEZ I TEEEREOIY FO—
ILHETREDN E S MM DWW T, CAE LK D EEHEZ 1T -
7m0 B 7ILIE, RE 2.0mm, #E 1180MPa IEX w
D 2KEEERL, MED—EDAEE (Normal Force)
CEBBRIMERR Y MA#E (Multi-step Force) T, iBEM
BOZZ L& LT, AEXHEZUTICRY (Fig. 9,
10)0

7 12

6 | Force 10
=5
£, || Current g
@ 6 E
83 g
Q2 4 5
2

1 2 ©

0 0

0 100 200 300 400 500
Time [ms]

Fig. 9 Welding Condition of Normal Force

— 125 —



IYHAEER No.40 (2023)

‘ Eore . BUTe Fig. 14 ISHBIRILF - +4'y FMEOBHRE
£° | Current 8 5: Rd. COERED, ALFTy MEZHERTZHD
gz / j g HEBIRILF—EFZBRIMERRY MNEEOFHN 13%UL

1 2 © B, ER2HMEICEVWTSERIMERRY MAEICLD

’ o 0 o a0 o EBEIRILE—%ERHTIZILHDD o7

Time [ms]
Fig. 10 Welding Condition of Multi-Step Force 37
<= ;g Normal Spot Welding A

] L o b s % 3.4 / 0.66Wh

Fig. 11 IR T & SICIMMEN—EDBETITEERRIE ke -A18%
BERH S BIESMMIEALTVRDOICH L, ZERM ‘L X I °:21"3V; V
ERRy MAETIHEMENRIC, BEERE/NS <M g2 Ve
ié - (\: ﬁ\—c 3 < L\é - (\: 73“6]\7_']‘50 2_76.2 f\:‘:lti—step Force S:;)t Welding -

Nugget Diameter [mm]

— 40 Fig. 14 Relationship between Electric Powers and
E 22 Normal Spot Welding Nugget Diameter
S 25 X
< 20
® s S R Hio% AEIBIR © EABENBIR 2 0 3 1KE
S 10 - . .
3 s Sinlimatep e Spo Vi iding RICIHA LT 3 MERDHRIEZ Table 2 |12, BERM4%E
S ° (Fig. 15, 16) IZR Yo

0 100 200 300 400 500 600

Time [ms]

Fig. 11 Change of Conducting Area Table 2 Sheet Combination

Sheet1 | 270MPa Thickness: 0.65mm
Sheet2 | 1180MPa Thickness: 2.0mm
Sheet3 | 1180MPa Thickness: 2.0mm

F-ABRME (6.5kA) ICBVWTIMEA—TE (5.39kN)
DAFETOBETIF 115ms R TIFARIBIIMNTH S
DICXL, ZERIME (#IHA 1.96kN) TOBEETIE 4mm
ETHS Y MEDPHRRTES (Fig. 12)0

n
o
=
a
®
oKk

Current [KA]

Current

& .§ %. . - :r:; R
— Fig. 15 Welding Condition of Normal Force
d Area

Normal Spot Welding Multi-step Force Spot Welding
Fig. 12 Nugget after Initial Current Carrying

Force [kN]

orNWAGAN
oONAO O L

o

Force

oN R

Current [kA]

Current

Force [kN]

orNWaUVAN

OND AR B

Z D% 500ms FFR TIXZEMER Ry MAEOAHK
ERFTTY FEBRTZ A TERL (Fig. 13),

o

200 400 600
Time[ms]

Fig. 16 Welding Condition of Multi-Step Force
2 B ERERICIMEDICE > TER-ERME, ER-E

i G
- P } | AL BICEBERENZILT 3 Z LA CAE DRERN 55
P ] | n% (Fig. 17, 18)s

Normal Spot Welding Multi-step Force Spot Welding .
Fig. 13 Nugget of the End E 10

Between Thick Sheet and Thick Sheet

¥

S LD EERINEIC LD EEEREE Y FO—/LT gg Between Thin Sheetand Thick Sheet
BILATE, TRCKDBERMIOLIEELIE, F §s
Ty MBREILATE S ehPh o7, Ly
ZITEBICTAMNE—IZAVWT, ZEMEIRY Fig. 17 Conducting Area of Normal Spot Welding

MAEICK DEBEI RILFY —OHIED EIREN RERIC THE
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Between Thick Sheet and Thick Sheet

S 2 Between Thin Sheet and Thick Sheet
0 100 200 300 400 500 600 700 800 900
Time [ms]
Fig. 18 Conducting Area of Multi-Step Force Spot
Welding

CNE > TEZEMETIE, BEVHTER-EABDOHE
BERI LTS, AMEZEMAFEE TR TS
%@%EMEhﬁTE@JQﬁ@@%#Vh%%kf%k
(Fig. 19, 20),

Normal spot welding Multi-step Force spot welding

Fig. 19 Nugget after Initial Current Carrying

Normal spot welding Multi-step Force spot welding

Fig. 20 Nugget of the End

NERBOTACE—IXZRVWTREREITOIER,
CAE THERRLT=&L S ICFH 7w FDFERBRENINE—E
DBBCLZEMETERD, ZERMEICEDRSVWET
3AMTOCASRIRTIZ e =R TSR (Fig. 21,
22),

Normal Spot Welding Multi-step Force Spot Welding

Fig. 21 Nugget after Initial Current Carrying

Multi-step Force Spot Welding
Fig. 22 Nugget of the End

Normal Spot Welding

EROLSICZERINEICSDER-ERBD 7y bz
ﬁﬁk?’é;t@( s %W‘EWF&U)T’T‘/ I“%H/EE—CE
3&5Hof, TDFER, Fig. 23 ITRT LS ITEEER

EENMNILAL, Fig. 24 ICRT LS ICHEBEIRILFX—%
30%UAEHIBYT 2 &N TS T,

Normal Force 1
Multi-Step Force 1
8.0 9.0 10.0 11.0
Current [kA]

Fig. 23 Weldability of 3 Sheets Welding

Normal Spot Welding

55 / L4
1.9Wh
=A33%
°

°
| 1.83Wh
4 =A36%
°

‘\Multi-step Force Spot Welding

Electric Power [Wh]
o
v

3.5 4 45 5 5.5 6
Nugget Diameter between Thin Sheet and Thick Sheet[mm]

Fig. 24 Relationship between Electric Powers and
Nugget Diameter

6. ZERMERR Y bigiEks 2T LORRE

REVDBHR 7O R ZTIHEEDH TEENICER
TREDHICIE, MEHCBEOREPHIHZITO CCHE
B R, gihOFHETIIT VYA DEETIIFERINT
WHRWRSRAREEZE->THED, IR MOEIY, AE
DI ETELRZRBNOWBSZFO#H L SN H oo —HT
TEROSEOFIETIE, MEHEEEIL, HIHT 3HE
PELZCHOSBEICAPFHEZRZ e N TIR
hotce TITLREBRATZS AT LOBRREIT oI
A=A Za—rIIDEDICIFZERMERRY ~AE
ZLSFE>TWK CEDRETH 780, BEIX K, &
THTOEEBEARRZEEL, BEREOEAZHIR
L7,

6.1 IR{TERIBIERL & At DERRE

—REBR IRy MARORBETIEAOR Y ML DME
71, BEAAII—ICEDERE, BSEFEEZHIEL TV
%, MEAHCBEXZREAI LI A LVERIZZD
BENDIBIZH B, Fig. 25 IR L DICORY briAESR
1Y—T, BERRCIETOAMESERDOEO L, &8
BRIZEVOEEZYIDBEL TV S,

Force
Signal of Welding Start "_l
from Robot

Signal of Welding Finish ]

from Timer
I

Fig. 25 Current Welding Sequence

v

vy

Current

v
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BEZPICERZRZ5E, L550AATREZ
HyNEEVD, ENTRIRIBEFZHRT IUENH
D, FLIHL2EOFEHS AT LOBSEOHBELRB T
&, AR b, THREDBICKELB>TLES, €I TC
DREZZEX T ICEAGIHZRRY 5> X7 LORREZ
gBdlrelis

6.2 EEBEICSK SEEFIHS X T LDOEIR
MEAHCEBEZEHIE S0, BEETICEVLWTH,
MEAZERICORY hCBEZAI—TEFTZPDHE
DEEBZETREIZIEFRTDLIIC LT, FTHED
RBEDT=OMEADEID B X IFBEROERE (V—IL&
T1L) RICOAERHEST 3 cxgilee Lico MENZZE
BYrE, AEXZAIY—HH50ORY EAES “Force
Switching” %%, COfEFZ MU A—rLTAOKRY b+
EIMENZTDER RO D, ZLTHYDBEITET LE
ARy b SBHEZ A —NES “Force complete” %
X3, BEAAV—IIREINT—ILZ A LBERIC,
CDESHNONLTWVWBR e ZzHER L TRODBEBEZEIT
¥35&L5I1CLT (Fig. 26),

Force >

Signal of Welding Start Y

from Robot [1

New Signal ‘Force complete’
from Robot

v

v

New Signal ‘Force Switching’ ]
from Timer T

v

Signal of Welding Finish

from Timer v ‘ v
Cool Time
Current < >

Fig. 26 New Welding Sequence

COESDPOEDIEI—ILZA LOETITS> R,
BERBIARIETZZCIFI—IILEZALEZEET
IC2%H %, ZNIIMIKEORRREL, TRILF—0D
AXICDBLZ 1D, BEIORELIESREHNBE
THd. T CTEERICESBRFCLT, 7VFILAY
71 (DIO) &EEZIHKA L7, DIO BEIFABNICHELN
TWLWBBED—DTHD, 1 D2DRIC 1 DDEEEED
UT, BEICED>TON/OFF I EH T ZEETH D, €
DfH DIOBEEICEDEEIORELEFEEZRIRTS
3L, BEoORY b, BEIAT—IIRETZI N
BRETHAeHh5, AR EMRZcHTE S,

CNBICKDZERMERRY MR X T L%, BifE
ARy b, BEZAII—Z2HRMBETE L TRETE
3V RATLE LT

7. EETIRADER

SHERLLEZBMEXRY NEES I T L%,
MX-30 D7 VA =7« —mBIFISER L. 7> —HR

T —hoEALLERIE, BER, BRIERESOR
HAZHD, BEIXILXF—HEVHTHZ. D
BHT, EREHOF Ty MREZEELBHSHEIR
ILE—DERERR LT,

7.1 IBEEICHITIHE
BANROERE LT 2 REDHREBNT 3,

(1) =ERIERD 2 MERDF

Table 3 ICTREMRMICEWVWT, Fig. 27 ICRT LS BA
BXMEzERAL. REVHZEMEALETZ L TE
BHHOEREEZL LTOHRTASFEDFS Y MEHNFE
RTEfoe TNICKDRERDBZERMH S 25%DHEET
FILF—DEREEERR LT

Table 3 Sheet Combination

Coated/ .
Thicl
Strength Uncoated ickness
Material 1 590MPa Uncoated 0.9mm
Material 2 590MPa Coated 0.9mm

Force(Multi-Step)

".‘ ----- Force(normal)

i Current(Multi-Step)
I‘;‘ ----- Current(normal)

Fig. 27 Welding Condition

(2) MEBEELRELDOKRE WV 3 ERDF

Table 4 ICRIHRAEICE VT, Fig. 28 ICRT L5 RA
BEGzEA LT, RITOBERGF LR L TCEEVH
ZEMENDCTBECTEREMELTSZEHNTE, &0
BRORAZREICNTILILT, 2EREDERE
ETRIFRZENTE, REROBERMENS 30%DHEET
FILF—DEFEZERRL T,

Table 4 Sheet Combination

Strength UC r?caot:tde/d Thickness
Material 1 590MPa Coated 0.65mm
Material 2 980MPa Coated 1.0mm
Material 3 980MPa Coated 1.8mm

Force(Multi-Step)

' ______________________________ Force(normal)
Current(Multi-Step)

----- Current(normal)

Fig. 28 Welding Condition
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Development of LIB Internal Thermal Modeling Technology

A BT BE MeFT EF E27

Kiyoshi Oji Saeko Tomioka Atsushi Yoshimoto
=~ = *4 = 5 WEg %6
Tk T ER - BEE LB
Toru Yasunaga Akira Shoji Hiroki Fujita

BEEMICEVWTE, UFUVLAMT VEBHORREBRENZ5ISHI CCHERMREICER TSI CHS5, B
MR FEMOBAENMNED SN TWVS, FIZ, BRILERIENEELTWVS Ea,mt»mﬁm,mr%@ﬁ
HETBETIVMEFEIR, BHENZIISHIEELRKMNTHS. —7A, ETIAR-IAFERZRRT B3I,
BULWHERBEZHEDD, BRICEETIZRETAETILAIROSNTWVWS, £IT, EHAVF VLS
VEMEIILEZNRIC, BEHTHESNIEFRRTICBVWVTOREEEZHERGELRET U VI KMZRAFEL
foo RBBAFIEDFHARE, RORMBARNZHERTZ LT, @RI O2EEELZREL, EHRENREE
DERAMEE FRERLEZIT o7

Abstract

In electric-powered vehicles, development of a battery management technology is underway because the
ability to draw out capabilities of lithium-ion batteries is directly linked to vehicle performance. In particular, the
modeling method for estimating the temperature behavior inside the battery cell where the electrochemical
reaction occurs is an important technique for bringing out the battery performance. On the other hand, in order
to realize Model Base Development, a temperature prediction model that can be operated at high speed while
maintaining high estimation accuracy is required. Therefore, a modeling technology that can estimate the
internal temperature of automotive lithium-ion battery cells even in the temperature-controlled environment
expected in the vehicle was developed. By measuring/identifying the internal thermal characteristics and
clarifying the internal heat flow, we achieved a high-speed and high-accuracy modeling technology, and verified

the difference between the measured value and the predicted temperature inside the battery.

Key words : EV and HEV systems, Battery technology, Lithium ion battery, Cooling/Heat and temperature

management
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2.LIB REFEEERYL ETILVBESZICOWT

2.1 LIBRERREERL ETIIEBESEEICOWVWT
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Fig. 1 Temperature Dependence of the LIB
L
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Fig. 2 Example of the LIB Temperature Difference
between Inside and Surface
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Fig. 3 Process of Thermal Model Construction
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Qbat = Qjoule + Qpolariz + Qentropy (2)

Qjoute = ¥ a—)LE
onlariz L S RREL
Qentropy © T bOE—Z1bZA

ocv iRy iR2
E» R1 R2
ml
\"[] RO
C1 c2
EP1 EP1

Fig. 4 Equivalent Circuit Model

.2 .2 .2
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=io”Ro +i+& (3)
R R
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Development of a Model for Estimating the Coefficient of
Kinetic Friction of Paper-Based Wet Clutch Facing
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Abstract

To improve the drivability of vehicles equipped with an automatic transmission (hereafter referred to AT), high-
precision control of multiple wet clutch (hereafter referred to clutch) is required, which requires accurate
estimation of friction coefficient, u (hereafter referred to u) of the clutch. However, it is difficult to estimate the u
of a clutch because it is dependent on load, speed, and friction surface temperature, and changes sequentially
with each operating condition. For this reason, estimation needs to be done based on its mechanism. Therefore,
considering that the friction phenomenon of the clutch consists of fluid friction and boundary friction, we
realized a highly accurate p estimation that can take various dependencies into account by constructing a
physical model. Specifically, fluid friction is modeled by 3D-CFD, boundary friction is modeled by the
experimental equation for shear stress in adsorbed films, and friction surface temperature change is modeled by
a thermal equivalent circuit, and these are coupled with the model starting from the calculation of the interplane
distance, h of the friction partner. Also, the equations of motion inside the AT enabled us to measure the clutch
friction characteristics under the AT mounting environment where actual measurements had been difficult due
to the influence of external disturbances, and we confirmed the validity of the model through comparison with

the measured results. This paper reports on that effort.

Key words : Power transmission, Automatic transmission, Clutch system, Lubricating oil, Computational

fluid dynamics, Modeling, Measurement, Friction, Powertrain oscillation, Tribology
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Abstract

The rust prevention quality in vehicles is extremely important for the safety and security of customers. Rust

AN
E
ZT
]

an

preventive measures such as painting, etc. are taken to prevent corrosion even in various harsh environments
around the world. We have developed the accelerated evaluation techniques to assess corrosion resistance
quantitively. Utilization of this developed technology enables us to detect signs of quality abnormalities by using
machine learning for analysis of the profiles that consist of current and voltage obtained by corrosion resistance

evaluation, in addition to being able to quantitatively control the rust prevention quality with a threshold value.

Key words : Materials, Paint, Test/Evaluation, Corrosion resistance, Coating
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Development of Vibration Control Model Technology for Porous Materials
by Material Model Based Research (MBR)
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Abstract

Mazda has been developing multi-functional simultaneous control model technology based on the concept of
material model-based research (MBR), which efficiently develops innovative materials that lead to enhance
vehicle value. Up to this point, for porous materials that contribute to quietness and comfort in the cabin, we
have developed a technology to efficiently design their micro-structures in order to achieve the targeted sound
absorption and heat insulation functions within a limited mass and volume. In this paper, we report on the
development of a new fundamental microstructure model for controlling vibration isolation function by applying
the technology we have developed so far, and on the mechanism of elasticity, the main factor in the design of

vibration isolation functions.

Key words : Vibration isolation, Quietness, Porous material, CAE simulation, Homogenization method
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Fig. 4 Kelvin Cell Model for Linear Vibration Analysis of
Foamed Porous Material in Micro Scale
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Fig. 6 Kelvin Cell Model for Nonlinear Compressive
Analysis (Porous Foam without Membrane)
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Fig. 7 Vibration Transmission Analysis Model of
Foamed Porous Material in Macro Scale

Table 1 Material Properties of Solid Phase
(Polyurethane) for Analysis in Micro Scale

Young’s Poisson’s Density Loss
Modulus [MPa] Ratio [kg/m’] Factor
24 0.35 1280 0.1
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Table 2 Analysis Results of Homogeneous Properties of

Kelvin Cell (Cell Size: 400um, Throat Size: 5um,
Porosity: 0.95)

. Effective Elastic
Solid Phase Modulus [MPal] 0.449

Flow Resistivity

[Pa - s/m’] 2.06X10°
Fluid Phase Erfective Bulk Modul
ective Bu odulus
[MPa] 0.102
14
12 Throat Size: Spm
-~ | | A L S5pm, No Fluid
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Frequency [Hz]

Fig. 8 Analysis Results of Vibration Transmissibility:
Comparison between With and without Fluid Phase
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Fig. 9 Analysis Results of Vibration Transmissibility:
Comparison of FEM Solution and Analytical Solution
with and without Fluid Phase
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Table 3 Analysis Results of Homogeneous Properties of
Kelvin Cell (Cell Size: 400um)
Throat Size [um] 5 50 100 200
Porosity 0.950 0.951 0.953 0.960

Solid | Effective Elastic

0.449 0.422 0.363 0.245
Phase | Modulus [MPa]

Flow Resistivity
Fluid | [Pa*s/m’]

Phase| Effective Bulk
Modulus [MPa]

2.06X10°|5.11X10° | 6.84X10° | 7.51%X10°

0.102 0.102 0.102 0.102
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Fig. 10 Analysis Results of Vibration Transmissibility:
Comparison of Different Throat Sizes
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Fig. 11 Analysis Results of Vibration Transmissibility:
Modified One Input Young’s Modulus so that
Homogeneous Effective Elastic Modulus is the Same
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Fig. 12 Measured Nominal Stress-strain Properties of
Thermoplastic Polyurethane Used in Analysis
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Fig. 13 Analysis Results of Stress-strain Properties:
Comparison of the Number of Cells
in Height Direction

BT 21"y rEILOY A XEREDT I FE—X
CIFIZFAEZFEOD 500um TEEE L, BROKRIZEXT
ZEPRR A 85%, 90%, 95% L BILTEI- EDHAHE
FHEFEDIRITFER% Fig. 14 ISR d. £RTULEZVTX
E—X (EHKREREA450um, T EKRI4%, B
100mm, E& 50mm) DSHEAFEDRAFER% Fig.
1512379,

2.5E+05

9=0.85
— 0.9
2.0£405 b —
— =0.95
T 156405 /
_:' f
2 1.0£405 /
,'/
//'
5.0£+04 /
/// e
0.06.00 &
o 0.2 04 0.6 08 1

Strain
Fig. 14 Analysis Results of Stress-strain Properties:
Comparison of Porosity ¢ Differences
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Fig. 15 Measurement Results of Stress-strain
Properties: Polyurethane Foam (Average Cell Size:
450um, Porosity: 0.94, Diameter: 100mm,
Thickness: 50mm)
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Fig. 16 Stress-strain Properties and Deformation by
Analysis (Cell Size:500um, Porosity:0.95)
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Enlarged View of Deformation in Center of Cells (Excerpt (L-(5))
D @ )} @ )

No Contact Larger Contact Area
Cntact Surface (Indicated in Red)

Fig. 17 Deformation and Contact Surface Distribution
of Cells According to Stress Values by Analysis
(@ to ® Correspond to Those in Fig. 16)
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Friction Stir Spot Welding of Aluminum Die-Cast/Rolled Plate

HF #ZE" BE BFT £R =L

Kojiro Tanaka Satoko Shimada  Yukihiro Sugimoto

C: 2

BEESSESOT7ILI 2D ARNEREREIMAOBERMELBESMNIT 370, FEE/INTA—F2—0DBEA
DFEZRAELT. A6111/ADC3 ZA A X MDOIRIAATIE, 7O—TBEHNRIVIFERELNEL, TEMICIE
MRy MBESARFHEBRZEANBENEOSNZ e 2R L, HMEHRROKR, ZEL TEREX
BEHICIE, BEREBREY LIREE, ThSZREMITZIBEY—IILORBAEZEBYICEETZ L
BETHB _ehah o7

Abstract

In order to clarify the applicability of friction stir spot welding method to aluminum car body frame members,
the effect of joining parameters on strength was investigated. In A6111/ADC3 (die-cast material), it was
confirmed that the larger the probe diameter is, the higher the strength is, and the shear strength stably
exceeding the JIS A grade average for resistance spot welding can be obtained. From the cross-sectional
observation result, it was found that it is important to appropriately control the plastic flow state, the residual

thickness of the upper plate, and the actual insertion amount of the joining tool that determines them in order to

obtain stable strength.

Key words : Materials, Aluminum alloy, Joining, Die-Cast
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Fig. 2 Tool and Joining Parameter of FSSW
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Table 1 Joining Condition
Parameter Condition
Tool diameter 10mm
Probe diameter 3or5mm
Probe length 2.8mm
Probe screw thread With
Rotation speed 15000r3000rpm
Insertion speed 120r300r60mm/min
Insertion depth Change for weld lobe
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Development of Identification Method of Low-Pressure Vortices with
Swirling Motions to Support Improvement of
Aerodynamic Performance

i BET AKXk EB

Yusuke Nakamura Keigo Shimizu

ERIRMERE TH 1V OMIIDHIC, ZREHICHES T3 EBEERLEAZEAET 2FE2MRE L. BF
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WB LIRS %h 0Tz 2T, EESIF, AROERMARICSVWT, BEREEOBFLEHZRET SEN
BrEREENAICEB L, BEEAD ORNBICHERATE S LSRR L. EENICIK, BEFEZBE
BHEADYIaL—>a > THLWONZIEBERFICOMETER L SERENR L. BIC, BEHRRERS
REDLSTRPOMOMALZINN T 272012, BROROYENERZER L R OMERT7ILIV X
LERE L. XAFEZEHERDORNIBICERLIER, BHERD ICKET ZHMNOENREEREE
TREHNTE L, BIS, KFEFRRFECERLT, AR OEHOKECZIMHTEZ N TE, b
DFERHL S, AFLETEHEAD OBERLEEZEAETIDICEMTH DL WVWR D, 5%&IE, BHEEENICFT
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Abstract

To achieve both less aerodynamic drag and design, a method to identify low-pressure vortices with swirling
motions around a vehicle has been developed. Previous vortex identification methods are generally used in the
field of vehicle aerodynamics, which give complex identification results and do not always identify low-pressure
vortices with swirling motions. Therefore, we focused on the sectional-pressure-minimum-and-swirl method
that visualizes vortex core lines of low-pressure vortices with swirling motions, and extended the method to be
applicable to flow fields around a vehicle. Specifically, the existing method was extended to be applied to
unstructured grids used in vehicle aerodynamics simulation. In addition, we have developed a vortex core line
construction algorithm that uses the physical information of the vortex center point to suppress the fragmentation
of the vortex core lines. By applying the new method to the flow filed around a vehicle, the known vortices that
occur around a vehicle was identified. Moreover, the new method is able to suppress the fragmentation of vortex
core lines, which the previous methods cannot. From these results, the new method is proved to be effective to
identify low-pressure vortices with swirling motions around a vehicle. In the future works, this method will be
extended to be evaluated vortices quantitatively and a model relating vortices and aerodynamic drag will be

constructed. This model will be used to contribute to both less aerodynamic drag and design.

Key words : Heat * fluid, Aerodynamic, Computational fluid dynamics, Vortex Identification
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Fig. 1 Vortex Region Method

Fig. 2 Vortex Core Line Method
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