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Introduction of All-New AXELA.”Mazda3
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Summary

Since the launch of its first model in 2003, Mazda Axela has consistently exceeded both
customers’ expectations and the standards of the era with its sporty styling, responsive handling,
high-level craftsmanship, and excellent environmental and safety performance. As a result, it is
sold in over 120 countries around the world and accounts for more than thirty percent of Mazda’s
annual sales volume.

To evolve this car as a representative of the Mazda brand, it was essential to further enhance its
basic performance and generously deliver Mazda-unique driving pleasure so as to create new values
that had never been seen in the segment.

To that end, during the new Axela’s development, a two-stage approach was taken to appeal to
customers: a stunning first impression that captures customer’s eye the moment he/she climbs into
the car and a deeper-level appeal which a customer comes to understand and appreciate over many
years of ownership. To achieve this, the team explored value drivers and successfully realized a
dynamic design that captivates viewers at first glance, dynamic performance that provides Mazda-
unique experience of oneness between a driver and a car (Jinba-Ittai), carefully-crafted Human
Machine Interface and packaging, high-quality interior, and outstanding environmental and safety
performance. With these evolutions, the New Axela’ aim is certain to serve as an irreplaceable

partner in customers’ lives.
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Fig. 1 Exterior Design
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Fig. 2 Interior Design
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(6) High speed drive
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Fig. 3 Expectation to “Jinba-Ittai”
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Fig. 5 Seat Structure



TV R

No.31 (2013)

(3) BREMERE

MRAFELS AT 7LD, TARITAX=
DOITEN R — T 5720, £HBOEZHTHZ
ERLSRA N VI T ADOBREMEELER L, 20
ERTFBIT PT (Powertrain) ==y k « K7 /A
A - 8RRl - ZEMERETH B,

a NI—hbAfra=y bk

HT 72T TIIMRAFOIALZ~DTA T AHFA
NP R— T D720, BIEW PT 9427 v 7 %%
E LT, BV U P 3FHRRE O SKYACTIV-G
1.5L #iZ L, 2.0L, 2.5L, Non-SKYACTIV 1.6L,
F 4 =¥z Y3 SKYACTIV-D 2.2L, L T
SKYACTIV-G 20L & & — 4% 2zl A A bH -
[SKYACTIV-HEV (KA 7 U » R) | ZAE LT,
B, AV N2HonTlE, vV EMEO
(A4 MPA VT a7 b 2D ANTHD,
<FGA M ATTarvT >

IAEOKRM G TEM LD [Ford g s
Z—A (BLF D/IS #—&) J 1%, =rVrgrREEz/)
S LTRAME CoRE N L2 KD LRI, SA
FPREIRIC BV CITBA SR X 0 BEEh 2 ek 95 =2 >
v NV ThD, TOFATOT YU,
TR Lo TEABRENRES LD D L0 S FFE
BdH 5,

K L=y Z D SKYACTIV-G 1%, =~V & )H
BTAB—REROEHROZDIZ, HSETHLHX—ART
TDORVWARKRKR T VI DY, 1 A XARE
RHEREERE L+ MV B LI LT, ¥
EEHALLTEY EBBEOREILEXD EVD, “TA
AT arer VERAL NS, FROBEME
RECIE, mEM & SR ERREEIC K D F s Ak o gk
BB Z R LoD, RAMEEBICY L THRUE L
T-HMIRPURE E R v o 7o 2EEZITH Z &2k
D, IEEET DIS ¥ —REERT MR EMREE EE
L7= (Fig.6) .

Fuel Economy vs. Power
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Fig. 6 Right Size Concept
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(1) Heads up Cockpit
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Fig. 7 Active Driving Display

The best display size at a visual distance of 750mm
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| Appropriate

Fig. 8 7 inch Center Display

Simple configuration with rotary
switch and 5 buttons

Audio

Back

Favorite

Minimize manual distraction
by operation in one place

Fig. 9 Commander
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Fig. 10 Hybrid System
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“‘KODOQO” Design in new AXELA

EEPA I ST

Koji Tabata

L3

T 77 OTVA %, v~V HEOTFTYFA T —~ [3iH) (KODO) | D3 LR,

ZOTHA T

—vDRA VML, EMESHSNIBHEERIATLHZ L TH D,

SEIOHET 77 T, BBOT A L E2EHRES LWV THRWEIE CTRELZHET 7
WHRL, HILVWEIEOERRLE L TR LXy a2 TTrya etz ) A ae@& 2 0#07=, =
DD, THEAUHFEOF—T—RE LT TR - FH) LI SELBT CRELZED, Zhix, &
STEBRFICOICAREE, SEISERFLVEOE L VWHRSEE TRIELITFA V2T HSEL LT,
FENERIRFZ THARDEETIERLS, AMONXR—FFIZHLTUELD LI REZIDHER, WOETLA

HAES 2 & DRV LIS ST O SR OWBETFORET 2L OTEST YA L E HIE LI S5
ThY, HUT 7T EENERILES A~ Th,

Summary

Mazda new AXELA is the third model to adopt Mazda’s KODO design theme. At its heart, the KODO de-
sign expresses dynamic motion in every detail and maximizes distinct features of each Mazda model.

In applying this KODO design to the new AXELA, we held up a Japanese phrase "SHUNPATSU & YU-
HATSU" as our slogan in the design development. This symbolizes a design that ignites your spirit at first
sight and evokes a sense of anticipation for new dreams and exciting experiences. In contrast to the new
ATENZA design, which expressed powerful dynamism better suited for a CD-car, we pursued a rhythmical
look featuring energetic tension in the new AXELA design. We also looked to a pleasing design with unfad-

ing appeal so that the new AXELA would earn a unique place in the hearts of customers as a trusty part-

ner rather than a mere means of transport.
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3. IVRTFIVFZTHAY
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Fig. 1 AXELA Image

Fig.2 AXELA (5HB)
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BT 72T OERTY X WL RENE AR L S5 EE
12, v VAREGERLCE R TWH] ~DZiZby i3d
D, O, BETEDIE X O Z2EENE LB AY RO X
ERTF =BT DL v I NRSHROMRLE L, NF —if
DENEX ORBID NS0TV E Lz, £, SRR AE
WL TRODOENIBVEDLL) 7L I aOREERT

—IZH 25T LT, ROFEOBIE RS SO0HNT 23T,
RFE—IZEY 28 ) 7L 7y a vaER UL Dy 2 &
BUETH Y, HZR2mOFEFEEDRRD b, £O7OHH
JU—IEEOERETY 7L v a DT A v—A— KRk
THEHIS, AT —mITA v ERETHERETI VL
v arOF oy BREDIELITY, X 0RMIRE DR
ZiER L7 (Fig.3) ,

Fig. 3 Reflecting 3D Data
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Fig. 4 Family Face
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Tl LT, T U REIVOMERIC E TR L B R T,

HROBRNEE CVREEH L H 10 H 28R e R E R L
7= (Fig. 5) .

Fig. 5 Head Lamp
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Fig. 6 Movement of Body Face (5HB)
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Fig. 7 Rear Shape (5HB)
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Fig. 8 Rear Combination Lamp (5HB)
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Fig. 9 Flow of Interior Shape
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Fig. 10 Front Seat Area
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Fig. 11

Driver Space
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Fig. 12 Airy Human Space
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Fig. 13 Airy Human Space
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Fig. 14 High-Grade Meter « AT Shift
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Fig. 15 Off-white Leather
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Development of New AXELA Light Weight Body Structure
~ Further Evolution of SKYACTIV-BODY ~
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S>CTT7vvaT7 v 7 Lz SKYACTIV-BODY ICHICEEZ 2052 & T, AR—Yar 7 v LTHTE
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Summary

Following the Mazda CX-5 and the Mazda ATENZA, All-New AXELA is Mazda’s another SKYACTIV-
BODY product that is superior in usability and embodies the design theme “KODO” in a more energetic
and dynamic manner. New AXELA was aimed at realizing a superior dynamic performance as a Sport
Compact Car by further honing the SKYACTIV-BODY that had already been brushed up since the launch
of CX-5 and ATENZA. This paper outlines development activities for a light-weight high-rigidity body
structure, which is the basis for the high dynamic performance and emotional design of the New AXELA.
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Body Development Dept.
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Fig. 1 Multi-Load Path Concept

#3 Cross member Gusset

Fig. 2 #3 Cross Member Gusset Structure
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v 7EE (Fig. 5) , 7 v/ SRF —T2.6kgDERIKH % %
L7,

Current model

Fig. 3 Rear Body Appearance

Current Model

New Model

- Reinf - Roof rail

Rear -Header

X Lift gate
N Opening member

Reinf - C Pillar | 4

Fig. 4 Ring Structure

Tl

Current Model(5HB) ~ New Model(5HB)  Current Model(SDN)  New Model(SDN)

Body stiffness

Fig. 5 Body Stiffness (Current Model vs. New Model)
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Current Model
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Fig. 6 Superior Gusset Structure
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Fig. 7 Weld Bonded Area
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| Before deformation || After deformation (10msec) |
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Fig. 8 High-Tensile Steel Usage Rate

Fig. 9 Hot stamp B-Pillar Analysis Results

| High tensile steel Structure | | Hot stamp Structure

Fig. 10 B-Pillar Appearance
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Aerodynamics analysis |

Wind pressure

4. REyTH A DER

THA varer NEFERIELOIZ, BATET NV
kL7 b« A= 7 % 45mm g (Fig. 13) ,
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Fig. 11 Mud-Guard Analysis Results
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Fig. 12 Vehicle Weight Per Projected Area

Current Model
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Axial compression force

Fig. 14 Front Body Structure
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Fig. 16 Rear Body Structure
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Summary

With further evolved fun-to-drive and significant weight reduction that supports environmental
friendliness, Mazda SKYACTIV-chassis has achieved "enhanced Jinba-Ittai (oneness between a
driver and a car) driving pleasure" and realized higher "driving quality" that provides enhanced
comfort and a sense of security. While New AXELA inherited dynamics performance from CX-
5/ATENZA by applying the same base-structure of SKYACTIV-Chassis, it has achieved the

segment-leading "agility" and "a sense of Jinba-Ittai" by optimizing each component and making

improvements in details.
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Fig. 2 Rear Suspension
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Fig. 3 Roll Steer and Compliance Steer Comparison
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Summary

As the rapid spread of smartphones has enabled people to easily obtain and transmit various
sorts of information, it is no surprise that they are starting to expect such a natural part of life
also available in a car in the form of connectivity function. In light of such circumstances, each
automaker is accelerating the development of such connectivity systems. Not simply equipping a
vehicle with the connectivity function, Mazda has established safe HMI, the detail of which is
described in another article of this Mazda Technical Review, as the Heads-Up Cockpit. Aiming at

"a system that never becomes obsolete", Mazda has also developed a scalable system that contains

a module hardware structure and updatable software.
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Fig. 1 User Interface
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Tip Specification
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VIP Interface between CMU and Vehicle system
Boot RAM CMU Startup:16MB
DRAM CMU Acting: 1GB
NVRAM CMU Sleep:1GB
FLASH Language data:4GB

CMU &t @ N— Ry =773, 77—
RAM FLASH (Cififtm & TRA2Z2Y 7 F &7 )
A VA M=)V LHEBEE R -E TV, £, ALY 7
MIHUB ==y h®» USB #FH L TEHIZT v 7T
— k52 &%&FEEE LI (Fig. 7) »

Updatable!

Connectivity
Master Unit

New Software

Fig. 7 Updatable Software

Q) Fa—FT7rFa=y b (TAU)

TIOFF a—F ROT o THEEE D TAU 280
THAEBBEHT 2HEITS T ~L, fBkEREZT
N= Ry TR EREE TS, ~—F7 v Mk
KON T VAT a—F b EARD, ALk THET
Fu 0 AM/FM 74 F 2—F 721 TH<, HD 7
UARERLY T IA NIV T a—F b E LD,
=y NOBE WML, AL VEREOT A F 2
—FEANEZOMEE R LT, HlxiEs%
WA DT 2 & ik DAB RSV 7 74 T U4 F
a—FHRZRICKLTH, ZOF 2 —FHERER
25 ET, FEROILRMICHIG LT & L,

43 1=y FMEOEEAKX

HERE Z LBl Uiz = v N O@IE I ey
XE2EAL, TNENIZOWTLLTO XL 5 (k% ik
DT, KaAPEETLXITED T (&l LT,
(1) CAN #13

o= MNETa~y F@EEE2T 58548121 CAN %
BRALTWS, K¥2Fa0hi k2% CMU & TAU,
CD, TV =y MR ZNIZHT=D, CAN EiZiis
F5IEXEIC CMU 76 OfilfE B v& = FDIREE,
FWZET ARAT VA LIZRFTEHTIFA T =0
AT =B DERTHD, NT T4 v OEIMCLDHE
f{ll ECU Oi@fE ~D Bz [k 2 7212, HiE
FEFUVBELEFEHOTZ 4 X—F CAN &AL
7= (HS-CAN) , 7272L, CMU K{KZ#EHD /7Y
v 27 CAN &#i%i L C\% (HS-CAN) , ¥ LT CMU
AR LHEE O P HE R e I a7
Jl—varilioTEEEZ, "—Kv=TE7
72— VLT 1A B L T 5D,
(2) LIN i#{5

CMU & o~ Zoi@EiciE, LIN ZH0NT0n5,
ERELTTa~v U YOBRIEHRTHIAAL L H AT
NOEERER, 5 SDORX VI FER, TLTHRY =
—AHA Y NVOREERER & e D, BEHEOm T
LIN TRIEZRL, 7T KON A— FUA ¥ ST L5E
WZHART, 1 RoER CHLDBET » 7y %
EBLTHaA N ClleTERE VLD,
(3) RS-485 {3

CMU & TAU Roi@fgicid CAN g LsMC
485 AL CW5, A@fET 17/&w7xﬁmk
DT NNRET—N, 774y 77 —4% VICS [F#
72 EOEBRIERERRICMHEAT 5, RS-485 DR L LT,
USB 7 FOi@E R EARTHEET 7 havnES T
bHZ L, Flo /A XCHmENH Y BB E CILSEE
LD, WIEHETEEE 500kbps &35 2 & THERE
WRET 2RI E LTS,
(4) LVDS #13

CMU b7 4 A7 LA ~EgEEET 5 WE &
LT, HEHBH#HT U VEHREE E L TERMERETH
% LVDS (Low Voltage Differential Signaling) % ¥
MALTWD, BEGBETUXNMEET D2 L CRIEBLE
D EEXRo7=, £7- LVDS O e LT, migE5
DIFNZa~ry RBELARETH LD, Rk 2 K
DHTHBBEIELT 4 AT LA DX v F IR
R ENAREL 72D, TOME LT, EVEHREOH
725 High-bandwidth Digital Content Protection
(HDCP) Z## L1z, RO T ¥ ¥ Bk CTEIEHE
RS & oEfE e LT HDMI A& 2 6508, =
A b, EREEERH URER, LVDS 284 Lz,



TV R

No.31 (2013)

(5) USB i&f5

HEHEETL A YL LT i-Pod RAY— 7 3V,
USB 2A%EV 72 E[RIFE G O THEEFFHIATHE S 2
TWHZ L, FLEREHBLELTO=—ANEHNTZD
USBAR—+% 2 08#H, Lz, £/, gidoresr—v
a VAT AE, USBAR—hREEHIZ HUB = b
WICERE LTz Am y M EHRA A7z SD h— K
FEEET L L TRIHAAREL LTWD R, F—XilfE
ZERERETH S IC USB82642AM_1 #9452 &
T1IARDT =X T4 U THEHRTETWVD

44 2=y rONRYHT—D

[EL BBV AT A 2L, HEZLETO
FAEEZE X N2 =y MERE bR, T
AVORBEEE EFDZENTE T, EITREKESL
D HMI %#FZ 2 1B T 4 A7 b A OALEIT R T <
FLL LW, ZOEIRy I A L=y 03B D
L, EOLTHIERROS LA AR EREESLSD
ZHRV, BRD X S ICEEDE Y 2 — LR Tl
FTUARAT VLA ZRURIZ L2 & &, GPS X Bluetooth®
7T EDORKRTEOMEICH D E CMU OKE
IR MNZRDZENG, SRIOHET 727

TliE Fig. 8 DX I ITEHE DB A R EBL LTz,

Display

GPS Antenna

(- /\/ﬁ BIuetooth®Antenna

Fig. 8 CMU Package

TAU [ ZHE®R GICHDT T FNEDT 4 —FH],
A =DM, TLTHT v a7 o I~k Ey
WML THEEE LT, Fig. 9 XS hounrdAa RNi
BEELTNHD,

DE L=y NEMOBGETICEHEEFT 2 L
BHTEBRWD, TNEEBTHZ LI~V XD
ATV THEF~DT L—7 A —ZHR— T 55
BIZE->TWD,

Fig. 9 TAU Package
5 BHYIc

Y F ARy MILZRESTH L2 BREOHTT, B
FRRCSESE R [D7emv ) ZEL, £z TH<R2D
RNV AT L) TEICRERE Y X 2o 54 % —7
ZELTOMEME L STLax I T AT 4T Ty N7+
—LE bR D, DRVBHEEEEF- I DT Ty N7
A —LER—RAL, SRIE, BEEERETER L 22l
ARG Z RS, BEELE~Y X LDoRnY, BEHERL
DORNY ZRINT TV T 7 AR LT T K
EEDTNETZN,

4

AN A ]

I &




No.31 (2013)

KR §

BE  HETYITIOES

FRIE BRI

6 ANYXTw7TaAVEY bORK
Development of Heads-Up Cockpit

HT Bl ik

Akihiro Fujiwara Aya Furue Takashi Shimada
FARE HHCRR ™4 G HELTS Rt KRR*6
Juntaro Matsuo Motonori Ishibashi Taro Oike

B2

Y HEFERT 7w T o HtERax s T 4 v T 4 AT A TMAZDA CONNECT (Y ¥ ax7
) *1 AT S, FORE, MHHRAE L THRE - FMEMES M E LR S S REREIRO Y X 7 BN
THZELICHEAL, TZORERRAXREZEXT., 2TV, ba—wrvv A ¥ T x2—2A
(HMD) oSz Ei L, ETEERELECHE L HMI 2227y e~y XT v 7asy
v NEAT, vy Faxs MEIEREEY S TEBERICEET D, 2O MAIT AR FLEFTOE
AFCHESE, ZOOREFBEBOER I LICZEO Y A7 2R/NRICTHT v —F T, BEMNIZIER
WBICRE L. TA v FT 4 AT VA, FRCTHRIETD2a~v U ¥ A vF, ZLTYYXHBARKD
TITATRIA T T A AT A BE AL,

* TMAZDA CONNECT] 3R A, 7 AV AERE, W1 ¥, AX2afifToLAF, £ OMTSEICRT 2481 TMZD CONNECT)

Summary

Mazda is introducing a new generation connectivity system, "MAZDA CONNECT". While the sys-
tem increases communications and improves comfort and convenience of the driver, it also increases
the risk of driver’s distractions. Accordingly, Mazda reviewed the Human Machine Interface (HMI)
which was developed to facilitate driver’s concentration on driving operations, and upgraded the
function focusing on driving safety. Based on the "human centered design" concept, three major
causes of negligent driving were analyzed and countermeasures were considered for each to mini-
mize the distractions. Specifically, a higher-positioned 7 inch display, a commander switch operable
without looking at, and Mazda’s newly developed Active Driving Display were introduced to the
cockpit, which was named "Heads-Up Cockpit". The MAZDA CONNECT and the Heads-Up Cockpit

are bundled for sale for safety and enjoyable driving.
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Development of Actlve Driving Display
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Summary

Active Driving Display is a product newly developed as a vehicle information display device. With
the vehicle information displayed as virtual image further upward in front of the driver, Active
Driving Display serves as an effective means of providing a sense of security in driving. With the
hope of providing this value to as many customers as possible, this will be mounted on New Mazda3
in the form of a compact, low-cost combiner-type device. Specifications of the device, including the
display size and color, are designed from the viewpoint of human ergonomics engineering to realize

a reliable cockpit.
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Visual distance L1+S’ = 1500mm
Magnifying power m = S’/S = 4.8

Fig. 5 Actual Light Path of Active Driving Display
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Fig. 8 Combiner Image
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Innovation in Body Production for New AXELA

~Car Structure that Makes Design Conspicuous~

B gt

Shinya Nakano

B2

Akira Sakai
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Fio, BEHERICI D, MRS SRR - BRIBHEEE O mWE IR IR ~Eb > T&ETEHY
RTF—%1EY LT D7V ARIEHN, BEET Y7 ) EROEEA R R TH D, FMT 7+ T T,
TVATOX Y 77 % R &EBT DHEA, @B OREERIEBANT, X OT VA CHE OGN %
Wi 7 L~ 2RO — KRR E AL GERITE T2 Y A2 EHT 52 CFFA v T —~ & BB TE -,

Summary

Innovation of the design is important as a means of individualizing and differentiating a vehicle.
The same holds true for the new AXELA: To materialize its design consider, it is necessary to
achieve both a stamping technology that involves a negative-positive process while realizing a
sharp character R and a quality assurance process in the body assembly. As a weight saving
measure, mild steel sheet is increasingly being replaced by high tensile strength steel sheet that is
high in accuracy and high in degree of difficulty in terms of formability. For this, evolution in the
stamping technology and the body assembly technology is indispensable. In the new AXELA, its
design theme has been embodied through innovation of stamping technology realizing the character
R, accuracy assurance technology for high tensile strength steel sheet parts, and innovation of

quality assurance process that does not interrupt the flow of design and induces a sense of oneness

I 23

Yasuo Yamada

of the whole car.
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Fig. 1 The Process of Reproducing Styling
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Fig. 3 The Verification Procedure of Line Gap
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Fig. 5 Conclusion Structure F/Fender and F/Door
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Model Based Development in Mazda
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Satoshi Fujikawa
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Summary

In 2011 Mazda started offering “Driving pleasure” and “Excellent environmental and safety
performance” in the form of the SKYACTIV technology, and is now expanding its deployment so
that vehicles equipped with SKYACTIV technology will make up 80% of Mazda’s total sales volume
in 2016. This study introduces a new development process and technology in relation to the Model

Based Development which supported Mazda with advanced and prompt development of the

SKYACTIV technology.
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Fig. 3 Driver and Market Ground Model Image
(Altitude, Climate and Road Model)
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Fig. 5 Intake Manifold Radiation Noise Model
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Fig. 7 Residual Stress Model of Cylinder Head
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BE: ETILR—XEH
10 SKYACTIV ) MBD #EFIREEIZDLNT

MBD Verification Environment for SKYACTIV

FIH e /AR BT = thERTS
Kohei Usuda Satoshi Komori Takuro Miyoshi

Sl B — T4 AYf A*5 YN 3= S
Yoichi Teraoka So Honjo Shinichi Kure

B2

REICHTO2ERBEE DL, vV X TEEMBABOREM Y a o Thd AT AF 7 “Zoom-
Zoom” HE] Z#WEL EDEO) & TENTREE - Z2ME] OWM 2z EELAY — LA &
EERTEED, I T DU, KERBSEH L L TE -,

ZOXIBRBEOPTY, E17, BEMERM LOFREZ A LY —ITEBL T 72D, fl#lo
B AR LN DEHRCREEE T LARTER bRV, 22T, SKYACTIV-G Ofl{#HBH% ¢,

£ L ~_X—2B8%] (MBD : Model Based Development) Z£MAJZHEH L, #&5BREEP CHER
HLERRES 2T L M5 L R(b et o TE e,

T2, SKYACTIV-G DGt b LA b B2 TIXRC < ERT D701, WL EMGEEKROIERL, HL
FRRFES 2T LD BEME & RREEE B O BE A R IZE D T, IO B AR & IR O WS b A X

-7,

Summary

In response to the growing environmental awareness, MAZDA declared "Sustainable Zoom-Zoom",
a long-term corporate vision for technology development, and has evolved a powertrain aiming to
achieve both "driving pleasure" and "excellent environment and safety performance." Along with it,
engine control has become larger and more complicated.

To improve drivability and environmental performance in time for the requirement under such
conditions, it is necessary to develop the engine control of the highest-possible quality in a short
time. To heighten the development efficiency of the SKYACTIV-G control, Model-based Development
(MBD) was applied overall and a theoretical verification system was established for each develop-
ment stage.

In order to quickly deploy the system to other models after the SKYACTIV-G launch, expansion of
the theoretical verification scope, automated theoretical verification system, and shorter verifica-

tion speed have been addressed to achieve both high quality and faster development speed.

1. (XL ®HIC AR LTE, 2LT, 2011 EI2F I A~WD TH
HLO, ZokbEEE~EHERL T,
SKYACTIV-G OB Tix, XU — b LA > DO#EkIC
o TRHEEE, #EHALT 20 LT, MBD %4
HAICHEA T 5 2 & T, HlEo S ERR & EEEE O

RECREICHT HERPEELF, vV ¥ Tl
WHREOEHEYa LT I RATAF T
“Zoom-Zoom” HE] ZEREL, [E2EV & ME
NI-BREE - ZZAaMERE) O B L C SKYACTIV-G

F1~6 T — F LA AT NBHFEES
Powertrain System Development Dept.
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Fig. 1 MBD and Verification System in V-Process
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Fig. 4 Verification Time Reduction Effect by Automated
System
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— MEHE (Table 1) # P33 5 Z & T, PASS/FAIL
EPIL, FEMAHRTNEHAZKYIAL, WL
Bzl L T\5 (Fig. 4) ,

Table 1  Static Verification Report

Date

Spe: Function | Engineer Comprehensive Coverage | Description | Output

i Name Name Name ::-i s || 2O e | T esse | e
1] samplel - - PASS 100 s PASS PASS
2| samplo2 — — PASS 100 s PASS PASS
3] [samplo3_ = - FAIL 76.56 B PASS FAIL
L4 samplod — — PASS 100 s PASS PASS
5 mpleb. - = FAIL 100 S FAIL PASS
[e] mple6 = = FAIL = D FAIL PASS
7 mple? - PASS 100 s PASS PASS
|__8|Platform(Input)1 |sample8 - PASS 100 S PASS PASS
9 samplo9 - PASS 100 s PASS PASS
[10[Platform(Output) |sample10 - - PASS 100 s PASS PASS
[11] sample11 — — PASS 100 s PASS PASS
7 samplel 2 = = FAIL = = FAIL FAIL

Bk, 2 ROWRE A TN > 2T b DR
% Fig. 5 107 T, REHHED, HEETNOLEE LA
REELS AT hBET 5 & B BIIC A E Y & Wit
U, L— R & AT A e HE L, “hic X
D, WREORNTIX, BREEELEAEICHEIEL, LAR—
FRDOIRESNHAEZHR T oML T 8T
SIISRC b AL O REMRASFTRE & 72 o 7.
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MBD Applied for the Development of SKYACTIV Engines

VO UG

Hideaki Yokohata

Vefg  Elg™2
Kiyotaka Sato

FAH Affa™s

Yoshitaka Wada

HAT IE™4 2N N AR FIR™6
Tadashi Tadokoro Kenta Kobayashi Yoshiharu Ueki

B2

SKYACTIV = v (SKYACTIV-G KU SKYACTIV-D) 1%, #ERICHENTIZDNICHEEICREL o
Vhmr— LT, BB L BICEOERERZ RBL L 00, Z ORI RERT O EH L O FIE TN
HThHY, ERLHFRET VE D E<MArEGDERL T£F7 L ~—2B% ) (MBD : Model Based
Development) ~DOEEN R TH o7z, ¥V X CIIEEEG, FEMERFTOSEB CERMICEZD
ETNVORAFEE#ED, MBD #i5H LT SKYACTIV = Vo a2 Hoficty B4 Z N TE 7,

Summary

SKYACTIV engines (SKYACTIV-G and SKYACTIV-D) achieve high power and low fuel
consumption by controlling a far more complex combustion than in conventional engines. The
conventional development approach, which depends on experimental results, couldn’t realize such a
sophisticated technology. For this reason such approach needed to be replaced with Model Based
Development (MBD) applying both experiment results and CAE results. Mazda improved the
accuracy and efficiency of CAE process to create an environment for MBD before being able to

implement MBD in conceptual and detailed designs. Consequently, Mazda was successfully able to

bring SKYACTIV engines into the world.
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Engine Performance Development Dept.
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Model Based NVH Development of SKYACTIV-DRIVE

T T HH Fzs 2 (e
Kenji Kudo Kazuhiro Tanaka Toru Sano
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FREM A ER T ARk e v 7 Ty IRBEBRENRFETH LN, EROERTIE, =
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v, ReEfbERE L, B - EVERE L NVH e & 2B R Tl S ¥ 7z,

Summary

Mazda’s long-term vision of technology development, "Sustainable Zoom-Zoom", declares
achievement of both driving pleasure and environmental performance. The newly developed
automatic transmission, SKYACTIV-DRIVE, achieves "low fuel consumption", "direct feel", "smooth
shift of transmission" and "smooth and powerful start" of an ideal transmission.

The most effective ways to achieve the above are full range lockup and weight reduction, but they
cause NVH issues such as booming noise/vibrations and gear noise. For the SKYACTIV-DRIVE,
bundled development based on the bundled planning as well as effective model based development

method were performed to realize both the full range lockup and weight reduction, resulted in the

improvement in fuel economy, driving performance and NVH performance.
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HE  ETILR—RBHHE
13 WLTC [Zx19 % i-ELOOP M #E A

Application of i-ELOOP for WLTC

/N R

Kazuya Kotani

FEF T4

Seiyo Hirano

DK B2

Akitomo Kume

K FATTS

Hiroyuki Mizuochi

B

~ VAL, BEINRBEORME Y a v ThD AT A F T “Zoom-Zoom” HE] IZHESE, TbEu
TArTTay JEIE] L T D, istop IZHE< Step2 & LT, BUERFOEE) = x L X —% A4
L, EOMHEN L LTHMAT S -ELOOP % 2012 FRFEDOT 7 U FnbBEA LR, iz, Kt
O b EIHT R F —RAEER AR SN TE Y, Bl o 2L —mASIFPEE R L 2> T o,
AFE T, WLTC (Worldwide harmonized Light duty driving Test Cycle) (23} % i-ELOOP ® %4
MAERT D720, 7L —FWHiAER, U —h~L A2 (LT, PT) (O A I L 2 = L
XF—DENEEZRAEL, [2<5] s D905 OBEATHTEITo,
Summary

Based on the long-term vision of technology development, "Sustainable Zoom-Zoom", Mazda has
been promoting "Building Block Strategy". As the second step of this approach, a new regenerative
braking system "i-ELOOP" was introduced to the market in 2012, which regenerates the energy
from decelerating vehicle and reuses it as electric power consumed by the vehicle. Recently not a
few companies presented various types of the regenerative braking systems, which will continue to
be an essential technology from now on. To confirm the validity of "i-ELOOP" in WLTC, the system
was analyzed in difference of recoverable energy due to the presence or absence of cooperative

regenerative brake or engine stop mechanism, and the results are shown as follows.
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%A WLTC CREL, 2<% [7=H5) [on
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TAb, AR FIETHIER RN F—L LCH
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Powertrain System Development Dept.
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Fig. 1 Analysis of Total Decelerating Energy with Car
of 1500kg in JC08

BT L—4%, PT BN SEINTE 5=
FX—1T, BETL—%, PTHIAZEHTHZLT
HIE L7185 D= 2L X — (LLF, BN AFET 3L
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ENTFREE 72 5,
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Target Braking o| Brake
force £
®
o = [ i
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Fig. 2 Schematic View of Cooperative Regenerative
Brake
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NTED, PTEILEEILY 7 o FR0lEREREAFIH L
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PT ZIEEER 2 WAL, KBRS ALV T 7 A
SVIDOEBICLOVR VL SBERERET A2 & T
B ATREC R L F—%1GD Z LN TE D,

HNon Engine stop Mechanism

Kinetic Energy

Engine is rotating

Engine friction Transmission
Pumping loss friction

Hintegrated Engine stop Mechanism

Kinetic Energy 57

Engine is stopped Disconnect Clutch

Electric Electric Transmission
Vacuum Pump Oil Pump friction

Fig. 3 Schematic View of Engine Stop Mechanism

PA L B0 = 2L ¥ — DRI FIEIL T L — % il
B, PTAS IO FIET A DIZHET 52 LN TE
Do 7 L— XGRS PT 5 1L 2 FIH L 72 i
HMEE Y A7 AL LT ELOOP 28 EiF b b
(Table 1) ,

Table 1 Classification of Regenerative Braking System

Engine stop Cooperative Representative
Mechanism Regenerative Brake Example
Non A i-ELOOP
Non
Integrated .
Hybrid Systems
Non are corresponding
Integrated to each type
Integrated

B ORI ET XL X — 3R BHE TERT RV
oA L, EEEBICEZ, BELOE—F TFH
A5, WoEEAE AT AE, 20 255 729
D) Ton5) —HEOWNL TRk I TWS, KkELL
KT 7 L — S Wi, PT SIbE A MEIC L 5 H
AT RV F—DEWE, DL 5] [H3)
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L, -ELOOP OEF /N~ — AR CHESE L=

RO I —7 v —E YT DR BB
®)z, 7L —XWaREERE, PT =1k 40 2 RE 41T
ST,

WAL, EREE 1500kg & L, E£f7E— NIX
WLTC V5.0 Zfii#& & L7z (Table 2, Fig. 4) ., WLTC
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BENCEIL L, FBFIA T 2EEIE S 2T A ThHIL
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Table 2 Simulation Condition

Vehicle Weight 1500kg
Engine Displacement 1.997L
Transmission Type 6AT
Driving Cycle WLTC V5.0
Generation Efficiency 85%
140
120 (\/U
=100
E
o 80 |
g
o 60 | //\
% 40
2 ﬂ ‘ f w
JUIAT |
U
0 500 1000 1500
Time (sec)

Fig. 4 Driving Cycle (WLTC V5.0)
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REKT RN X —TEI AR XL F =572 LI
7= (Fig. 5) .

Applying the Brake
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Brake Pressure
Driver demand—\ \
Regenerative Friction
Brake Brake
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Fig. 5 Actuation Example of Cooperative
Regenerative Brake
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Applying the Brake
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Fig. 6 Actuation Example of Engine Stop Mechanism
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Fig. 7 System Configuration of Simulation
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Fig. 8 Analysis of Total Decelerating Energy in WLTC
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Fig. 9 Recoverable Energy Potential of Each System
Configuration
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Fig. 10 Effect of Cooperative Regenerative Brake
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Fig. 11 Effect of Engine Stop Mechanism
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Fig. 12 Effect of Generator Output Given to
Recoverable Energy in Driving Cycle

WIZ, FEBEO H T & [T ATHE = kL ¥ — D [
WZOWTHHT E{T>7-, RG1 (X 4.5kW T 80%, 6kW
T 95%, RG4 Ti 10kW T 80%, 16kW T 95%D[a]
I &7 o7 (Fig. 13) . RGl 2D i
ELOOP (% 5kW DR EMAHMA L, EUCATRET R/LF
—® 80% L LEEIN T 5,

100

RG1

Required Generator output
Coverage

80% 95%
RG1 | 4.5kw~| 6kW~
RG2 | 8.5kW~ [13.5kW~
RG3 | ekw~ [8.5kW~

RG4 | 1okw~ | 16kW~

Recovery Ratio of
Recoverable Energy Potential (%)

0 20

5 10 15
Generator output (kW)
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Fig. 16 Relationship between Storage Capacity and
Recovery Ratio of Recoverable Energy Potential

1-ELOOP TIIFEHE D NI AL RN 7= %
YRV HICEZ, EAERKTRVF—TEITLTKR
KEOH ANy T VICBESE WD, TOME, 25kd
DF ¥ XU CHEEEORE 35k IZHY4T5 80%
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Alternator
Estimated

Regenerative
Energy

Remove to Battery
for Next Regeneration

Target SOC —/

L_| DC-DC

j convertor

EDLC Lead Acid Battery

Fig. 17 Schematic Diagram of Dual Charge in
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FUTWIREE S AT L ERACFA LTS Lz
Do

RG1 A O5N5ERTANF —2 BT 5 L KR
27kd/min, RG2 (I & K 46kd/min, RG3 I & K
39kd/min, RG4 i3 K 62kd/min & 725, HEEIZ
2R, o~y R4 R L OBELOETNIREED 5
ZF, ZEPEEH LR VWERBTH 10~18kJ/min, &
I3 15~23kd/min CTH 5, ZEREHENT 25451
B TH 22~383kd/min, &L 27~38k J/min TH

ZD (Fig. 18) o
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Fig. 18 Relationship between Regenerative Energy
and Electrical Power Consumption
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THILENTE, BT 8~10kW OE—% ZFIH+h
XK COER ETEE—X DA TERITX 5, RG3
DAL A RE= R X —% 80%LL_ERIY T & 53 EHIT
6kW LLETH D, HEBINDRVNGEARITE—XEL
T VU EMT 5 Z & Tl A 2T A xR
PRI CE 5,

i-ELOOP TiX RG1 O T, #9 80%DIEIINHE % %
BT 2REHEA LTSI, BonbsERT RLF
—I349 21kd/min TH 25, WHWHEEIIHH 10~38kJ/min
ThdHILrxEzxLH L, BT xL¥—CEEMDE
N ST 2OEEE S ZF 0 L LTAT v 2 EN
T3,

5. k&sm

LA, 7 L— %I, PT S oA I X
B T R L F —DEINRIZ OV T WLTC 2 AV
B, TORE, RG1 2/ &N 5 i-ELOOP (%
WLTC Tt, Bl —CEELOENZMHAET
DWEERBIEY AT L E LTl AR THD 2 LT
WT&ET,

F7-, BEHEENAS WLTC IZB W TiET R /L ¥ —
DENFEZFmOH TV &, BEEEA Y 2T JILLTO
Ikl T EE X BHND (Table 3)

(1) RG1~RG4 £ T 12V UL LoFEEBREENE L TRV,
HEEE L 12V BRZ ML 2 BRIV AT LD
BRBNIEDR 5,

(2) RG2~RG4 T, HAohmER T XL X—5F
WCHIAT D720, T— A HEREEORANIENR S,

Table 3 Summary of Study Results

RG1 RG2 RG3 RG4
Cooperative Regenerative Brake non Int, non Int,
Engine stop Mechanism non non Int, Int,
Generator Output(kW) 4.5~6 8.5~13.5 6~8.5 10~16
Storage Voltage(V) 23~30 43~68 30~43 50~80
Separation of 12V Power Supply Need
High-voltage protection non non~Need non non~Need

Recovery Ratio of

Mx Recoverable Energy 26~31% 44~52% 37~44% 59~70%

Electrical Cmponent (e} (e} O o
Use of Boost A o (¢] [¢]
Regenerative - -
Electrical drive
E

nergy (Low Speed Cruising) A a ©
Electric _ _ _ A

Air Compressor

E Standard A Possible
6. HBHYI

LHBY, RTORBEMHIC TEIEHD] & EN-E
BEMERE ] ABRITT 57010, (RARBIREREE & s
X =AW 2 E LS A Z T T,
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14 SKYACTIV-D i-stop Bi%I= #5113
MBD &R S5 DN
Introduction of MBD for SKYACTIV-D i-stop Development
AR {2 s g WiE iz
Yoshihisa Nakamoto Hiroyuki Nakashima Hiroyuki Asakura
ST A
Yoichi Teraoka Junichi Taga

CEF

SKYACTIV-D (Z#5#k L7z i-stop IF, #ERRFEKEFREICT L7 U IRHERIEEN K OVEMF A k=
— 7 BT MR T D00 Y AEIEREE X b ALERIEENIC LY, SKYACTIV-G #£#0 i-stop
LREOF BB A EB L TV 5,

AR TIE, SKYACTIVD istop #~v==2T7 LV T Ay a VRICHHETE ECHREL o
DMF (Dual Mass Flywheel) OIIEBIZIZ X 2 FABEIRFHE ORBEIZ ST, MBD (&7 /L~_— 2 [
) EwEA LIZNEIZOWTHENT 5,

Summary

For SKYACTIV-D i-stop, shortening the restart time of the engine is focused on. A multistage pre-
fuel injection combustion control technology that secures ignition and a piston position control
technology at engine stops that secures adequate compression strokes were developed, which enable
equivalent engine-re-start time to that of the SKYACTIV-G i-stop.

Engine re-start time of the SKYACTIV-D i-stop installed on MT model was deteriorated due to

DMF resonance phenomena, and the solution by the model-based development was shown in this

paper.

1. [ZC®IZ

EHFlc YU ERL, BEFcaEH T Y
VEBWBEIT AT A R A~y FEAR T, BBy
VUV TE W YEN R E S DS LR TE,
BRI R O VRELERTTH Y, BIETIIZLE
NEDHBIEA =D PLBRAERSETZESNA TN D,
L Lands, URIOT A KU 7 A by THIfFCE,
GBI MR RV e O I RERANE L, ELBET T
THEWEELS G TORIZBEN TH - 72, Zihicxt
L, <Y & CIIBRBEAENC X0 FiGEh R 2 KigIc 4
i LW T 2 W L7z istop ZBI%®, 2009 4%
DT 7 FIHEB LTI A5 2 L a5, NARER
JHEFEZILR L TET,

ZD X5 RIS S SKYACTIV-D i-stop BH¥E T,
FRENRF R OMMR 2 5 — B & L, JEMES K CH

MRENRE I e W DIRBER NG T B D 15 1L REE AT RE R R >
HABEZ B CTE DN O # BIE LT-, ZDHR,
REAMEL (6=14.0) THMIEREKEAIREICT D LB
7 U BRBERIE AT B OV o A5 1 7 (8 A 9l % B
¥ L, SKYACTIV-G i-stop & [Fl%E 0 P AAERER] 2 EE
L7z, —H T, SKYACTIV-MT & OfAAHHEITE
T, TA—BLZ P UEED MV EICED N T
YAI v va VIRTHHIRBOZOHM L7 DMF ©
MRENR R R G & RIS D 72, A X — X EREhRER &
B E 252G WMENEAE L, Z OFERRO
7292 DMF ft& > o v OFihi %2 HR T %
CAE 7 VAME L, M T 54BN EHE &
DMF HARBIG D[]t % [FRE 2 9 2 72 9 O T hAE RE
PRIBEFIEE D BA%E K VLIRS £ /M35 DMF LAk
DYPENZET AN—REF A A LTz,

*1 HAESERT
Technical Research Center
*4, BT — b LA VAT LBISEER

Powertrain System Development Dept.

*2, 3 RIA7 bLA BB
Drivetrain Development Dept.
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2. SKYACTIV-D i-stop
21 VARATLER

puie Rk 30

Fig. 112 SKYACTIV-D i-stop @ ¥ AT AEKERT,

isstop VAT LEEOT AL AL LTE, T
IR THBEHE N 2 RFF L ¥ U FHAAEhBR AR E 4 )
SREIER TE2aE L L— LV AT A, KR Y
VEIEHFTHLZ U OMEBEE EMICKRIHT 27200
WL Y ATRE 7o [ERE 2B LT,

Dual Mass

) : Flywheel

mission

( Common Rail

"~ Crank angle sensor

Fig. 1 SKYACTIV-D i-stop System Configuration

22 FEWREAE

—RZ, T — B DMGENT, A —F %
BRgh L= DU ARG SE RN LERMOE R b AL
BEBAEREL, FFICIETY L— A TEE EH S TEM
ITRKRE ISR WS, MRS E5 2L T U UE
e R ST, 0o, Fig. 2 [Orn-TX9
IZA L —ZEREN G 2~3 [EIFEEERBES D Z LR T
RN A I NVBIEET D, — )T SKYACTIV-D TR
AU — EAERBERE) T, = ¥ s 1k T ERET
BiEHCELLTWDIRE (LLF, B EMTRR
@) AEEL, FOKENSRELZRBT LD
SKYACTIV-G @ i-stop & [F]% OV i hRih & 528 ¢ %
Do

2.3 FE—EBTIESEORE X HEMR

B LB, Fo—Promr UL G IEE) X
572 DI EME TR CORBER R X TH
By AN=I T T T RFEERWT 4 —E LT
W TS LB R R FEICE kS D DIcE, ©

PIZHEKHEICENTZIRARE R T 5, @FKITH

WRENIRE, a2 2708 I EMEITRA M
DA b AEINIEE TS (BDC) HFoiZT5, ©
2 R EHTH D,
SKYACTIV-D i-stop TiE, ZNHEEHKT DD, H
TREIE (BB 2 IR A1 4y ] L OIS 95 2 & THE
MR T D 2B ) AT &, v ro
IR R THAIL & 3— F ARG % O B 25 8) & 6 455
L e b, FILERIORNOZERELHIET L Z &
TE X b EIfIELZ BDC HVICHIETS =
A IENTE BN 2B LT,

INHOHEMICLY, B EMITRKME» G MEEI
BBESE D ENTEDL LT, A RV TR
b ZIREED b O FHAATIRER % SKYACTIV-G i-stop &
RL~)VETHEMTHZENTE, LT, —JEMR
BEdREN & EHLT D72 DICHRE Lic 2B U G4
ik, T=r D AR E RN ) 12OV TR
T2,

Command of engine start

- 0.7s
3 \
Q— idle engine speed
Y S gine sp e ——
== Start combustion 3
2 ~as
i}
o
>
g . —
5 < | Injection possible pressure " |
5=
Z
(a)Normal start Time([s]
Shortened
SKYACTIV-D i-stop
0.4s .e .Q
- I
Q
Q
%E‘ T T T
085 Start combustion %
5 4
]
g
>
D —
2T
S Injection possible pressure
=
>
[T
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Fig. 2 Comparison of Engine Re-Start Behavior between
Normal Start and SKYACTIV-D i-stop

0)%&7)ﬂ%%ﬁ&m®
JEREITRERR C 1,Lﬁ@%ﬁ%47w&wﬁ
LTFW{T&@‘#%)%@F% K D IRIRIRE R A
i@%kbm<<&éo:®ioﬁ—m%le%%
IZHEKESED 0, BB v FREBARE RN
%%fé%%ﬁ%éo%@t@_ X, BERWEZM
ML, ZRFEHICENTMEI Lo BWEE 2 MG 2
VERDHD, ZOZELEEEX, WOLETY PREET
T 2 Fat L7z,
O WRLDOBVEFE LD, =P z1EE T =
BV L—VEERREL, Z4L7 A T v E A
2o
@ VA MEENICEREY N T v S TEDRIAIVT
T, %Eﬁﬁ%mﬂbt9g®@%(7)h%)%
BEIENZ3 T TITH 2 & C, BBEENOR CREFTIC
FrER, E<&9%ﬂ)y?&/*ﬁ%%ﬁ#é
@ FTVMEFHZ LB v FRIRAERE B3EA (TDC)
FHEE CHERF LAE K - BRBESE, RINOES - IRE%
FREED, FOfEER, TDC FHETHES4 2 A A



No.31 (2013)

TV YRR

WET A TESRITAE K < IRBES 03 7RIRIE bV 152,

LERRDLE TV BRBERIEEAN & T B 8 — R
ITRESA O BRJE v REREPH 2 54T L 72 /5 % Fig. 3 1R
9, FIRENBAAAALE DY T7deg. BTDC L 0 & FAEAMHIT
HIE—EMLLED Pmax Mo TEY, #HEEIC—
JERGIABEN FIBETH D Z LNy b,

TR

o aantl

TDC BDC
Engine restart crank angle [deg.BTDC]

3[MPa

First combustion Pmax[MPa]

Fig. 3 Restart Possibility Boundary of 1st Compression
Cylinder’'s Combustion with Pre-Combustion

(2) = VAR I BRI

B M TR COMBEA fERIZITO T D =2 H
DEMHTH D, [HEKICHLBERENRE, EE2+o
B9 5] 101E, BEEITRREO B R N AZIENLE %
THRAFEVIZTDZEVNIRITH D, =TI
W —ERITIREE D7 T 7 AL EZ TR RS D I
IEEEDITE, Oy YrinmEsEi4 5Em0 TDC %
BT RO VU ERRR AL 75, @V AE
IERF ORI TR R OER &L /D 7 < O Efif TR E
DIERELE L UEHKIOERAENT 5, © 2 A%
FEhid 2 LENRH 5,

DR EG RN 1T AV 2 2 — 2 AT R LT,
REHMEIEE % b= v P U Alss O TRREEZ M L,
TV UAZIEERTO TDC @ilEisgk s Tl L7e2s s, H
RIS e D L) ANH F—FAWMERE LT, X
BRI CIE, =Y U ARIRRIEBRE# D A7y hL
ZH B IR R TR AR 0K EE VR L kT,
LR TRAR ORRITR CA e v MV, F
IEFFEME TR OZEREE T 2 NS E5 L 51T L,
PALEDOHIEC, FAABhIRIC S — I ERERE AT RE 72 (VL L fe
Rl Uy EEIEEEA N TER (Fig. 4) &
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Fig. 4 Effect of Engine Stop Position Control
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31 DMF & AT LEROIMAEL

Fig. 512 Single Mass Flywheel (LLIF, SMF) %
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SKYACTIV-D OEES AR %~ T, Al Clk— 4%
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Fig.5 Comparison of DMF and SMF Configuration
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Fig. 6 DMF Resonance Behavior at Engine Start

3.3 BAEIEF DMF FiRil

SKYACTIV-D U FH 4B 13 4R EIIRF O DMF iR %
R L2 A Z 8 795 2 EBARARTH D, Fig.
7 12 SKYACTIV-D s FFAnE O#ERE R 2~
DMF 4R 2 [alkE L 7278 & ol i haBh 2 72 179 51213,
BREE RNV 7 BAR E =T bV Bl & D, 8
K 2 MERE & RIS T 2 B ENH D, TDIZDIT,
OrrENF ORBER ] 2 14 L, DMF faUhAn/has<
2% X OHIEd 5, @DMF k4 TR L M i/ IME T
LEIORETD, TLEBRRETHD, AR, ThbD

Engine quick re-
start with DMF

Increase
combustion torque

Increase engine drive
torque

Increase starter
drive torque

Decrease DMF
torsion angle

Convert drive torque into engine
rotation efficiently

i ZBE T 272010, BHERFO= U 8% H
Wz DU T T VAR L, WBEIETETO
KPRIBE DA KR 2 = O < FIEHT 5 T3 KIREHIC
£ % DMF fa Ui A lisedir) &, DMF LR 4% &/ Mb
T OHHRGREICET A_— AR LA L7,

4. T UHBEBETIV

LS

41 TUPUBRBIETNICSONT

DMF #iRiX, ERECTHLIZ VUV ENL Y &,
IWERTHS DMF OERIC L 285070, =¥
O hvr 8 DMF 0 U0 R85 A IC TR
EEXETIMLEToT, LN, ENEhOET VT
DOWTCHHT D,
1) = rEFL

TV UETIVE, REEENOBIAE LFNED
H, fMNEE N IIWCERT DI T —EA N
W& LR L LTz, B\BAETT LITIE Wiebe B
BER, BRETADT T2 7 r—A~0RnermH
HEEEZEE L, BELEo VDU ETLOMEL
Fig. 8 (77,

Heat

Combustion
(Heat Production)

Transfer

Gas
Leakage

Fly
Wheel

Mechanical
Loss
Starter

Torque

Fig. 8 Engine Model Schematic

Engine control

Decrease engine

Development technology
torque fluctuation Vs

Combustion timing control
DMF friction element

Decrease DMF torsion
oscillation quickly

Increase DMF natural frequency

from start engine speed

DMF spring constant
DMF inertia moment

~
& >

Fig. 7 Quality Function Deployment Diagram of Quick Re-Start System with Diesel Engine
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Fig. 9 DMF Model Schematic
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——Experiment ——Simulation
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Fig. 10 Simulation Result of Engine Model
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Fig. 11  Combustion Timing at Resonance

—J7, HIEHRRAEL WS (Fig. 12) , DMF ©
A2 U VA E 23 o 00 35 kG U AL A 3 HE R
T 5N TH DA, 1 UNAEENE K ICE K%
ATDE (KPOR) , Ja U EEs ikl
L, Z®t% DMF HEBNIRT 2 Z & 03hoiz, LL
LXY, BEEX I GEKES) ZhUnARE
O —7Zxt L CHEAAIZT D 2 & T, HREEIUR
TEDLZEBHLNIZRS T,

Engine Speed

\ Oscillation Damping

Cylinder Pressure
(No.1 ~ No.4)

Angular Velocity

DMF Torsion

0 0.1 02 03 0.4 05 06 0.7 0.8
Time [s]

Fig. 12 Combustion Timing at No-Resonance
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Fig. 13 Effect of Shift of Combustion Timing
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Fig. 14 Engine Start Time — Frequency Relation
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Model based Development for SKYACTIV-DRIVE
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Summary

Mazda aims to build environmentally friendly and fun-to-DRIVE vehicles based on the long-term

vision, the Sustainable "Zoom-Zoom" concept. "Low fuel consumption", "direct feel", "smooth and

powerful startup" and "smooth gearshift" were focused on in the SKYACTIV-DRIVE development.

In order to shorten development period, and develop new function, we improved the development

process by applying model based technology during the development of SKYACTIV-DRIVE. This
paper introduces the model based technology which supported development of SKYACTIV-DRIVE.
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Summary

A new generation clean diesel engine, SKYACTIV-D 2.2L, was developed and applied to the New Maz-
da Axela. In addition to an excellent output, fuel economy and emission performance, the engine has less
knocking noise than that of the previous diesel engine. This report describes the outline of the new de-

velopment process focusing on the engine-to-vehicle pathway of the noise and adopted technology for the

noise reduction.
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*1~3, 5, 6 T2V VEREPHIERD
Engine Performance Development Dept.
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NVH&CAE Technology Development Dept.
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Table 1 Specifications of MZR-CD and SKYACTIV-D
. NZRCD SKYACTV-D $ 2dB(A) 1500rpm BMEP=300kPa

Engine (Previous model) (New model) =
Max. power 136kW / 3500rpm 129kW _/4500rpm <
Max. torque 400Nm / 2000rpm 420Nm / 2000rpm %
Emission standard EURO5 Eies T

JPN PNLT )
Displacement (cm3) 2184 2184 2
Bore X Stroke (mm) 986 X 94 86 X 94 2
Compression ratio 16.3 14 w
Peak firing pressure (Mpa) 17.5 13.5 10g/kw-h
Fuel iniection system common rail system | common rail system ‘ ‘
J Y solenoid type(200MPa) | piezo type(200MPa) <— Good Brake specific fuel consumption(g/kw*h)
Nozzle 10hole 900cc/min. 10hole 1112cc/min. . .
variable geometry serial sequential Fig. 2 Tradeoff between SPL and Fuel Consumption
Turbocharger
turbocharger 2 stage turbocharger
Crankshaft main / 960 /¢ 51 952/ 952
Pin journal dia. (mm)
2000rpm BMEP900kPa |
DOC+DPF DOC+DPF ~
Aftertreatment system . ) 1~4kHzO.A
under foot type with engine type

2dBA i

\Improved

3. /YU BDER

J v 7 3EE, REEL R L CRAT DRIKARZES)
HFTHY, Fig. 1 ®X 52 2.8kHz~3.8kHz D&%
IR CRMICEIN B,

Interior SPL[dB(A)]

New Axela
(SKYACTIV-D)

Previous model
(MZR-CD)

Fig. 3 Knocking Noise Level of New Axela
SPL(Sound Pressure Level)

. . 2000rpm
1048 Knockina noise BMEP=900kPa
~ 4. /7 v BHEERIF & BB
< Mic. Position:
g Engine Right 1m 41 BRBTESHIEIC & B YRR DIER,
- J v 7 EONMIEIITH S CPL (Cylinder Pressure
_ ' Level) O mJEMAMIE, FNTORZ FITEFT D,
. XBMEP(Br_ake Mean Efft?ctlve Pressure;) - @%f’;jﬁ L CPL 0)&3{%%‘/ Tal—ig V&U‘%*%%
1,000 2,000 3,000 4,000 5,000

TEEAIZ L 0BT LTRSS, RRE O S WK T3 EIE 4
BORRKBSERKEHTHDL Z RN bho TEZ
(Fig. 4) ,

Frequency (Hz)
Fig. 1 Knocking Noise Frequency of SKYACTIV-D

I 10 J/deg?, 10J/deg |m

D) v EERBTDFEE LT, MERNSBRE
MO X A I RS R A R kT D 2 & TRREE

5 A FUE TR L& .. .
J v 7 FIL Fig. 2 \ORT X O IR EMERESRHE 1, = '.,/1/- . + max slope
B max height

Sy va v PEET AR MK TABRICH D Z
ERFOLNTEY, ZhbOKMEMEFETR & Oz %
RBEREME D Bl (b D TIERKL S 2 DIXREEIZ /e - T
ETCWND, ZOTDRBEROXIGICMNZ, #iEROR
FERHEIZ B W T BB R RER T2 i L Eh g =
Y he— T AEZ ENFEE LD,
SKYACTIV-D Tix, & 52> UbIniEfetE o BRI
MeRer L, #hxar hu—L+570kv 2%
325227, BWREMRELZER LN OUERET
VIn S RIBR K Z{T > 72 (Fig. 3)

*
k3
*

% ROHR(Rate of heat release)

1dB

ROHR in max slope and height (J/deg?, J/deg)

CPL(dB) ——>  bad

Fig. 4 Relation between CPL and ROHR

SKYACTIV-D TiEIEDOE =Y A V=V B LE
[JEaEr L= AT LEHRMT D2 L TERAERD
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1Pre & Main Split 1Pre & After Injection Single Injection
Injection -Improvement NVH / FC -Improvement power
-Improvement NVH
IVAVAW N A R}
Time Time i Time

N l

2Pre & After Injection|
-Improvement NVH / sodt

s
Time I
Main Split(Premixed) /
L [
2

-Improvement NOx / FC
Time
Engine speed / I

1Pilot & 2Pre Injectiof 1Pre Injection 2Pre Injection
-Improvement CO / EXT) improvement NVH / FC -Improvement NVH /FC

AAAS A A

Time Time Time

Load

Fig. 5 Multi-Injection Pattern of SKYACTIV-D

— 07T, BV LUIEZ & o2k 72l R IR Iz B0
TiE, EFEITREL BV #EiG EGR 2 X DZER
KON, FICHANORE EFOBNND, KRR
DAL L CPL LT 2 BG4 T 5,

SKYACTIV-D Tl¥, W%~ oilbfsES EGR D
i, RORANOT Y U FRERZ TR 5ET L~_—
A Z A, B TR O ERIEIS 6 5 35 kB
BEOEEHTEL, Fig. 6 DX/ 1y MNERK
O Y W I O M At B OVRE ) 2 f08 LS Al 1E 3 2 e )
BERALTCND,

base
Pilot &Pre Injection increased Improved

Fig. 6 Acceleration Control by Multi-Injection

THIC RV EETICHE L 7Y REEw iRk LBV A&
OB K SR OBz #H Lz (Fig. 7)

T

15)/deg / 2000rpm
v /] \_| Acceleration mode
Control ——>{ \ 1
]
S WY
(0]
2 <«
> 3
E, Improve: \ Base
s N A\
nulmi”' ‘Qﬁ
N7
it 15deg
Crank angle(deg.ATDC)

Fig. 7 ROHR Improved by Pre-Combustion Control

WEHE ORI LY, BFgEREa b —T
5Z¢&T, Fig. 8 ITRT L O ICEEEKIZBNTS
CPL »EAbz il 425 Z L3 TE T,

3dB Base 2000rpm
N\ ., Acceleration mode
N i
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Cylinder pressure level(dB)

I 2sec

time(sec)

Fig. 8 CPL Performance of Acceleration
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Fig. 9 Major Transfer Pass and Contribution Ratio in
Power Train
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Fig. 10 Major Transfer Pass and Contribution Ratio
in Vehicle
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r
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Fig. 12 Relation between Transfer Function and Knocking
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Fig. 11 Functional Characteristics and Control Factors
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Fig. 14 Transfer Function of Crankshaft
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Fig. 15 Improved Design Effect on Knocking Noise
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Fig. 16 Insulation Cover of Engine
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Fig. 17 Insulation Cover of Vehicle Components
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17 SKYACTIV-G / v ¥ > #tED MBD

MBD for Knock Detection in SKYACTIV-G

A HiEr2
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3|

SKYACTIV-G TIIEGFE A MEMITERL, 14.0 L) BEMLZ R L2, Z O LML O
HITIE, v X ZIREBEIND BFIRBEORIBENEZE TH Y, Knock Control System % H 7 5k EE
BN BN T, R EE_Em /) v F 2 TR E S BB BN R IR ThH o7z, AH, /v
X2 TRAEREO R Y IRENINGE 2 RBER 2SR LI & o U U R OB RS S R TR L, oY
WEEEIZLD /v ¥ TR E~DRE L EEWICTIT 2 FIEEZRRE L0 TR T 2,
AEMROBEHIC LV ERFOBEE T v X VRBIEORT oy VEMBO R REL 20D, =2
> D KR HIE B 56 & Rk U7z,

Summary

In the pursuit of thermal efficiency improvement, SKYACTIV-G has taken up a high compression
ratio of 14.0. The avoidance of irregular combustion such as knocking was essential to the adoption
of a high compression ratio, and even for ignition timing control which utilizes the Knock Control
System more precision was necessary, requiring high knock detection accuracy. Sensor vibration
during knocking was simulated by coupled response analysis of the combustion chamber resonance
and the engine structure. The quantitative prediction of the effects of changes in engine structure
on knock detection.

This technology enables knock detection ability to be assessed during the preliminary verification

stages, accelerating the selection of engine specifications which enhance the ability to control igni-

tion timing.
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Fig. 3 Load and Response Points of Combustion Chamber

(2) Acceleration
Measurement Point

Fig. 4 Response Point of Knock Sensor
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Fig. 5 Treatment of Calculated Data
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Fig. 8 Calculation/Experiment Vibration- Pressure
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Combustion Pressure Measurement and Analysis System for the

Development of SKYACTIV Engines
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Takashi Kamimura
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Masahiro Yoshida
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WD /RT — b Lo BRI CIIRFICDR W FHIE S SRV AT 22 NEUE L T\ 5, BRBEIEREHT
FIRITI999FITMIE L 2 AT L&KL, (F=—— X abELEREERTE 7, 2011FITITHE
HHBRBEEfRT S 2T 2 2B L, SKYACTIVE LV P UBREEZ VR — b L1z, AR TIE, SthokbeEfif
Bro 2T A OME L SKYACTIVE > ¥V BIRE TOIFHEF 24 5,

Summary

Mazda, in its powertrain development area, has developed and manufactured its own measurement

and analysis systems over the years. Mazda first developed a model for combustion analysis system in

1999 and improved it to match the needs of actual engine development. Then in 2011, Mazda devel-

oped a combustion analysis system for use in automobiles, which eventually supported the develop-

ment of SKYACTIV engines. This study outlines the combustion analysis system developed by Mazda.

1. (FC®IZ

SKYACTIVELET O~ > ¥ UIfHBHRE TiX, = v ra=
v b OBRBEIRIE DO MGEILE FERRF S T, JEH - R
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PEH A 3 - KT A48 Y T 4 S OEEREOBGEIZ B
DN E DT,

oL, tR—OER14.01C X0 o & BREMEREE R
WRIE TS ASKYACTIVE Y 0 D ERITIE, EF -
WP 4T OIEIRRAEIZ 3\ Tl 7 R BEIRIE & IS CHE D
ALBRBEN BB TH D,

il z1X, SKYACTIV-DOTCIE, EEMIZ LD HRNIEE
Z R RSE AT COBBIER & rIRBICT 25 2 & Ol Zp
PRBER T 5 2 L B TWAD, IRIRFFEOMREIMEfER
OB DS KEEANFRE TH - 72, TN DIE, HAEHEE -
BRI 2 NN OB i Tl 2R — RIZBI 0 B x 5 =
E TR LT D,

ZOX O, [EEE - A PV RUBRERIREEZ &I
Bl 7o BEE — R 21E VAT 78I, B Zeme S 23 AT
el vy 2 ERAL, BT - BREHES - EGRZE &
PFETRBEY A 7 V2 L Ol AT > T\ D, FEEE(TH

IR REEE— RE A L—XICH VX522 T, H
T =3I v vay cHREEE VST AEWIE KT S
MPEREZ RIS TIlINL L TN D,

2% Y SKYACTIVZ > P B3 T, EEEI TR 25
W= AT OENICIB W CTPCMAIENIC X 5 RERIRIED B,
MEEN AR R THY, TNOLEIET HIzdoOT v
= M - EFIHGA (A ORBREEEMRT S A
T L EIT, BERIREERIE T — & % AR 2R B < AT
TEBHUIY 7 FOBRFEEIT- T,

2. PRGEERRMT S A T LD

Ptk v ==y N OBRBEEMITIINEOFHI >
AT DI EVATONIAS ER LTV, L LENRO@E Y,
SKYACTIVBAZSIZ I\ TlIa@iE kg T OPCMIiilE & bt D
BT 2 2R R, KV EWEETIT O LERNH D,

ROONDHHEEEL LTI, TA ha—R - TGENTE2E
O FEETOT A MERE, B EHEIEDOCPL (Cylinder
Pressure Level) ° b L—2Z / v 7 L\ o 8D EH
TRIRBEIE DR B O FEATREEE ) |, BRIGE & B E D fEAT %)
B L ThHD,

*1, 2 E(T - BREEVEREPHIEHD

Driveability & Environmental Performance Development Dept.
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Fig. 1 Hardware Configuration for Engine Unit Testing
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Fig. 2 Measurement Multi-Channel Exhaust Pressure
for Verification of the Accuracy of CFD Simulations
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Fig. 3 Hardware Configuration for Automotive Testing
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Fig. 4 Handmade Isolation Filter
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Fig. 9 Comparison of Heat Release with SMA Filter
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Introduction of New Climate Testing Laboratory
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Summary

As a rapid increase of developing characteristics due to higher targets of fuel economy and driving perfor-
mance, and also widely spreading markets in recent years, the R&D divisions has been challenging a drastic
change of development method to make our work more efficient. Since Model Based Development with CAE
became one of the main approaches to achieve it, requirements for measuring tests have changed. To provide

sufficient data for them, Mazda has constructed the new climate testing laboratory to utilize its data for CAE

and Model Based Development.
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BRI P W TR D] LR & 7e > T D, CAE
Z AW THL E TR ERFIT 5T A — ABSITE O
ThHY, KFHEOD2 FRERRED KRB D722 o 72,
U U—75 CHEEiR e H NI I 0 AR oS, T — & &858
REMITHWD R PO TRICE VR DRE T ICH L TE
57—xﬁ&50tﬁb::fﬁ%%?~&@%§ﬁﬁmﬁ

o Al BN 2 BARERIZ BV T, BT A—
x%%%%f 9% SEE it e BRaR f & Hiak L 7= DT
ERHEHZ2E U2 TETAR—ZABEB~OHERE BN T D
(Fig. 1),

Fig. 1 View of New Climate Testing Laboratory
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Hefly - BRI TR TE D L DIk o7,

22 CAEDFRELE#TX FEHNOZEIE
RIS 2 EEN SV BG Z H G Tk T D &,
BN GHARER, ) &3 2 L SREER 7 — 2035
T2, SN T DB E TRV k5, FHEOER
F #5442 CAELT HB8%, PT & ORI K SO
AR E L, TNENOESTAROREEE 5T -4
HE72 22 [ DPRAVRCEAD B G 2 Ml & T3 2 B
B DT, T /VERBIERK CHEMH A2 0 HERR DR
IR 725, DT AR LI < R 2 HmRH D,
ETNAR—ZA[AFEE A L—R|ZHED HT2DI2E, ZORE
ZfER LCAEZ R b DI 2 2 E DS EE i & 72
s

Z OFEEAE T DI 1A TIE, CAEET VEERT D
BT, FHET A TR —Z YNSRI D 2 L v
2%, BREICIE, T A D TELT — 2 AR TE
fER T DO R L U CITHAA L FIENED T
b5, T bR L T R hoFREIITHZ LT
FRRIC TR E OSWERE G2 Z LAl TE 5,
PULED X123 T X h ok, 7 A~_"—ARREORE
BRICHE, REROBITHERN R ET BN D, CAEZ &
D EANRSDIZT D0 DIFERENET D FBA~EEL
L, T3k & S/ DAk CEEREHIZH S Z & L 7r o7 (Fig.
2),

|Test for trial and error |

Conventional
Development

ITest for CAE |

CAE

Model
Base
Development

|Fina| verification test |

Volume of activities

Fig. 2 Change of Laboratory Use

23 CAE #YR— M 5EHTR FOEH

CAEET N EZEMWRbLDICT - DITITFEET X F T
BHF— A NEEREETH D 2 L Bk, 272 L2 TH
W5 T —ZZCAED FRIFE RICTER R8s RITTT-0, 7
—HUIET A b ORI 53 7RI ORI ER D 5 L EH
75,

IREEBREEMEREBITSIC BV T, T A MEEOBREESMA AW

DRAECLIESED Z L NE L 725, £l AT —4
WHEFEICHE, RRETT A N EERENTOT A M3db 5
AN, B ARER S DR E NS BT B 7 bR O N —

FERE LTIEET 2 Z LY, £z, 7R MAlREZRS

T, R, K, RS IRIE ST A R b3S,

PR ORRN EALETDERK E brd, £ 2 THREN
LENDD, FRETHEDRT A M EERT 5135 L
B & 2 BREESA 24 0 I UL T & 2 M BRER 503 4
HThD,

3. ETILAR—RBRICHERT S HmHESERR A

3.1 FEEOAEL
ZOXDIZEHET A b B & RERE A~ DTSR K X
ST B, MiHERBREH 2 0 LT-, Frakii CiiRE4 2
SR B, R, B, BTE, B, BEENEL, %
NENE BRI DT 572D O 3T LT,

3.2 IRIEEREEMERE

(1) BB, W, JEis

IKIRE & HIRELZ YT, -40°C~+55CO=ERHPE T
T A N ETFHEE Ui, BiR B OFHEEEL30% ~80% i
w[fEL L7z (Table 1),

Table 1  Specifications of Air Conditioning
Temperature - .
Range Humidity Max. Wind Speed
Hot Chassis 30%~80%
D +20°C~+55°C | (Less than 10% 150km/h
vyno Chamber .
at higher temp.)

Cold Chassis | _, 00~ _ _
Dyno Chamber 40°C~+20°C

Cold Idle Test | _pgec. 4 20% - 200km/h

Chamber
(2) E1TR

AR E A AL (B ¥ v — & A FERE0EmIEE
=#x K12500m3/min), HEIZH—ETREHIETE D &
21zL7z (Fig. 3),

il L L %] L L
Wind volume=12500m/min

R
Q

3
S
3
S [
§
3
S
S

D

3
S
S

|

! P %

| | i
Fig. 3 Cross Section of Wind Tunnel
() BH &Ry v —2 A FTEE)

H &S HE]_ LI B 2 2 BT 2 A ARER I & R 12972
7o, WEBABKBHIGENA ZNANT A R T affi
L7- HAEEE AR Uiz, HH&IZ400W~1300W/m3 A2
XL,
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(@) BiEEES GEY v —2 A TE=R)
FEEFE A8 CE THIETX AKEL — b~ v M2
L, BEnooRniELEHHRLE (Fig 4),

Fig. 4 Heat Mat for Appropriate Floor Temperature

(5) 4WD v v > —H A

BB % & T 4 TR RIEEN RIS S 2 D B2 HH L
7=

33 LA479F

i, IREENETNDO Y Y = A FEELIKET A RV
T A NEDOIOORBREL 1 BEIZEE L2 (Fig. 5).

—1
Duct Room i m
| Cold Chassis Dyno Chamber
ptim]
=] [ ) =
= Machine m
k= Cold Idle Test
B Operator Room \
Room pra— N
L Service
""" o 7, Shop BT
: ]
Erm | fo=s | )
= \/
Hot Chassis Dyno CI;;Tber

Fig. 5 Ground Plan

34 TR FO#FEE
BREOBBREED D20, KEERRIZB TS Y —7
(7 A MRIOHEBEHRC L ZA4) REROEHE, v v —F A7
EOEIABEIER ) L, &MU & D B R o e &
T FHT HRE A R LT,

3.5 RIRAFER~DRE

Mgz 7 7 A »F 7 =21, KOWAKT 7 —3BI0%EIL,

FEAFIIEC TR ERZ RO 5 VAT 2B L TH
Hd ) AR LT,

4. FitEEAERER i A

41 FTTP OBIRER

Hrax LIz Mtk BRekis O R EERE 2 T 7 L~ — 2 B
FEANEH LI-AEEF & L CFTTP (Fuel Tank Tempera-
ture Profile=% > 7 PNIAEREE) BARARNT 5, A,

B v U — A FEROIERAFITH 5.,

K [E EPA (United States Environmental Protection
Agency) MIEWD D ZERPREHRANZBE T 2IEH OO & DR
FITPTH 5(1), Z OFHITIE, TIED LN-BESM (Ot
RIREESSCLL b, BEmEIRESLTCLL L, X)) 2B\ TT72
SEOFTTPETE— RE R _EEST L% OMREREE % 51A
T 5, IRICEREIZT, ZORBHEEZ BRI ER208 5, B
B2 o7 L REHIERS SR 2 & 2838 L TOMIIC i & B 084
BIZEFET AREFHIT 5 0T, ZOEIBHXRTH D,
PREHEEE B ARITH IR Tl

ZOMRNZIRBN T, BERBENENE EARREN S e
D, WhRRE L0k Lieid e b7e<72b, Licno
T, BREEIIHIT 2HERED LA T U MOBEWR R, FE
BEDYV NS VRELR o T REERE ORI, RBERE S~
VU N— AOBEARHE LIZ < WERBRO Hl i 7o £ % 5
] h—Z )V TRRETT 5 2 ENFTTPORSESR L 72 D,

42 FTTPBA% CAE{LOER

FTTPBHFIZERTIE, BREREEE & 4 BhEndh, SRIHKIR
EaFHLEETS, b7 —ZIUEEER, 1EkkE
DT AP A—R%HETLTIHELTE 7, L, Bl
[N T2 BE D RAEIZ & » CUIERIES B #1172 & 054083 b 7
TARBED L OICHEFE RN — 20, ETHICELT D
W, JEE, ARRSICE T2 NER TR L, E
BT A N CIIAR AR o 7o, ETo7 A N SR A
HEIRESND T2, BFEHEIC X > TInd LT
A N DB TR O RES IC G b2 & v H [
MbLAEUE, ZRBIET A MEIEDRICT 2100 T,
HARORFIAR R Z R E, FREI O A OBNIRRCE
MBIV ARER IR N v 7OV A7 @O AR E S
7o T\, Fie, FITPLSOBEIC O T 23 E# %
WENT A N TEMMEAT S 2 & THESKRORRICEY
Bh RIFTHEL H o7,

ZDO L HRFTTPRAFICEIT 2 ORBEA M L, @ik
AR AR FHICRE TE 2 X510 T 57D, CAETHRELL WY
AEREE A Tl U TR 2 BT A _— AR~ DR
TTIZERY FHATZ,

4.3 FTTP % CAE {LDOFRE

PREHELEE 2705 B BAOWAUTIEHPIC 25 (Fig. 6), =
NOETEHELLI ET DL DU — ANRH
D O, TVT—X TOEH, PRI AFTNEDIKIT
OIEEEFHAPLEL DN, ZORMEICIIIER TR 2
M5, FHIFTTPILE TR E <, RS RICR 5
7o OBARA~OBAITEE LV, £ 2T, SWITOIEEH FHEHED
MBI HERE O, # 27 [E1Y) OZEK OB, Rk
RN T ORBEFIIEREA RN L LTEZ, ¥ 7E
D OBOBEIO B % FE L CEFRIFM 28 < 972 TIEICE
VAT,
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Floor Panel

Radiation 1 Heat from floor panel
o) ] Fuel Returning Li
Radiation < Hsatfjom: N, Fuel Suction Line

Heat from Exhaust Pipe

S " frorT| Heat
Suspel sionmm fo 1Evapf. hest
Heat from : Fuel Tank m
Heat

Exhaust Pipe

Heat Radiation

Tires

Radiation at 1 aciblion
adiation 2 2 .
Rear Di Heat from ndq' panel, Alr, -"’-t Pipe
D Ground, Exh. Pipe
Radiation | Heat Shield
Vad Radiation
Rear \Radiation ~Under panel

X Air Flow
Jires Radiation

Ground

Fig. 6 Complicated Heat Flow between Related Parts

44 FETHESBRRBERAL= FTTP T—4 1%

CAEDIRESE RGBT — Z R EHD 720,
Brax UMt v v —# A 7% £T, FITPE—
NEFTHOEERREZFHI L, Z ORSE 2R L7222 5 CAE
ETNAVOYEIEHTHZ LI L,

KB TIRE 2 I B BRL, BT O BEmIT 0250
WAL, B, R A A FRRIE ST D 2 L AR
B 70D, Prak OMHeERERER I X RTLURIR &, Hw O Fijif

FEFE A 100% 0 =3 2RO EH L/ ALY,
TR TIE & AR B 2RI —E H R O ETRZ B)—IC
MEMIT D EHTAHEE LTWD, £/2T7 A MERE OEGH
D D SERIEE L, FEEREER O [EERIC L B K ~D
MBS AWDY Y U —F A T, ¥ 7 NREHE
FEZ BN R X WK T O 28R DN & ERITEST 7
(Fig. 1),

35.0

w
=
(=}

N
w
o

o
=3
o

-
u
o

MW Test Course

100 - M Laboratory

Wind Speed (m/s)

A B C F
Measurement Location

Fig. 7 Comparison of Measured Wind Speeds

FIC, AHEEE LR E — b~y MRV BREE AL
TeFRENTFITP £— R ETL, & 7 WIREHEE K
OB OMRE 27T 57 2 b 2%l L7z (Fig. 8),

Eannidl

Fig. 8 View of FTTP Mode Test

4.5 FERMHESAERERE COHINERRETER

SRR BRI CRE L 72 &3 Ol & SR CRAI L 7=
REA R L, ZRN/E5CLTCTHD & R LTz (Fig.
9), ZAUTTRBRE TR LR & KB TR ORI —
EOFBENH D LHWT L, ZOT—4 & R R E IR
BERSA: & L CCAEET L~GR VAT,

70.0

60.0
50.0
40.0
300 - B Test Course

M Laboratory

Temperature (°C)

a b C d e f g
Measurement Location

Fig. 9 Measured Temperature

4.6 CAE ETILOHEHMR

T T A MEFHRECAETT /UCRRV IAATRER, FHRICHE
T HRERNTIIRIC AR S, BIFICHATEATE D b DLk
Sz, Fio, CAEIZ L 5 THRERE SR U7 IRE S 13F—
L, FITPORETFHY — & LR TE DR 2 ik
HZENTE (Fig 10),

COFUREERTD 2 LicL D, v 7 NEBEHEE IR
BORENERZLZPA LML, IBE LR EZINZ 5701067
PR A AR ETRET L, 1R TE AR EES T,

60
~~ /
L s
~ o ——CAE result

‘O'/‘

g 22> - = Labo data
340
o
o
o
£ 30
]

20

0 1000 2000 3000 4000 5000

Test time in FTTP mode (s)

Fig. 10 Comparison of Laboratory Data and CAE Result

5. FERMHEREARRER R DZIR

(1) FTTPEREOEHICTH LD L 212, CAEZHHR—KL
B EE M LT 52 N TEZ, RIAAEY T 1, B
BEARIC b EICRIAE LD, 7 /_—ZBAFRICE IS A L
<,

(2 HEBREEROMNFEE LT, FEWRT A NOF v 30T ¢
EPLRLIZZ LIZRY, K0 OFEFRREICERY fiie 2 &
NTEDHLIToTz,

@) A=l « T A MIRILIZ LV HBE= R LF—Z R L
7=
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6. HHYIC

FEFNAR— ABIRE DRI, EET 2 FOfrE ST,
PBATEERR DT DY S, CAEZ LU &3 0L Eat a3
R=FTBHDO~EBLTET,

FEH TR IR W T EB AT O HBUEE R
BEY—BEHEIND LI, FkilitaR B imi3atT
B, B, BSOS b AA L TR AR Z R E L
7o B, TOEVEEEEZ + Z/TEH LET A — 25
FEBDICTAR— R TE2 L) EAELEO TLREER
Do

BEH
(1) EPA86 Subpart B
NEW LIGHT-DUTY VEHICLES AND NEW
LIGHT-DUTY TRUCKS AND NEW OTTOCYCLE
COMPLETE HEAVY-DUTY VEHICLES; TEST PRO-
CEDURES (S86.101 -S86.167-17)

A,
i
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BE  ETIA—XREHE

20 EHRUEKRORBELARE AT LOEE

Design System Construction for the Optimization of
Electric System Specifications

KK i MR (B2 Wil 27273
Kei Yonemori Naoki Itasaka Takahiro Tochioka

C3)

Y HE T, BETORBERRIC, [EIEBY) & TENTERE - Z2MiR) 28T 355701, EX
FONA A DBEFER T AN & LTI CWS, BEIEOKAEN A2t 2 2 EREE, RicEk
BNEREINDD, RAEMEAOEMRY AT A TIIERBRNPE RILT 2720, 2 TCoOREL SZREIC

TGS 5 2 L3l CTRETH B,

ZTIT, SESELNA—FRTTRHEA T T VOMAEDEICBIT D HAEEEZD LN O RE
CRHE L TR &, ZERICH L TRERAROMA G DEZBRFICIR T 27 — 2 = 2 OHBEITRY
ATWD, AE, —EBLEIBEDSM T T IPM (Interior Permanent Magnet) £— ¥ & %Rk K &
2D MEBELRMCTER LZGE OB EOEHETICKR Lz, ZNEBRMO B#EHHR Y R T A

ICHLAIAT Z & T, ABITIZARATREZ L~UL D B

T, MEZHRNTT 5.

Summary

IR0, BEPEREFRIE O [RIRFRREE DS FTRE & 72 o 72 D

To deliver "driving pleasure" and "excellent environment and safety performance" to all custom-
ers, Mazda set a strategy of the step-by-step application of electric devises. For functional improve-
ment of vehicles, multiple numbers of conceptual designs are proposed in general, but as systems
with complicated interactions require a huge number of subsidiary studies, preliminary studies of
all the effects with high precision are very difficult.

Accordingly, we are establishing the data base which preliminary calculates a huge amount of
expected performances generated by various combinations of hardware with control strategies and
instantly presents the optimal spec-combination for a requirement. This time, high-speed imple-
mentation of dynamic-characteristic computation in vehicle driving was succeeded under the elec-
tricity conditions maximizing the efficiency of Interior Permanent Magnet (IPM) motor at a con-
stant voltage and temperature. By incorporating the computation in the cycloid type automatic

computation, quantitative studies beyond human capability became possible as well as simultane-

ous verifications of multiple performance indexes. The outline of the study is reported as follows.

e
1. 55

BHEhEE, 20MHACATIERIC K B A E DB 87 2 21 T LA
Sk, BEICI004ER #E TV A 2, 4 b7ek, W AMEREdE b
EETEFBEREN TNV D, ITFEORFHER L LT
BRI —F A = B AHIA T = & THIE
T =) TROREMERE R LS DN T v RERD

%o IHR, = PR L—x 3% 4 HHOZ L THME
ENTWER, =TT O ARS TR LTl
HIBREL 1) &2 R R 672, Flo P ET X
— NI O 72 DI AT ISR IE &8, BEEh ) 0 A7 T
TR U, BRRFCESE) L CEI) &2\ -0, HfEE)
TRLF—OEPHEHRE b FHE X2 By, TS HIEE

*1~3  BAThrsERT

Technical Research Center
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A OMARIEREMN e LT, &Y &Rk~
DOEFHRERINTND,

T T H T, T A— X Eel A & B L
HOET U THIRICHAA DY, MEEE~EAT 53R
HEITS>TND, FIZIE, BEHT7ALIY RNz Vv
PEREE TV & OMAEHHIC LY, FEREEMER To -
VUV DRTERH I TN TS, O 55\ E% A
b T EERETT LV OMBEDEICL Y, HWOBEHK
D5 TR DORET BT 22\ 4 1) 2 B = L X — W MERE DR A3
ThhTng, @

INGDOET NEN—R L LIEBRETIED, CX5 72 d
SKYACTIV TECHNOLOGY #%i#f L7zpdhd =7 b
EEOICHWDN, FHEHEMSR EET LOBEEIY i S
Nz e, BOMRAELSoH %, AT, EEE
WOREBRFHI BT DE—4 /A v —Z kR OET
_— ZBAFEICH Y M e DI, B IR L 7B S
FHETFEE, TOREIEORGEREFIZ OV TR T 5,

2. EERFEED MBD £E

HEEREN HFENE E L CE—% A v —Z E A5
B, TROBXCREA ORR AT R Sh D,

(1) 2HEHTEADK MY 2 @A TRET S,
2) HEOEBIT RALXF—%[EILT 5,
(3 ERITBWTHHET AR 24E U,

INHORERAT HITIE, BRGNS AT LD
KERRFI AN BB 2 5, H21E, HEEIIMSIBEAT, &
ITHOT RN X —UENBUEII R AIRETH D720, EHH
WCEBT A AOBIEECWBTENSEL2NE I, BR
TRX N HFHENCERT 20BN H L, £, €
DOENIRHEE, BREESS, E—% /A —FZDH0
®%Wﬁ§&%ﬁwm%#%étb,@ﬁ%i% FIRTED

DICHIHIBRZRE 2 BN S 2,

FRROFEHEZE D, EERASOZRERRIIZIGIC DY
RMRED W ED e 6F, FEFOMEREL EM 2 & & —
JT:E!’J CEBTHIENRDOOEND, L LN BIPME—

ERIRAWIE R ST A —HBEOMICIY, B AME
m#%@ T2 OB )R & R T 2 5o € — X 3R %
BET 5 Z LIRS TR, Fl—onT—X
@%%k&ﬁéﬁﬁﬁﬁ%#ﬁ~ﬁ~ﬁﬁiéﬁfﬁ%é

, HIEART A —=Z RN O R BEAERAN D DD, TOMR

ﬁﬁ%»&<%é EIFEEL VY,

—F, RFREBROLHICBLENEZEL, FiXERER
FERCHEAEE N —E THIUE, BRRIIMEHIE 028 %~
FZENLLMOEN TS, BEHELAOHROE—F
A N—=FBEIZBNTIE, =X HHOBET 2 —=

W LT,

TIIBRIC A & 4 — RIgHiiflc e > T B,

I TARE, v XTI ERRITHRE A Xy 735
OTIE e, MO TEBICETTHZ L, BITITAMERN
TRERWEH T s 2hbnb L, T—&% OERAENT
T RELT VT Y XL EEEGE S — N ETHRAS
OEDLZEICRVAT, TE—XOHEA N T TS E
SEH DD, EHERFTE U TR BIERE L 72 DR KGHE
WG % BERE T 5 FIEOWE A To T, €8 —% b
N BB E DU T IV A A LZE: 2 R
BApECEART D 2 LI FATS,
ZHICEVANA Ty FHEHESERBEFEO X HICE
REESCEERENSALEICEHT MM TH, XHtd
52 UOMREINTHRET L, I 72 SR B Sefth CHfs 21T
ST ENTENR, T—F /A " —ZOEIEERR M L
L, BESCELMROM ISR D, BIZE—XIZXL DHIER
B OEINEBRIEIC L Y BNt 2 RET
THZLITORNDLEERD,

3. RETORHEILFHE X T LOBE

LEWEFE LT3R Y A T AEREDO 2R A Fig. 1 1075775
BABEOANEE @FHRT A—4) RMEH @
Refl) MO GESLZHEEREMNTT 5720, ZHM o
FRDINTHERE 2 FFSIDAJ LD modeFRONTIER % 7' F
b7 #— 22,

Fixed width
constraints

Fixation of the
objective function

Design Optimization le—
(Trial and error algorithm)

Set of input variables
(Design Parameter group)
Automatic
‘i’ circulation path

Power property calculation
(Equivalent circuit and finite element method)

v

Output variable

(Performance value group)
Database

Fig. 1 modeFRONTIER Work Flow Example

KHE AT LOBERGEDT-0I1Z, L7/ — Ko
=T DFEEAy 7 ZLLFIZEET (Table 1)

Table 1 Calculation System Specifications
PRIPOST Windows, 64Bit, Intel Xeon 1 CPU Dual Core, 8GB
PC RAM/Core, 3GHz

Calculations |Linux, Intel Xeon 32 CPU Quad core, 4GB
server RAM/Core, 2.93GHz

Storage Temporary area: 500GB, Database area: 4TB
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(1) FHEAEOESEHE, BIOT VA Ot

modeFRONTIERIY, #(fEM OGO ITICMA, 23t
HOW®BRAEHR LTS oz 4T o,
modeFRONTIERIE, —#EOFHEET LI, ALK
Extz i BN E T — 2 N—A~GEgk L, 1A 70D
SETEHWT 5, 0%, ROVA 7 NVOHREEITI 120D
WAL BB e #IRAE L, K0 MEREIN EASEIRET
& DM~ E ANELOMH G2 HBREE LT, HiEt
BV A 7 MIAND, Lo CFig. 1080 7 u—L, KAME
BALL 7o TN D,

FYA L OFITHRA NN E — L, TATY R KL LTH
ON DD TNDR, ZRENOFIEITILEA O
RE—DIRERH Y, HREM EE2EE S5 ECREEIC
Y DB, T TEBHTILIY XL - EEREEE - 2 —
LER7R E DT LAY X AOEEHIRAAISAREAT T2,

(2) E&—X OB & TR
JSOLAE D JMAG-Studio?®, modeFRONTIER L Y #5t
RGA—R(ATEE %% TR, BRI E1TH, 20
BRI, a7 IERRIEIRIC KT 95 hv o ket L 4R
IR % R ECCBRRIE CEIRALE & L IR T 5,
THA RO NG, BREEFIC L DWEE IR OER %
FTI 5L, HEEPRETERWEAIZEHANMELT S,
% Z TJMAG-StudioDE—# 7 7 L— MEREZ < — R (T
AV, modeFRONTIER 23#fE#/EL, BBEITIEXT 2 &
NI T T KERE L, BlE Fig 2 (@) 277,

Stator Core Magnet

Slot for

Rotor Core Winding

Shaft

(b) Error

(a) Normal

Fig. 2 Motor’s 2D Electromagnetic Field Cross
Section FEM Model Sample

IIT, BE—HT U L— MNIAT—HF L a—Z DR
FLHIRIGR OIS A Z BT, BACEE &2 B ET 57
W, ELEEBOMAADENRETHL L, #HlziFn—
AR EN TV DIREADITAH L TAT—ZIZREWN
AT, [EERAREEZRREICME D G AR5 D, HlE Fig. 2 (O)
¥, £72JMAG-Studiol, =7 —FH A THDHI L
BRI T EPITHT A IATT D720, RERMNTEE DR
35 E, BAOHNT — X OIRIEIC X D RFH G R ORIT
SERAMNILNLCLE S,

FZCTHRRER LR 7 — D1 LiABE Wi d 572
DOWMFEREZBMLUZ, Zhickv 4], Biicarva
— ZRABVER L= T A v OhT, REENRLTERIC
EHRFIREZR T A ANXTWRRE L dso 7288, ilish=:%
99%LL EizrA E L7,

T X BRGNSV TRV IE, RIS L £ >
T I & D 7w, FENTIR T B SR M O R fE R bt
PEZFEAMG L, AEFHENRE LWEAIEA v = BIc kY
BHETIHEA v V2T FERERCTH D, SEIE
R A BATEERR T 245G, ARIZABA v v a2 A
WA Z L TEBEOMREIFTE DN, MBS 5 %
THE = 2 MERAFICIINT 2 BRI 72 5,

I CTIRRGER B CE— X OHBI A v ¥ 2 T 2 25
1TV, Ry O E 2 AT 272D A v 2k
FNL I NX Ik L, FOREEZ R LT, ZOFEE
BWAHLIZA Yy Va2 EfEITH 28T, Ay aoB, &
Ex(TH 2 &<, 1RITOFEFTEFEHR LI,

Fig. 3 (@) 122 v ¥ a2 ZBIMMFETOERKNRA v adf
A=V %R, Fig. 3 (b) ICIEFR CHERGHIEE A v ¥ =
EFROESEERT, U EEALIZOICLED 2 vy
2ENID RN S Y, IREREOH R R EE,

(a) Adaptive meshing method

(b) Fixed meshing method
Fig. 3 Comparison of Motor’s FEM Mesh of Adaptive
Method and Fixed Method

(3) ZEhET LOIERK

JMAG-StudiolZ & % FERESRAT OMFEMTHRE A T UL F4E
mEnsd &, JSOLHEDOIMAG-RTA, FHL 6 D RS R %
D~ v F~FA L, MathWorksthdMatlab/Simulink
X R LA ERT D,
JMAG-RTOZEENE T )VOAERIFIEIZIE, 7V T 477
MRFA O EER DS, PR BRI EH R A 259 5 JEaRhK
FTCIEIERTERD LN, IPMET—HZITBWTERE
TN L DENFEESS M vy O A ORES & 95
&, ML EHREROFIEEME T 5720, 2RI
Bl~fE— L7z,
E—FDEETIE, T—FDAT Y FMEmfoA N —
EDAA »F U TICE 0 EBEOIMD S I ZMOFEET, b
I BV —VBIERENEC DR, FHETLEAND
& T, TROENRHEDREEL FTREIC LT,
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(4) ZFEERR L BT T L

E—H LA U= Z RGO ETA U DRAEEN
ZHEBT 572010, Matlab/Simulink ! 0 & — % Z88) &5
NERY 7 by =T FIERR S ERER, B3I O0=HMH
RA o N—=H T VZHEE L, BRARDT 7V MET IV
& LCSEEEES B/, Fig. 108 R RER O~ o
—% Fig. 4 |\TR7T, ZFRWO~T MilHo = b e
—IVETIVRRERSIT — X OREERE SR Y 7 b =7 |
WCEIE SN, B—F A N —F OBIIPERE A SRR AT HE &
L7

modeFRONTIER JMAG-Studio

Set of input

variables

(Design —
parameter

group)

Energized condition

Electromagnetic field analysis
(Several hundred conditions)

Motor cross-sectional shape created

JMAG-RT

Information integration to behavior
model

Matlab/Simulink

Output variable
(Performance  [€¢————1
value group)

Standard inverter & DC power
supply model
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Fig. 6 Efficiency Map of IPM Motor Sample
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Fig. 8 Pareto Optimal Solutions Plot Sample
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Introduction of Mazda’s Intelligent Transport Systems

I FFRE™1

Toshiyasu Tasaka

B2
IBEOREFMOESTERE L, ST EREELEEMATEMMLEIN, THIZBAShT
o —H7, ITS (BEERAGEY AT L) ITBWTS, B ITS ARy M —b2xn3pgnibsh,
BTIHRAIh TV, £, BHEMEEOSERERE b SRR NED b, TR0 S
BfEShTWwW5b, B2, 2018 4 10 A BB S 7% 20 Bl ITS RSB 2013 2394 fh b & ik &
THbOEEbNS, ARETIE, ZnboERLEEZXND, vV XICBT 5 ITS BHEOBMEEEN

T 5,

Summary

In recent years safety technology has been drastically progressed and various advanced safety
equipment are put on the market. As part of it, Intelligent Transport System (ITS) is further im-
proved and ITS spot service is already used in the market. In addition, each maker is promoting re-
search and development of vehicle-to-vehicle and vehicle-to-pedestrian communications, and
launches of such products onto the market are expected in a few years. Success of the 2013 ITS

World Meeting held in Tokyo in October will accelerates the commercialization of such products.

SRS

Takahiro Nakano

With this background, the outline of Mazda’s ITS development is introduced in this report.

1. (FC®IZ

2013 47 10 A, ITS AR EEE 2013 23 AU TR S
N, =V XIIMLBEHE A — & ASV (Advanced Safe-
ty Vehicle : JetZ 4 HB)H) , DSSS (Driving Safe-
EEE AT L), Wl
1 ACC (CACC : Cooperative Adaptive Cruise Con-
trol : B HL[H] - ELEFHIEIEEIZ ] B AR EMIIR L EIT A~ —
M=) OFEFEFEM LI, £z, RA a7 LA
VF—E LT, KEHT, TEBICET RO
HEH~HBHEMEE ASV 7€ 2{To7-, I 284
@ﬁ@ﬁ%ﬁ@lﬁ;@m%%%maﬁibmﬂ,é@
DMRSHC L > THIZKRELERT 2D LHIfFS
o, vVHXIZBNTYH, ZhET, BERBEEOD
ASV 1EH)7e & %@ UC ITS @ﬁ’”ﬁaﬁ%ﬁ%ﬁofé‘ 7273,
AT, ZEEMICHAEZKY, ZE8ICBIT5 ITS
®&%6H,_ﬂifﬁlﬂSA@ﬁUﬁﬁ,m%mf
» ASV FEEZHLE Lz ITS #RSEHS MO,
Fasn LBl 7e E BN T D,

ty Support Systems : Z*4:

2. TYHDREBH~ORY 1A "

21 R£E# (MAZDA PROACTIVE SAFTY)

~ VX OHEMHBEOEM Y a o THD 2T 4
F 7V “Zoom-Zoom” BEE] IZBWT, [T_XToHOR
BRRICEDBO L BB - BV A RS 5]
LwoEzobv &z, <) TA) EEK- 1
77 EWH 3 ODOHET, [HEOBRWEERI L
~HEDEH] ICRVHATHS (Fig.1) , £OHT
(=] 220 TI, KIA48 (AM) 2HRE -
- BET LI EEMAL, BREIROMERR 1T
STW5a, BERicix, [ZRIEET L7910,
SR - KW - BIEOK AT v I CHlYNC TR TS 2 b
NEET, ERTIRENSELL T, ELLRM-
T2 2V FR—FL, BRICELLTERLT
W& 72w, LavL, AMIEREE LT by
RAERIT, ZORD, TR—DORKITA3DI AT
BRIGTE D LI, HHHELLL - BT 52 &
EYR— M T OENERRE LRSS, J LnoEZ

1, 2 BN
Technology Planning Dept.
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FTHsb (Fig. 2) .

Development/ introduction
of safe vehicle

Wibad/
infrastructure

Safety Efforts associated

Enlightenment with traffic
for people infrastructure

Fig. 1 Viewpoint to Safety

High
Help protect passengers
B 21d pedestrians in the Injury
event of an accident reduction
| Risk of accident  [Accdent becomes Help avoid or reduce the
| unavoidable severity of an accident
i when the driver alone cannot
I safely operate the vehicle
i i Provide hazard alerts to [/-ACTIVSENSE ]
i help the driver avoid |
H E dangers and recover the
| safe operation of the vehicle
Maximize the range of
_ = ks QR conditions in which the reduction
Risk of accident is low e e eiCy)
v (Safe operation of vehicle) ety
low) What Mazda's safety technologies aim to provide

Fig. 2 Safety Mazda Aims to Realize

2.2 FfEReHE Mi-ACTIVSENSE]

fACTIVSENSE (T7A 77T 47k R) 1%, V&
DB TH D Mazda Proactive Safety (=>4 ~7'n
TOT4T8—=TT 1) ICHESEHE LIV EL—F
728 (Fig. 3) Mo~y X Ot EHORHTH
5, DEERSCEEEN ), TRRESERBEN ), TEZEREE
7 - PeE RN TR ST D,

of i-ACTIVSENSE

Fig. 3 i-rACTIVSENSE

3.ITS &l

31 RLIZHITSITS OEESIT
i"ACTIVSENSE 1%, I VL —&Xh X Fms
ﬂ%X%%wfwéﬁ TS A DRI DI SRR
BLOBMN RNV ES R EOFRANGFIET D, TDH
A% HN—1, 360 FEFRM (END/Mzx5,/ Tz
3) BEBETIZEZOOFEO—oL LT, ITS 2)i&
SiFTnb (Fig. 4) .

Pedestrian

On- Overtaking

coming vehicle
vehicle

Traffic . o — N Followin,
. Vehicle 1 9
environment e — ==J vehicle

Traffic 2-wheel
light vehicle

Traffic
sign Crossing
collision

Fig. 4 360° Recognition

3.2 ITS DIEE

ITS &1F, A v 7 7 WHiHc L ZRMEIEE T D
VAT A ThD, WERBEICLDERA 7 TR,
HH RS EMIBEIC X 2 tEFCSHITE N D D
HHREFAT D LICLY, BRHEEEL IR THHO
Thd, BRAFRTHREFOER ASV IV AENT-
P —E 2% FRRIZRd (Table 1) o

Table 1 ASV Demo Application

Solution to accident

Collision with the  Right turn collision prevention support system
oncoming vehicle

Collision with the Crossing collision prevention support system

intersection vehicle  ouersight prevention support system of the stop indication
Qversight prevention support system of the signal

Tramcar approach information system at the time of the
vehicle right turn

Left turn collision prevention support system
(two-wheeled vehicle)

Collision with the
approach vehicle

from the rear Tramcar rear approach information system

Tramcar rear approach information system at the
time of vehicle passing

Collision with the Qversight prevention support system of the crossing pedestrian

crossing walker Pedestrian information system

Providing information of neighboring traffic

Providing information ' Emergency vehicle information system
of neighboring vehicles o nstruction vehicle information system

The use of the signal information

The crossing passage  Signal information utilization driving support system
that is smooth and safety

33 IYXAIMSDIhFETOMYHMHA (Fig.5)

1991 Hiete2HBE (ASV) #IE% a2 k
WIZBEL, 1995 F~ Y X EYIORBREm & LT =>4
ASV| %, LI#%, ASV2, ASV3 LRI T& 7=,

2006 4F 9 H, B ITS &M L= sz e fiilioE
FEEBRAEHEET D Z LML, vV, RERY, TE
TR )R, ﬁ%%%K%QEFE%#L#LTFr%m
X ITS 2B FREEBREE RS 2Lz,

m%ﬁ@lﬁ2‘wﬂ$ﬁ§%ﬂmuﬁwf,%Eﬁ%%
T 5 Z &I Lo GBRERHEWIEFHBS 1L D 7= O 1 i
PR AT 5 HAT OBRRICH D $i A, ZOF T Y ZiT
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Fig. 5 Mazda Chronological Table
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4. TYEZDEEOEI Y HH
~ITS HHRLEZETORBNEHI~
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H<ASV>HEERGIE ; 2011 4E025 2015 4EE TD 5 4EH)
22 L, ASV Bl OB m L0 S H A 22 425 s
FAB Y AT AOBSMHE, T EOMRIEIT> TS, 29
LEEREEO Y =7 MEBI~OSE L HiklE, BE)
BSOS MEG & E 2, BBICHE LT BT
H5,

4.2 ITS HRSEWRIR 2013
2013 4F 10 Az ITS A2,  “Open ITS to the
Next” %7 —<IZHI CHE S, 65 HE, 2 TAD
BMERH Y, WEHFEIKT L,

FHRTOY 3 —r—AZBNTE, ~ Y Zi3ho @
A—HELWHIIL, 7TV ASV-5 ZHWT, ASV (&
L ARERE]) , it DSSS (BRERE]) |, midiEig
TEROASEAIR Y — A DT T & FEhi LT,

43 ERICBIT5HROOBREEE - BBEMERFE

ASV 7—_‘:E(2)(3)(4)
ITS HRESFHHF 2013 DRA R LAY T —D—

2L LT, RRKRP/RWELREMFEI LBk
B wmhL, TEEICBT 2 EROKmER—H
B mEa ASV 75 2Ehi L7z (Fig. 6) . L&l
T, BEEEATHRORE L TESEL TR, —BYF
¥ 15 FAOFIARH 5, TETE, KHEREE HEHE
DSERZEMZ AT 2NV C, KiIEE & HEiE
DOEENBEIC AR ER Y 2 laA b, BEE
EREEHEN T OREWNEED L9 RV AT AR FEE
Uiz £72, A— M7+ U 2IEH L BB & 34T
DIBFEIZONTSH, JFETTEETo7,

Fig. 6 Tramcar to Vehicle Communication

1) FEiygE
TEE, KETHPXOLREES R o (I

~FEAKHT) THERE L7 (Fig. 7) .
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Fig. 7 Demo Map in Hiroshima
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behind in right turn
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9
SV

T !

\ 4

(®Oncoming car after tramcar
passed in right turn

|
e

@Pedestrian crossing in right
turn

:

®Tramcar approaching from behind
when passing

Fig. 8 Purpose of the Demonstration

Q) FELZT L

TEREY, LA IF [1-ACTIVSENSE] T&
5, A—bhU7T 4 7L —FPKR—1K (SCBS) , VU
Yb—sVE=Z Y725 A (RVM) 2 EIC, H
HWBEEHRO~Y K7 v 7T 4 A7 A4 (HUD) 7
izt thsd (Fig. 9) ,

Quasi-Millimete! meter Optical beacon antenna

wave radar

760MHz
antenna

Fig. 9 ASV-5 System

VA Y REED~NY FT v 7T 4 AT VAT EE
BT ELTHEOELERE A A —VHE TERL
(Fig. 10) ,7 EBHEOEELME 2137 € HH OB E#]
ERATHE= X EixiE Lz (Fig. 11)

Fig. 11

Support Monitor for Tramcar

HEMBEICOWTE, MTEDOA~— T+ %
WA LT-, ZA~— b7+ VO R BRI AT B 5
ODERT7T 7V r—varviEdZyrua—RKT5Z LIk
0, RBERBREMEFTOY— 2N LT, A~v—h
74D IP 7 RLAZEAEL, IP 7 FLAZREEL
TRAY— M7+ O BRITEOMERRE N7 Y
FMEEEZEL WD, T, TEHEBHOME, &
ERREDT — R ERENICHETL, TERERGDO KT A
NICHTE OB ERE =T 2 (Fig. 12) .
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vehicles

GPS positioning (@)

]

Smartphone Internet network

Fig. 12 System Configuration

(3) HMI (Human Machine Interface)

a7 MY, BEREZHESTIC, FIA4 %
0 &< L2 72 W ERR S B 0 T fa ok G o 22 ERR A A
TEX5HEBHMI & LT,

IO, mIFEGIRIET, A EE DI fEBx S
DOZERFRIME RBLT 5720, TEHIZY A > Nl
D~y BT v I TF 4 AT A M LTz, EERORR
%, RIANRNDPRECHEREHTE2 L9102, 5
MR E W=y AR VERE L (Fig. 138)

Fig. 13 Head-Up Display

44 FEHIZHITS ASV, C-ACC TE
SEE T, 77 % ASV-5 # VT, KERIERE
S HEMBEREOTEEZEM L7z (Table 1) , £,
BRHEIZBWT, Av— bR@EH (& - CO2 72 & D
) # B/ E L2l ACC (C-ACC : Coopera-
tive Cruise Control) OF € %#47-7- (Fig. 14) .

Vary for distance of vehicles or vehicle speed
o W W
() () () () () @

Control vehicle distance to control the diffusion of “decreasing speed wave”

() (ues ) (diues) (@Sumies )
Fig. 14 C-ACC
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51 DSRC ¥

<Y AT, A<v—hA DSRC v AT ALLLT,
ITS A& hxtits DSRC BHfigs % Hin THEL TV D
(Fig. 15) . Vo A HFOHAIRBND X O ICHER
AN TE B, E£72, DSRC (Zx)& L7z HDD F &4
—va VAT ALARTHRELTRBY, Hffighes )
B =y a v EMAAEDELZEICLY, ITS 2Ky
M—ERXZ2ZIF5Z ENRFARETH S,

Fig. 15 Smartin DSRC System

52 FHETIES

~ VX, AR T T4 T 4 ORIy, ME O
[Heads-up cockpit] = &7 MIHS < Hrkft HMI
ERRT 72 I hbEA L, AMPLEREEZRUSL,
RIA L TRY Y a RIS & O JAMERE
mEds i, MADa~vrFar ba—igEhn
DA S VD 2 T TN T WRIR ERET A
AFERH L GUI A%, EIE~DOLT 2010 %
Visual Distraction (L% Hi5.) , Cognitive Distrac-
tion (B#kOM;R) , Manual Distraction (RZEE7R
BE) Z2R/MEL T2, Y X THID TR S
TITA4TRIACSTT A AT VAL, T4AT
ANRFVCRRFLEERE I T IR S, A—X
7 — RIS B slzar g K &L
TS DT A ATHD (Fig. 16) ., HiH, T 5
—VAYVAT AL DRBEHEE (F - H—
¥) , Aw— b7 L—F%H%KR— ML (SBS) 7l
VT NEADIENT DS EIERERPEREIND,

s

Fig. 16  Active Driving Display
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22| R#EREEAHHE (YYS 7T U ASV-5] DK
Development of Advanced Safety Vehicle “Mazda Atenza ASV-5"

LR BT BUK ACRiE BT PR

Masashi Yamamoto Tomokazu Okugi Yohei Iwashita
BB RS R A
Makoto Yoshida Haruki Okazaki Haruhisa Kore

RS

HHER L HEHE S OMOBEREBEICERE P E2HAAGLE L2 LT, KGR A B HE K2
MEIEATIHANCENT, BBHE BEEER T OLEENE E 5L BRI R Y 2T A& 5%
L7z, TEBIZRBT 2RO EER— A Hi@EEL ASV (Advanced Safety Vehicle : JoiE% 4
B#hE) | & LT, ITS (Intelligent Transport Systems : mJEEKAZWL XA T L) NBEEREZITS &
iz, F20MITS HAESHER T 20183 DRA P LAY T —EL LTRAESEZITo T,

WEF AR 2R SR O AT A & R e R SR R T A O HEERERE, 6 L OVELRK
FIZHfE Tx 5 HMI (Human Machine Interface) ¥§REDRGEE H Y& LT, BEifi7E HL% )7 BT 1E
TRALCHITIEBRITH FRIEL R & 5 DO XBHREZHEWT D [~V & 7T % ASV-5) ZHIF LT,

ATk, [~Y& 770% ASV-5] OV A7 MRS, @EF AL 2ERIE Y AT AL Hii
UYL R IE L AT LOEEDE 2, EEMICEETE S HMI EE0B 2, Bl
A TENE X RMEEEIC OV TR B,

Summary

To improve the safety of vehicles and trams on their shared roads, an innovative safe driving sup-
port systems were developed, which combine onboard sensors with the vehicle-to-tram radio-
communication. Mazda Atenza ASV-5 (Advanced Safety Vehicle - Phase 5) was developed to verify
the system as the “world’s first vehicle-to-tram cooperative ASV”, which was tested on public roads
in Hiroshima and demonstrated in the post congress tour of the 20th ITS World Congress Tokyo
2013.

Five driving support functions are installed to the Mazda Atenza ASV-5, including an approach-
ing tram information provision system and an oncoming vehicle information provision system to
verify the intuitive Human Machine Interface (HMI) and the linkage function between the Vehicle-
to-Vehicle (V2V) communication system and the onboard sensing systems.

This paper describes the overview of the ASV-5 systems, the concept of the linkage between the
communication system and the onboard sensing systems, realizing methods of the intuitive HMI,

and the safe driving support functions.

1. [ZLHI LRGBS THEILER ) AR LT, Al
AAZELS, Lk, BONCH, MREEsEsT 2 DOURE, SRR, AR L Eoms
HE AR AT A [BEEEEE] X, KA AR DREE O 2 B8 L 7oA BR s A T o

*1~4  HAFFZEET *5, 6 HIT AT ABHRES
Technical Research Center Vehicle System Development Dept.
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W5, ZhiE, EEEEEICX D EADEROFEER
T 5HZET, PRI TR XIS WEET W OF
WEFAICR A NBA2TY, THETHLEREND
ZHAICEEERE LV T5HZ 8T, RBEFWEY
T2 ERBNELTNSO,

IO e EHE @G, BEMBEAZEHN L TRl
BEHEWOZE D LT MY MAE, BEHEOLR LT,
EKZERZ AT 2tMORESINE BRECHITE R
L) ~BH - BEHTAZLET, LukEe - LDDRER
RO FEHFICE T2 LI ND,

IRBTCI, BEBEELATROZELTEELTE
D, —HYBK 16 FAORA»H L, TF, KiEEE
T afZEFE L LCAMICREINS —F, H
BHEIILRDIT AR EATVD, 2O OO E
FEHED, ZNERDOA Y v MEIENLOOHFTES
RBEAREED DI, HEKY, REESH B
() RIBZERBREMICH, V¥ (K BHEHL T
BB & 7 Vv L O EEE S B R L CHRFEAFIEICEL
DELATE T,

4 FiX, BEEE L. BB L OO BEREE I HEK
UV EMAEDES LT, BNEEL HEIHENE
e &2 4 A EETIC R W T BB E & S R W T
DOZENENEED VAT LERE LT, 201349 AN
b TR 2 590 o — B 8o (s o
ASV] & LT ITS NEFEREITH LIz, ITS R4
AL 20183 ORA Fary LAY T —& LTRES
1T 7=,

ZOMVMBOF Ty XL, AENE L KEEED
WHEIZ & B AR R S AT AR, WA AR L 42
MRV AT A (LT, @EAMAM AT L) LE
e PR EEEIE AT A (LU, #ifik
Y 2T L) OEEES AT LD a7 MMEGE - B
HEBS, F72, FIANRNSGRYRT I ERERET

Fig.1 Mazda Atenza ASV-5

DEMTOBF « BFEEITH) Z 2 BT =V 77
U ASV-5] B L (Fig. 1) .

AETIE, [wY4 TFLHF ASVE] DY AT A
PR, @EFIAE S AT &L R L 2T A oH
DE % F, EEMIZHEMETE S5 HMI &3 0& 27,
5 L 7o B aEin BRI SV TS T 5,

2. T=RYH 774 ASV-5] MBS

=& 75 % ASV-5] ZRETAICHI-Y,
UToOMREZEBTAZ EERLNE LT,

21 BEEFRRIRATLLESBRAR I X TLDEE
<YL, RIAARNRELL B - H+5Z L%
PR— T 5702, RARVERS S DT fERT5%
D 360° WHXEEFHEL D, £ T, SlEiL@E
BRIAT Y 27 &L il o 27 b kil S w5
T & T 3607 FRENSHEOBEREA AR LT,

Table 1 (%, FHMEE & & o OR % g
LEEbOTHD, ZORITKT X I, HERBEIL,
LR ORI G E BRI TE D, BRIV DG E R
HTEDLEVWIBEND D —HT, BUIRCITRmMEE
(PLEREE) 13 GPS OWNIREEICEKIFL, GPS &
DZAFIRREIZ L > Tk 10m YL EOBENE T D540
BHhH, Tk L TCHEEY oL, HEEB®BETEDS
NORHEMAROMBEBBE LY bEWEE TR ETo
HEEZ RS 2 Z ENRRETH D — T, Bk
MEOWIZITH D AR ROBRAIAARETH D, =
D& 5 EEREE L ERY YO M EERT, DL
To X5 7E2 I CHRERMAEY AT A & Bl

Table 1 Feature Comparison between V2V Communication and Onboard Sensors

V2V communication

Onboard sensors

Maximum detection o Max. 1000m at line-of-sight (varying due to o About from 20m to 200m (varying due to
length driving environment) sensing methods)
Detection angle © | 360deg o About from 20deg to 200deg (varying due to

sensing methods)

Detection in a blind

Detectable (having no influence on shading

to about 10m (by ordinary GPS)

area (behind other car) © vehicles) X | Undetectable at not-line-of-sight
Detection in a blind Detectable within about 80m even in worst- . .
area (behind building) O | case condition of communication * | Undetectable at not-line-of-sight
P : o : -
Detection accuracy o From about 1m (by quasi-zenith satellite GPS) o About 5% of detection length (varying due to

sensing methods)
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ERMBETHD, ZHICMAT, BHREMER/IMET
HZEEEEML, ErEWEES - EHICEET S
AR, EREMICHM X AR T Y B L
77
KRR OES - EEEAE, A Ry—L R
2% HUD (Head-Up Display : ~» K7 v~ « 5
A ATV A) THEELEL, VA Fyr— Figighl
HUD 1%, A—%7—FHNRXF LS —vars 4 A7
VAICHERETRT DHAICHRT, FIANRNERO L
D EFICEREERTED, 20k, B o
BEizRk/NBICTZ ENAREE 2D, £72, HUD
3T 4 AT VA BEOERE AT EEFTICEET 5
ZEMTEDD, HIFEEDLEREBR~RER
BT DBEOE SR oA N DR, FoREE~DE
TARER & B 9~ DR HIFRF T & 5,
EEPICBE CTEZ DR Ra T oY T 57 RA
VHMILLTFO 3 BTHDHEBEZ, ThOEHERKRDIA
NIEFRa T G L (Fig. 2) &
O HEZFLISHLERSRERTRT D
@ RIANBEEL, FfR LTV RALT A 2
v, R ER—ICHW S

@ HEHANS VRAT A AL EBATA FA &
HHZET, EHb0FmNG EARERRIERN
PELT 5 O ERRINCRBT S

Fig. 2 HUD Screen Image

3. SATLER

Fig. 312, =Y ¥ 75U % ASV-5] ITH#iENh T
WADTNA RERT, HATRL =Kl EofE#t
FiTmz <, HHH - BEHEEEEET O WET /S A
EHREH LTS, o, RIANSOFEREMT A
AELT, AV Ry—V FEEAO HUD & A —
HEHBHLTND,

31 HEt Y

HREN TV [=Y & 7oy i[ZEfHishTn
% i-ACTIVSENSE Ti¥, VL —% (76GHz #)
ROHTTRAMR L — % W COHRAT R O[] T OREE Y %
ELiev, A7 nlL—4% (24GHz 1) ZHWT
BIF OBEETZBRMLIZY LTW5A, ZHAbIh
2T [=Y% 75 % ASV-5] TiE, MaEHITE
DOREWTHBRITE 2T 572010, AR~ A 7 1
WLv—F%, R7IT7—OFFRIZYA KT RATEE
B L7,

Speaker

eter Optical beacon antenna

760MHz
antenna

Fig. 3 System Configuration

32 BET/MR

700MHz #5@iE#EZ VT, B <0 8E [ B & A
HICHEBEMEE 21TV, GPS 2254555 A7 E G
G, ) T HIm, EE, 71— U A
NIRED KT A NEEE R EEEZET D, £z,
(=& 77 % ASV-5] I21%, A~vw— 74 %1%
M LA EMBERELSES Lz, SMTEIIETS
Av— b 7 HNBET SV —va kB A b—
NTHZEIZEY, £ F—Fy MEERBLCHELE
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k7 % B S 7z GPS THRINE L 7= 478 DAL E TS —J7, HEIED KT AL o TE, B LHET
W ORE, RE) LEITHFNOEREZETDHZ LN THRBEEREICGMLS ONEND Z 2R Ho7-0, A
<& 5% (Fig. 4) . WL OENWAE N TIIRET L H - Eﬁﬁ@?ﬁkﬂq{ﬂ

. DERHRSEETHS, 0L, BEERT
e o st gy TOMHzoand g ST 5T LR CHEICENT, HBED KT A

Moving direction Position(Lat., long.), . .
Moving t(jirection?\/)elocity, x\ 1 3 L)d‘ L/ T Eﬁzﬁ E@ % rﬁ ?& % TS‘ST/\?— ZD — k & L 7Y:_
Internet network Brake/Turn signal information

ete. (Fig. 6 (a)~()) .
&/

% ) )
\ ‘%' / o Oncoming vehicle I l |
Ei S =3
o L

{

Pedestrian Mazda Atenza ASV-5

4[]k
4 p .0

Fig. 4 Communication System

(a) Provision of information (b) Provision of information on
4. L= B He on Tram approaching out of approaching Tram in right turn
%ﬁ i Iﬁ% the corner(by T2V) (by T2V and Onboard sensors)

ARETEK, [=Y& 7709 ASV-5] (Z#Hik L=
LB RISV TR D,

41 BFELBREEEOEEICKIXIE
HEER L BHENEREM LT T 250C, A
B L BN T OLEMEDREEDLIATLETD
7els, BEED K7 4N, KiEEREOER IR
LULT OB RE L LT,

R T PR L D SE S L D SR RE A R ET T DT h

0, REEH ) oOFEEtHicey Y L 2T, (c) Provision of information on (d) Provision of information on
) approaching Tram in overtaking  pedestrian in right turn

ZORER, BEELS2ICHEBENICEAL T 2L (by T2V and Onboard sensors) (by P2V and Onboard sensors)

WCeY U ELERBRRHD LW BEREEL, 2

ZUT, RBLOEWEND HEESH CHLEE % .

BEWT 3 2 35, Eﬁﬁa§$®ﬁujif§%$zﬂ4ﬁ?ﬁbot 9 8

L LTS, EERE R 5 % L

BBV A BB ST EA LT < BHEIHNT, %@ r

EEOEE Lo L OISRt s - e LT (Flg . ¥ V2V:Vehicle-to-Vehicle communication

T2V:Tram-to-Vehicle communication
5) o 7o, BRHIERROSHMIEDOPRIL, LK e P2V:Pedestrian-to-Vehicle communication

BRESHTFERT S 0 AL AU T2,

(e) Provision of information on
oncoming vehicle in right turn
(by V2V and Onboard sensors)

£
- r* Fig. 6 Supports for Car Driver

I_ o] COEOIC, BEELEEEEALELAD LT,
TR—, RITAN, HEELOEE L0530 X % L
A A TYH, MERI A= 52 & THEEEESZ
NTE, WEOLREWNEERDDLI ENTEDH L %if:o
42 ihEFE, STHEEOERICHT HXE
o ' : - ’ ) IR DB ASBRBE DR E LT, HEIHE L REE
(a) Provision of information (b) Provision of information -~ } N
on right turn vehicle at blind on right turn vehicle ahead H, SITENGETHZLICLD, ZEBEEREL T
comer ahead(V2T) V2D BV R DS, THERERT, M, ST
FEOWERERKITIS LIz KB E AT L &
Fig. 5 Supports for Tram Driver L7z, BEENLGITTA8EEICBWT, Aok

4

C

g
4

V2T:Vehicle-to-Tram communication

— 121 —



TV R

No.31 (2013)

BATEDOHERERMIET DL TRIANORIME LE
T2 (Fig. 6 (d) , BIOEHLT 2 EEX R #O
HRERMT DL TRI A NORIMEIIET HI%EE
R LT (Fig. 6 ()

4.3 SR T LOWMREEE

AREITIE, Fig. 6 IR L7700 O Wi B
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FbEanT 5 L, MaEE L Fig. 7 OF FIORT
g% HUD IZERRTDHIETRIANCHETIND K
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DOFE, BH, ZERMITETDEHEOAMENLHEL
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Wiz, WmEEES @R L72%, HEXNERELND
%@Liﬁkbk&%u,ﬁﬁ%®ﬁm*%&%®ﬁ
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Provision of information on right-turn
vehicle ahead (For tram driver)

HAGHESY !

When distance to the
car becomes short

L]

Voice information: “Right-turn
vehicle ahead”

HiAAHEDY !

When the car indicates /

intension to turn right

WCITEDFET D Z L2 ML THERERET S,
=P, SHEEE CES L RTEOMERRE A
T, AR OREIAE & Z ORDICHETEN DD E
T 5, 2ok &, MREMIEBE CES LICRTED
HEATH I OFE WD D AW AE > &3 0 2 HTH IR
SALTWDE, EEMEE, FIfEbrbRELLZ L
ZRIANDOT L—FEAELEENLHBIL, Z0XF
AIVTTIT> TV D,
ZOEBEMEIZL DD BT, KT A NBEPTEE
e L, MErBRITH EEMEOLERMN D DAL, Bl
UV TTRA LR RIS SO CTERZ BT 5, &
Wy & LI Fig. 7 0 IRl 2 HUD (£
THIETRIANTHTE BRI DER1IH D Z
LERERL, FIANTT L—XREZ T,

5. KB TO ITS AERE

Fig. 5, 6 IR T 7T DOXEMEEEZHERT 572012
SN TN OB TEITEREIT> 72, FEBRIX, Fig. 8
IR TR S EEITHEMAR (TR~ fF ARITE) B
1To7zs T2, ERICHW: =YX 77 % ASV-
5] , BHEEHE Fig. 9177,

RO, HEHE S REERMOERM®EIC
DHWZHERECY Y 3+ 52 LT, Fig. 5, 6@~
(TR BB H & BB O BEIZ K 5 2@ SR
2, HEHEEBEEEONT CEET S Z & 2R T
&7z, F7-, Fig. 6 (DDHITHE & OE 25 1L,
Fig. 6 (e)Dx&fn B & OFEZERGIL AR, WEF AT
AT WL BRI AT ADOEBEDE 2 Flo ko x
e+ 5 2 & AR TX -,

Provision of information on pedestrian in
right turn (For car driver)
HUD screen image
In the case where there
is a possible collision to *
pedestrian because your
car continues right-turn *

j Warning of pedestrian (Sensors)

Electronic sound: “Pi, Pi, Pi”

When your car restarts
after a pause while a
pedestrian exits

Alert to pedestrian (P2V)
Electronic sound: “Pong”

Provision of information on approaching

tram in right turn (For car driver)
When tram is
approaching while your
car pauses at an
intersection

Information on approaching tram (T2V)
Electronic sound: “Pong”

Fig. 7 Example of Support Scenario
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Establishment of Vehicle-to-Vehicle Communication Performance
Prediction Modeling Techniques

HIH FH1T™ R B2 R ACFn*3
Hideyuki Yamada Masahiro Suneya Tomokazu Okugi
LA e s 4 AN ffiE 5 H L W re

Masashi Yamamoto

Kiyomichi Araki Gia Khanh Tran

B2

FEEDOETREIZH LT, mAR MEOESWEBEREE AT A RERT L720120E, ETERERSA
DA FIREEBRME (72— 7)) ZHEL, +0RVAT LAY — VU ik TE D EHIRE
RTA LV ERFTOLNERD D, AE, WHEHLE LA AR 2GR, @EEETHET Y 7
FHEERAE L, ETREO7 =— Y 72 b-m DfMIC KV ET LT D2 LT, ERTRE
WIEMEREIC L EE R SN L EZRBE LS FHIL, AT A=V U 2 RE LIRS LT,
Summary

In order to realize the vehicle-to-vehicle communication system with high robustness for any
running environment, it is necessary to grasp signal strength variation characteristics of the
driving environment-specific (fading characteristics), and to design the gain and receiver sensitivity
that ensures a sufficient system margin. This time, we have developed a communication perform-
ance predictive modeling techniques for urban NLOS intersection environment. Through the

modeled by Nakagami-m distributed fading characteristics of the driving environment, we made it

possible to predict accurately the SN ratio required communication performance, and to design a

high accuracy system margin.

1. IL®HIC

SE SR HAYIC, HHLRDEE IS K D L eEiE S
W AT LOEMME & AR~ B REE TRDY
MENTWD, BEEMIBE S AT LML ERIBEEVER
WEET Y 7L, fHx OY —EREAENLED AT
W, Sl LA AR TOHSWIEREERE R —
A B & Table HZRT,

Table 1 One Cases of V2V (Vehicle to Vehicle)

Service Requirement

Service Situation Anti-Collision at

Intersection Service

Target Vehicle Maximum Speed | 70km/h
Communication area length 94.7m (10m + 84.7m)
Requirement PER (max) 5%

O ANA MMEOEWEF Y AT A ET BT, W@IEERE
EOGBEGE=Y 7THEEZHE T 2 OICLEE b Y
SNR (Signal Noise Ratio) #FE L FHIL T, A
T A=V ETOoRTOLERD D, BEREHETEE)
THRF S N[ (Table 2) I2XD L, AT
LHFFERERD DRI MBE R T 2=V T —
Vi, ERER OB ONEEEMBAER L, #TE,
T, ARAN R SR R EATREE O BRI
RESZAT W O BEHEC A 2 IR 2> & SERRIR 2 & HE
ETDHHEELTIRRES N [ - 2ETT L] O
FUORBLOLNTWD, BEVAT A=V VIV AT
DOHFRACIHR K & BB 2 & O FHRIFE R DE TR &
N5, BEEEFHFOIC LIE, #HEs, Ssov 2T LA
~— UV N10dBEER TE TV D DR L, T T
1$1.7dB L7 <, RIZ, @RdESCR R T
==V RN EE LY BT D Z EnbuE, K

“1~d AR

Technical Research Center

*5, 6 HULLFEKRT
Tokyo Institute of Technology
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mBEHREEWETCE R RS bEXHND, Fig
UIRTEIIE, VAT A=V VRO DOERE Y
AT LREIEAT 11T, ETREOTVFHRMEEEL & T
DB VERRZEAIC LB R T SNR A NG EE & < FllT 5 4
ERHY, TOTHITIE, EBITRED T = — 20 7Kk
ZIEMICHEET 2MNERND D, AE, EEOMEIARE
RTOHEWEIFS S IR — B 2 2RI @E MR
THETAVROT == TREET VERFIL, ¥ 3
alb—va k7 =)V FERIZEY, 72—V 0k
PEET VO BB & ESNR TS 4 MEE L7,

Table 2 Line Design Example

(Non Line of Sight Intersection)

Environment City Urban | Suburbs
Fading Margin dB 6.3 6.8 58
Require C/(I+N) dB 4.0
@QPSK/100Byte
Receiving Sensitivity | dB -90.1
Acceptable dB 99.0 98.5 99.5
propagation loss
Distance m 105(10+95)
Propagation Loss dB 89.2 96.8 91.6
(Estimate)
System Margin dB 9.8 1.7 7.9

Power(dB)

Tranmission Power Level

Acceptable Propagation Loss
(depends on the Environment and the design)

Average Propagation Loss @Position

t
System Margin ———————1

(depends on the Environment and the design
1

Required Average [ ¥ 77T '
sﬁj(;aué%ERvera,,g,i%_, ‘ . . |}/ *Receiver Gain(antenna)
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A Study of Lane Keeping Assistance by Steering Control
Based on Muscular Activity
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Summary

Lane Keeping Assistance System (LKAS) controls an electric power steering that assists driver’s
steering operations to the lanes observed by an on-board camera. LKAS performance was evaluated
in terms of steering stability including the ease of steering, and electromyogram (EMG) of the
drivers’ arms was analyzed. The result showed that stable steering control prevents synchronous
contractions of symmetrical muscles of arms, and reduced the action of the agonists without
increasing the use of the antagonists. Based on the result, a new steering control logic was setup,

which modifies yaw motions and steering viscosity, improving steering smoothness and stability by

iy (2523
Toshimi Okazaki

less force.
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Table 1 Subjective Evaluation Results on
Vehicle A and B
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Effortlessness Good Fair
(b) Steady turning
Stability Poor Good
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Fig. 3 Muscular Activities When Driving Vehicle A and B
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Table 2 Subjective Evaluation Results on Test Vehicle

Scenes Evaluation axes Test vehicle
Effortlessness Good
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Effortlessness Good
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(c) Tuming or reversing a wheel Smoothness Good
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Summary

Based on the Mazda Premacy Hydrogen RE Hybrid launched in 2009, a new Premacy Hydrogen
RE Range Extender EV adapts a larger high-voltage battery, plug-in-system and a thermal-
efficiency-improved engine. The thermal efficiency was improved by lean burn and optimization of
mixture formation and others. Also an exhaust emission treatment system which utilizes series
hybrid characteristics was developed to reduce NOx emission at the lean burn. As a result, daily
usability and driving range with clean energy are significantly improved. The development purpose,

technologies and results are introduced in this paper.
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Table 1 Characteristics of Hydrogen

H, Gasoline

chemical formula H, C7.5H17

Minimum Ignition Energy 0.02 0.24
(mWs)
Combustible Limit (Vol %) 4-75 1.0-7.6
Adiabatic Flame Temperature at

theoretical mixture (deg.C) 2045 2200
Laminar Flame velocity at 265 40

theoretical mixture(cm/sec)
Volume percentage of Fuel in
Mixture 29.53 1.7
at theoretical mixture (Vol %)
Heat value at theoretical mixture
(MJ/imz)

298 3.55

Hydrogen

Rotor Hosing

Rotor
Spark Plug

Rotation

Outlet Port

Fig. 2 Hydrogen RE

2000rpm (WOT)

—000—0_o

Js% _— o
p—

Ne (%)
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Fig. 3 Lean Characteristics of B.T.E
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Inverter Hydrogen Tank Charging Ports

High efficiency
Hydrogen Rotary Engin:

7

High Voltage
Battery

Generator
High Voltage
Battery Chager

Seat Heater
Motor

Fig. 5 Vehicle Layout

Table 2 Vehicle Specification

Size (LengthxWidthxHeight) 4.565%1.745%x1.620 m

Weight 1920 kg
Seat Capacity 5 passengers
Max Speed 150 km/hr
Driving range (JC08mode) over 350 km
Type AC IPM Synchronous
Motor Max Power 110kW
Generator Type AC IPM Synchronous
Type 13B Hydrogen Rotary Engine
Engine Displacement 0.654L x 2rotor
Compression Ratio [10:01
Type Lithium-ion
High Votage Battery = Normional Volt 346V
Capacity 20kWh
Hydrogen Fuel Tank 150L/35MPa
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2009 FIZFE LI [FL~vv— N Favxy REANMT Uy K] Oy T UERRERLT T 7
AN KD FTEERREEL M LIz L Y27 27 % EV (Electric Vehicle) 7L< — A Y=
YRE LYV AT UH—EV] ZBFE LIz, ZONAT )y RURATATIE, NyT7 U OREEIC
IV DURBREMEOBMEN LRDZ L EENL, BANIANT A, B, E177 40—V
7 EOSE S ERBERERRHIHE T 2 HEREEZHE L, FBsn-iElEL, EX
X —IT LY EFTTE DM RRE 2 RIEICIEM L7z, AR T, #HECEDY G D %ﬁ?ﬁ%%lﬁlﬁéﬂz
Tt 23 2 FEE M L OBIE 2 BRI >V THET %,
Summary

Mazda Premacy Hydrogen RE Range Extender EV is developed from the Mazda Premacy Hydro-
gen RE Hybrid (2009). The Range Extender EV is equipped with a plug-in function and larger
capacity battery. The new hybrid system with larger capacity and high voltage battery met concur-
rently various specifications required such as thermal efficiency, energy balance and engine sound
when the vehicle is in motion. Also the plug-in function achieved an improvement of driving range

with electric energy. In this paper, the detail of the electric generation control that satisfies the re-

quired specifications is described.

1. ZC®HIC

2009 FEICHELE [T~y — NS FrYz
RE "A 7V v K] OQ%~N—2|2, =2V & KEH
MELTEMRZLETDELBIC, Ny T IVRESE
IR LEEWEEZMAMLIZL Y27 AT % EV

[T~y — A Rz RE LYYV T ATV
Z—EV] % L=, VoY AT BV &t
N7 ) FEELR (LLT SOC : State Of Charge) 23T
EOMBE D EWKE EV BT L, FTEDME L 0 KB
1L SOC % Fif 2V X Hcm v P TRE LN L ELT
THEMDOZ EEND, ZOEMOFLAIE, =P
ZREOHLAND VY =X HEV (Hybrid Electric
Vehicle) ERICV AT ATHDIZENLZ UV U EE
RCEBTED T TR, 7774 LD hE
BATH & TRAMZEN EZKDLZEDTED R

WZH D, ABEE T, ZOHEEE» LIBREEMECE
AR LR D, BHNIAT VA, B8R, &
77 4=V 7 & RRFICHET DI ERIEIELMEE L
77

ARG T, ZOFERIEEIZ OV TR OIETRHEM A
Rz, 9 2 BBV TLY YT AT UH EV O
FORMARZMRH L, 8 BICCHBOHEZR D, K
12 4 BT, ol EE R & A T2 T LT S A
AL ERENEZREEL®, Zoflfks, &
N NRT R, BEhER, 2P FICRDETT 4 —
Vo 7o 3 SOERERFICHEST 22 LanT, £
LT 5 BIIT, ZOREFIEECHRTI vy a i
(LIS > 7 U RT3 B N3 5, &ZIC 6 BT,
HIRCW B OREE FCTE— FETEITV, Z OREH
HENEDS B B B T AR Ny T U ARG & R L7

*1~4  BARITIERT

Technical Research Center

— 143 —



TV R

No.31 (2013)

WG, BHNKNT A, B, ET77 40— 7
ZFEFFICHE T2 FETHD Z &RT,

2. LYCIHRTFUSEVADERLH

(Charge Sustaining mode)

EINL BT AESHES CS T—F

IZBWT, RS, F

M, 2R, #1770V TOBENLLUTOX

IIERND D,

(1) BHWZ AT A

O NyT U RER (SOC) #EITICHKE
ZHERFT D,

(2) MBI & A5 4EME

@ HeHH A5 E (NOx - HC fih) % BHEME L

Tz 5,

@ HAMNERE & AEEELL TS Z 5,

@ Ny TV DOEFHEES F F R
SOF) HIZIH %,

(3) B

® BhROEEIES
HEEITI,

©® = oVUARIMEIEER A TE B0 T 5,

@ ET74—V 7

D =P FICEDBETT 4=V TR R T A NTE
PN A VA s N Rl [ 7 g VA ON i | e = N
{bA& T 2,

SNHER DS EHRIFOM RV T, FRREE b
HIRWETE FIREICT 5,

L7k e

EfFik (BLF

(b - FEEE) Ty

3. EmoiEE

3.1 EmoEiE

BA%E L7 il O4MBLE Fig. 1 I1CR7, ARBEFEIZA
BB HEALN—R L Py 25 F BV ICE
L7ZbDoThsd, FEHLTWDEIZ U Y VIR E
6me2@mﬁﬂ*5uiyVV(Rm‘ﬁ T Ot

X HE—%, YL —%, BEENYT VR
c‘:%ﬁﬁ%zbfb‘éo F7z, HiljOEEFEITIET Table 1
b,

Table 1 Vehicle Specification

model Parameter Value
Weight 1920kg

Vehicle
Dimensions 4.6%1.7x1.6mm

Motor MaxPower / MaxTorque |110kW / 350Nm

Generator |MaxPower 80kW
Fuel Tank [Capacity 150L / 35MPa
Type Li-ion
Battery
Nominal Energy 20kWh

Fig. 1 Appearance of Vehicle
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<Assumption>
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<Derivation of Target Power>
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Considering both a
road gradient and a
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Fig. 3 Concept of Electric Generation Control

4.2 BE(LREREDERE

BIEREA] 0 (x4 2% te [0,7.] , =Y DH
ExER (kJ] & x(d, = BEEEEE (rpm] %
x(d), =o Vv BAEREEEES) [rpm/sec] ZERT A A
NE ddETD, Z0 3 FHICELT, BERERED
R WIS A2 R )Q) D X 5 IR
By ZOHE IREEFBRINNDRT A —F a1, a2l P
OEEREE (Figd O ICESWTRETH D LT
%, 728, (Fy b)) 3o ERL, M =00
TV R AR T,

{x1::a1x2+-a2
1

X, =u

x,(0) B 0
x,(0) - N, @

LT, EAMEEE QR & BB E @)D
KOCERET D, B 1 HENE/I AT A, 2 1H
ANEITT 4 — U v 71T 2HEHEIC /e > TR Y, &
MEEORREITIS U TEBIE R RO 55,

s :
=246 (T) = P(T))

o Ryu(t)? ¥
0 . 2 ol
+£{2 (x, (1) = w(n)) + : }m

B.T.E(%)
. 50 ‘ ‘ High
| |
E 40F------ e I
g 1
830 7777777 [
20
£ 20—
(@)
c
w 1o
|
0 ‘ ‘ Low
1000 2000 3000 4000

Engine Speed(rpm)

Fig. 4 Brake Thermal Efficiency (B.T.E) Map
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Calculation part of optimization Output ]_\
SOC, v, T, ? optimal || | 72et
Motor power, iSetof 7, — S(flution torque,
Target engine iEstlmatlon P (Trajectories)% Target engine

speed

speed

Target Engine Target Generator
Torque{ E Speed Engine Speed { ETorque
PCM (GCM |

Engine torque control Engine speed control
using target torque using target engine speed

Injector pulx‘\ E:n}:ias ced Voltage
Injector timing 9 P Torque
Throttle angle Engine speed

C C @ Axis

Engine Generator

Fig. 5 Generation Control System

ZLTCVCM 5 PCM IZHET TIFEE hLr o= v
VHRENE 7R EORBE B E SR, PCM 225 VCM ~
T DU EERERRT UV VKRR ENRELNS, &
DEFIHESNT, PCM 1% VCM 2250 hL 7 Hiae=
VU VERERICE ST R v MVBERSA vV 2
A DIV AR 8T 5, KIZ, VCEM 525 GCM 12
1 Tl BRI P B 1R 7 EOFRSE S
BEDBN, GCM 725 VCM ~I Y = R L—Z [l
=R L—F ML RERELNDS, GCM 1% BAERERKIC
o TV =R b —X ORI ZHIET 5, =y ey
2R LA BREBENTNDDOT, ZOVATAIZLY

EESIHIAATREI 22 5O,

45 74—V JBEBOERE

HEPOTVUVEREEIT 74—V VT DRWVWR
WZEST 572D K@ Zi7e 7 — U > VB EEA
LT %, THIREXE [0,7:) Hod#Ez )& LT,
AFEEHIBENEITROD L D122 D,

w(v(t)) =k, (a,)v(t) +w,, - v(t)=a,t+v, 6

TR, BT EREEE I LT R
TANZHRRRE 52 272012, =P mlEsE L
B & NER BRI D L wnERETD (Fig.
6 .

Desired Engine Speed

w[rpm] wv) =k, (a,)v+w,
wo[rpm]
\
o Vehicle Speed v[km/h]
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Estimation of Nox
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4 Threshold level for rich purge

o Timing of rich purge Time(sec)

Fig. 7 Rich Purge
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Table 2 Engine Start-Stop Condition

Condition
Engine start |Vehicle speed =45[km/h]

Brake on period = a few seconds

Engine stop | ' Vehicle speed < 35[km/h]]

Engine doesn’t stop
Engine
Speed |

Vehicle
Speed

Engine sound
> Road noise

0l —V—r
Acceleration  Acceleration
ON OFF

Fig. 8 Trajectory of Engine Output
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Fig. 9 Battery Protection Feature
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Fig. 10 Result of Driving Test of JCO8 Mode
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Fig. 11 Distribution of B.T.E During JCO8 Mode
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Analysis Technology of Combustion Model in a Rotary Engine

g B2F1 gt IR e ARGR 1573
Akira Nakashima Jyong-Ho Yun Hitoshi Hongou
REA (5474 FI R 5 B B o

Shinya Ueki Ryoji Kagawa Hideaki Yokohata
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B—X VTV, YUTARBETH LT, BE, 25T N, Bl REE b o
TV THDLY, RERBBEENOWETRPISRVIENAEL L2 E, KWLy ez vr
(RO TIFF R BN 7 — o 2 L 2SS b L DE L > TND, B = VP DERD IR
BUNRUBOLZDOICIE, TNLMERBSEHLNCTINEND D, T2 T, HREEZITRENERY
alb—va VHEIRERET 22 L2 E LT, BEEEN PIV (Particle Image Velocimetry) w1k
FHAGE R & ORREE, A% v ¥ 2 fiOWHTIC L DREENF — L OB EIT o7z, ZORER, FFEER R
WRE— DEEERTRZFREE T OMTEINEZMET 52 LN TE T, £ LT, KMHTEINN KO FEE
ZHNT, RERBETOR o —2 U D UIcBi 3Rk ED F & iR Lz,

Summary

A Wankel rotary engine, due to its simple structure, is characteristically compact and light-
weight and has high power density. Meanwhile, it has complexity that ordinary reciprocating
engines do not have, such as a squish flow at an expansion stroke in its flat narrow combustion
chamber. To further improve indicated thermal efficiency of the rotary engine, it is necessary to
better investigate its combustion mechanism and the detail of the flow. Therefore, Mazda has
developed a simulation technique for making an accurate prediction of combustion, an effective tool
for analyzing such combustion pattern. Applying this technique, Mazda has confirmed the potential

for improved thermal efficiency in the next generation rotary engine which is currently under

development.
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Fig. 2 Volume Average Velocity in Combustion Chamber of

Rotary Engine and Reciprocating Engine
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Fig. 3 Heat Release Rate of Rotary Engine and
Reciprocating Engine at Same Ignition Timing
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Fig. 4 Calculation Model of RE Movement

4. 2 aL—a vtk S5 PRI

41 BREERTENRATERAMT O
(1) FHE K OMRHT 414

et & U PIV afBUEEHBIRE SR, FHERFKR
b~ 4L ORI THE LSRR E v,
ALY, vV & RX-8 ICHE# LT\ 5 13B
B RE (654ccX2) &#~_N—A L L, FHENTEATFEME
(1500rpm WOT) TiT->TW5b, ZHicxtL T, fi#
ek, RZEICBT2AyvathaA X, fLiRET IV
E VDTN NT A —F BT LN 21TV, i
B a st R E T 5, T LT, ZOHRSEELR
FRHT R T A — % ZieE L, RE HIREMENTHT 2 /5583
Do
(2) A vy atAg XD

-240deg. ATDC (Z51) % PIV AL B % Fig.
5@z, EHRA v a2t A4 X% Ilmm, 2mm, 4mm &
3 HARZS T L 72 BE O BTS2 Fig. 5(bITRT,
HLIFEET 1, Standard k-e LT T VA L7,
-240deg. ATDC %, A— M DOEAEE 5717 6deg
THY, EREITH 25% LW TWARWIRIETH S,
PIV "THULFHAIFE R CIX, B— 50T AHAIC K
ZMNEVERBENICEDEENRRELLL-oTEY,
—HIIHARENS Z & THR— M AOfFHTIZiAR
EULTVWDZERDND, ZHICH LT, @RS,
Ay vatA X 2mm LLETIE, Aviyatag XICH
R7p < RERKEIEID OlEA L TEHE Y, MRk
NEFHTETCWRY, Ay vat A X% Imm £T
NELFTBHE, L MOKEEFHEY OFALUZ DV TIEE
BTETHARWAE, R— A% OBREENRENE
ZRIETHR— S AOATICEE LT, PIV ATfR(LEHA
FER L RIS A HBLTE T D,
(3) FELIRET LD FE

Fig. 5() 2@ LA J VAHH ke GLIRET VOH T,
Standard, RNG & 2 SOEKET NV EEE LT1-ED
TEENENT LB RE R 2R T, Ay Va2t A XL Imm &
L7, HBERACIERTRICH L TRERRWEEIND
RNG ke ELFEET VEHEH LI-HE, L OKEEHE
D OWEFHTCETCEB 5T, F72, Standard k-e ELIE

BT MZHARTHR— FAOEOFAUCE L TH Al
{EFHAFE R D DEEN D RER & ooz, ZhUE, v
RTY Y ONVT EETOREERALO L ST, HHE
RENBEEFER LS WEETHS RE T,
Standard k-e €7 VEMFH L2 HR RSO FEEMEE
TR CTE DLV D ZERNR D,

PEDZ Enn, BSLTITo 2T RT A—2 D
T, Avya¥ A X Imm, EETT VI
Standard k-e LT T V& WA TR S I EE
HHFERZHBTEX D Z B0 oT2,

(a) PIV Measurement

Turbulent model Velocity (m/s)

Mesh size

Standard k-& — e

TN 1571

4mm (c) Influence of Turbulent Model

(b) Influence of Mesh Size

Fig. 5 Comparison of Flow Pattern in Rotor Center
Section at -240deg. ATDC

4.2 BRIFRE — TR HAT
(1) FEENARNT TIEIC & B IRALSS C OBRBEMRAT T-IH0KS

ATENC IV THEEE L 2 iR BV AT ik 2 VW T —F
IRAIRBERNT 21T o 1=, Fig. 6 |2, BIEARKDEY
Bl 31T 2 B HIFE R & HERHE R OGO EHR R & fif
GIRTE el cA Byt = r e N W S % R R VY
— 7 Ch D BT CIIEBITECRL T, £
7o, BRICHD M AEK L KB ROEIE L THIT
ETWRNWI EnD, TIERENZ &350 5,

— 151 —



TV R

No.31 (2013)

w
o

@ Cooling loss
0O Exhaust loss

Experimental result

—— Simulation result
20

Heat release rate (J/deg.)

Heat balance (%)

R

15 0 15 30 45 60 75 90

Eccentric Angle(deg.ATDC)

(a) Heat Release Rate (b) Heat Balance

Fig. 6 Comparison of Heat Release Rate and
Heat Balance between Measured Results and

Calculated Results

FEATICIBVNT, 30deg. ATDC LARE, FRIZAEEIC72 -
TWAEROHEREZ1T 572, Fig. 7 (Z5EMT BBRSE
MWHRAELTHWDIXEMCTCHARBEAERNSE LKL
30deg. ATDC &, ZOHERBERERN LH LIKD D
40deg ATDC (2B} 5t v ¥ —WiE DOFtiE~ 2 FLX

R, gﬁx@?kiﬁg)ﬁﬁﬁé?/l' TR, VEBER T U
DNV T NBHAETLHAF v a2l (T A¥xy
vai) 1LV KRBT ES L BB L TN 2k
T, BRBEHER T LERBELSISEZ LTV,
ZOZEND, BUROMHTHERTE, T AF¥ v v ail
DN, KRAZLE D%IET 7o B IR R DK
TAFL RVBBENEILCLE-TEZDBND,

W
X S eosty
Flame propagation ﬁ% Velocity — %

: (ms) — b
T-squish ﬂow -

(a) 30deg.ATDC

(b) 40deg.ATDC
Fig. 7 Flow Pattern in Rotor Center Section

FOD, T A% v ¥ aiitiOZ Y MHIZ- D0V THERR
Z17-o7-, Fig. 8(a) 1T, AF v =il — 7 Kol
T -4 it 00 BRER A & BLAR O FEMTE & D b s R & R
. HERIEE, RRTRL, VEA T MESICREESE
Z 2 OOERIT/T, TNENORREN S IEE
EMLkoﬁ%®%W%%Tm,ﬂﬁﬁﬁmﬂbt

20% KMl L 72> TEBY, T AF v 2 AN
2:75>/\75 25, ZE, Fig. 8SbDIZRT LI, fEEL
T2 REVRNT TIETIE, BHMIC b BOA v o B

Expterimental Simulation

(2) T A% v ¥ 2 B E

AL=8EE

BI’FJ CELE L TV, M= 7 ChHYVEAT
WIZBWT, EMAHETELZ Ay vaBHoRRICL
DEMEREEORBER OREE 1 BHEINRENWI LI
X DBERBOBENM Moo ThHD EEZ LN

5,

UbEDZ &mnb, ZBEBRIELZBITE TWRWER
W, T AFXy Vafld@lRHNI Lok s EREE—7
%O KKHRIEEFHE TE Ty, bbb
TUTTHLHVEA T HWOA Y2 llEBRRH DL &
Ny InoTz, FDI=w, Fig. 8@) M PODITRT X 512,
EWA v at A ARVEER 1 BHESOFEZITH
LT, TAXy vafiEeEimiE E oo L,

35 ) .
Theoretical value B
»
£ 4
>3 b
% About 5layers -
; 20 % (b1) Original gzgg
2 5 | Y
o e
K{J 1300
= e
20 S
Original Improved (b2) Improved
(a) Squish Velocity (b) Flow Pattern

Fig. 8 Comparison of Peak Squish Velocity between
Original Results and Improved Results

2 L B R
Fig. 9IC T AF¥ v vaillztiE LAy v akf
DA R OS2 7R,

30 - @ Cooling loss
Experimental resu O Exhaust loss

100%

—— Simulation result

20 80%

o2}
S
X

N
o
X

Heat release rate (J/deg.)

Heat balance (%)

20% |

-5 0 15 30 45 60 75 90
Eccentric Angle(deg.ATDC)

0%

Expterimental Simulation

(a) Heat Release Rate (b) Heat Balance

Fig. 9 Comparison of Heat release Rate and Heat
Balance between Measured Results and
Improvement Calculated Results

T 2%y Y aifllOWHELITI 2 & T, RIBMRLEL

o TV ERBEE — 7 %R OBMBEEE S L, B
REBEZATEICHB CE TWAZ S5, £7-, A
BRI BB R & KB EOE A

B W T

— 152 —



No.31 (2013)

TV YRR

CRAISEETEELCNDZERNSND, ZHUE, B3
B — OFEREEAIZ L0 HERHR I TR B A o
Lzl eEZxON5, B, T E TilkEmicxt
L CHEIE/REER 1 J8EES ClIeholz72®, Fig. 10
AT Lo, BURREZ/ NSRS - T, B
o1 EEESOWREEICLY, BRI X A5 R EITR
DRFEN LR, WmEBEETRRENSE L2720 T
H5,

Heat flux (W/m?)

258704006 207004006 155204006 -1.03504006 517404005 00000

(a) Original
Fig. 10 Heat Flux on Combustion Chamber Wall
at 30deg.ATDC

(b) Improved

DL EotEHFIC L v, RE MBI REEE —0 0
EEEEIRRBE T 21T 9 Z E BN ARE L 72 o 12,

5. 31— 3 vick BMEsERH?

WS U7z PR 2 V¢, L IZEmIic i A ELik
AT & DS DR & AT o 72,

51 O—2YIoPo0OSN #H

Fig. 11 12, &Il 7 > 7 icstd 2 ElfsFHIC
BiFde—sduLnn THE LANEEE ST 258G
DENENOREME (Surface) & &FE (Volume) @
e (BAF, SIV) a7,

——SMOverall)

T-side

\ L-side
B
o
%)

Combustion p%§
oo ‘
-30 0 30 60 90 120

Eccentric Angle (deg.ATDC)

Fig. 11 Surface Volume Ratio in Combustion
Chamber

TR, RBEHARIS S/V 28k & <, 30deg ATDC
THIMT 201kt L, L ANEFBREEIR T SV A3/1
L, WOERIZH D, i, MR, LOANIEE
L#geld, NRHe T fiEfE S b2 Thh, ok
&, LN, WEHBRRARIBRGS O 7o O I3 E Rl 72 22 [

Flame propagation

LEZLND,

52 P22 l—Y3avIckBRIREEIRORIL

SIV 2L BB D, WEERMERELCIE L MIZEHC
DERBEIIFRITH D, LaLAens, L MZEfTomk
Belk, ELIET R VX055 < OFRBIREE & 72 D72, B
AR RESEILERHD, TOD, HBELIZTH
Heffi 2 VT, BRBEERB O & it L7,

Fig. 12 I L BEORELZRY, 2B 2HH
R IRARI D 7o O BE i 7> & WAL 72 22 RS ELIR &2 U R T 5
HAOT, WMyAMEEcH T 2L AERE (Vortex
Generator, UL F VG) MW=L EREHERZRT,
VG 2o L RlOZEMICTRWELIEATER SN TR Y,
HW & T DELIRAERN AR TH D Z E B0 D,

Turbulent &} High
energy

Low
(a) Without VG
VG RN Strong turbulence
generated
A
(b) With VG
Fig. 12 Turbulent Energy with and without VG at
10deg. ATDC

WIZ, [Fl—HERRIEIC R T DIRBERIT 21T > 7=, TFig.
18, 1412, KKHEME, BURROEROHIZRT, VG
28D LAIELRARD L AR 2 K& <Xy, B
12, ZEMECERAERKRT A Z & T,HREAEKNITEA
EFHELL TV RWZ RSN 5,

T-p!ug L-plug

\I\}\‘

TDC

10deg.
ATDC

(a) Without VG (b) With VG
Fig. 13 Flame Propagation View from Normal

Direction of Rotor

Heat Flux (W/m?)

High Low

(a) Without VG
Fig. 14 Heat Flux View from Normal Direction of
Rotor at TDC

(b) With VG

— 153 —



TV R

No.31 (2013)

5.3 E#IC & HMBLHEENROREE

OB R ERFET 5720, Eix AW -5HI 21T
STz ML ERRE & F— RS T VG I XD FE
TOBREAERE Fig. 15187, VG 2EEHFTDHZ LI
L0, FLEMREFRSE L RIS, -5deg ATDC {145
IRBEDMEE STV D Z B D,

Heat release rate (J/deg)

—+ Without VG
=~ ———With VG

-20 -10 0 10 20 30 40
Eccentric Angle(deg. ATDC)

Fig. 15 Bench Engine Test Result on
Heat Release Rate with and without VG

FIZ,VG AEIC L DBRBEOENE SN 5 HM
T, AT Y B AW REEBISRO 2T o2, AT
HERE R % Fig. 16 12737, VG Y oE, 7o Lickk
SNPEEERE L 7o TR D, L HIZE M CRBESTERITAT
bR TNDZ ENGnDd,

F2, BT A MK DB BRI RS, VG %
EETDHZ LTIV BHBRHE LN 3B TE S
Z DB LN 0T,

30deg. ATDC

Without VG

30deg. ATDC

With VG

Fig. 16 Visualized Combustion with and without VG
in L-side

6. HEHYIC

MLfﬁyuyRE%ﬁ%kbt%ﬁ%M&ﬁﬁﬁ
ATV, REEE L 7o THIET 2 D TR BTG
ﬁﬂﬁ&%®ﬁﬁ@%%mbto%®ﬁﬁ uT®ﬁ

REi,

1) FHA Y 2P A X Imm, EFEET VI,
Standard k-e ELEET V& HWVIUL, RE MEEREEL
LE BB TH D,

(2) BRBE S — o OTWENTIE, FRBEE — 7 %Dk
REHBIBEZHRTA2ZEREETHY, T AFxvia
WIERD THREEOBEEITH 2 & T, ZBRNEA HBL
T&ET,

(3) LMZERz VG THRLIRE AR S5 2 & T, BREE
EARHE S 0D, WMHBRRENFEETH D Z &AWL
R OEEICBWTHRTE -,

WA YU > RE B%CIX, SREHERO T TRIC
HEROWEL BEMIZHEEZIT> T 5D oﬁﬁ,ﬁi
T~ 7z L Iz OBRBEIEE I X 2 B REEDS X
FEBEMTHZET, BRELRIFICHETEDH L
EHERL WD, ZOFHEIZEKSE, HV YUY RE ©
B Z MR LT\ 5,

BEXH

(D TEIED : B—F Y 2 DU RBIT DR RS &
T2 iRE) - PRBEMT R DREEE, 3 23 IR
By o ARY Y NG, B1-05 (2012)

(2) Yun, J. et al.: Understanding of The Combustion
Characteristics of Rotary Engine through Com-
bustion Analysis, Proceedings JSME of The 8th
CO-MODIA, No.12-201, pp.585-590 (2012)

(3 BAIFEN : B —F YV o P DRRRITITRIFT
KTT TEEDRE, ~ V¥R, No2T,
pp.142-147 (2009)

@) HZEED» o= F VD rOY A I NVEBCHER
L 7o 0 A RENG OfRMT, 55 20 [EINREEET S R
U Mgl CHE, 20090078 (2009)

(5) Jaber N. et al.: Amelioration of Combustion of

Hydrogen Rotary Engine, International Journal

of Automotive Engineering, Vol.3, No.3, pp.81-88
(2012)
| EE |



http://www.mazda.co.jp/philosophy/gihou/pdf/2009_No027.pdf

No.31 (2013)

KR §

X - #RE

28 AV Ukmz&3bHY 1) HCCI
ERREREDORE

Improvement of Low Temperature Combustion Characteristics in
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C3)

BV UERETIRA B K (Homogeneous Charge Compression Ignition, LAF, HCCI) = v
IREBRBEIC L0, BEBIAMEET A Z Mo TnWD, AFETIE, T diRMELBREL,
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Summary

Gasoline HCCI engine is a well-known approach to realize low-temperature combustion so as to
reduce cooling loss. This study aims at lowering auto-ignition temperature to further decrease the
combustion temperature. The low-temperature combustion generally causes deterioration in
ignitability and unburned exhaust emissions. To break through these issues, other studies reported
that ozone added to intake air is effective on ignitability and exhaust emissions. However, there are
no studies which clarify the auto-ignition temperature and the reason of exhaust emissions reduc-
tion. In this study, auto-ignition temperature and emissions reduction were confirmed under low-

temperature condition with use of a single cylinder engine. And the mechanism of exhaust emis-

sions reduction was also clarified with a chemical kinetics model.
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Table 1 Engine Specifications

Engine type 4-Stroke single cylinder
Displacement volume 392 cm®
Bore x Stroke 76x86.4 mm

Compression ratio 18.0:1

Intake valve open-close timing 3deg.BTDC - 30deg.ABDC

Exhaust valve opne-close timing 40deg.BBDC - 8deg.ATDC

Fuel system Mixer

Fuel Gasolione (91RON)

Air flow meter

=2\

L=l

ooooo

Fig. 1 Experimental Setup
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(b) In-cylinder temperature results

Fig. 2 Calculation Results of In-Cylinder Mass and
Temperature
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Fig. 3 THC at the Low Temperature Atmosphere
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Fig. 4 CO at the Low Temperature Atmosphere
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Summary

Body structures that could absorb more impact energy from a pedestrian have been developed to
mitigate the degree of injuries in the real-world pedestrian accidents. The energy absorption
capability is evaluated by various NCAP systems around the world, such as JNCAP in Japan. In
this paper, it was statistically clarified by statistical accident data analyses that a better pedestrian
head protection performance could contribute to reducing the rate of pedestrian injuries, fatal
injuries in particular. In addition, the techniques Mazda has utilized to analyze accident data and

make effective use of analyzed results were outlined.
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Application of New Load Sensor to Crash Test
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Summary

The environment surrounding the crash safety development for automobiles is becoming tougher
year after year. To provide higher safety performance for customers, Mazda sets target properties
through CAE analyses for each part of a vehicle and verifies the properties through on-vehicle tests.
In this study, Mazda developed a lightweight sensor by applying a piezoelectric film capable of

measuring a load of collision during side impact testing and verification of target characteristics,

) G

Jouji Tomoshige

load path, phenomenon due to the load distribution analysis has enabled.
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Verification of Seating Accommodation Design Method with a
Driver’s Seating Position Survey in Japan, Germany and USA

Prew K&+ b IR KEF ™3

Kumiko Takenouchi Masayoshi Horiue Tomonori Ohtsubo
iy R FAJR*5
Hiroshi Okiyama Matsuhiro Tanaka

CEF

RTA NP ICE L EIRTEDRIEEZ O D7), AMROTESLEREEZEBE L, v — FOEER
EHE R A TUNCEREN T DM ENR S D, vV X TIHWREY, FIANFEMBEBIZOWTEHBERLELSE
WA EEEZHEEE L, PEMBIRICEA L T, —F, AHEICRDONHEHR, i, 7ol
DIERITFE A2 L L TBY, ERPLORHTENRERDO KT A NOMBRAEEICAE> TWDEH, EH
B REEDS LB TH 5,

o THIE, BH & A 7 HMEGEIRR O F B ELCEBICONT, HROREN 3 TH TR 46 40
FEEIT Tz, TORE, BEOHBNEL ML AEOHRF HFENEREDO K7 A4 SO HAERICE -
TWAZ L EERTE, —F, BELEFMBICOWTIINECREEL IR LFRELEL L L BT, &
JERTEALE & MV Y AEOHIRZE, £/, L0 PRS2 ERE OGO O ER R Z TR L,

Summary

To create comfortable and fun-to-drive conditions for drivers, comfortable seating positions and
postures should be estimated to properly design the layout of seat, driving controls and others. So
we have established our internal standard for driver seating position by referring to an
international standard to apply to our product development. Since the requirements on automobiles
for regulations, equipment and styling have been diversified, however, periodic verifications on the
effectiveness of the conventional design method are necessary.

Accordingly, an investigation on seating positions and postures on sedan-type vehicles was
conducted (Object: 46 drivers of three globally-major markets). The result showed that the fore/aft
seating positions and torso angle were just as estimated. On the other hand, the up/down positions
were different from the ones estimated by the conventional method. Further, regional difference
about fore/aft position and torso angle were grasped as well as improvement points for more

comfortable design of the driver’s space.
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<=V FITBITFDHERN S D KT A NEENE O
BIZLLTDO LB TH D, 7B, NI FEMET,
EMERETH D KE BB EITS (ULT SAE) BAED D
vy ARA b (BUF HP) TEHRT LY, HP %, A
RO & BB ORI TH 5,

BAUNZ, RIANOETFMEIZOWT, 77"
ENVEBETDRODPNEEREL 707 OFE (LB
D, EPREEEO HP &S 205, REERK
% SAE MED L KINKARE (HE 95%ile) &7 5,
ZOBAIC HP &L, fasdEoBlant, #Hiok
KL Z2BRBLTRDD,

WIZ, RIAND ETFMEIZONT, /MR O]
FTHRABENS, MMARED HP @& &2 ED D,
IMAREE, KRB IS NEENRN 2D, KR
BIEEICHIF FHOBEN AR\, Z0kd, K
REOTHFRRBICTEDETEL 2D LD, IHE
Bo HP %, KRB LV bEWEICRD D, 20
EZXAEAEMEOLOTHY, EEERETH D SAE 2
EH D HP I ETMEOERIT R, B, 2ok
TALEOERFIEL, = MAT7A FAEZRT LAY
WCEREFL, ¥ — FERRTHICT BIE & FEAEN G 72
LT HL, KRV —hMUT7HEFREL, V—
N EHA~AMIRREE T A ETH D,

RZ A ROBMHENEIZOWTIE, SAE BNEDDLT 7
BARE LD R OWRERNLE (LT BOF) % R,
R E A S RAOE, RO ERLE HP LT
B, ORTEMET HMEEZHVHLTEDD, £0
R, ANMETEOREWVERBITEmE S F VIS, /MA
R BITHEMATF TV ICERE I LD,

—k, RIZANRD MY HEIZOWTE, TSR
DBAHBIENT & BHE SN TN D10, FHGRHEM DO
VA AT LToRGHEEA X7 a7 0260 HP &S&Eh
HEDTNWD, DFEY, FEREEBITIT 54 BRI

RAERIE, HP OFKCEIST—ETHHZ0, HP
PMMEWEm T, BOWEE LD S R T A R EHES L
L, TORERIMYAEEREST D,

PEicEY, FI48 HP O F L pigAE, iy
B FV Y REEEDHILET, Y—FRATA RO
B, V= AT RELY 7XE, RORGHEEY —
MRy 7 AELZEDD (Fig. 1) . EIZ, TOHETE
TANRNDEONIEZWHET HZENTELHD, 0D
JERLED S, PR & A OB Z R T 5 LD
12, ATT VTR A =D LT, Rt

KOV 7 PR BEED D,

/Jﬂﬁu@ﬂvzjfgéétwwt
or tall person froln §mall to tall person

ighed torso angle

)
[H.PIhe;ight for small person
. # for tall person

i H.P horizontal distance forismall person

" for tall person

Fig. 1 Seating Accommodation Decision Method

3. EBAE

3.1 ERehE

EBRSMEL LT, BFMICABELZERT 25
46 4 (20~50 %) ZED7, ERONRIL, BA 16
&, A 154, KE 15 4 Thbd, FEBRIFEIZIENT
b, TXEOBW, NEREIZOWTHRAEITY,
BMEREDAL T+ —h Rarvy NaEE, &N
FH O IE#R %L Table 112777, £, BMI &3k E
kg+~HE m?2 CHHINIEMEOEETH D, R
TR T, BMI 23 18.5 DL I 25 R 2= HEMRAL, 30
PLEZEmAS L ER L TS,

Table 1 Participant

Country| n Height (cm) BMI (kg/m?)
Mean S.D. | Mean S.D.
JPN [16 | 1723 + 108| 219 + 34
DEU |15 | 1757 = 107| 262 = 4.2
USA |15 | 1787 £+ 99| 250 * 641

3.2 EEREM

FEREML, 3 PEE BITEX U F A T OR—#EE
ThDH, AARITAENY RV MT #, KAV EENV R
)V MT ¥, KEITAE NV RV AT ETHY, £/, H
AKé R4y Ov— MIEFEIEFHX, KEIZEDHKX
ThHHD, AR OBLE 72 I3 AR
—DbLDOTHD, EREMOFEMA Table 2 1R 7,
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Table 2 Test Vehicle

. o Steering
Country| Driver's seat| Transmission
Tilt | Telescopic
JPN Right MT v 4
DEU Left MT v v
USA Left AT v v
Seat
Country
Type | Slide | Lift [ Cushion tilt | Recliner
JPN Manual v v - v
DEU | Manual V4 v - v
USA Power v v v 4
3.3 EEAE

BB, EBREW TRl 2 8E L2 BRI &
RBERUE - TEITTH LR E 5272, £1TH
BEIXHA 5km, FA Y 5km, KE 2km ThH 5, E1T
BIZT— P ERATT U T ARA — N OFHENE & 3
L, %72, EBEHMNZEGEG L-, HUEANE, Table 2
DOV HIZDITZ 6 HHTHS (Fig. 2) . EBLEFGIL,
FEENTTE & SRR R MR DV T OB 5 B MM
&, NERHIUTEDONEDRRTH 5,

Fig. 2 Measurement ltem

34 A&

KBz o HP @i, >— MHERE ) SHEE
L7, HP BIEALENE, ¥ — FRA T4 RIZU 7 X #(E
WL oRi e RE, HP E @i, v— U 74
AT A REIFICL D BB EEZ, Zh2ninskL
THEHLZ, MUVYAEEIY— RNy 7 V754 =
TAENGHEE LTz,

4. R

O— MBS ER R ORI NE R RGET D728, 2D
DRRFEAT 272, 120, FHEALEICOWT, BEHIHEIC
FEOWHEEME & ERAEROMIEETH D, O 1 DI,
NI « 537 Td 5.,

FOWHERO 7T 7T, EBRSNFIZAAREZME,
KAV %A, kEZ@TENTILRT,

41 FEAME
(1) H.P Bt
RS A NTEEBRKEWVIEERFTEYICHERET S,

ZORODARIBG LT —4 %, &2z, HP
AiALE (BOF 205 H.P £ CTOMHE) Z#Htmiciy,
Tuay hLiEEZ A, WEOMICITABICIEDOFEAN
BT 7= (r=0.83, p<0.01) (Fig. 3) . 78, rik
FBIRE, p I TAEMSREZNZIRT,

TR D =D, SAE HEEICHo THENDLRDZ
H.P Bif&friE &, EBRSME DO HP migiEoER%,
EBNCH~ZE 25 (Fig. 4) , FA Y LKEN SAE
FEUEIC—F L=—T, BARIFFIEY (p<0.01) THD

ZENGoT,
M :JPN, A:DEU, ®:USA

RM @ AQ—@
c
S A A
E= A8 o
g &.’ =
= A -
5 |§ AN
o A m
<] ]
= AE
o ml
n
M S . : : :
0 150 160 170 180 190 200
Height (cm)

Fig. 3 Correlation between Participants’ Height and
Seat Fore/Aft Position

M :JPN, A:DEU, ®:USA
0 —ip<0.01
S e

-100 -80 60 -40 -20 0O 20 40 60
Seat fore/aft position difference (mm)

Fig. 4 Measured Seat Fore-Aft Position in Comparison
with the Design Standard Among Countries

(2 H.P L F{rE

R ANFIEERNNIWVIEE EFFVICEET S X
IRFHLTCVD, ZOROERIEE LT 4%, &
Ezfghc, HP ETE (Z7e7 26 HP £TOE
) ZMEENCEY, ey hLeE A, mHEORIC
ITHEEICEOMBENHR T (r=0.80, p<0.01)
(Fig. 5) . 777123 — MATA N2k b EHBE)
BEEMTRT, ZOERIL EHICH D ET, v—
U T XL ABEISTH D,

M :JPN, A:DEU, ®:USA

up
S =]
2 5]
8 mA
Q.
ey
k) A
2 5 ®
2 B,
© . . [}
oy Lift by seat slide
() « ' y

DN ™7

0 150 160 170 180 190 200
Height (cm)

Fig. 5 Correlation between Participants’ Height and
Seat Up/Down Position
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3) rvmEE

VY L, el o 5L TR EEE 2 E o 72,
TOMAEL, EBRBINED VY AEFHBOES %,
ERlcH L7z (Fig. 6) . ZO/ER, KENRFHEIZ
—FLiz—F, BARIIHEHE L (p<0.05) , KA YTy
EZ L (p<0.01) THDZ LR hotz,

F2 MV YA, TGRSR O S IT AR
ZENHBENTWD, &0, fix Ao HP G &
MV AEEDOBIRE TR0, ARIOT —F 2BV T
LTV EBEESE Nz (r=0.01, p>0.1)
(Fig. 7)

H:JPN, A:DEU, @:USA

001 ——@—p<0.05
<0.01————A——1
p : | Il ‘ Il } } |

-8 -6 -4 -2 0 2 4 6
Torso angle defference (deg)

Fig. 6 Measured Torso Angle in Comparison with the
Design standard Among Countries

M :JPN, A:DEU, ®:USA

Torso angle difference(deg)

» up
Seat up/down position

Fig. 7 Correlation between Participants’ H.P Height
and Torso Angle

(4) > — b AIBEhEPA %9 2 B RN B

EBRBINE OEEMBEOLEEZEETDL-0, —
~ AT EhEL PR IZ %t B EBRBINE O FEAE (HP {7
&) %3 (Fig. 8) , 77 712i%, >— b aldh#p &
2 ND3Hi OB ERd, BRI, MHBERE
1 KA TIX 0.74, 2 kKT 077 THoTeizdh, LAl
EomEy 2 RAZTRIR L, Z0OE, BRI
TR, AT RHBICBW T TFHEVEATHLZ &
BRTEND,
B :JPN, A:DEU, ®:USA

c

o UP

@ Seating accommodation
8 = A

: S~ \

[e) A 7]

ke

EL regression line = ‘ A

+ DN

3 FM RM

Seat fore/aft position

Fig. 8 Participants’ H.P Distribution in the Seating
Accommodation

42 ZEE

HIENLE & IR BRI OV T, 246 £ DRIK A
PRI 2 A, REAICHR LI AR 344, —HICT
RN D ST AND 124 ThH o7,
REEOWNEIL, ¥— hATA RO%FREREREN
34, =N TEOTHHEEREN 3 4, AT
UV THRA—NT LV AIDRIGTHERREN 1 4, #%
FHBEEREN 4 4, ¥— bOVA VPR — b RED 3
&, WEIN 14, HAEBEREN 3L THD, 0B,
WTEEEA T & L2720, RiEE OBEBIL R
NI AN

KRN B o7 12 LITHONT, RIENE & &R ES
HIRFHS e 222 & AR L (Table 8) , 5 %
DFELNTTARM LR CZHEREZF ST 5,

Table 3 Participants’ Complaint and Attribute

Attribute

Country T
Name A|B|C|DJ|E]F
Body Height (cm) 1511181|176|177(190|192
size BMI (kg/m*) 21| 20| 26| 26| 32| 45

Seat  |fore/aft gap (mm) 22| -58| 66| -71|-44]-29

torsogap(deg) | 2 [ 4 |-9|-1] 0 | -1

position cushion tilt (mm)
Complaint

slide aft / v/
Seat  Iig down 7
Steering|telescopic Z)ﬂre A %

. less v/

Thigh support much
Visibility less /
Attribute
Country
Name GIH|IT|]J]|K|[L
Body [Height(cm) 168(173]173]183[191]198
size BMI (kg/m?) 22| 22| 21[22]33] 22

Seat fore/aftgap (mm) 64 | 39 0 |-35]|-18(-73
torsogap(deg) [4]-4] 4 ([-3]-3]1

position = hion tit(mm)| 0 | 5[ 12|25 0 | 2
Complaint
slide aft v/

Seat g down| v 7

; ._[fore
Steering|telescopic

9 Plat v v

; less | v /
Thigh support T uch Y
Visibility less / v/
5. EX

51 XRERSINEZELE
(1) H.P mite{riE

H.P BN EIC OV T, RA > LKEN SAE FL#E
WZ—FL=—F, BRITREIFY Lol

ZOERIT, FRICHT D TROFEDENTH D
EEZD, ERSMBEBOFLHHETH S 175.5cm 128
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A5 THEE (HP OB ETOES) X, BARN
814mm, R 836mm, K[E 847mm THYV, KA
v, KEE AN HARTEY, SAE FHETKRE O AR
BRI HP iR fEEZ ED TNAETD, KEEZEN
23V KA V1% SAE B —H L7=—F, BARIZEIE
DéedpolcbDEBEZOND, TOBXERFET 57
O, FENOHEE L THEE L HP gigiLEoMRE
PRI E A, WHEORICIEA BICIEDHMEN R T
& (r=0.87, p<0.01) (Fig. 9) , fHEREIIHE &
H.P BiELEOR L oz, LoT, RIA410D
FEEERTRALE X, EEMICEEELY L THREICKT
TEHEHLDEEZLND,

M :JPN, A:DEU, ®:USA

RM aH-¢
C
A A
2 ge
@ 2 m
g A
i
o
8 T
= (1]
o ya \ , ,
wFM >> T T T T
0 600 700 800 900 1000

Leglength (mm)

Fig. 9 Correlation between Participants’ Leg Length
and Seat Fore/Aft Position

(2) H.P L F{rfE

Fig. 5 L0, FEMNMIWIZE HP EZE < lgd
LM AR TE 2, THITER O/ IMETE E AVET
FTFHRREHR L LD T rEREKMLIZGD L
HfECTE, REtoBxHFLHL—%T 5, 7L, 20O
ENTHREBY ThoI o0 TiE, B THHER
EOBBRERARDIMLERDHY, 5.1 (4) THLIHANR
D,
3) ~vmEE

MV B, RERRFHEIC B L-—J, AR
DHEL, FAYRFRILLER-T, BEOHNH
A (HAR 93 4, MK 42 4) 128\ TH AR 05 R

BERLNLEZ LD, BEEETEVWLOLEEILND,

EEE#cH 5 SAE 1iF, HHEIT LD MV Y AHED
ZITED HAILTWARWA, HlotmmI izl R
TANERICE TR E1TO L CHEREREEZ X
%o

(4) > — b RIENELPH I % D B RN

v— NABNEPHIC BT D BT A ANEENLE ORI,

ATA4 RHBIZBWTC TRV EAITHD, TOEKE
BRI HID, GREMENC, BEFFICRELZED
frfE (Fig. 1) (CxF3 2 EBRBINE O H O L FALE 2 it
HHCEY Fuy b5, B, BIEOHOMEIRA

¥, H.P mitt ETALEE bV Y AEORERREZM
BHEDETEH L,

ZOFER, BRI (170~180cm 1) 2B\ T,
V75 % ERICHRSTHZETHOMBENEF L2,
FORIFTHFOBENAZ DL IICRDITH bbb
P, U7X EFHICHELTWD RIALRBENT &
Boyhotz (Fig. 10) o KWK O EBFEM IRV T,
AiH EGRR, RO~y K7 UT T A% L0 fEL
TWa A ERHDZEEEL TN,

M :JPN, A:DEU, ®:USA

5 40 N
@
SF 20 + m . ®
€E A 6]
B A y'o)
§ g 0 7] = AA‘
S S A Ran A
S 20 =h‘I= A
cE “VT (&)
'S5 HA
= A
o -40 +—%— } : f :
] 0 150 160 170 180 190 200
Height (cm)

Fig. 10 Correlation between Participants’ Height and
Eye Point Up Down Position

5.2 FimEH
RNAEOBLE T LIC, ROERNE2 LT 5,
PITEETHE, RiEndbotz 12 £ Z2#ENT D729,
Table 3 ® Name O 5% () WITRT,
(1) ¥—bATA RO®BITREERZ

NiEfEfE 3 4056, 24 (F, L) RHENET
&, B O EIRE IR DR FHT W ISR B RS
DOFHINTH -T2,

%5 1 4 (C) OFIL, bV AENGHEREL
v A TR Q9 EWRICHEZ L ThoTe, T DfEIT,
B L - LA AR KA Y AZH-ThH 20 &
R TEY, BWRIEDITHS Z & PR TET,
NifiteiE C OHFENLEZXDHE, Y~ ATA4 KR
WNEIIH T TEC, Iy — by 2 iZLo0v0 A
WTWRWNEDEHRINDID, =My 7 a2
LTI EMEIEXFESh, EEAARER LD
LEbND,
Q) >— Y 72O T HREERR

e 340756, 24 (F, K) BHENET
&, SRR O EER B ER IR O B FHI A W 2 R B RS
DEIASN T -T2, EBIZ, 14 (K) 138 Ehom
RANENZDY— b E2bo b Tl ax LT
BV, FROGEIVEENER o702 L 2 BT
T3,

5 14 (G) 1k, THHRBERROa A MEED
Iz, Y4 R—FREZIa AL FLTWNDLI 0D,
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V= ETFDZETED ST AR — B
Wb LI, 7270, ERER CKE) 1%, 7
vyalrFAMPETHDICH DL T, FALME
BRFMOEEL L TWVDHEEYD, SR ZHEVEINT
WRWERTHD LBV 2D,

B AT TV I T L AaOFITHRETERE

AHERE 1 4 (A) 1%, FEMETE, ERERO
TR ER IR O R W IR BB OIS TH -
77
@) 2FT VU FLRAapBk RS ERR

NEfERE 44056, 14 L) 3HENETE,
2R i OO YE AR R R D R EHT W 2 TR B Rk 0%
A TH o T,

F 24 B, D I~y FLRAMPRETEHERES
ERRET A0y — MRy 7 2B LR, X777
Vo THRA—NBiEL lpolcba A LTS, 2
DR D, Tr— b ORI 70 AT A3 75 L BB R
H 2D EBnghols,

B 14 01X, YAV R REEFHET D72
ODY—FATA REHBFIZLED ELER, AT7T Y
VIR A—NANBRPRL R DD Ea A ML
TW5, kLI EFRERNLIE, AT7A4 NIZHED
ENCHIF VBT, MUY BLEILKWRTHLZ E

5, AT TV THRA—=IBENPRNEITEZIZLL,

FREL IR NEECH VO, BERAE AT > TV D,
(B) YA PFR— R

KRR 8 4, MEHERHE A ThH o7,
FTRBIZONT, 24 (G, J) FEkichx7eE
DNThD, EDH 14 (B) 13, HFEMEGEEREZ DT
M %, F7z, BMI LEHICOEIND LV TH
ML, V= FATA RIERERIITRETHD
D, EEOBRMBEIZHEOENIRVEIEY Tho
oo ZOZEN, YAV R—FREEHE N TCND EE
bbb,

WIEE LML 1 4 (H) 1%, HRoEcy—
NATGA RENRZVHEFVIZLTNDS, —FATA
FERIFVIZT D EH AR — MIFHL b2, A
B VN TRV R TH L EEZBND,
(6) A

Rt 3 4mo5 b, I, Kk~ %5 1
£ (D) 1%, Ay MiHF&EHRDZDIZT— Y 7
HaEEFIZLEDELER, ~y RARX—=ZAREY 72
KB l-diFrbiztaxr s PLTWD, fidk LIoEHE
BENLL, HFEOENCY— 254 REMYICHI%
DELTWS, HFREICHIELWRAT A FALEE TR
EDIZTNE, BHEORANR—XE LYV KXY, &
THREEFEFANTR D EHERMEN DD, 3 A2 k&R
FTRGEFFEEITo TV D,

PLEED, FHMNEZ L OBENLE N RRERF %,
LT EB00ET 5,

- RS ERGER K ORI 44 (A, F, K, L)

cRRRZREEY S (P Y ADEZLTE) 114 (C)

oy FUA MEERR 24 (B, D

s U— MREEZEWE ST 34 (B, G, H)

- JRRAMEA GEERRAES) 24 D, J)

ZDH L, EREEIC DWW TIXEEERIC X0 HI
ARETH D, FT, 20 BIMVDFFERRIEY FFIZOWT
b, ASIRGE & BRI, (REEFEFAZ RE<MD Z &R
EZONBD, FOLEDITHKTATAY v 25
ML TCHW 2T D2HERNDH D, ~y LA MELELS
DOVWTHE, 28 (822 Mo bITHELIEMERE & Ol
SEBELT, MEQSEELVSLVEEET DS Z & T,
WHEICORITHZENARETH D, £, v— hFEE
ZENGINLTWRW R T A 3 LTS, Mool
ECHYARMEZEATHLL I Z LKLY, dEEX
NOHAREERH DD LB XD, IR, mERR iR
RN TH 72 2 ZITHOWTIE, FICFEM RS
HEEHEMD 217> T\ 5,

6. F&&H

AlEl, FERD D DOIBEBREMES ORI TER ERE O R
S ANOFERFEIEICE > TOAB D ERREE LT,

TORER, BEOHIBAE L bV AEORF R
KD R T A NOFHERIZE > TWD I L EERTE
7o FO—FT, FEETMEIZOWTE, >— b
FOPAT 6 U CHIRIRIS IS T3 0 FEEmA R bz, £
7o, BHERIBALE L MLV Y AEIZONT, HlE 2R
L7z, EBERETHS SAE NEH 5 HP 12, ETAL
BHEE RO EFRIL <, EEHIEABAME & bV A
FEIZOWTHIRZEOR ATV, 418, F/ie5 ENHRA
1TV, SAE ~HP OEROBEEBFL, £/, XV
RZ A NOEREIZE - TS ORFH 21T o T & 720y,

SE

(1) SAE : Driver selected seat position, SAEJ1517
(2011)

(2) Miriam A et. Al, : ATD Positioning Based on
Driver Posture and Position, 424 Stapp Car
Crash Conference Proceedings, 337 (1998)

RS

SAE : Society of Automotive Engineers
BMI : Body Mass Index ({KE &5 2)
FM, RM : Front most, Rear most
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UP, DN : Up, Down
H.P : Hip point BOF : Ball of foot
JPN : Japan DEU : Deutschland
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32| HIEEMmORINEIRRARR & CAE FRIB B
Investigation on Heat Shrink Phenomena of

Plastic Parts and Development of CAE Methodology

B E TR EIR T2 SRR

Minoru Inoue Kenji Hiramoto Kouji Takata
o7 * NS

I/ N VEAS BEIRTS

Kazuhisa To Kenji Nishimura

CE S|

BIIEIT &R & LN OREZGICHE S BBEEPNBHEFICR SN D720, BIEEMARFHIIB W TEETE ~
OEENRARTHD, ZOE, BIETIIEBTIIALNZR Y TEBUUE L WHBEEEE LT
RBIRNA, FERD D OBIZIRRENIC & 2 BUS IRNT T TBUGHE ) BIGIImBlTE eh o T,
ZZCETHAROM BB Z Ei L U BIE0RE LT VREELH LML, ZLTH
IERAREIC DWW TG E A LRI E EHIRRE LIF CRIBIREOMBRBEABRAT L &b, Mz T
HERORBIC N EBRT 22L& T, WS OO RMIBME Cb M ATeEZe TEUHE) 21
%4 PR TX 5 CAE BAfF 2 BH%E L=,

Summary

As plastics, compared with metals, show remarkable sensitivity to deformation with temperature
changes, much consideration needs to be given to thermal deformation in designing plastic parts. In
so doing, "heat shrinkage" phenomena, which are not observed in metals, need to be taken into
consideration. However, the conventional FEM methodology using the coefficient of linear expan-
sion, which is applicable to metal parts, cannot reproduce "heat shrinkage" phenomena.

In response, material tests by specimen were conducted to investigate and clarify the phenomena
regarding the "heat shrinkage". Then a CAE methodology was developed so that the "heat shrink-
age" phenomena could be predicted by dealing with the anisotropic different coefficients of linear

expansion by function as well as the residual stress, which can be used in early design stage.

. - Weight Ratio of Material Used in
1. [FCHIS Interior & Exterior Components

BB ISV THIIRIZ IR & 05O Rk C
5, FHHMEIZ LY B BRI Z ERRE - Z2iic i
WECE, HENIBRELERVAREND, NAEER
WZREWTRY e el e 358 ENRIEM
SNTW5B, Fig. 1 [ZIXMREMNRFEHEICK T 2R Plastics,
LEE S O E B IR Z R, BRI DD 46% 46%
EHOTWD, ITFEORE - AEROBLENS, &R
D B IE ~ D EHRORIAR T M O R s L 2R kI,

Lt —BEEM A LTV, Fig. 1 Weight Ratio of Materials Used in Interior &
Exterior Components

" Others
Fabrics, 120
Felt, Lether %o

11% I

*1, 3, 5 IEfHBRFEES

Interior & Exterior Components Development Dept.
*2, 4 Fe T Ze T

Technical Research Center 180
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WA EEREIE DB LB R IZ BV T, & & TR
BT KT T D AT - BREEREICRGT - B2 0B e
%o SRR TIEE AR TR MR & A K2
PR O/ IV (BRIZRREITZ < O5GE/E
D 13 6 110 FEE) , MR TIRRE KT 264
MEZEALDS B TR O R E WV, Il TR MR
DY 7L, 100CTIERRO 1/5 BEICE TR TT
2b0bR6ND,

FoMIERREIC 10 BREDCENH DL LV T &
I, IREIC X o TERBEMS & BRI & ORI THXRY
IRNLEZALDNEL, A - BE - T - RRIEOR
Redn, 20D, BBORNEENLERRIES
IEfEICHE U CEEFIECK - TUWICELE L723ET %
THMENRD B,

I Z CHEIE TIOMB « WEIY A 7 L &40 KT L4
HRED ORI/ EL 25 TEUUHE) BIRPEIES
NAH1-0, BWHEELZBRTLI2LERNH L, LrL—
R 7RI RRAR S 2 B & LTl D BUS AT Ti
MU BB E D2 bRV E W) BEND -2
D@

ZZTYZ M= F MY AL TV ERY 71
B L BRI DWW TR IS L 2R ATV, F
I OTEMNG ) RS2 LML, T LTOMBI W
FHIRS R A 2D & BRI ARAR I & Hide 2 EH b A% R
BeL MBUfE) BlgastbxondLoiclic, &
WZHERD B FEHE S AL TV T2 BHRE R AL RS IR D FR E G )
OrEBEL, V7 hMr—b MY LAOFEEREIS = HE
ETHZ L TENREZRBERSIETFRITE S LD
2Lz, UTFICZEOMELIBRRS,

2. HMHFERIZ K HTERMEH

21 BREWICHELERIFTTHEEHE

BB OAER T, ORIEZEICEI VAL LBUS
TN R DML, QmiRRFFICERT L2 ) —7%
¥, OftiEoMEREESR XS FREMEMIC LD
B o 3 AFickvAELreE2bND, 2
T, BIBMEEREICINZ 2 Y — 7R R & OB A
HEEETDLILENMETHD,

2.2 MEAEFEDRE
1) 7V —7Fk
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Table 1 Test Condition and Heat Shrinkage

. Location Evaluation by Actual Tests
Vehicle of
Evaluation| )y Test Condistions
@ 47 |RT-—> 90°C—>RT
A @ 3.8 |Unit Test
6 55
B 1.5 RT---> 70°C--->RT,Unit Test
3.7 RT--->100°C--->RT
c 2 3.9 Unit Test
[©) 3.8
@ 2.9
2.5 RT---> 70°C--->RT
D Z 15 Vehicle Test
3 25

RT:Room Temperature

Fig. 12 Initial State at Room Temperature

Fig. 13 State at the Maximum Temperature
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Fig. 14 Final State at Room Temperature
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Table 2 Heat Shrinkage Predicted by CAE

Location

Vehicle of Actual CAE
Evaluation | 185t | (mm) | Prediction(%)

[©) 47 1.2 25%

A @ 3.8 2.0 52%
3 55 32 59%

@ 15 1.0 68%

@ 3.7 0.3 9%

C @ 3.9 2.3 58%
® 3.8 3.2 83%

7 29 2.7 95%

a 25 1.1 46%

D @ 1.5 1.1 76%
® 25 0.8 33%

Mean Value 55%
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Table 3 Effect of Added Residual Stress

CAE
Location ORTHO TROPIC
Vehicle of Resitual | Residual | Residual | Residual | Residual | Residual

Evaluation | Stress | Stress | Stress | Stress | Stress | Stress

OMPa 1MPa 2MPa 3MPa 4MPa S5MPa

25% 34% 44% 54% 66% 7%

A 52% 67% 81% 96% 110% 125%
59% 68% 78% 87% 97% 107%

B 68% 94% 119% 144% 169% 194%

9% 18% 27% 35% 43% 52%

c 58% 72% 86% 100% 114% 128%
©)] 83% 96% 109% 122% 135% 148%

@ 95% 109% 122% 136% 150% 164%

@ 46% 70% 95% 120% 145% 170%

D [3) 76% 99% 123% 146% 168% 187%
©)] 33% 52% 71% 90% 107% 123%

Mean Value | 55% 71% 87% 103% 119% 134%
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Relation between Residual Stress Added and Elongation at the
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3R-Based Life Cycle Design for Bumpers

BrH AR I g2 FRIEE B3

Shigeki Nitta Takeshi Yamada Makoto Aizawa
Gl AT il 75
Tomomi Tsukiyama Kouichi Sakajiri

CE S|
Fige ATRE /e B BV RSO RBLZAT, BEEDO T A 7V A 7 VICBIT 2 EFIEE &, —x/L¥—ff
R, BREAN, a2 MeR/MET2mERBRM I A 79 A4 7V AT AOBERRKD LN TN D,
ZOFERBO-®HIZIE, Reduce, Reuse, Recycling (3R) IZHSW=T A4 7H A 7 AEHPLETH D,
BIE, BEHEEZEOBHIHEOBASESIL Automobile Shredder Residue (HE/HI =L v & &2 K, LU
T ASR) & L CRERNIREE L TAARIN SN T WD, =YX, BHRMMOFT THEA KRB KEL, It
BRI Lo DN ICEER L, 1990 BRED T4 7% A VG2 T D, 2011 48 AICH
M LT RN DR AN SIS HHNR U NAD U A 7, ZOREO—MTH B,
KEE, T4 7V A 7V TRE L EREHICERT 2 3R (TSN AR RO T A 7% A 7 VRGN
DNTYYH DI A ERBAT Do
Summary

m

To foster a sustainable automobile manufacturing industry, it is necessary to build an advanced
recycling-oriented life cycle system that minimizes resource and energy consumptions, environmen-
tal burdens and costs. To that end, it is required to develop a product life cycle design based on 3R
(Reduce, Reuse, Recycling).

Under the current system, most of the plastic automobile parts from End of Life Vehicle (ELV) are
burned in the form of ASR (Automobile Shredder Residues) for energy recovery. Since the 1990s,
Mazda has focused on life cycle design of bumpers because they are larger in mass and easier to
dismantle than any other plastic parts. The world’s first material recycling of ELV bumpers into
new car bumpers, which Mazda started in August 2011, is an indication of such life cycle design.

This paper introduces Mazda’s activity concerning the 3R design of bumpers that contributes to

environmental protection and resource conservation.
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Fig. 3 Bumpers of Mazda CX-5®
(Upper: Front, Lower: Rear)
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Fig. 4 Dismantlement Test 1 of Rear Bumper of
Mazda Familia (Remove Trunk Mat)

A \
Fig. 5 Dismantlement Test 2 of Rear Bumper of Mazda
Familia (Remove Endplate Trim)

Fig. 6 Dismantlement Test 3 of Rear Bumper of Maz-
da Familia (Removed Fastening Bolts)
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Fig. 7 Broken Bumper
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Thin-walled

construction Strengthened

construction

Fig. 8 Thin-Walled and Strengthened Construc-
tion in Fastenings

Fig. 9 Dismantlement Test of Bumper Designed for Recy-
cling
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Table 112, =Y Z O RY YA 7 AEE & RS,

Table 1 Mazda Technology Development and
Implementation on Bumper Recycling

Year Contents

Recycling damaged bumper to undercover was

1992
commenced.

Recycling damaged bumper to bumper

2001 .
reinforcement was commenced.

Recycling damaged bumper to grained bumper

2002
surface was commenced.

A technology to recycle damaged bumper to

2003 smooth bumper surface was developed.

Continued recycling damaged bumper to

2005 smooth bumper surface was commenced.
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Fig. 10 Bumper Recycling Process ™
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Life Cycle Assessment of Plastic Recycles
- ELV Bumper Materials -

ZREE YN T s T [EgRTS
Yoshihisa Moriguchi Shigeki Nitta Takahiro Nakano

B2

~V AL, EfREORN Y a v [H27 A7 “Zoom-Zoom” EE| IZTC, vV X HEE THEA
WEEWETRTOBESFIC TEDHUY & MBNZRE - Zati] 2Rt T22L2E3 LTy
b, ZOEYarOF, BREm L L oERERIE & & b0, BIRMEERIC b EMAICIY A T
Do

=Y BBy ST AE R A BBV DN % (BEH N R) EL N RO E LTY YA S
VT B EAT A R CHI TERAL Lz (2011 4F 8 ABLE~ Y #FH~x) @,

AR TIE, BHEACANZOWTY a2 Ly XUBED, BMEPEENTZATES 2Ly XXX~ (BT
ASR) ZEAEIRT 258 L, NS LE, FEAV AN T U T - VYA 7 AT HEEITON

T, HBEOTFIVATIATHA I AT ERA L N (LCA) ML, BREAM A E &I LN L
720 1K ASR (L% O TEARE L7z LCA #EMa L72flixdh 223, 4lEl, ASR ki OEENN 0 F |
T B ENET D LIV EINAEZER LM AT 272, 72, =7 V7N - VAL T VLDRER
WEER L7 DA IS TRICL D, BREAROEWEZ E RIS L,
Summary

Mazda announced the Sustainable Zoom-Zoom long-term vision for technology development to
provide all customers who purchase Mazda vehicles with driving pleasure and outstanding
environmental safety performance. Based on this vision, Mazda has been making active efforts to
reduce global warming, such as improving the fuel economy, and also working on cyclical use of re-
sources.

Mazda developed and put into practical use the world's first technology to recycle scrapped bump-
ers from end-of-life vehicles (ELVs) into a raw material for new vehicle bumpers (As of August 2011;
Mazda data).

Regarding ELV bumpers, the environmental burden of thermal recovery from automobile shred-
der residue (ASR) that contains plastics after shredded and of material recycling after dismantled
was shown by the Life Cycle Assessment (LCA) in several scenarios. So far, there was an LCA
example of ASR landfilling, and at this time, the data of thermal recovery was collected and the re-
sult of LCA was shown. Regarding distance and means of transport that can influence on a result,

the difference of environmental burden was clarified.

1. IZC®I B A ANIEH T 5 7 OMUE L7 FEREIZER Y $A T
W5, WOMADOOEDE LT, RINT 4 —FbEIRL
FARIE S RE BN S~ Y 7T 5 T L AR

<V XL, VAT AT TN “Zoom-Zoom” EESDTF, &
F X FRBERSIEEZITo TS, FOHT, [BVH B

"1~3 B
Technology Planning Dept.

— 193 —



TV R

No.31 (2013)

SEERT CHEE L C& 7z, HIT, ZoEEASVROY YAy
IV TTEE S T Hl 2 B S NS LB S 08 L &
LCYUIAINTBIEET->TND,

AT, FRH ANV BRI B5E6 & FE o8
OMELELT=T U TV s U A 7T 52 22O,
LCA "CERBZA M & E &I FLEGETH L 7z,

2. Fi%

21 B|E

PRI OBIGREHIIE, T4 7Y A 70 F U AR
HETHY, ZOTF A LEBASELRAOMES
BRERHT D2 ENARAIRTHD &, BEQL LR
NXTNW5, HHAFABBEOES, "R,
FRMREIC L o TS EZEWN - VYA 7 V&7 v F
VAL, valbyXIZLoMitho ASR 05, FEM %
ST HZ LWL > T AT NZITD U AR
BT D UAREREZLND, ©

Wi, BARIRE DV EE LWEBHE~T U TV -
A 7 VI A TEY, BRI, B/ S ]
MOBFENRADT VTN U AL TN F U A
EHE ATV A I ARG EINML, 2011 4, AthL
P CDREN RN FHENNADT Y T - U
A7 NVERMLTZ, (Fig. 1, 2)

Transport

ELV Bumpers

Transport
Recycled Material

Recycling Process

Paint Removal Rate
99.9% 98.59%

" Paint
Pelletize ¢a 43 Removal

Transport

. . 4
Fig. 1 Bumper Recycling System “
‘ @Collection & ) @Granulate ) ®Paint removal : @Remaining
transportation i : ! paint removal .
Wﬁl"l
‘ LCJ g
: i > @& |
i o ° : % :
I i N, ;
CoILZcI:]edeELV Gr.a?mI;ted 1 m:;::a_r:‘ical paint @ M
P material ving Optical sorter
L: ®Palletizing ®Molding
Reclaimed Virgin Molding
i material {Supply material dje i

Palletizing machi i Injection  molding

Smooth surface
machine ;

bumper

Fig. 2 Bumper Recycling Process ®)
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Horizontal recycling
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Fig. 3 System Boundaries
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Summary

In general, the cylinder block is manufactured through aluminum die-casting process. For the
SKYACTIV engine to be mass-produced, Mazda had to face two conflicting challenges to deliver its
remarkable performance: development of a lighter and thinner-walled cylinder block with im-
proved dimensional accuracy and productivity. As a result of much hard work, an ultra-high-speed
ultra-high-vacuum die-casting process was successfully put into practice based on the concepts of
“optimized filling” and “stabilized process”.

Meanwhile, since the die-casting process mostly develops in the die cavity, a suitable die-casting
technology was necessary to make this innovative technique a reality. To this end, Mazda devel-
oped die-design and other required technologies, covering the whole engineering process from
early stages of product development to die maintenance. Consequently Mazda was able to bring a

dimensionally-accurate thin-walled cylinder block into mass production.
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Table 1 Action on Die Design

Step Objective Action

Proposal of

Wall Thickness = Thin wall management

Product
Design | Proposal of
Product Shape

Improve the shape based on casting CAE
Improve the accuracy on cavity dimension
-Optimize the die chilling, etc.

- Satisfy both of rapid decompression
and prevent the molten-metalintrusion
- Direct observation of air and metal pressure

Die Ensuring -Die damage of molten-metal impact simulation

Design | the die function -Die soldering simulation

-Core pin life simulation
-High air-tightness sealing, etc.

-Coolant flow rate checking device
-Cavity air-tightness checker
-Assurance of the cavity dimension, etc.

Process | Verifying
Design | the die function
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Rib Cylinder bore

Fig. 4 Outline of Cylinder Block

BEkx B L LAEBRSOERILEFELZREL,
i FEAZRHES, FHO (5=~ »OERERR
HOECTORIENRT VA% EITRENPERET IO
N THE~RX AV N THhb, WEOX—%FTER
ELEZ, FhE, EdlRo@y, YImBRmEEL E L
T 5 728D D& FEI D fe/ N E & fici 1 o & [R] IRRLC
mELL,

P, HBEVIaL—varEAVTT - EnbE
WERIK E TORBIEREZ FH, Z 0D & ic kg
DO FHIRE Z R T D OICKLERWIE & 5 HHE

(=) Z#HE T2, ¥4I A MTHVWLNRD
R EREE OA E L TF C. Bennett X<° G. Ulmer
KBH SN D00, Fox (TEE» bR ~DOBREN
XELH & B 2 B O S AV TR & 2
HIlCED 7o, — AV, TREHEERED B WENLIZ LA

B Lo 03, R B EREE O R W ERAL A~ TR M
LEBTILEND DD, BEIITEEO A
FTUAERIELEN GAREZRET HLERHD, Z
FUZITPLRBRIARAET YV 7 b & e,

Z DX UTREVERE & AR FENE & ST D B A
EERE Lz, ZOREOEES HHEL 6.6m/sec TH
D,

(2) APEMESCER R O FE SN

Wi, WREBRAEZFM L TSN EAHET S
AL OYEEERITY, FITHR, HEoRER, BExftxi
E, FANANTRATHHEREGE a2 Ea—X-
Vial—va ryERCCEIMRIEL, MERAT
AR R AVUERIR IR 2 B L LIRET 5, Fig. 5 13,
V3ial—va il Lo TR ANBE I
PEORETEIREZER LI=HHITH 5,

Product Model Simulation Result

Initial

Improved

Fig. 5 Improve Shape Based on Simulation
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Color shows the gap, that due to the thermal deformation, from
target wall-thickness. Example, red-area is thinner 0.3mm than it.

Fig. 6 Improve Shape Based on Simulation
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Cooling Curve

Temperature ['C] —

Chilling Time

N

Time [sec] -
Area A and B are above the criteria line. Total area S (=A+B)
is correlated to the time when soldering occurs. The case S
is equal to zero, no soldering.
Fig. 7 Concept of Soldering Simulation
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Actual

Compare the soldering positions with the actual to simulation
result. Contour color shows the growth of soldering.

Fig. 8 Result of Die Soldering Simulation
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Actual imulation resu

The left shows the hairline crack distribution at the front of
pour-in-gate. The Color in the right shows the time when
crack oceurs.

Fig. 9 Die Damage of Molten-Metal Filling Impact
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