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ABSTRACT

The concept of Motion Designing was used in the
development of the new model STREAM to produce a
vehicle that offers a sense of integration at every point
of contact between vehicle and human user and that
urges the owner to drive it.

The aim of the design of the STREAM was to
reproduce the dynamism of a high-performance sports
coupe. A “Crouching Coupe Form” was the basis of the
exterior design. In addition to this, the image of a“Silver
Wolf” was adopted as a design motif, and the form was
designed to express the sense of aggressiveness and
sharpness suggested by that image.

The design theme for the interior was “Modern
Sporty Interior,” representing a fusion between
“Emotional Sports Cockpit” and “Modern Comfort.”
This has resulted in an advanced cockpit with
comfortable, high-quality seats producing the feel of a
cozy living space.
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Fig. 1 Fun To Have STREAM
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Fig. 3 Package layout
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Fig. 4 Side view
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Fig. 5 SILVER WOLF
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Introduction of Honda ASV-3 (Passenger Car)
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ABSTRACT

Honda participated in the Advanced Safety Vehicle
Project Phase 3 (ASV-3), which was a national project
managed by the Ministry of Land, Infrastructure and
Transport (MLIT). In addition to Phase 3, Honda
participated in Phases 1 and 2.

Honda's work for the ASV-3 project was based on
accident analysis results and focused on the types of
accidents caused by phenomena that are outside or barely
within a driver’s field of view. The three technical
approaches of “Collision avoidance,” “Collision
mitigation,” and “Lifesaver” were selected as the three
principles supporting the basic Honda ASV-3 concept.
The relevant clusters of technology were organized under
these headings. The new systems applied the latest
sensor and vehicle dynamics control technologies for the
driving support systems developed during Phases 1 and
2. The systems use inter-vehicle communication (1VC)
technology and a system to assist in emergency rescue
activities after accidents occur. These systems were
developed with the aim of expanding the range of
accident types that ASV systems are capable of handling.
An experimental vehicle with these systems installed was
built, and future safety technology suggestions were
made.
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1st phase 1991-95 Ynd phase 1996-2000) 3rd phase 2001-2005

Autonomous-Detection Type Support System -

Roadside Information-Based
Driving Support System

Inter-Vehicle Communication
Type Driving Support System /

J J J

Fig. 1 Technical developments pursued in ASV project
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Fig. 4 System concept of Honda ASV-3
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Fig. 5 Experimental vehicle of Honda ASV-3
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Fig. 6 Configuration of Honda ASV-3
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Honda ASV-3 DB/ (ZERE)

Introduction of Honda ASV-3 (Motorcycles)
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Kazuyuki MARUYAMA Yutaka KAMATA Yutaka MURATA
2 B ABSTRACT
5B E B HEASER RS U758 =] ASV ZHE As part of the Advanced Safety Vehicle Phase 3

(ASV-)ITHWT, Honda iZRZYIEITRENS Y HE %
3>+ 7 FIT Honda ASV-3 i iz BAYE L PR L2
7 HEE U7z, Honda ASV-3 @Bl D FRh42HitiE,
HEE, Ao vy, R 5k %. B
HEETRZ R ITR SN 5 5 IchiEl T 540, Honda
ASV-2 O - PUlFRIEHOETE > AT LW 2D I
EDTH%. WitV TR S 0 L hiE T 5hn,
ATRAR, BRI L, 14 XDOREE LB
IEDF=HDFEEMLL, T4 ZXh5OFNMAMDER -7z HiH
PO RIE TR SN S ZE ) EMEF 5 NnE. ADBUIZ
ViRHge i FMIH LR RFE 2 LEXE % FACE TH A1,
PHEERR &g A H X E 2 LONG 74 V2 U TH#H
P e [ e o

(ASV-3) project proposed by the Road Transport Bureau
of the Ministry of Land, Infrastructure and Transport,
Honda has conducted research on predictive active safety
technologies. Honda developed the ASV-3 motorcycle
based on the concepts of assistance of “visibility” and
“conspicuity.” The predictive safety technologies used in
the Honda ASV-3 motorcycle consist of inter-vehicle
communications technologies, observing sensor
technologies and conspicuity enhancement technologies.
The inter-vehicle communications system is useful in
enhancing both visibility and conspicuity. It is based on
research conducted following the development of the
inter-vehicle communications system used in the Honda
ASV-2. Observing sensor technologies help enhance
visibility by using a front-monitoring system and a rear-
view system. This enables warning signals to be
provided that help prevent rider oversight and reduce
blind spots. Conspicuity enhancement technologies help
make it easier for the motorcycle to be seen. Specifically,
the conspicuity of the motorcycle has been increased
using the “FACE design,” which exploits the drivers’
innate ability to recognize the pattern of a human face
thus increasing the rate of recognition of the vehicle, and
the “LONG design,” which increases awareness of the
vehicle's speed and distance.

FADE

E+x5@EE HEHS@ER O T aY 2 7 N Th B etk L e
B = ASV & 5 HAEFIEI Tl 5N T X2, 2005 4F
JE TR T Uz, EWN144E0 HEH A — 5 TR HFET
Wiatd % a7 HfioriE D0 & U CHEREE 2 Z O
FHITED Tz, FHIC K DMEEERR, ZUTHOTRTE
Z 2005 4E 7 HH 5 10 Hich i i s/ Mhiic b %
) Jb et B A8 RS2 5/ NP v B B 8 (fH LR

* CHgBR v 2 —

https://doi.org/10.69239/hondatechnicalreview.2006 18 2 3

18 4 4 A5 O) HARWIEF =S ARSI IC BN TH
fEL7z. Honda (& ASV-2 THAMFER L7z —ine - PUlin el
HOBE > A7 L2 & SICHZEBFE L, BiELE(E ORfiR
FI2 Tlx JEIESRE S AT LOWIZER, RHc s g
OFNTHRERN S, MOHHOMEIZE N SH AT NPT, 4

BB SHHHRRMER B D o To T A 2 O RUR € BY
D A 2005 4£ 9 HIC Honda ASV-3 & LC i, PUiif
HOREHZHE LT (Fig. 1).
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Fig. 1 Honda ASV-3
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Fig. 2 Breakdown of motorcycle fatal accidents in
Japan
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Fig. 4 Honda ASV-3 motorcycle concepts
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- HEALEFHEL - 100 ms

B ¥ o — 2 HEREEE, GPSL Y —N, A X
T B XTHHENRDOANE52100 ms T EICHD AR, #A
BRI STERIRED X A 2V T NBZHIHT 5.

S 100ms iIcxfL GPS 25X 1s THB T
O, GPS FERET—ZWRICHET & N5 F TOMICHT I
WHEATLE S . COME#EE, 7z& ZIEHH3 90 km/h TiE
FIZHEMOEAETIE 25m L&D, WET—XIC &M
ENMECD L EIRs. COMBEREZHMIES 272D, H
HOHR/ VAL I—1L A "5, BEREONMESRZ
100ms TEICTFHEKT ST L L.

(2) Head Up Display (HUD) & EEEHRIZMH AR
Human Machine Interface (HMI) T A Z\DIGREEHEE
HUDZ R, fElSo/imzy) — 2 TERRT % FihzH
L. TOHFRXDAY v ME, WGEERT 2080 %
<, HUDZEMHTEIGRIREARC & ThH 5. HBHN
R D Im D IBICEE R R 2 BT R A SRR BIGENT
(Fig. 7).

A3 a2 —Yar~ Ay bEROWTEFICK 3 1EH
BHEGFERICE RS, a3 ar—r a3y JIbAy R
BAE—hEeA DRI ENTED, 4K LFRES
EOEEER ENRETH B, HEO V¥ o — XD
BT — 225N UHREEETEE, KIS TTH
N9%. HE A Ca—2a3Ia=r—y g2 RAy
MO Bluetooth 7 7 ¥ L A Hidli & w7z (Fig. 8).

3.22. NREV T T

NFEER IR AT LI TRZ2 B ZHNE LZE D
T, miTESIR e BT RE THRENS.

(1) BTHEEEZIE  Honda ASV-3 fEE O HLHITE(E I
ftFE & O FIEEIC K O A IEBI R 5 IR 2 #EE

-~

Kmh

nl lzh0 i 4IE i EID 1 810 11'Eljl1%311i'01151

Fig. 7 Head up display

Fig. 8 Communications helmet

TH5EDTH5. UK Ui FEHSARIE A OB THE
ETHEDTH%.

Fig. 9 IT/RTHITEMRN XTI X ZMEDMRHTH S, —
RHE IR AR, Bmc S NIzl EE ) £oRz il
L, HEEGEEOEGRIRMEZIB RS T ETITA XD
IKEEE L TOAIRMICR DL Kol L.

Fig. 10lT/R g K D1, ZAEMICHE LTz & Elchi/shid
A A TG S —RHE (K, TIEENI A2k, FiHR
Z, BRI E BT 3. coLEICHEBWRN S T
L—F 2Ty, —EdELL TSR LTV
E DML LT AIC HUD ISR DI R B A %
HEBREREZR L, T4 XI—RHEZ2 T

(2) BABEEZIE  Fig. 11 IIRT XS IBHCEYY
Y a— A AT 2, Fig. 12, Fig. 13 T/rY K5I HUD
D RERNIE DW T 4 AT LA BT ZZRT 5.

Camera

Fig. 9 Front-monitoring camera

v

Stop sign Stop line

Intersection!

f Painted “Stop”

Fig. 10 Intersection approach support
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B\ Camera

Fig. 11 Rear view camera

Caution

Fig. 12 Example of HUD image: 1

| Caution

Fig. 13 Example of HUD image: 2

PERD ZHHEDV Y 2 —IF—F T A XDHKD—T
HEANNENBZLELHD, FHERSOMHRIINEETH > 720,
HIRRATRR & OGS HEEN K O BRI IE > Tz (ERONE
KO T T Y 2 — 3 F—2 X O AMlllcml) TiE
T5IET, ARBDEEELETE(Fig. 14).

3.2.3. #ARER MM _EH Al

PR BRGNS TR SN | 2328 d 2 HiiiTh 5.

(1) FACE (Facial Attention to help Conspicuity
Enhancement) 751> i RS ANIC KB HEE Lz
i1k 2 72 dicid "R d i ORI 2 @D B T L DRIRAY
TH%.

—77, ORI DRSE, KE D SZ NBIRICSOE
BB (= 2 — B ) DFEDHE SN THD, 19814F
KB TH= 2 —1 Y| OFIEDHRE TN TNEE).

)

Communications

Rear view

Rear view mirror

visibility

@ Rear view camera
field angle

Fig. 14 Rear view support

RAZSHERET F TN R ENRE R Ty 0%
FHHEOFEICHR LT LXY, BEMNMENS Z EHHIBN
TWa. AAWVEENNZ 7= TEE RERkBE 2RI L,

- BRGNS 3225 U 7z TERAT A ORBDEEG
CRERBV TV TEHL LE | Z#RH

IC KD, #MR BB IR LAY S ERE O BHHEER
HaEsicn bEEgsceEZHNE LR R T AV
(FACE) ZfJI9E L 724,

W5 2 2 L—ZEHWT, Fig. 150K 5 iR @
GaHEL, BEREIC T N5 Omi{§E ERIER U7z
THREHSNRATEZD EIHEME L. TORE, ADEHD
HERREEEATD ANTT YA VTSmO " fiitiic R T
FARRHK 2 f51m E LT L BRI HBREREZE TV
(Fig. 16).

Daytime Detection target

Nighttime

Fig. 15 Mixed traffic by image simulator

100 1 FACE

STD

80

43 points up

401 Typical gazing time of drivers

20 |

Motorcycle detection rate (%)

At night
Sampling number: 3

0
100 200 300 400 500 600 700 800 900 1000
Recognition time (ms)

Fig. 16 Results of probability-of-detection experiment
at night
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fMRI(Functional Magnetic Resonance Imaging) i< X % ik
REFHII(Fig. 17) 05, NOBIZ A X—Y Lic _HitHd 7
0> b 7TYA e RED NDOFZE R GE L RO Z
RUTHD, THONZ ANENRE 2 R DB AE ML
LTW5Z &hkGEEE N7z (Fig. 18).

Honda ASV-3 gD 7y s 781 ik, —HRETH
EHEIEZEHICTaY 72Ny RS U TREEE L,
H OB @i (1 H OE D) ZFNE R THDA A= %
EOH UK., FICKRBTOFEEENEZICH LTV
(Fig. 19, Fig. 20).

(2) LONG (Longitudinal Oriented Normative time-Gap
compensate) 71> fHEH, HESWEIIIAMEE O
FHIC K ZEERE, MERREEA T RFEKD—D Vb TS
(Fig. 3).

RO LD Tz DICHADIRNMIBIC T A M zidE L,
B & O 2R 5. FIRHCHEKDE LD Tdic

Region of cerebral function shown
by fMRI

Temporal lobe FFA field
High sensitivity region to
facial patterns

Background process due to facial neurons
= (Low loads, high speed, high accuracy)

fMRI expéfi[nents

Fig. 17 Brain function analysis using fMRI

FFA active mass

< FFA field (Fusiform face area)
s % 3 I ;'—— ..~\
(o= s,
[a)) ~| ’
i} S
58,
S5
°5
FE1T
"3 N
2o . . . . .
© Human Without with Without
face FACE face conﬁgmlsonal lights Scenery

Qg0

Image categories

Fig. 18 Assessment of face-recognition using fMRI

HAADENIEICT A M 2RdE L, HEAmoRE E ZiEi
TBH e THERbE L5209 Liz(Fig. 21) 5.

LONG 71 > 7z U 72k k3R D Ziin s (LONG) 13
MWIEHE (CAR) & ZIFF UHEAER L 72 0, — i 7e i
(STDIT EENH10% 0] I U7z (Fig. 22). 7z, SERKICREY
L LONG & STD Tk 20% M E L7z, & 5ic, ke
F111#% (60 km/h)IZH LT LONG & STD ZNZNDFRHIn]
REZR R 72 72 B C L ICHE UERER U 724558, LONG (&
STD & LENT K 0wl % TIEMEIEE 272 FRI T & T
W5 Z Ehbh o7z (Fig. 23).

Fig. 19 FACE design for Honda ASV-3

ASV-3

SilverwWing STD Daytime Nighttime

Fig. 20 Comparison of FACE design (daytime and
nighttime comparison)

Speed sensing

Distance-sensing S Anceent

enhancement:
Lights located at
higher and lower
positions

Lights located at
lower position

Fig. 21 LONG design lamp arrangement
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Fig. 283 LONG effect (sense of speed)

4. FEHMBERAIRR

4.1 =

E 2@ EH = HASY TlE, E/AMGHIC S % Gl b
FHFE T ARSI & /MBI R BRE PR 1 d5\ ) C BRI S 2
Wil R s AT LOWMGEEBRZEN 14 1o 3 HH
A—HILFEITHRME Uz, COMAEFERTIETRE S LIAE

HREEZSNZHMUDOFHE (W W, AH, L
2¢, WTERHD &, FHEEEIC X 2WHENRE R
MRV EE RSN ZDOFHEFRICGEZE, foiffr, B
0) EDEFHEDDRHE I G L L.

Table 1 ICFHHEH A=A DOSKNL%Z R . Honda T
&, e & U B TR RO 2RI R ) N—T &
BEIICHEHBREB R T,

4.2 IREERBRIEREER

Honda ASV-3 _iHCld 7 — a YT Y Z )UK
WV RS AT LERALTHED, EEEHE
AR URAm EEXZ R FRICT )y —vayo
REID B T Ibnz.

TOFER, HEEHESVEHOESER T, A REM:
DHEEZAED LNV TE, HEREARE S X7 LOER)
MNEC BN, T4 XICHEIMERZ S 5Nd T EAARET
HoTz.

Kz, EHEZE LB L EFORHFRI T, HHIEH
LOWENRET 5 T &5 HiliFEE IRt O R LA
WTODY AT LOEMERIKC I EE>T. LirLix
WS, TR T, PRSI iR E R TS
B3 IT EHAEEL 5B 728, FHROBITH L CHERLE
BERRWIEILS Y AT LWVE 5% LN 5.

5. &8

AR TI&, Honda ASV-3 i tiCHEHR S N7z HItHALE S
VAT L, S Ty T, BRI B R E o
(R ITHoNE IR 120t T b & LI
DVTHIT LIz, TNHDY AT LEGE, FROER & 7%
DIFZLa—YIT—2E % T & THRDARIAY]
1h7Z2X2% D TH%. HEMEES AT L0 v

Table 1 Domestic car maker participation in operation support system verification experiment
QO: Participated
Accident type | Right turn Crg;tsri]ng Pedestrian | Head-on | Rearend | Leftturn |Lane change
Honda (Motorcycles) O O O O O
Honda (Passenger cars) @] O O O
Isuzu (Trucks) O O O
Suzuki and Kawasaki  (Motorcycles) @] @] O
Suzuki (Passenger cars) O O O
Daihatsu (Passenger cars) @] O
Toyota (Passenger cars) ©) @) O O
Nissan (Passenger cars) (@] @] O O O
Nissan Diesel (Trucks) O O
Hino (Trucks) @] O
Fuji Heavy Industries (Passenger cars) (@] @] @] O O
Mazda (Passenger cars) @] @] @] @] @] O @]
Mitsubishi (Passenger cars) O O
Mitsubishi Fuso (Trucks) O O
Yamaha (Motorcycles) O @] @] O O
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Research on Electrically Powered Small Commuter Scooter

A H e
Satoshi HONDA

M H
Kaoru HATANAKA

oHOE E
Shinji FURUTA

2 B

INEIRTN R 7 — 2 DIIFRICH T2 0, ERTTN O T
ISR D, SR ERE Uitz 8E Uiz, /N,
BETODORETSREIEZHERT 2720, G
F—EERINI-MH Sy TU—ZAL, 128—&%, £—
2B KOs —ABLE L7z B Y 2 — VAT —a
=y bR U7z, X HI/NRIC X B e EOIK T
ZHIHI XL, EEECE O i kI K O Fili o) e 72
UK. Fiz, R EFOFEZRS, KV —EeTn0
TRDOEIMEIC & % B fF &M & B E U, Ls—A
7 7 IVORIC K > Ca—YREE I EX 8. 20
RE, JV—VX, BHE, AL—RXEREDOMNERED,
TIw h7a7ZA T TEEL285mm, EE44kg, 15km
Ofteide, RN E N 2RE, =2 ) —a—%
BT D T EDTE B/ IRIBIA 7 — 2 FBI LTz

ABSTRACT

For the study of electrically powered small commuter
scooter, we focused on short distance urban travel to set
a practical cruising distance. High energy density Ni-MH
battery, power unit module with inverter, and a motor
with single gear reduction were selected to ensure a
compact lightweight design with necessary drive power.
Part layout was optimized with consideration for front
axle weight to provide good handling and stability while
reducing vehicle size. While keeping the riding posture
the same as a basic scooter, the lower seat height and
narrower floor enhanced handling and the user’s ability
to touch the ground. A lever type accelerator was applied
to enhance the operation of this scooter. As a result,
an electrically powered small scooter with flat floor
which is clean, quiet, and smooth, was realized
with practical handling and stability. The scooter with its
1285 mm in length, 44 kg mass, and 15 km
cruising distance can be easily handled even by
novice riders.
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WS TRAENE, BRiNT 528 T, =Y M) —a—HIi
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WOEHEDS, i Ny 71 —0B#EZRS L, Zhic
X 2B EREP AT AE DK NI EEAREAR O O Fff & D5
HAR—ZO/NEENERENZEHE I 2 —2DJN
N ave T hrER Lz ED 7.

AT, fEL/VEEEIA 7 —ZDHEEa 7 b
AT FERA 23 5 (Fig. 1).

2. ERaVE Tk

21 HEDH A REEE

I VIV OE—REERE HinE R 7 — X DR
AR, HEZoN UTASE, Moz Ny 1 X Tt d
EV A7 —REF2TLHAEFEFLVEEZ T

19804FEARIC/ VR, BRI X 7 — 2B b E N, FOH
PNRT IS HIEEENSYD T MmEICREO R ST
MU —2—P N I—FEBIER L, &k
Ay MUAAR—ZDFRE R E, THOFRICISA 5728 X
I —RFESITELZRIT T o Tz, FD%, TERICAT—
ZIFREULL, Fl=Eaninl oz (Fig. 2). BHTE,
TEREDPIH T EV I NI E 5 TERIFANRTWVEEL500
mm IR, B8 50kg L FDR 7 —RIFFELEV. Hig
HNS DDA D=— XAKIIMKIAL UTHFET 2 L #
Z, M9%9% EV A7 —Z LY ) —a2—Wic k> THL

Fig. 1
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Fig. 2 Changes of size and mass of scooters

TNRTUVNEOY A X, BEezlRbS ke Lk,

2.2. EhF11ERE & AniscRE Rt

EVTIE, #iJitERe, MikciEEEOMELRD I8Ny 71 —%
KEICHEET ST L, HEOWMMN, Mo LRIcDEH
5. TOWMFICBNTE, INEEER 7 —2 D%z dH 5
EIRE LTz 1T, ZHUCRE > 280 ikRE, WikiiagEe Ny
T —HBHREZRETHIENEREER 2.

PUMFIERD I Y ZE &§5/NER  — 27—
BT BT e REEL, Th5 LAFOBIIERE L bk
I ERRBEOHIHERED B Z HIE L LTz CUV-ES Z = PERM
F U7z (Fig. 3). HemndEE60 km/h, itfiEaE3s km (ECE40
E— R OMUEEERFFEDDE, TNy 7 —EikEDZ X
ETERERE LT, BRIE130kg THERDIZ Y Y VAT —5
D) 2 5, %850 0001 (3 FERD Y — AR/ &, D
7 BMMBINCIEMRD AT — 2 EFHT 51—
EoTIRBARSERED IR o7z, UK EV AT —ZDHE
FHEDATREMEIE Hic R e 0D, HiBIRET5E T
WKEES o Tz,

FOH%OT TO—F L LT, 2001 FOHFE—X—
¥ 3 —IZHBWVT CAIXA, MOBIMOBA iZh D>t &
TIVEFEER Uz (Fig. 4). TNHIESLMN U&7z E
LTEYEE NN, WIneE—2ZF1HE LTz EV T
Ho, BENEHL @2 L DDA N O EER B

Fig. 3 Appearance of CUV-ES
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Fig. 4 Appearance of concept models
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AT 2RI 2—2L LT, HEY A INEL, Ny
TV =72 UTE e, ikt z kv ins
HGEUR AT 5.

TINS5, /N EV XY —RIFEHR O I 2 —RITH
{EUTz LT, ZOEMAMEZEEL TNy TV —DEBFHED
ThprERE, MR RE T B T L HVELE LA O] D
MTIERTHZ LW L.

2.3. BfEarvtw 7+

HEZHN S REOZ 21T x5 U, EVTHIHD
A ORI L CEANZaY T v euEL, ZTh
S/NMEEA 7 —EZNK 0 I—WICZITFANS NS T2
WIS R E Izt L7z (Fig. 5).

FHNOUTEEEERSENIC IZ A 7 — &2 & L I HlizE A MED
NTW3. A7 =20 DNk EREZ R TN
HiZH I —HDNNUEFH R 7 —2D0a1—P & LTRIAEN
3. INBEDONHLTIE, Ty rTRE{EREIHHL
U, HIEEX D ERICARDB T L ZFFRRT B ENLEE L
EEZ, THEBEIZRE LW F v v F 7 L—RXEHNIC
WBzsckell coarve s MeEDE, JHIDOHTE,
BETHDHTEITMA, KEBEOA A=V THSTFRIDME

Characteristics of EV

Beginner for scooters Quietness
Narrow storage area Softness
Short travel distance Smoothness

Non-mechanical appearance

&

More convenient
by electric power

Interested in new product
Comfortable mobility appliance

close to living area
Easier by
electric power ‘ '

Suitable for entry use Suitable for city commuters

Smaller storage space

Easier than bicycles

Quieter than engines Expanding activity fields
Easy to ride as bicycles Smoother than scooters
Easier than scooters Easy to park

Fig. 5 Concept map of small EV scooter
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/AN O 2 — 2T, [TEMEIFENAL, B, B
HAR—=ZAHTNEVEEY A X THBH T EHTFRE, #
MXicouhseEx6N, coficBhcdarye 7
EDOEHABK SN, — /3 THMEEIX BIRE & D Ltgic
BAHTEMNS, MREDOEIIZmIEKRDENTNEDEZ

ICEo T,

3. MEIEEFR Y —ZDEE

3.1 NBRBHR T — 2 DK

Table 11/NVEFES) 2 7 — Z ORISR RS, £EDOE
fcHEmZBE, FRNCER, flifsE HREDNT >V A 2E &
LT, N7 —OHEIEREZIUE L.

LD > 3 VDI L R—Z O OS
X, TRy 7 ARIPUEEDORZRER Ny FINy T BT OfF &
DA, S, 2EIZ1285mm e L. ERfOD, K
I iR D X 7 — Z I — R 2 A Y A4 X TH 5 10
AVFRONRED A VFRZAVERFRMA LIz, Fiz, #iiify
O3 0 — XICRERAKEOMAE & U TiEEE 40 km/h,
FHMTEEEEE 15 km ZRRE LTz, R g OREE, HiE
B ENC BT BRI O ZNEHTE 2FEE L, D
ftE & DIEGEITRIC LN B Z & Tl V0lE e L.
S EEE, HEREAF O 92% M —HEITHEE 9 km
LI, TV I VA —22—FD17% N AP0 —HE
FTHEEE 10 km LLR@ 25 F—% (Fig. 6)h 5, ZHucHht
LT 15 f5ORMERRFD 15km L&RE L. PoELizH
REOB MERE, MifEREEZEZR L DDHAY 1 X, Ea el
RS 272, BOIIINVF—BEZFDONI-MH/ Y
TV—ZHH L.

TN DR RNET Y YV A7 — & LIRS R
D CUV-ES &Ltfigs % &, HETHN 1/3, Ny T U —H
#HETH 1/5EEID ERD, BHRWLRT I LNy 71U —
M5 Bk ORI &K > T, EMNOAHEMNENH % 92
Bl DOWEETH B EEZENS.

Table 1 Specifications of EV scooter and CUV-ES
Specifications
ltems
Small EV scooter CUV-ES
Length x Width x Height  (mm) 1285 x 600 x 930 1785 x615x 1035
Vehicle curb mass (kg) 44 130
Motor type Synchronous mbtor | synahronous mator
Rated power (kW) 0.58 0.58
Maximum power (kW) 1.15 3.25
Battery type (V-Ah) Ni-MH 48 V-7.5 Ah Ni-Cd 86.4 V-20 Ah
Maximum speed (km/h) 40 60
Cruising distance  (km/charge) 15 (300 m go-stop) 35 (ECE40 mode)
Charging hours (hr) 3 8
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Fig. 6 Travel distance of bicycle and scooter users
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Development of Monpal ML200 4-Wheel Scooter
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EICR D, #EERED U,

ABSTRACT

The Monpal ML200 4-wheel scooter has been
developed based on the “Smart Package” concept.

Increased static and dynamic stability and greater user
comfort were realized by adopting A-arm independent
front and floating axle type rear suspensions and by
reducing the center of gravity by locating the main parts
lower down.

A metal base plate was adopted for the motor
controller, while the use of a 3D map system
identification speed control and a Honda-manufactured
brushless motor with an integrated transmission
improved efficiency and reduced drive resistance.

The scooter’s overall electrical consumption was
improved by 9% over that of the current Monpal ML100
model, and a running distance of 34.3 km on a single
battery charge was achieved.

Moreover, the arrangement of the lights, based on
Honda ASV-3 LONG technology, has enhanced
visibility.
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Table 1 Major specifications

Iltems Specifications
Model name New Monpal ML200 (DX) Monpal ML100 (DX)
Overall length (mm) 1,190 1,190
Overall width (mm) 595 680
Overall height (mm) 1,045 1,080
Tread (mm) 500 Front: 590/Rear: 530
Vehicle weight (kg) 112 94

) . Front: 3.00-4
Tire size 80/80-6 Rear: 70/100-8
Batteries Valve Regulated Lead Acid
12V-35AH x 2

Motor DC brushless motor DC brush motor
(30 min. rated output) (24V 430W) x 1 (24V 360W) x 1

Direct 2-rear-wheel drive system
(with differential)

Electromagnetic brake, regenerative

Drive system

Brakes brake, manual brake

Max. speed (km/h) 6 6

Min. turning radius (mm) 1,430 1,470

Max. continuous driving range 34.3 31.6

(Until stopping) (km) | (6km/h on level surface) | (6km/h on level surface)
Max. driver weight (ko) (includin]éogaggage) (includin%;ot())aggage)

(DB #ERBE LV 724X

(2R | 2 REH LTV A I N EATDTaY N TR

(BDHUFREST—ATYA T, ‘BEAADNTFEND LD /&

YwAHVRBIZEH Loy M3xveoarhs
AR O )Y

« BUO EICEN Tz Sy =
T2V ML100 % L, 85 mm Hew > H iz A D Hifk
& 595 mm & U, Ef7IR, RER, TLX—XADFED
FEDICBNTE, BBICRA S EE LUk,
Fiz, HIZEND, XA VYOMEHARGICOIE TV
N7V RERAL, BNEERDELEEBL .

- PRI IR D D
TJOaY FBECIVVYH ARV Y g VOREICKD, Hft
R & T OB &

< ZOOEITIEEE
A7 S5 L AE—2NEO—FR T A3y
VBIUERITT IRV Y T AT L6
EHALE—%aybtu—Jickb, —7EYED 343
km OEITHEEE EORTEEEOME AV WER M
REZ R LTz,

< (L U7 ER
FeAWEETLN—, BB A &y M) E ik
YIOBEZ AL vF, —HThhBKBIA I r—X, Fv
VRIVBSREST & T ¢ A ORBICK D, NI I %
L\!T’&%iﬁ&bfc

 EOHHEER M
Honda ASV-3 LONG Hfifi & B fllfnic B © A, kT XK#s
B2 fADIRDMIEICEET 5 2 Lic kb, HEERZm

Fig. 2 Design sketch LX 8 F£iz, JASREOMEESE I HADENIE

Fig. 1 External view of Monpal ML200
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BATREN

U.S. ULEV2 WAV U V2 —KRI VI ORH

Development of Gasoline Turbo Engine Conforming to U.S. ULEV2 Regulations

X H e o B Rt (FA: I
Tohru OHTA Ryuji KONO Nobuhiro ITO
LN O [ OIS
Yasuo MATSUMURA Nobu TAKAHASHI

2 5 ABSTRACT

EH LR, (KPEH AT AN AR S WVWE L2311
AKEHV ) Y B—RI YD VR L. ALY
1%, Honda A iVTEC TV P ViC, HBIFEOAILR
BRA—RFr—UvE2BINL, 179kWOFEH 1L, 35LH
RS T Y Y VA ROEE NIV, SRS S %A
LTW5. AR E LT, =FY =AY ZhR—UR
DT IV =T LERILIC K2 HARRAARRDOMEK, <51,
Z—RF v —Y ¥ H NCEE Uz i o fE b S
kD, TVVUIREIEZOPESE 2 FIEEE L, Us.
ULEV2 HFEA ZA[REIC LT WS, ATV ViE, US.IA
T suv ICHERE N, 3.0 — 35 L HAWA 7 T A SUV
HE RS FOgMREE 75 A by T LAV ORRE D
[[TRYRz==Si A O

Honda has developed a 2.3L 4-cylinder gasoline
turbo engine that balances high power output with high
fuel economy and low emissions. The new engine adds
a newly developed variable-capacity turbocharger to
Honda's proprietary i-VTEC engine technology. This
addition resulted in a peak power output of 179 kW with
the low-speed torque characteristics of a 3.5L normal
aspirated engine due in part to a high boost-pressure
response. Rapid activation of the exhaust catalyst is
achieved by positioning it directly underneath the
turbocharger and by reducing the heat capacity of the
exhaust system via an exhaust manifold constructed out
of aluminum alloy. This, coupled with a highly
optimized catalyst metal loading has enabled this
powertrain to meet the requirements of U.S. ULEV 2
regulations. This engine will be used in a new model
SUV for the U.S. market. The vehicle will display a
dynamic performance equal to or better than that of
SUVs fitted with 3.0-3.5L normal aspirated engines,
while at the same time achieving top-in-class fuel
economy.
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Table 1 Engine specifications

Engine code K23A K24A
Cylinder configuration In-line 4-cylinder In-line 4-cylinder
Bore x stroke (mm) 86 x 99 87 x99
Displacement (cm?®) 2300 2354
Compression ratio 88:1 9.7:1
Valve train DOHC i-VTEC DOHC i-VTEC
Number of valves 4 per cylinder 4 per cylinder
. Inlet 35 35
Valve diameter (mm) Exhaust 30 30
Turbo charger Variable flow turbocharger -
Impeller external diameter (mm) Compressor %6 —
Turbine 32 —

Exhaust manifold

Water-cooled aluminum alloy

Stainless steel pipe

Catalyst [vol.(L)]

Close coupled [1.4]

+ underfloor [1.0] Underfloor [1.7]

Recommended gas (octane rating)

Unleaded premium (RON95) | Unleaded regular (RON91)

Max. power (KW/rpm)

179 /6000 125 /5800

Max. torque (Nm/rpm)

353 /4500 220 /4000
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87 b SUV ATFIdY—HIyYrE LT FEEZHE
L.
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(2) AL— A TIERIED IR, MU0 B B FEENEMERED
K.

(3)U.S. ULEV2IHTES X — R kv 77 5 20K
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Fig. 1 K23A DOHC i-VTEC turbo engine
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CIVIC Hybrid A 1.3L 3stage i-VTEC VCM I/ ¥/
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Development of 3-stage i-VTEC VCM Engine for CIVIC Hybrid
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ABSTRACT

A 1.3 L 3-stage i-VTEC VCM engine, which satisfies
both low fuel consumption and low emission
requirements, was developed for the 2006 CIVIC Hybrid.
In the development of this engine, friction was greatly
reduced and volumetric efficiency was increased. In
addition, VTEC technology was evolved to realize a 3-
stage i-VTEC VCM that enables 3-stage valve motion
switchover at low and high engine speeds and during
cylinder idling. With the increased motor output, it is
possible to run the automobile on the motor alone over
a wider range of driving conditions, and to realize a
further reduction in fuel consumption. The newly
developed engine, higher power motor and more efficient
CVT transmission enable the 2006 CIVIC Hybrid to
achieve better vehicle dynamic performance and a fuel
consumption of 31.0 km/L in the 10-15 mode. In
addition, the performance of the high density 2-bed, 3-
way catalyst has been increased, realizing low emissions
equal to 75% of the low emissions standard for fiscal
2005.
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Fig. 1 IMA system construction
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Fig. 2 View of newly developed hybrid powertrain

Table 1 Engine specifications

Engine code LDA-MF5 LDA-MF3
Cylinder configuration In-line 4-cylinder | In-line 4-cylinder
Bore x stroke (mm) 73x 80 73x80
Displacement (cm®) 1339 1339
Compression ratio 108:1 108:1
Valve train SOHC SOHC
3-stage VTEC 2-stage VTEC
Number of valves 2 per cylinder 2 per cylinder

Valve diameter (mm)

Inlet 35 32
Exhaust 30 28
Fuel supply system ng.ramn.md ng@mmec’
fuel injection fuel injection
Dual point Dual point

Ignition system sequential ignition | sequential ignition

Intake manifold

Diameter x length (mm) 34x340 30x200

Exhaust manifold Integrated cylinder Conventional
head

Gasoline Regular (RON91) | Regular (RON91)

Max. power (kW/rpm) 70/6000 63/5700

Max. torque (Nm/rpm) 123/4600 119/3300
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Fig. 9 Output performance of IMA system

6. 3stage i-VTEC VCM
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Fig. 13 Effect of VCM on reduction of engine friction
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Table 2 Engine friction reduction technology

Engine code LDA-MF5 | LDA-MF3

Roller rocker arm

Off-set cylinder arrangement

Low-tension piston ring

Streak crank bearing

MoS; processing of piston skirt

Cam shaft chain drive system

Low-viscosity engine oil

O|O|O0|O0|0|0|0|0O

Cylinder sleeve plateau honing

Mirror surface treatment cam journal

Aluminum diecast piston

lon-plate piston ring

Manifold-integrated cylinder head

Ol0|0O|0O|0O|O|0|O0|0|0O|0|0]|0O

Air conditioner belt-auto tensioner

1
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ABSTRACT

Manufacture of the iGX440, the first in the iGX
series of next-generation general-purpose engines, began
in September 2005. In place of a conventional governor
mechanism providing mechanical control, the iGX440
uses an electronic governor that applies control via an
ECU. Because the unit is fitted with an ECU, data can
be altered, enabling the programming of optimal settings
for engine speed and governor characteristics, allowing
a diverse range of uses.

The new system makes it possible to ensure that all
data is saved when the ECU requires replacement by
storing data in one location, and has also made it
possible to eliminate unnecessary model types by
enabling data to be overwritten during the distribution
process. In addition, the data accumulated in the data
base enables the use patterns of the engines to be
analyzed, enabling future development that will expand
operation in entirely new directions.
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An automated manual transmission for the new
CIVIC was developed to realize lower fuel consumption,
easy driving and sportiness. The light and compact 6-
speed transmission was developed by adding a gear
change and clutch actuator to a conventional manual
transmission, thus making it easier to drive and providing
a sporty feel. The system achieved a 3% fuel economy
improvement over the base transmission through system
optimization.
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Development of Hydraulic Servo Brake System for Hybrid Vehicle
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ABSTRACT

A new brake system, able to make efficient use of
regenerative brakes while maintaining excellent brake
feel, has been developed to increase the fuel economy
of hybrid vehicles. A hydraulic servo was used as a base
to enable mechanical operation of the service brakes;
solenoid valves and brake fluid pressure sensors were
added to this base to make it possible to control brake
line pressure as demanded. The use of a stroke simulator
in the hydraulic servo prevents brake feel from being
affected by the control of the brake pressure.

In addition, high-accuracy brake pressure control that
functions cooperatively with the regenerative brakes is
enabled-- resulting in stable braking effectiveness. Fitted
in a hybrid vehicle, this system has been shown to
regenerate 46% more energy than the previous system.
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Development of Electric System for Four-stroke Engine Trials Motorcycle “RTL250F”
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Hiroyuki KAKINUMA  Fuyuki KOBAYASHI
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BRRIE SR S R 7 LR REIT 27 DBEIEF v 7 X
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ABSTRACT

In order to reduce vehicle mass, a kick-start system
without battery was selected for a trials competition
motorcycle with four-stroke engine. The integrated
throttle body developed for small motorcycles contains
the ECU (Engine Control Unit), which is the main
component of the fuel injection system. The power used
to start the fuel injection control system is generated by
the AC generator when the kick-starter is operated. A
new control system was adopted for trials motorcycle,
taking into consideration drivability requirements for
slight and rapid throttle operation. This control system
performs calculations twice for each combustion stroke
and has a logic to control the fuel injection quantity and
timing. Therefore, the above control system adds many
enhancements to the drivability of trials motorcycle.
Furthermore, users can set data inside the ECU as
required.

1. EADE

AR, HIERERBERIEANOBLDE X 5 I DN HiHO T
Sy va VHEEIDMELE L R TETWA. TilEE T
R IvraMkicERE G2 85, oYUk 2
Ara—=IM5 4 2 ba—o~, BEHGERIEF Y 7L
2 5 BB S HIE S AT LANEHB LTS
L—ZADOMRTELI vy g VITHTZHEDHLL, &
AFdVEBVTLFal—yavickb2Atn—ox
VIUVERIEENAEAND B, MRS A TIVETFHET
132006 LD FIM LFal—ya VEBEICT2AMa—
JIVIVERBELIRAZTETH o I(LFal— g%
FBlICXD2Ara—2T I UIF 2008 EXTHR).

* by 2 —

https://doi.org/10.69239/hondatechnicalreview.2006 18 2 11

RTL250F FUF RTL250F-W (3 DL F a2 l— g VAHIC
BT T 2005 EETIVED 4 A b a—T TV VR IER
L, FR2Ava—2 IV I VAEHEDRSANEY T o
R B 12 DICEFHIERARIES > A 7 L (PGM-FI & A
FLOWERH L. AT, v T LAY AT LT
HET BRI S 27 LLOFIEIS DV TR .

2. HiEEE

2.1. RTL250F &

RTL250F D44 EI% Fig. 1 1<, RTL250F Tl& 2 X
k& — % RTL250R & [A] CHKRH ) Z IR 9 % T O ERO B &
b, KEME, Y RADHERNEX ST,



Honda R&D

Technical Review Vol.18 No.2 (October 2006)

Fig. 1 External view of RTL250F
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MATYID T B HFHEEH e LT —va vy
AT L7z Gold Wing Ik L7z, m ETTIERESR I 72 o
B%, GoldWing Db\ edr ka7 Megad T
EDINEK S, HEEKERM L/ NS AL U B OmEFTIc L
7Ll ZERHEOEREICH LIV — R A Rebhb
3 <, #HL9 V Human Machine Interface (HMI) %z £7H
Lz, ¥z, BlETTHEBEWMORTVESRAA RT3
7z, @A —F 2 AV AT LEREE L. NS0k
R, GoldWing OFou 7w 7S5 L TOMNEESIC
DTz SRR, B UK, RENR & B O
IRETERBRICHIS UT, ZNZAUCE RSB/ % fiti
L, arvra—ba=y FRIZET 5 N7 fIKEIRBIAIC
ANV CIHRIE O B EEA A B Y ZERA L.

ABSTRACT

For the first time, a navigation system has been
installed on the Gold Wing as a standard motorcycle
equipment. The system has been installed without
affecting the overall concept of the Gold Wing, which
includes excellent driving performance and a flowing
external appearance. Components were designed smaller
and lighter to achieve this. By making route guidance
easy to understand and the Human-Machine Interface
(HMI) easy to use, the appeal of long-distance touring
model has been further enhanced. All components were
designed with heat and vibration resistance as well as
waterproof to allow proper function for withstanding the
severe driving conditions of a motorcycle. A compact
vibration-resistance semiconductor memory was applied
for the map storage media.
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Fig. 8 GPS antenna location and specifications
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Honda R&D
Message Message Message
Drive xx m in 300 m in 150 m
then turn right turn right turn right
Timing Timing Timing
ASA pass 250 m - 400 m 150 m
previous turn depending on speed

Fig. 12 Example of route guide modification 1

-

.

Tw

Message Message Message
Drive xx m in 3 km in 500 m
then exit right exit right exit right
Timing Timing Timing
ASA enter 2km-3km 500 m
motorway depending on speed

Fig. 13 Example of route guide modification 2
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Fig. 15 Example of HMI modification
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Table 1 GPS satelite positioning status display

GPS satellite reception

conditions Display

“POOR SATELLITE RECEPTION”
Low reception levels displayed in the navigation text bar
Background: Yellow

“LOST SATELLITE RECEPTION”
displayed in the navigation text bar
Background: Red

Voice guidance one time

Lowest reception level
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Development of Heaterless Oxygen Sensor for Small Motorcycles

TN B k P
Mamoru URAKI Tatsuo HAYASHI
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ABSTRACT

An oxygen sensor for the oxygen feedback system of
small size motorcycles was developed. Small size, low
cost and low power consumption are required for the
oxygen sensor of small size motorcycles. To achieve this
heaterless, thin protector, cap and body ground structures
were adopted. As a result, the sensor was reduced by 57
% in volume, by 43 % in mass and by 79 % in the
projected area of sensing unit compared with
conventional sensors. Utilizing a heaterless design cost
reduction by reducing parts and lower power
consumption were realized. In addition, the engine output
and drivability were enhanced due to the miniaturization
of the sensing unit, and the flexibility of sensor
installation was enhanced. Moreover, the EURO-3 mode
emission control limit was achieved by using the
developed sensor.
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Fig. 1 External view of developed heaterless O
sensor

2

Ceramic outer tube

& Heaterless element

Fig. 2 Structure of heaterless O, sensor

Table 1 Specifications of sensors

Sensors Developed |Conventional Regggon
Flange height (mm) 40 55 27%
Screw radius M12 M18 33%

Outer diameter (mm) 7.3 10.4 29%
Protector —

Projection area(mm?)|  43.6 206.5 79%
Parts number 15 26 -
Volume (cm®) 6.4 14.8 57%
Mass (9) 38 67 43%
Heater Unattached| Attached -
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Heaterless O, sensor __
Mounted on cylinder head

Fig. 10 Example of O, sensor mounted on scooter
engine
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Fig. 11 Measured temperatures during emission
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Table 2 Emission results
Emission CcO HC NOx
Result value 1.03 0.14 0.05
Limit value 2.0 0.8 0.15
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Development of Moquette Fabric for Enhancing Quality of Assembled Car seat
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ABSTRACT

A moquette fabric has been developed for car seats
that reduces the incidence of grinning and wrinkles. This
new fabric has had a huge effect on the quality of
assembled seats. The pile yarn structure of the moquette
fabric has been enhanced to prevent grinning by
structuring the pile yarn so that highly crimped yarn is
in the center. This reduces exposure of the foundation
material when the fabric is folded. The fitting of the pile
fabric to the seat has also been enhanced by increasing
the stretchability of the foundation material by 50-100%.
Furthermore, the bending resistance of the fabric has
been decreased to under 50 mm by decreasing the
amount used of highly permeable back coating material
with an extra low Tg (Glass transition temperature). As
a result, the seats assembled using this newly developed
fabric are higher in quality, with no grinning or wrinkles.
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Table 1 Construction of current material

Cateqgor Specifications
oo Material Note
i PET Regular yarn
Pile yarn oET Feguaryan.

Warp |PET/rayon
Weft |PET/rayon
Acrylic resin

Twisted yarn
Twisted yarn
80-100g/m?

Ground yarn

Backcoating

Ground yarn

Center cut

Double cloth

Ground yarn
(Warp)

Ground yarn
(Weft)

Fig. 1 General construction of moquette
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Items of concern  Occasion

1. Wrinkles

Related factor ~ Category of fabric

|| Shape fitting | __ ; _
capability Stretchiness: Woven, moquette
Stretchiness — a|
- <J: balance
M gS:l\gNslng length Difference in — Woven, moquette
fabric stretchiness

|| Cover — Slipping ~ — Al
Seat position gap performance of
under side
Bending

4 ——Stiffness Woven, moquette
wrinkles

Stiffness Woven, moquette
- Laminating condition
Lamination

wrinkles

Stretchiness of
back cloth

Pile separating Pile density—Moquette

Pile shape —Moquette, knit (pile)

WraBping of . o
pile by sewing —[ Pile length —Moquette, knit (pile)
h

thread Pile shape —Moquette, knit (pile)

High sewing

part tension. [ Cuticle = —Moquette, knit

stretchiness

Fig. 2 Diagram of characteristic causes of grinning
and wrinkles

Table 2 Grinning evaluation index

Target level
Level Criteria
5 Excellent
4 Good
3 Acceptable
2 Marginal
1 Not Acceptable
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Fig. 3 Grinning in moquette
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Fig. 4 Grinning test
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Table 3 Grinning test results

Mixed yarn Regular | . Lightly |Highly crimped
Covered yarn crimped yarn yarn
1dtex regular Level 2 Level 3 Level 4
2dtex regular Level 2 Level 3 Level 4
3dtex regular Level 2 Level 3 Level 4
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Table 4 Specifications for newly developed moquette
Current moquette Newly developed moquette
1 Category Material Material Note
) PET Regular
Tar
arget Pile yarn PET Regular PET Highly crimped Textured yarn
Ground arerarp PET/rayon PET/Rayon/PU | Textured yarn
YaMWett| _ PET/rayon Crimped PET
Backcoating Acrylic resin Acrylic resin Max. 50g/m?
Stretchiness 1-5% 10-15%
Stiffness Min. 60mm 40mm
Grinning Level2 Level4

PET
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Ground yarn

Fig. 14 Comparison of warp stretchiness in grand yarn
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Fig. 17 Relationship between additive and pile pull
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Fig. 18 Effect of newly developed moquette on seat assembly
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Development of Low-friction Manual Transmission Fluid

OBk HE* Fai I N R oI (i
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2 5 ABSTRACT

fek&k b, BRE W EEA & U TS AEBRM O E
kBT hEbN TV, Hlcx=—a 7 IV S A3Ivyg
Y7 —ROULF, MTRIZBOLTIHMEREOY 7 F 7 ¢ —
yrrmbEEnS gtk EiE S SN, EEnho
{EREERICBE T 2 S XX RIS B T b Tz,

AW TIE, MTFORKER TH SEMDOR S X TR
FEFERUA_ERI(VID OfEb e 5 TV, MmO L
72X % BRI & 73 2 iR O A Z K FER 5 2 &
<, (KRR OEREL 2K -T2, ZORE, BihcL
REHETI0CHDET Y 7y a MRy 7 v 7 0 —
V2T Om EREMEL, @il OWTEBIfhE
FEDMAMZEL TS EEER L.

Efforts have been made for some time to lower the
viscosity of automotive lubricants as a way to improve
fuel economy. Manual transmission fluid (MTF) in
particular is expected to increase product appeal by
enhancing shift feel at low temperatures. Various studies
have also been conducted to lower the viscosity of
lubricating oil.

The authors of this study optimized the base oil blend
and Viscosity Index Improvers (VI1), which are the
constituent elements of MTF, with the objective of
reducing viscosity at low temperatures without lowering
durability at high oil temperatures, which is an issue
when attempting to lower the lubricating oil viscosity.
The results confirmed that the new oil reduces friction
in terms of temperature conversion by 10°C, compared
to that of the current oil, and effectively enhances shift
feel at low temperatures. The developed oil was also
confirmed to have durability equivalent to that of the
current oil, even at high oil temperatures.
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Fig. 1 Characteristic of MT friction torque
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Table 1 MTF development target

Properties

MTF development target

Low-temperature

Equal to current

viscosity MTF kinematic viscosity
(-10°C) at 0°C
High-temperature Equal to current
viscosity MTF kinematic viscosity
(100°C) at 100°C

Equal to current

Shear stability

MTF

Table 2 Formulation of tested oil

Test oil Base oll Viscosity Index
Improvers (VII)
Current Mineral oil Low molecular
MTF High-viscosity weight type
A PAO High molecular
High-viscosity weight type
B PAO Low molecular
High-viscosity weight type
PAO High molecular
C i . .
Low-viscosity weight type
PAO Low molecular
D ] . .
Low-viscosity weight type
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Fig. 2 Viscosity characteristics of tested oil
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Table 3 Test piece specifications for durability test

Current T/P New T/P
Number of teeth
drive/driven 15/16 30132
Module 5.00 2.65
Face width (mm) 5.2 12.7
Material SNCM415 SCr420
Heat treatment | Carburizing | Carburizing
Tooth surface s -
finishing Grinding Shaving
Tooth surface PV
(N/mm2.m/s) 9660 11900

DK EZ ZAZTMEME, F, GIZDWTFYD
M AHE 2 RS U7 AE SR, JEHRE DY O E £ - i
NEMHGEC % T & HVbh - 72 (Fig. 7).
(2) EREEEERMAI AT K B2

AR O Z A U, HkGE, SROEREZEN
ZNz HVI §i3H 100% OFREIMG & Z A A Tzid il H
THFYOMAEME MR UTAS R, Bk Xz i
B ULIEREMH O E  F > FIS T % HFmh e s
7z (Fig. 7).

T OEMERMAL S TEE, LRSS TV
EDTHS. LPLFOANZ XL LTI ETESE R
WEDEENTBD D @) FKIIFIEREMcCEDZ
NHEEBOERMEMIHEA G > TWNDB EEZENDW,
Fig. 8IC/R T & D IS mA IR DT AREEIC K O AR AV (R
INBT ETTRYEMES 2 mEOMINE OB E A
HNCTR C BTz EZ TN 5S.

DL OMEHER K O, Bk RS [ 2 1 2 3 5 7]
BEZRBE O B DMEICHRE LoDk S a2 il B84 %52 & T
it A DREFRFATREZR A E & L e,

3.5. % MTF SEMAMHERER

HIEC DRGSR B HRE U TR MTF (LR DS iRi
APEZBT MTF & H URERR L7z, Z OR5HR%Z Fig. 9 1
RY. BHFE MTE 3BT MTF Oy F o FRAFamian
LAZEoZZmzf L, BRI L TEIUTIMRZEOMAL
[iPANCISF g fal

Fiz, bIUAZI v yvarvEROES EMAKTEICH
U7 MTF IZDW T ERRICF Y DA Z B 275>
EER, BT bilEmRLE 1.5 kD, mAKIc B,
THLETMASU ETH D T LR TE.

DL &K D BERE MTF I3RS (L LT F Y DA EICH
B 52 TIHERER LI TH S T L PR TE T

4., PSURZI VY 3 UREIRIIER

4.1. V92 3 MERZNR
EREREIc & D, PSS UAI vy a RO GZAEN

Target area
Current MTF

Pitting occurrence time [Hr]

Current E F G H
MTF

HVI mineral oil HVI mineral oil
100% +
Base oil viscosity  High-viscosity base oil
High E > F > G Low Base oil viscosity
G=H

Fig. 7 Pitting durability characteristics by different oil
specifications

Molecular structure image

(e Low-viscosity base oil
©—>  Medium-viscosity base oil

@D:Ub High-viscosity base oil

|Oi| film performancel

Fig. 8 Mechanism of oil film performance

enhancement
Virgin oil Used oil

[0] [0
o o
C c
- g
§ % Equality = § %
o B U T
o£ E= e >E
= £ 1.5 times
E R e T

Current  Developed Current  Developed

MTF MTF MTF MTF

Fig. 9 Comparison of pitting durability by MTF

MERENZ T LT, 7YY a3y bV OEEDSEET
5.

BAFRIMORS A IC K AR 7 V) 7 3 3 AKEhRIC
DWC, /NEEHT S ZAD6HE MT ZHWVWT, HAERE—21
VU HRBRIC TR Uz, BABRSEME, HLH 25 km/h, fRE
ff, —a—hrIIVIRAEICT, FI VA v g VlRICHE
27V 0vay MVrZERE Uz, JIERS%Z Fig. 10
WY BFSIEB T iR LT, 7V v a vy ML T
28% I E N, WIRTIEK10CHD TV 7 3 AKRENE
MR TE .



B7V923arRZa7IVbSVRAZI vy a»TIb— ROBRRE

—O— Current MTF
—@— Developed MTF

28% reduction

Friction torque (Nm)

-20 -10 0 10
Transmission oil temperature (°C)

Fig. 10 Comparison of transmission friction torque

42. 7 b T70—=) 7 ALEMMR

MT IZBWT, (R TOMEENcks 7Y 7o gy
MVY OEIE, 2BAD T4 —U Y TOIE, ¥ 7 MME
TEOMMERE, Y7 74—V 272 ERLERNE
o T3,
FAFHOIRREEALIC K B> T R 7 =)V J T ERh RIS
DNT, /NEH YT A0 633 MT BUC THER LTz, allRgk
fHE, HE20km/hICEEL, 135 2 HAZEKFD 2
BRADRE, BXU 2805 1 HAZHERFD T 7 e
HEWE L.

ZOFR, BFEMIFITICNL, 0CICBITF% 2BAD
MIET18% KK, > 7 MMEME T %EBEE N, HWilkT
& BICH 10°CH DRI R T X 72

4.3. EREOMAM

TV ORKE E( L 72 (X 2 BRI B & 75 % il O AE
KB LT, aRoFvEAGHEOMIC h S AI v g
VERWEIHEAGTHLZ B RV, Y, X7V VT 04
JEIEF; IS BT B BUTIHIA L, 1 F 723 fh N 22 3
L, EEHCBNTHAGMAEZE LTV &2
RERTHS.

F/z, MT FrEOEREBERHKERTHS 7t
VY ZICBLTS, EfTERES K UBEFEMIC S 2 8
DWTHBITME RS TH B T LRI Nz,

5. L&

(1) mkh R & RS RS ORCE B L T VI DigiiE{ ki
&0, EiRFOMMATEZ IR L DD, (KR OERE
DR T E .

(2)ZDFER, 0CICBIF 2TV 7Y 3 MIVIKREIR,
BROTT 74—V T ERRE, BTN L
TS TR 10CH % T LR TE 2.

(3) KL b7 X % BRIC AR & 75 % milmRF DI ATE R, B

B X URETORBRERK D, Bifrilh &R O MR
MRS 2 C LD ERR T E T,

BE 3

(1) BERE, B, feaARM, KR, HAOCE, Hp
Tk | R RN — Az v e B SR B o
BH¥E, HONDA R&D Technical Review, Vol.7, p.123-130

(2) |F5E, Rk, EEz, JIINER 0w-20 KRS
LI I AINVDOEMRENE, HONDA R&D
Technical Review, Vol.11, No.2, p.143-148

(3) ARfERS, RERE, SHEEY, FREZA  R&a CVT
7)b— RDBH¥, HONDA R&D Technical Review,
Vol.12, No.2, p.153-158

(4)1to,M.,Kurosawa,O.,Matsuoka, T.,Matsui,S.: The
Evaluation of the Fuel-Economy Performance of Low-
Viscosity Drive-Train Lubricants and the Development
of Oils with Improved Fatigue Life, Powertrain & Fluid
Systems, 2004-01-3029(2004)

(5) Fuhshst - IR E ATF OBIZEE)R, ENEOS Technical
Review, 5 47 %%, 915, p.24-29(2005)

(6) &5 : Effects of Lubricating Oil on Rolling Contact
Fatigue Damages, F A/ ROV X b, 548 %, & 10
=, p.789-795(2003)

(7) Hirano,F.: Effect of molecular weight distribution of
mineral oil on tribofailure of spur gears, American Society
of Mechanical Engineers(1980)

(8) Murakami,T., Sasaki,T., Yamamoto,Y.: Effect of Molecular
Weight Distribution of Mineral Oils on Lubricating
Performance under Sliding Contact Conditions, JSLE
INTERNATIONAL TRIBOLOGY CONFERENCE(1985)

JII AN & W]




https://doi.org/10.69239/hondatechnicalreview.2006 18 2 16

BAtTE T

Development of Automotive Shredder Residue (ASR)
Recyclate Application

J. van der Goot* T. Yamaguchi*

ABSTRACT

Recently, with increased concerns about global
environmental issues, European car manufacturers have
been using thermoplastic recyclate resin and natural raw
materials for application to automotive components in
order to make effective use of the limited oil resources.

In Europe, where the demand for application of
recyclate is growing stronger, attention is being turned
to ASR (Automotive Shredder Residue) coming from
disused cars. Polypropylene, separated and extruded from
automotive shredder residue, has been used to develop
recyclate with an excellent balance between rigidity and
impact performance, that meets the requirements for
under body components. This material has been applied
to 2006 model year CIVIC in Europe.

Cost has been reduced with these technologies, whilst
making effective use of oil resources.
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1. Introduction

The End-of-Life Vehicles (ELV) Directive came into
force in Europe in 2000 and sets overall targets of 80%
recycling and 85% recovery by 2006, and 85% recycling
and 95% recovery by 2015®. Currently the reuse and
recycling levels in Europe vary between 80-85%. The
recycling mainly includes ferrous and non-ferrous metals
and some plastic parts which can be dismantled. The
remaining automotive shredder Residue (ASR) is mainly
going to landfill. To achieve the ELV directive the total
amount of waste that can be disposed of should be
reduced to 5%. New ways to treat and recycle ASR are
fundamental in achieving this. Rising landfill cost in
Europe also contributes to treatment of the ASR
becoming more important.

These new ways of recycling aim at more cost
effective ways of recycling plastics from automotive
waste. One way is to look at the plastic content of ASR
and technologies that can be applied to recover and
recycle that waste.

** Honda R&D Europe (UK)

Traditional ways of recycling are mainly aimed at
pre-shredder recycling, where parts are dismantled before
recycling and is only economical viable for large plastic
mouldings. In post shredder recycling plastics are
separated and recovered after the shredder process (from
ASR) and is economical viable for recovery of plastics
from large and smaller parts. This paper considers
Honda's activities in Europe developing ASR recycled
polypropylene grades for mass production application to
2006 model year CIVIC in Europe.

2. History of Honda Recycling in Europe

Honda is at the forefront of environmental awareness
and aims to minimize the environmental impact of its
activities. To this end Honda promotes activities to
enhance the recyclability of cars and the use of recycled
materials. Recycled materials are used instead of virgin
materials in order to reduce use of natural resources.
Materials that were wasted are once again used in the
production for new parts. For example, in the case of
bumpers consistently polypropylene has been used which
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can be easily recycled. Honda has applied plastic
recyclates recovered from repair bumpers for over ten
years in Japan and Europe®: ©®,

3. Automotive Shredder Residue

3.1. Automotive Shredder Residue Composition

Automotive Shredder Residue (ASR), is the either
organic or inorganic residue from which metals have
been removed during the shredder process. The
composition of ASR is mainly resin, polyurethane foam,
fibres, rubber and glass (Fig. 1) and comprises up to 25
percent of every vehicle, which means that, without the
ability to effectively recycle such materials these
potentially end up in the solid waste stream. The increase
in the amount of residue is especially attributable to the
plastics content, as its use has significantly accelerated
due to weight and cost reduction measures. The
separation of thermoplastics from ASR on an industrial

B Resin

@ Urethane foam
O Fibers

O Rubber

B Wood

0O Paper

®lron

OGlass

16%

15% B Wire harness

@ Non-ferrous metals

Fig. 1 Automotive Shredder Residue (ASR)

composition

scale can be described in three basic steps (Fig. 2)@:
(1) Shredder process

(2) Post shredding sorting

(3) Plastic separation

The first step is the shredder process where the
ferrous metals are removed. The remaining non-ferrous
(NF) mix and fluff are fed into the Shredder Residues
Treatment Line (SRTL) where the ASR is separated.

3.2. ASR and Plastics Separation

The ASR separation process starts with the metal
reclaiming operation, which grinds the ASR to around
25mm bits. These go through a large trommel, or
rotating cylindrical screen, for classification into a light
thermoplastic fraction and a heavy thermoset fraction,
next air classification removes textiles and PUR foam.
The remaining thermoplastics and thermoset rubbers go
through eddy-current separators to remove copper. The
thermosets can be used as fuel in the operation, further
maximising process efficiency. The plastics are then put
through a series of four modified dense media (DM)
separation drums containing liquids of different
densities®. In this continues process the plastics are
separated in four different fractions, including the
concentrate of thermoplastics which is treated as a
separate stream®. The following thermoplastics are being
recovered from the pre-concentrate:
- Olefins: Polypropylene (PP), Polyethylene (PE) and
talc-filled Polypropylene (PP-T);
- Styrenics: Polystyrene (PS) and Acrylonitrile Butadiene
Styrene (ABS).

The high accuracy in density separation of the
thermoplastics pre-concentrate is achieved with a

¢ ELV collection
* Depolution

« Battery
* Fluids

—

|—'| Ferrous

Shredder

« End-of-Life Vehicles

Landfill

(Post shredding)

(ELVs)

[ NFMix | | Fuff |

| Non-ferrous (NF)

Step 2

« Automotive Shredder
Residue (ASR)

Step 3

" g
* Thermo Plastic

Shredder Residue
Treatment Line (SRTL)

concentrate

Heavy media
separation plant

Non-ferrous (NF)
metals

* SRDF: Shredder Residue

Olefine Fraction

Poly-Olefins Styrenics

Derived Fuel

Fig. 2

Automotive Shredder Residue (ASR) Separation
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hydraulic static separator using heavy media. The pre-
concentrate is subjected to a static dense media
dissociation that uses large vats, where materials between
0.9 and 1.5 cm?® density are separated with an accuracy
of 0.002 g/cm®. Heavy fractions are removed by augers
from the bottom while light fractions are skimmed off
the top. Compared to dynamic separators such as
cyclones, there is practically no mix produced.

PP is isolated from PE and PS while ABS and PP-T
are separated from the remaining plastics of 1 to 1.1 g/
cm?®, which are landfilled®.

In the final compounding operation, fast moving
conveyors bring the mix of plastic chips from the ASR
resource to continuously feed the compounding extruders
(Fig. 3)©. At this stage before extrusion the ASR
recyclate material can be mixed with other treated
material from recycling sources like bumpers or bottle
caps to achieve the required target material specification,
but in all cases 100% recyclate grades are produced. The
material is pelletized, packaged and shipped to injection
moulders.

4. Concept of Development
4.1. Objectives

The direction of Honda in Europe reflects the current
European trend to continue the increase in application

Fig. 3 Mixed polypropylene from ASR resource (A)
feed compounding extruders and final
product after pelletizing (B)

Part performance

of plastic recyclates. The objective in this development
is to:

- increase the application of polypropylene recyclate;

- introduce the application of ASR derived recyclate;

- achieve material cost reduction.

Target parts for this development are Inner Fender
and Floor Under Cover for European 2006 model year
CIVIC (Fig. 4). These parts combined represent a
significant weight and therefore opportunity to introduce
ASR recyclate and achieve a considerable cost reduction.

Both parts are under body components and have
similar requirements with regard to impact performance,
while other requirements like for example for stiffness
are different and more specific dependent on part shape
and assembly method.

Honda ASR recyclate grades have to be developed
for both applications based on achieving part
performance suitable for the EU market. A material
specification based on 100% recyclate application
specific for Inner Fender and for Floor Under Cover had
to be established. The recyclate grades for both parts had
to achieve a balance of impact performance and flexural

Floor Under Cover
Inner Fender (3.39 kg/car)

(1.59 kgl/car)

Fig. 4 Floor Under Cover and Inner Fender for 06
model year CIVIC

T Target
Unmodified 1 p%ggmes Under Cover
= 1500 PP-ASR :
% %HD Development
e O, Qo material © Previous material
= 7Rol
>
8 1000 A
1S
= SR o
5 | Target | Development |nner Fender
5 | broperties material o O
T 500 e —— 1.1 I
0 204 51 588 10 15
Dupont impact at —30°C (J)

Fig. 5 Development target properties for Inner Fender and Floor Under Cover based on part performance
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Table 1 Floor Under Cover and Inner Fender development material (part evaluation)
Development
ltem Unit Material B Material C
PP-ASR Material A
Floor Under | |nner Fender
Cover
90% PP ASR| 70% PP ASR | 60% PP ASR
100% PP ASR
Recyclate content ° 10% TPO | 30% TPO 40% TPO
Melt index g/10min 4.25 6.3 7.3 8.6
Flexural modulus MPa 1420 1340 999 540
Dupont impact strength (-30°C) J >1.47 >3.92 >9.8 10.8

Table 2 Deflection at high temperature of Floor Under Cover

Test condition

Splash Shield
2001 model year CIVIC

Floor Under Cover
2006 model year CIVIC

Honda Bumper Recyclate Material B
80°C 28mm max. 17mm max.
100°C — 26mm max.

modulus required to meet part performance. Sufficient
mouldability (melt index) is also required especially
considering large surface area of Floor Under Cover and
complex shape of Inner Fender.

4.2. Under Cover and Inner Fender

Under Cover is applied for the first time to 2006
model year CIVIC to enhance aerodynamics, because of
the large surface area of Floor Under Cover part stiffness
has to be sufficient. Impact performance is important for
under body parts to resist stone impact, especialy at low
temperature.

In Europe Honda has no experience with the
application of recyclate for Inner Fender. Similar to
Floor Under Cover good impact performance is required.
Part stiffness, however has to be lower to allow enough
flexibility during the assembly process.

5. ASR Recyclate Development

5.1. Properties of ASR Recycled Polypropylene

The polypropylene derived from ASR recycling was
evaluated first. This material was the basis from which
the grades for both Inner Fender and Under Cover were
developed. Secondly this material was enhanced in order
to meet the specific target requirements. The correct
balance of minimum impact performance and flexural
modulus had to be achieved. Actual part performance
was confirmed and compared to existing mass production
parts, after which the recyclate material specifications
could be fixed. Noticeable is the relative high rigidity
and low impact performance of unmodified PP-ASR
compared to the current grades applied for Inner Fender
and Splash Shield. The target was to modify the PP-ASR
to meet the requirements for each specific part and
achieve a 100% recyclate application (Fig. 5).

5.2. Compounding of ASR Recycled Polypropylene (TPO
Application)
Part requirement for impact performance was

evaluated by Dupont impact at -30°C. Unmodified PP-
ASR could not meet this requirement for either
application.

The flexural modulus for Inner Fender was also too
high to allow for sufficient part flexibility. Minimum
flexural modulus, however, is required for Floor Under
Cover to guarantee part stiffness which is especially
critical at higher temperatures.

A specific grade with target properties had to be
developed for both applications by compounding the PP-
ASR with TPO recyclate to enhance the properties to
target level (Table 1).

5.3. Part Test

Confirmation of part performance for 2006 model
year CIVIC was required after the basic material
composition had been established. For both applications
part stiffness and impact performance were evaluated on
actual parts in ASR recyclate and previous mass
production material, HD/LD PE for Inner Fender and
Honda bumper recyclate for Splash Shield, allowing a
direct comparison between current and developed
technology to be made.

Part stiffness of Floor Under Cover in Material B has
been tested at high temperature and compared to mass
production Splash Shield and the maximum deflection
evaluated to specification for under body applications.
The result for Floor Under Cover meets the development
target and is better then achieved for Splash Shield on
previous model (Table 2).

The flexural modulus, critical for Inner Fender, was
achieved by compounding PP-ASR with 40% TPO
(Material C) and has resulted in flexural modulus
comparable with HD/LD PE. Evaluation of the Inner
Fender on actual vehicle shows that sufficient part
flexibility has been achieved.

Impact performance has been evaluated and
compared with competitor OEM parts for both Inner
Fender and Floor Under Cover by testing at -30°C
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Table 3 Dupont impact (-30°C) of Floor Under Cover and Inner Fender

Test result
Honda Competitor A | Competitor B
Floor Under Cover| 5.8 (>3.43) 2.94 (>1.96) 5.8 (>2.94)
Dupont impact (-30°C) (J)
Inner Fender 9.8 (>5.8) 3.92 (>2.45) 6.68 (>4.9)

Table 4 Heavy metal analysis ASR recyclate grades

S Total heavy metal analysis

Element EL\(/Zggg;:stglltleE gr;‘uts ppm total element per material

Material B Material C
Antimony Not applicable 0.5 1.0
Arsenic Not applicable <0.5 <0.5
Cadmium 100 ppm 10 15
Chromium 1000 ppm 4.5 2.5
Lead 1000 ppm 15 10.0
Mercury 1000 ppm <0.5 <0.5

on actual parts. The resulting impact performance for
both parts in ASR recyclate is similar to this of
competitor OEMs and is acceptable for the European
market (Table 3).

5.4. Process Control
The source of ASR recycled polypropylene is ELV
components where different polypropylene grades are

applied. The properties of these input materials (i.e.

ASR-PP, TPO) used for compounding the ASR recyclate

grades can vary depending on the source material. It is

important that properties of the compounded materials
meet specification for each production batch and are
stable over a long period to guarantee mass production
quality. In the mass production process the input material
and ratios are varied to control the material specification.

The following procedure is followed:

(1) The quality of the input materialsis confirmed after the
Separation process.

(2) The compounding ratio and input components to meet
specification are established and fixed for batch
production.

(3) Input materials and additives are mixed at the extrusion
line.

(4) Material is extruded and pelletized, quality controlled
online (melt index).

(5) Final specification confirmation before shipment
(certificate of conformity).

For each batch production this process is repeated.
The recyclate grades (compounding ratio) for Inner
Fender and Under Cover can therefore vary for each
batch production to guarantee the specification.

For example shrinkage of the recyclate has to be
stable to allow for assembly and fit and finish. Shrinkage
data has been evaluated for the ASR grade over a one
year period (Fig. 6). The result shows it is controlled
within +/- 0.25% which is sufficient tolerance for mass
production.

5.5. Contamination

The ASR and plastic pre-concentrate separation
process has shown to be highly accurate (high tolerance).
The level of contamination in produced single plastics
streams is low. A purity of minimum 99.8% is achieved
for the polypropylene grades recycled from ASR. Annex
Il of Directive 2000/53/EC limits the use of heavy metals
lead, hexavalent chromium, mercury and cadmium to a
maximum concentration per material @. Especialy in the
light of this Directive it is important that no banned
substances are present in the recyclate grades so
contaminated materials are not introduced to new
models.

Separate analysis was done of development grades,
which confirms that all heavy metal contaminations are
well within the limits set in the Directive (Table 4).

2.5
% 15 +/-0.25%
< 10
= —e—MD
ﬁ 0.5 4|—-—TD

0.0 — —

1 2 3 4 5 6 7 8 9
Month

Fig. 6 Shrinkage variation over time
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6. Cost Benefit

The cost reduction achieved for the developed ASR
recyclate grades compared to existing mass production
materials is shown in Fig. 7.

For Floor Under Cover a cost reduction of 60% per
kg has been achieved by applying ASR recyclate
compared to the Honda Bumper recyclate. Honda
Bumper recyclate is continued to be applied for new
CIVIC Cover Assy Front Bulkhead Cover. The cost
reduction for Inner Fender compared to the previously
applied material is 12%. The cost of ASR recycled
plastics is relatively stable and independent of
fluctuations in oil prices.

7. Conclusion

This development has shown that 100% recyclate
grades from ASR could be developed successfully for
Inner Fender and Floor Under Cover and applied for 06
model year CIVIC in Europe.

(1) Plasticscan be separated with high accuracy from ASR,
leaving low contamination;

(2) By modifying polypropylene recycled from ASR with
recycled TPO the balance of properties could be
achieved for Inner Fender and Under Body application;

(3) Significant cost reduction has been achieved; 60%
meaterial cost down for Floor Under Cover and 12% for
Inner Fender;

(4) Total recyclate application on 2006 model year CIVIC
has been increased;

(5) The compounding process applied takes into
consideration the varied quality of input materials and
is based to guarantee material specification.

This development has shown the potential of ASR
recycled polypropylene. It opens the way to look at other
applications of plastics recovered for ASR contributing
to more cost reduction and less dependence on natural
resources.
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Research on Automatic Inspection of Spot Welding Using Ultrasonic Testing Methods
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ABSTRACT

This paper discusses research on inspection
procedures and techniques for the identification of spot
welding indentations (*spot indentations” below). The
goal was to increase the reliability of ultrasonic testing
methods by focusing on the procedures that are used by
experienced inspectors.

A mechanism that is able to apply a uniform pushing
force while optimizing the inclination of the probe with
respect to the area being inspected has been developed.
With this new system, the center of the spot indentation
can be identified even when its outline is difficult to
determine.

The system was fitted onto an industrial robot
(“robot” below), and tested on the inspection of
automotive parts. The results indicated that the system
achieved the same level of accuracy as that of an
experienced inspector.
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Table 1 Applicability of nondestructive test methods
in 6 mm sheets
Object
Metal steel lr\ln%?;?rrous
Main nondestructive
test methods
. . Not Not
(a) Radiographic test applicable applicable
(b) Ultrasonic flaw detection Applicable Applicable
- : Conditionally | Not
(c) Magnetic inspection applicable applicable
: Not Not
(d) Penetration test applicable applicable
. ! Not Conditionally
(e) Magnetic induction test applicable applicable
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Fig. 2 Six-axis robot
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Fig. 1 Ultrasonic detection of spot welding
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Table 2 Robot inspection test

ltem Result
(1) Angle allowance * 1° below
(2) Off-set allowance + 1mm
(3) Consistent maintenance of accuracy Possible
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Nugget center line

Nugget

Oblique nugget

(a) Experimentally
produced test piece

(b) Actual work
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Fig. 4 Comparison of nugget test pieces

Fig. 5 Correct inclination of contact probe

(a) Normal steel (b) Galvanized sheet iron

Fig. 6 Spot indentation image by CCD
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LAy dLEEE LUZ(Fig. 7). A, To—T0
ARy MEICH R, \ESMHOSZFNZEN 3 EEE, 12
DEIU I HCEET 5. —DD ARy MEHEEHEIX 6
WRIDO(1HE & U= (Fig. 8).

ROEE IR 2T % 2 e AHER T A P E— AR

XY slider table

.- Urethane rubber

Contact probe

sl -

Fig. 7 Mechanism enabling response to change in
nugget angle
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—f%H & FHER Ay FHIR E B SI BB HER AR Y b
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Contact probe center I

Detection surface

(b) Direction

(a) Angle of inclination

Fig. 8 Angle of inclination and direction
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(b) 90° angle
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Fig. 10 Test : Change in inclination of work piece
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BARy MRISEENFREU S, BEIIIRIBTES
&9, MHL A ASHEZFE L (Fig. 11). IRAE, K
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(Fig. 12).
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Fig. 11 Method of imaging of spot indentation outline
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Red LED

Spot indentation {V._

Fig. 12 Imaging test

Fig. 13 Imaging equipment

Indicator of camera

Fig. 14 Identification of spot indentation by
developed system
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Fig. 17 Test piece
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Fig. 15 Developed automatic ultrasonic flaw detection
system
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processing end
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Fig. 16 Operational flowchart of developed system Fig. 18 Test results
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system fitted on six-axis robot
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(b) Test by developed system
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Fig. 20 Application of developed system
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Study of Small-sized Scooter Hybrid Vehicle

N FE
Hiroyuki KOJIMA
g H Al HY*
Noriaki OKANO

X H =
Takashi OZEKI

K W &
Yoshiaki TSUKADA

2 B

INA Ty BB Ot E /N 7 i e A\ T L
B EATRER TRV F—BDDRW, NAT Uy R AT L
DIFEWAR—ADEENTVBE R EDHRELDHS. TN D
DOFFEZ R U KB ORBEUE R ZE 5728, i
ELUTRBHCHIIEM TH B AR —% AC V2L —&
WCEBTARVYT ARy T AT L, BB &
VAT L, BETHIEANL FX Continuously Variable
Transmission(CVT), &inEERHE—2Z2HA LY
V=X« NS LIVENAT Yy RVAT LESEL .

K AT L7t U 7o R E S P50 c D R 7 —
ZEN—ACHW, Y—F FDI—T 4V 4T 4 AX—
ZEWARL, DD, NATVy RV AT L&V EL, HER
& 50 cm? TV Yy ompER L FEEDHAY A XZRL
. ¥z, MBI ECE40 E— R T60% DI LARB L.

I

ABSTRACT

In the application of hybrid technology to
motorcycles, some issues including limited space for
mounting a hybrid system and small regenerative energy
available during deceleration are present. In order to get
the maximum effect of improving fuel economy by
solving these issues, we have developed a series-parallel
hybrid system. This system uses a direct rear wheel
driving motor that can absorb the regeneration energy
during deceleration more efficiently. Additionally an idle
stopping system by use of a starter AC generator, an
electronically controlled fuel injection system, and an
electronically controlled belt CVT (continuously variable
transmission) system were adopted. Utilizing this small-
sized hybrid system the experimental scooter of 50 cm’
displacement achieved an equivalent body size as the
mass produced scooter with 50 cm? engine. Furthermore,
this equivalent body size was achieved while keeping a
utility space under the seat. Moreover, an improvement
of 60 % in fuel economy under ECE 40 mode was
realized.

1. FC&IC

AR, HUBRIEBE b iR ARE O W 722 32V BRI IOl
REMEF MO RN L BT EbN T3, “HETIE
TR S E O R ALK D TV B, FEES
X, IRECIC R U CRERIC RV E O B R 2B T #
AT R CERDRE > ToNA TV RYAT LD
ZHHEAOHHATH . Slbl, SR IREORMIXETH
%P8 50 cm® A 7 — At R E T — X R L
e =X« RTLIVBENAT )y R AT LZRFEL,
ECE40 T— RIZHBWVTEE 60%[A A HIH L =D Tl
9 5.

* ket 2 —

2. FELERZ

R/ NI R &3 % EREADNA T REHR O
FICIELLTF O K S B FEHEND 5.
« PO A A AR AR T 3L F—EAVDIR .
ATV RYAT LOBHAR—ANRE SN TS,
CNHOMEITH L, FAAVNE L, HELERO -
P& WL BbNn BHE 50 cm® DA 7 —2 720,
ECE40E— RIAZHIC I5U T50% L EodiRE ) 7 Fi e Uiz
WIRICER L COFEAHIEILLFD L BD TH 5.
(1) P& 50 cm? DL > ¥ > 58 LU R Continuously
Variable Transmission(CVT : fitEZS ) 72 i U 7o Hiy
& U TS RS ORI e RE
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(2) N— R Hijfj & [FF OB ERE

(3)N—RHHEFAFEDY—F FL1—T 1 U T 4 AR—Z
DR

(4) N—RHij & [FFOHEY 1 X
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Y, B—XDHEEEEZB TR HX
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THBPEE 50cm® DAY —Z DI IVF—HEIZDONT
DRMEFBTHN, N TV RUATLOREZB %>
7z. ECE40 T— FEFICH 2 T3V F—IZ OFFAG R
% Fig. 1 l1Z779. Fig. 1 O _BHE ECE40 E— ROHEH,
BUIN—AHB DT A)VF UL, FEE A TV w REL
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“in/\

B Running resistance energy
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O Friction loss energy of engine power train
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)
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Fig. 1 Energy balance in ECE 40 mode
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D, TV VEEREN 4200 r/min L RTI VY LERH)
ROBHEYIOEL TCT Y Yy RRERE LTHHET Y
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HAORMENZE L TWB VS FMEA L, Ml NAT T

Control line

| Management ECU | Bowor lino

DBW
Injector ';

CVT
driver

CVT motor /

Fig. 2 Series-Parallel hybrid system
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T ERGHLIREE S RS RENRDH S, TDIHFig.
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DBW O RTANENB LTS, IFx—I A b ECU I
TRV F—= 2T AV b B X ORI OEERS R D
X, FIBRE), DBWERHIZBC AV, Ty vH%EHIETY
% L[ERFHC, CVT RS A& PDU ICZNZNEEL >
F& MV oERESA, ETHE CVTOL YA, ARX—%
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ECU and
CVT driver

Ni-MH battery Motor generator
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PDU

Fig. 3 Hybrid system layout

4.4. FEFRTT
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TERENDZE, ERELXCY A AHMOFKEHS. Th
5D EMS, YV=ANAT )y REfFEIVY U EE
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T, YATLORE, INULICEGFITHS EEX
Tz, THIC, EAGTETRHICX ST Libing 70w REfTHE
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Fig. 4 Developed scooter equipped with hybrid
system
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Table 1 Major specifications
ltems Modified Base
Overall width (mm) 630 630
Overall height (mm) 1010 1010
Wheelbase (mm) 1190 1190
Vehicle Seat height (mm) 710 710
Luggage space capacity  (Litter) 22 22
Mass (kg) 93 81
Maximum velocity (km/h) 60 60
Type DC brushless -
Motor Maximum power (kW) 1.2 -
Maximum torque (Nm) 6 -
Type DC brushless -
Séig?;é? Maximum power (kW) 1.2 -
Maximum torque (Nm) 6 -
Type Water-cooled gasoline engine | Water-cooled gasoline engine
Displacement (cm?) 49 49
Engine Valve train SOHC 4-valve SOHC 4-valve
Maximum power (KW/r/min) 3.5/8000 3.5/8000
Maximum torque (Nm/r/min) 4.2/7000 4.2/6000
Type Ni-MH Pb
Battery Energy capacity (Ah) 5 6
Voltage (V) 36 12

Fig. 5 Luggage space
Wz Fig. 7 1RT. Y U—ANA TV v FETREEIE
DRFEEE Y Z v F OVFBERELL T T O AFEE ¥ K UK
E—2DRKINOHFANTSH D, MONNFTLIVNAT
U REFTULTea & D IARRAERME X 5 ik e L7z,
512. 2U—=ZXNAL TV vy FOMERRE
yu—fn479vFiﬁ%@l*»ﬁ-ﬁ%@%%&

EBT BV T IVEA LFEERIEE BSFC R ML RL—
Xﬁﬁ%%uﬁokm.

UTIVEA LEERIEE X, BB RENZY TV
2 A LNHANR RS FEEB LNy 7 U —DFRER 35
BHEVWEKIICT BT T, RRERLOKZIBHS
HlHTH 5.

BSFC A ML b L—XHlfHIE X, VT IVEA LFEERIE
TRE LT FEE 2 B T 7% 5 BRIC Fig. 8 IR BRI RIC
U THEE BSFC WNEL GBI VY VililERA v bk
ATZFEE BSFC RELTA Y (LLF, =y rarybo—
WAV EMT B)THRERBTAY, FHERITHT Z0E
HEZ R/ MET 2T THS.

Driving with belt-type
CVT (50 km/h)

Driving with belt-type CVT
by high ratio (50 km/h)

Min. BSFC
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hybrid (30 km/h)” 4
; : CVT (30 km/h)

< '%})
Fm‘—'#ﬂ“
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Engine speed (r/min)

Equwalent BSFC line

Fig. 6 Changes of engine operation conditions with
series and parallel hybrid
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14
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Maximum driving
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Fig. 7 Range of series or parallel hybrid driving

— 113 —



Honda R&D Technical Review

Vol.18 No.2 (October 2006)

5.2. iBR T )VF—[EIR

BORBHC T VT 2 A 7Ty FICK DTV EREIRD
BEaYI0EEL, kO VHETRIY Y VT L—F
ELTHBEIN TV ST 2 )VF—Z I ATfE L Uz,
Pos T 3V F—[EIERE S Fig. 9 1RT. ATy MVERH
Uiz & Zimuda BT 3V F—EINEB T I iz,

EHIE, WEHZIIIVF—E LD EZLEINT 22812, VU
Y7L —FAba—2aClt—X 7 L—FE4EICELD
T —FEEEOT M VF—RINZIB ko Tz,

JBoRmE R IE ECE40 £— ROESREEE ICH b3
EELTWA., £, JL—FmERIET—2ORKb R
ZERELIEREE LTS,

5.3. Z Dt DIRERE R
531. 74 FVGR YT
=T 1 e MZN g A RS e = € /9 S AP R = e 1

HlT2AMETFTETHS. AR TIIRBICEERNTH S

AB—% AC VL —REFHTHETTA RV T

AW T RBTHRWVREDONRER K- Iz

5.3.2. TV IV DEMRELFHT
RO ZFICTEREENTCIY Y VR BRB TR, Hil

& LTORBME L ZK - Tz,

(1) HERZERR L D 5K
IERICE—R 7 Y A MR TS T & ThEMIE
RS2 R LUz, £, 7IVIAU=T IR
DR K 2 mAMEREOUEZR > 7z, TnbickD,

Required generator power Min>-BSEC]|
S €R\
o
Q- . .
5 BSFC minimum point
©
q’ e —
c — ——
q') —
(D ———

Engine control line  Equivalent BSFC line
2500 3000 3500 4000

Engine speed (r/min)
Fig. 8 Engine control line

Regenerating at accelerator
close and brake lever off

/ Regenerating at accelerator
close and brake lever on

Regenerative braking motor power

Increase <:l

C=)> High

Fig. 9 Regeneration characteristics

Vehicle speed

HIERZEBA LI 2 IRV, HRH T A MRER T > v v Lz R
FEL7 E EMPHBEEZHIRT 22 LB TE .
(2) BEHHRR ORI
PBEDOUGE & & EITHEERL DR E BB ERED M -
WKWREETHS. 7V 7Y a AMRRDTDIT L RO
iz m L.
cAF T =T 4 VTERENER N ) T
CEANVIREBEY T TV gy G
ARTV T avA A=)V
« AEREEEA 1)L
RIENEA R 2V VT 3B IAGRIC B G TR TH
Bh, FAAIEEDLTaO—NA A E FL—RFTD
BRICH S, AR TIEA AV VTR LIAERT %
L eBITEZRETS T & TR EZ K - 72
ZWifb'Y 757 3w Mid Wonder Process Craft
(WPOWLERF i &2 IS L, ¥ A b L S B miflisEg —
bt 'Y 770459 % 2 L THakshiRiEtza L
DD, KiE&Lw 5 FEIHRZR 2D TH 5.
INEOFEMMICED Fig. 10 IIRT KIIcZ v r2ek
& U THERDHA R 50cm® DT>V LI LT 25% L4
FoTV Iy g AREESE. X5, HIEEORELIC
KOMEAE MV ZUGE L, U —2NA TV RETIR
DERT Y v EEEURIRIC & 2 BEEHRLEN R &
BREN RO 2K - Tz

6. FEHlc X BRI

6.1. ¥ A7 L\FENIKEE

Fig. 11 IC ECE40 £— FEITICE T 2 Y AT LMEHE—
R, B—%EEE)), HER, /\v TV —FEIREE(State Of
Charge, LARSOCE WD), Ty v OHERE RS
HMfEIERICIZ T A R Y F X by 7, FERICIE BV E
TZBTE>TVS. YU—ANAT ) RETRICE, U
TV A LIEB RN & 0 T— ZERBIFE NS T EN
BThbnTws. %z, Fig. 12IcR9 &5, YV—X
INA TV REFEOT Y Y VEiER T Yy av b
O—)VoA4 Y ECHBT Ehbhsb.

TARIVYITA Ny, EVEITRIC SOC 139 % H
ORIV F—DEINB X T 7V & A LIEE RO
SOC 74— RKNRw itk b, £— RETKRTEICIIRIGE
® SOC IZHIRL T 5.

Over [ Low viscosity oil

25% [J Low friction oil seals

[l Low tensile force piston rings
O MoS, shot piston

Motoring friction

Base Modified Motoring at 8000 r/min
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Development of 1.8L CNG Engine for 2006 CIVIC GX
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Hondald 1998 4F & © & L T2 KR A HBH CIVIC
GX 7% 2006 FET)V& LTHFEL, #Hifz7x Compressed
Natural Gas(CNG) T ¥ V2 LG L7z, T OFflT
VI, HEILICALET AL, PEREDNLA & A2
BHEWR S ZhR—)V RIS K D 15% D ik E&ER L
Fo. Eiz, WEKFPEACICEX SR EV a2 {HE, ik
BRI DR 72 A > U T AT RRE S O A G DRI K D,
IV VHABRENS 4 %M EUTz. HEH A KBRS & U
T, R =F—IV R~k ) Ay R, 2y Rfi
BORMAICK D, BREREZK 30%HJk L DD Advanced
Technology Partial-Zero Emission Vehicle (ATP-ZEV i) i
e U, Bl KR bic X3 ERICh D 59, FTP
highway mode Tl 15% O¥ & M) 298I L, Combined T
& FSEOMRE 2 LTz,

ABSTRACT

Honda has developed the 2006 CIVIC GX, a natural
gas vehicle that it has been mass-producing since 1998.
For this model, Honda has developed and fitted a new
Compressed Natural Gas (CNG) engine. This new engine
was designed to further enhance power. The increased
engine displacement and use of a variable-length air
intake manifold have achieved a 15% increase in power.
In addition, engine fuel consumption has been reduced
by 4% through a combination of a reduction in pumping
loss due to the inlet valve delayed closure, and a
charging stroke injection that harnesses the properties of
gaseous fuel. As a countermeasure for tail pipe
emissions, a cylinder head integrated with the exhaust
manifold and a close-coupled two-bed catalyst have been
used. As a result, the amount of precious metal used was
reduced by approximately 30%, and is in compliance
with the Advanced Technology Partial-Zero Emission
Vehicle (ATP-ZEV) Standards. Despite the increased
weight of the larger vehicle design, the CIVIC GX
achieved a fuel economy increase of 15% in FTP
highway mode, and an equivalent fuel economy in
combined mode.

1. FAHE

JEAE, KREIGHS L ORI 5 X F & F BRI DR
AENTED, & SICHIBRIREL IEOBAA 5 CO, il
LIEHICREAFEL > TW5. BREMFEOEN TR
F&RE9 & LT Non Methane Hydro Carbon (NMHC) #EH 2352
HictaTthsd CNG TV VA% 5N %, Honda 1&
1998 4EIC CIVIC GX W2 FE5e L, ERBERTREAN ORI 2 E
DA ZEIBT IR o7z, 2001 FEET)L CIVIC GX(D17A #T
V)OGS T ATP-ZEV HNSEE Lz, T
J&, 2006 EET )V & U CEREMREZHEHFL DD, 5k
TPPERE &R 21 L L7 CIVICGX | CNG >y

k PUSRBHRE 2 > 2 —

RISATIZRARE LTz, WA MER TR X 288 M L EHl
(D, @B PNCHRET 5.
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(1) PNIARERE B i D BEH AT A M RE
HATHREH LY ATP-ZEV DS
rzrvyrvHhmk
(3 Ty UEN b

— 116 —



#8 CIVICGX FH 1.8LCNG ITVI VDR

3. BIELFHTT

3.1. CNG IR

CNGZ, M, HARAMSRIMENZ A2 2L L
TTRVETOTIVAY EETOBHE, NEEDEEE
TEMAMETH%. Table 1 I CNG DERT TH S
AR eV OREERT . NIRBEBERE L LT
DRI,

(1) Research Octane Number(RON)A3[A] | L, K&
TaffE D BRIED B T2 8 [T i LS DY E

(2) KRR D 728, R OERE )T 10% LA 7R
KT

(3) KUARBREL D 12 8 T 3 U F— 3K/

(4) ZRB bR FHEH DR 30% D730

ThH3.

INIARRBE R & U CoFeEAERIE, A SN B RAXD
REETHD. FRTHB ARV,
(DHEEHZODORAETIIAVY 72 kA5
(2) [FA—225UT 09 2 PR 22 PAE FH Y DO FEEAVR T RS
(3)10% L LA EME R 5728, 1Y A7)0 EbD

FEEANR S [ARRICIK R
LixBd. AV Y EDFRRROILEZ Table 2 ICR7.

32. TV UHE

HERTUDITACNG TV VY L DR T, FARE LTV
% R18A #INV ) vV DLtk Table 3 1I/RT.
AV MDD S DO FIRE T NI,
(1) AL AT
(2)CNG BREMILAEZR D
TH3.

BRI CNG T2V Vb D28 W ki,
(1) R F DTz DISTTER CBi R -vTEC £RA
(2) ol kot B AGE R
(3)LAF+0, A/F fillfi~oDZ5 5
TH%. Fig. 1 IC&EKKERT.

4. MEBRERIN

4.1. /WEFAER Clc L 28R L3R
ALYV, BEm BRI LT, WAPERT
I &K B Ry THIARF M2 EA U, Fig. 2 1ciE&X
ZRT.
PR UM RIS X B IR GER R,
(1) R T HESAK
(2) FBNEARLLIRTT, mlRIC X 2 B8R oss
(3) RN A LEAK R I &K % RN EAK R O 7z & B 1 2%
1 5k
DIHERND 5.

Table 1 Comparison of methane and gasoline fuel
characteristics
Fuel CH, Gasoline
RON 130 91
Weight 17.2 14.5
A/F 8.3 x10°
Vol .52 :
olume 9.5 (Liquid)
Charging efficiency (%) 90.5 100
Exhaust gasl] CO, (%) 9.5 13.5
at stoich. H,O (%) 19.0 12.5
Table 2 Comparison of methane and gasoline
heating value
Fuel CH, Gasoline
Lower (MJ/kg) 50.1 427
heating (MJ/air m3) 3.80 3.80
value (MJ/air+fuel m?) 3.42 3.80
Table 3 Engine specifications
Engine code R18A D17A
Fuel CNG [ Gasoline CNG
Cylinder configuration In-line 4-cylinder In-line 4-cylinder
Bore x Stroke (mm) 81 x 87.3 75x94.4
Displacement (cm3) 1799 1668
Compression ratio 125 | 105 12.5
SOHC i-VTEC SOHC VTEC-E

Valve train

Inlet delayed closure

1 intake valve inactive

Number of valves

4 per cylinder

4 per cylinder

Valve diameter | IN 32 30
(mm) [EX 26 26
Cylinder offset (mm) 12 0

Intake manifold

Variable intake system

Conventional

Fuel control

LAF+O, sensor

0,+0, sensor

Fig. 1

R18A i-VTEC CNG engine

Log pressure

Lower
cylinder
pressure

Enhancement
of thermal
efficiency

-\
—~

Reduction of pumping loss |

(a) Normal cl

1
Log volume

osure

Log volume

(b) Delayed closure

Fig. 2 Comparison of P-V diagram between normal
and delayed closure
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L= Gy
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AP USRI MR E &5 b,
(1) R THEEDEK
(2)Bh#om
(3) BEAHAR I DAK IRk
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Fig. 3 Comparison of theoretical thermal efficiency
between conventional and delayed valve
timing
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TlE Variable Valve Timing and Lift Electronic Control
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DRVEY TR BB L TREZRET 5. T OFE T
ATy MbE VTEC Z#Hia#E L7z i-VTEC #Hc X D
FEPIRVICIS CTHII A L EEFA U A L 2 I UL Z %
CEMNAREE > T 5.

Fig. 4 IC i-VTEC WX U OB Rtz ~d . i
VTEC DYz, vy A7 —LNEOY 7 A kY
EMETBEIE S Tcay A7 —LOEE; e nitx ks
ThS. ALYV TIE, TOYZEREIE 2 FORTT
DOy AT —ICDRFHL TS,

WA LEERE S > 7 A b B EMIETEE S
clicEkby AN ARYEEL, AL T O
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(a) High-output cam
Piston A

Cam profile A
(High-output cam)

Piston B

Cam angle

(b) Delayed closure cam
Rocker arm A

Cam profile B

(Delayed closure cam)

Rocker arm B

Cam angle

Fig. 4 Rocker arm and cam profile
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Fig. 5 Relationship between I.V.C. and output power
and charging efficiency
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Fig. 6 Comparison of ISFC between conventional
and delayed valve timing
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Fig. 7 Comparison of mass burnt ratio between
CNG and gasoline
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8 go |[Fuel :CNG

€
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P High-output cam

@ 20

= 0 Delayed closure cam
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Fig. 8 Comparison of mass burnt ratio between
conventional and delayed valve timing

__1oo

X Engine speed = 1500rpm

o 80| Power = 2.94kW

g go |LFuel - Gasoline

E

2 40 [ | Delayed closure cam

@ 20 i

= 0 High-output cam
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Crank angle (deg)

Fig. 9 Comparison of mass burnt ratio between
conventional and delayed valve timing

Table 4 Comparison of IG to 10% mass burnt and
10% to 90% mass burnt between CNG and

gasoline
Fuel CNG Gasoline
IG to 10% mass burnt (deg.) 33 38
10% to 90% mass burnt (deg.) 33 30

Table 5 Comparison of IG to 10% mass burnt and
10% to 90% mass burnt between
conventional and delayed valve timing

Fuel CNG
Inlet closure High-output| Delayed
IG to 10% mass burnt (deg.) 33 40
10% to 90% mass burnt (deg.) 33 43

Table 6 Comparison of IG to 10% mass burnt and
10% to 90% mass burnt between
conventional and delayed valve timing

Fuel CNG Gasoline

Inlet closure High-output| Delayed [High-output| Delayed

Injection timing Exhaust | Exhaust | Exhaust | Exhaust

1G t010% mass burnt (deg.) 33 40 38 46

10% to 90% mass burnt (deg.) 33 43 30 37

HiHA & BSFC DORIRART . M U & WAL TR 7 fH A
BbEzlickb, ¥5%D BSFC Al EWHERTE .
14 LTk BSFC M LIdERE T E ah o T
BSFCHMAl L U7z T & 2l RS 5728, Fig. 11,
Table 7 ICEEMYERIG 239, HEXU TS T4 10deg
RO T 7 ERABEIRI A 8deg ke S NI HMRER T,
1 L A FO ERBEARICEIE L TWa 2 b
5. AV EDTE, CNGEWATITIEES L=/
Fuel :CNG

High-output cam |—
ki
Delayed closure cam

5g/kWh

High-output cam Delayed closure cam 1g

Injection

timing k 12
0

~Exhaust Charging

Engine speed = 1500rpm
Power = 2.94kW

BSFC g/kWh

1
5
Valve lift (mm)

mmmmee e Pt == == =T o >

-360 -180 0 180 360
Injection end timing (deg)

Fig. 10 Comparison of injection timing characteristics
between conventional and delayed valve
timing
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Fig. 11 Comparison of mass burnt ratio between
conventional and delayed valve timing
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Fig. 12 Comparison of SFC between conventional
and delayed valve timing

Table 7 1G to 10% mass burnt & 10% to 90%

mass burnt
Fuel CNG Gasoline
Inlet closure High-output| Delayed |High-output| Delayed
Injection timing Exhaust | Charging | Exhaust | Exhaust
IG to 10% mass burnt (deg.) 33 40 38 46
10% to 90% mass burnt (deg.) 33 35 30 37

Table 8 Comparison of friction between conventional
and delayed valve timing

i Indicated BSFC
Power Friction :
ower reduction
(kw) (kw) fkw) %)
High-output cam 2.94 3.18 6.12 —
Delayed closure cam| 2.94 2.97 5.91 3.5

35 ¢

3.0

High-output cam
25}
Delayed closure cam

2.0 -
-100 -80 —-60 -40 -20 0
Intake manifold pressure (kPa)
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Fig. 13 Comparison of friction between conventional
and delayed valve timing
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Fig. 14 Comparison of friction between conventional

and delayed valve timing
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Fig. 16 Engine performance

Table 9 Comparison of engine power between D18A

and D17A
D18A D17A
(CNG) (CNG)
Max. power (KW/rpm) 84/6300 73/6000
Max. torque (Nm/rpm) 148/4300 130/4200
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Fig. 17 Operating region of delayed closure cam
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Fig. 18 Exhaust and catalytic converter system
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Table 10 Achieved fuel economy of NGV (Label FE)

Label FE (mile/GGE)

City HWY Comb I.W. (Ib) [Transmission
[ 2006 model 28 39 32 3250 5AT
[2001 model 30 34 32 3000 CVvT
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Accurate Idle Speed Control for Gasoline Engines with Continuously Variable Valve Actuation

"B % Z o oA ek IE i
Kosuke HIGASHITANI  Yuji YASUI Masahiro SATOH
2 5 ABSTRACT

] AR Y ) Y, Avy RV
%<, INVT TRAZEG R 2L T2 7, Rey s
OAZERTESD. —H, /T U T MO 3 A2 &=
DIEENE L, HERDT A FIVHIETIE, 74 FVEMEZ
EAEEICTIEY 5 C LIZNHETH 5.

Z TTARWIZETIE, HLWT A R)VIER B 72 %<9
%. TOHLOT A RVERERIEOR L, ThETh2A
HIERATA T ¢ 27— F7)V 3V X L2V TRAZER
B & RO Z P STV B RTH D, KREXR
fRACIZZE LR RIE TS U, /NS R A2 & AR
TS BT LIic kb, 7 A FIVEEEIK Mg e 9
BRNE T Y VA OFIEZFBIL TV 5

ZORIR, MR ZEFEMA TV Y I VIS BY
T7 A FIVEEEUR R 2R8I L, 77 A ROV D ZE M
ZM FEEBENTE .

A gasoline engine with continuously variable valve
actuation uses the valves instead of the throttle to control
the suction air amount, thus reducing pumping loss.
However, just a slight change in valve lift causes the
suction air amount to vary greatly, which makes it
difficult to accurately control idle speed when using
conventional idle speed control.

Accordingly, in this research a new method of
controlling the idle speed was proposed. This new idle
speed control features coordination between suction air
flow control and ignition timing control, each of which
uses a two-degree-of-freedom sliding mode algorithm.
Large deviations are corrected by air flow control, while
small deviations are corrected by ignition timing control,
thus realizing fine control of engine speed, which is
necessary for reducing the idle speed.

As a result, it was possible to reduce the idle speed
of a gasoline engine equipped with a continuously
variable valve actuation, as well as increase the idle
speed stability.
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(Accurately Cooperative Two-input Idle speed Control :
ACTIC)ZEZR L.
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Proposal of New Bearing Simulation Rig Tester for High Efficiency Engine Bearing Development
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To select bearing specifications for an engine using
a bearing rig test, it is necessary to achieve sliding
conditions that are near the actual operating conditions
of the engine. A new bearing rig tester with low
resonance and high rigidity permits high frequency
excitation and has a mechanism to correct misalignment
between the axle and the bearing. This rig tester can
reproduce load fluctuations under the actual operating
conditions of the engine. The test equipment makes it
possible to clarify for the first time the mechanism that
causes the difference in the break-in performance of lead
alloy and aluminum alloy bearings. It was possible to
evaluate the small end bearing fitted on an actual
connecting rod, and the sliding characteristics caused by
different surface treatment methods for the small end
bearings. In addition, it was possible to measure the
friction coefficient of the bearings with high
repeatability, and efficiently evaluate the bearing
material.
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Fig. 2 Differences in sliding parts by load type

Table 1 Performance of new bearing rig tester

ltem Performance

« Use of various entity connecting rods

« Synchronization of X, Y direction loads

* Generation of various load waves

« Frequency: 300 Hz Load: +10 kN

« Synchronization of bearing load with shaft angle

Bearing slide conditions:
Similar to actual engine

« Construction that can separate torque meter

Tester protection from seizure
from motor torque

* Adjusting mechanism of bearing-shaft tilt
* Roller-type support bearing
* Multi-point measurement of bearing temperature

Repeatability of test results
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Fig. 3 Structure of new bearing rig tester
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Fig. 4 Resonance frequency difference by frame type
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Shaft rotation speed: 7640 rpm
Shaft diameter: $50 mm

Oil feed pressure: 300 kPa

- @ Qil feed method: Housing supply
Shaft roughness: Rz 0.8

Shaft material: S48C

Shaft heat treatment: GSN
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Fig. 8 Test pattern and example conditions in static
load testing
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Fig. 9 Comparison of bearing temperature by tilt
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Fig. 6 Rigid-type connecting rod
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CFD Air Flow Analysis for Air-cooled of Motorcycle Engines

B 5 A
Yasushi TAKAHASHI

® Mo
Yoshitsugu GOKAN

2 B

ALY DRFEDTZD, HHIECD CFD(Computational
Fluid Dynamics) iz 52 o7z, T2 Y U AEOiEEHIEC
&, TmE N ETH . L L HZEa Ty
YOG, BEVEETIICHED 5 21F 50w b, WEL
TABHIDMSEE ., BT Y NKISHIT ¢ iz ETRIRDYI 1
Mizizsh, BFEAOHE FOMERICR KR THEES. £/-m
LA /)R (Re) I & & Re BN —DDOF FELICIE
169 %728, BEERIOBE R DS 5. £ T, EHFKD
Sl 2 ERRE A T CatEd 5/ = v )b LiEE Tz
fEpTRE RS RS RE O ERER & b U, B a—3e A
fe. ESIAIVROT FOY—IC & OB U armMmER
DOEHC R b, TV VERICERGHEMES Nz

ABSTRACT

In order to develop an air-cooled engine, cooling air
flow was analyzed by CFD (Computational Fluid
Dynamics). Cooling performance of engine is necessary
for precise temperature control. However, stable radiation
is difficult for motorcycles because of the driving wind.
Cooling fins are thin and complicated; therefore plenty
of work time is necessary to create a boundary fitted
mesh. In addition, since low Reynolds (Re) number area
coexists with high Re number area in a calculation
domain, applications of the wall function are limited.
Therefore, we employed the Partial Cells in Cartesian
coordinate method, which expresses complex shapes
according to turbulence boundary conditions in the
Cartesian coordinate. Analysis results showed good
agreement with wind tunnel test results. Furthermore,
useful knowledge in engine developments was obtained
by examinations of local heat transfer coefficients
calculated by Karman’s analogy.
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Air-cooled engine design CFD analysis

/l Cooling fin shapes of engine |

Vibration restraint rubber
shapes between cooling fin

1. Effective use of
cooling air

2. Enhancement of

oil cooler performance > Ol cooler position |

Air channel shapes in

3. Oil cooling system cylinder head

around combustion
chamber

Cooling fin shapes in air
channel

4. Minimization of heat
source in cylinder head

Oil jacket shapes in
cylinder head

[5. Adoption of fuel injection |

Pathway of cooling oil |

Shapes of exhaust port |

Fig. 1 Relation between air-cooled engine design
and CFD analysis
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Input data Input data
Object shape Cartesian Object shape
° coordinate
(solid model) mesh
Mesh
generation
\ A\
CFD code with Partial T
Cells in Cartesian CFD code
coordinate method with BFC

Fig. 2 Comparison of data flow between Partial Cells
in Cartesian coordinate method with BFC

Partial cell Hexahedron cell
: — Fluid
K
4
/
[ Wall wall
\
Ol DT s

(a) (b)

Fig. 3 Examples of partial cells (a), and partial cells
divided by wall (b)
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| Solid modeling of all engine parts |

3D-CAD system
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Outputs by STL data format |

| STL data correction |
3DataExpert 3

| Assemble of all parts |

Cartesian mesh definition,
setup boundary condition

CFD code on v
Itanium parallel | CFD solver |
computer 3

Calculation of heat
transfer coefficient

v
3D: AVS/Express | Graphic post processing |
v
Fig. 4 Procedure of air cooling engine analysis by

CFD code
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Fig. 5 Calculation flow chart
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Fig. 6 Stream line around motorcycle
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Fig. 7 Section-cut post processing

— 143 —



Honda R&D Technical Review

Vol.18 No.2 (October 2006)

RY. KEKD, 7Y b RAYDEKA THNDEENT EHD
M. REETEZAVEHMEEETHZDT, FEZM
TR ESICHENDTRNE D L HENEI NS,

BEL AL R OZ Y MR D28, Fig. 7 (d)ic, R(3)
I K DRDIBEFERE y+ DR .

B plC'l;Mkl/Z
Cu

CCT, pldHEE, 1I3EEDDOHRE, C, FERETIV
EE0.09), k FEATIVE—, p 3HMERERTH 5.

Fig. 8IZHIX & [A—DFERE=ZICERRLIZEDTH 5.
Fig. 7D XtaR T IR O TR RZ/R LTV
%H, Fig. 8O =HeFrh SIEREL OGRS R FEAEL
N%. Fig. 8 (a) ZHAKHFDIE NN THS. 22)11ERE
M9 2 BRICIE T DIESID 5597 /17%23Kk %, Fig. 8 (b) &
HIARE © OF#E, Fig. 8 (c) IXHARE b DENKE TH 5.
BRI S A SYMAREH L OWSEIE 0 TH B DT, BECKE
g 23— v V)V ADHREEEN®E THS. &
IS=T v DY A R3EALICE RS 128, FRENK
EAEED B AT mm BN Tz 5 OGN X > THRAZ-> T
%. TD, HNOMHHER L UTHSBIIETENRET

+.

(3)

(c) Turbulence velocity (vk) near wall

HB. FIEHEMAT T, RIS E DN OREVR &k
D, TVVUEIBOWENAEIC TR 2 h 7R E OE R R
DDETHS. Z T T EERT RV F—h5, A(2)
ROy vRmMOBMLERZFEIN L. ZTOMR%z
Fig. 8 (d)ITRd. X, “ U v ZAw RBEXUNY RAN—
OPLBIRIEES 27 5 > 27 75— A J13—Rii )57 EFRtan
LT AIE 360 W/mK ITiEL, MR EWwT L, DX
DEAD BT & %RT .

42. ) VET 4 VEAY DiEh

YR T 4 VEDOREIkDTHIC, T4 VEDD
IS—=F 4 )V b L—RKIC X B KRR MLUEER % Fig. 9 1
RY. RN—=T 4 7V =R, RO Bk 2RE
LZ Ok OWiliZz#RRd 2T, BRI THEZ Wz
FROFIAUEICHS L, EERTIEmFE T 5. b
AREET A McEbET0km/h & Lz, 2OV
DIFHT 4 VRO FHRIE TV A VIR -> TV T &
THBH, YVETavr07 ¢ Ay kRN
T 4 Vo THNE D LY P V% AADE D IARIZE T,
ANSIEEEL TOIRADBIEE NS, 2V VR D%
R, B& 5 ERKTITRHIzoDT Y X7 1 VI

(d) Heat transfer coefficient on surface

Fig. 8 Post treatment derived from CFD results
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Fig. 11 Flow visualization by wind tunnel with smoke

Fig. 12 Overhead view of cylinder block of prototype
engine
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Fig. 10 Velocity vector around fins

Fig. 14 Flow analysis around ignition plug
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Characterization of Dielectric Energy Storage Mechanism and Achievement of Continuous
Production Method for High Capacitance-targeted Ultracapacitors
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ABSTRACT

To achieve high energy density activated carbon for
use in ultracapacitors for automobiles, an activated
carbon with twice the specific capacitance per unit
volume compared to an isotropic activated carbon was
developed. The hypothesis was that higher capacitance
is related to the space-charge polarization of the inner
edge plane. As well, the preparation of graphitizing
carbon domains was researched. The high graphitizing
activated carbons derived from new aromatic compounds
demonstrate higher capacitance. Activated carbons
obtained by conventional mass production have batch
processing issues, such as contamination by metals
generated by etched reactors, variation in capacitance
within production batches, and generation of potassium
metals. To resolve the above issues, we investigated a
continuous mass-production process, and have
successfully developed a new KOH activation process.
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Eq. 1 General formula of capacitance

40 T T T T T T
o O Novel activated carbon
£ 35 _ONoveIactl ,,,,,,,,, _
e L o
g 30
=
= d
g 25 ! J ! ] !
% : i cart;)onsi : i
g p BEETg
E |l T,
2 ; ; ; ; i :
S T
10 é | | | | |

500 1000 1500 2000 2500 3000 3500 4000
Specific surface area (m?g™?)

Fig. 2 Relationship between capacitance per unit
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Fig. 4-2 Mechanism of vessel corrosion in conventional KOH activation process
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ABSTRACT

To increase the durability of multiple-plate clutches
used in automatic transmissions, attention was focused
on the wear history of the facing material. Measurements
have confirmed that correlations can be observed
between initial wear and disk contact pressure when the
clutch is engaged, and between steady wear and plate
temperature. Next, simulation technology was developed
to quantify the disk contact pressure and plate
temperature. When simulated contact pressure
distribution and temperature distribution were used to
establish correlations with durability wear, good
proportional relationships were found in both cases. It
was also found that when clutch specifications and
driving conditions were varied, the gradient of the
correction also varied, but the correlation remained
proportional so long as the same facing material was
used. The gradient was ranked as a wear property
peculiar to the facing material. By determining the wear
property of the facing material, it was possible for the
first time to predict wear condition in a test of the clutch
as an independent part, for any arbitrary set of clutch
specifications and driving conditions.
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Establishment of Analysis Method for Weight Reduction Design of Motorcycle Frame Parts
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ABSTRACT

In the present development of motorcycle frame
parts, basic skeleton layouts are designed by repeating
some examinations in order to achieve weight reduction
considering rigidity and strength targets. Various
structural optimization technologies were studied to
reduce the man-hours required for the repeated
examination. Instead of expanding the design area of the
topology optimization technology, an analysis was
established by using a method of virtual rigidity
enhancement. The analysis obtains ideas easily and
rapidly for weight reduction in consideration of rigidity.
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Method Thickness optimization Shape optimization Topology optimization
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De_S|gn Thickness Dimension Density
variable
Low analysis costs (Shell model) Effective for finding ideal shapes Low analysis costs
Merit Easy to set design parameters Easy to set design parameters
Fast calculation time Fast calculation time
Difficulty in analysis by solid mesh Large amount of man-hours Difficulty in design area setting
D .. | models Difficulty in design parameters setting of complex shapes
emerit e . .
Difficulty in analysis of complex shapes
Long calculation time

Table 1

Comparison of various structural optimization methods

— 164 —




“HERT L - LEBmOBEELREHETRTDOER

N\

Design domain | $
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Fig. 3 Topology optimization using density approach
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Development of Exhaust Orifice Noise Optimization Technology Using Light-CAE
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ABSTRACT

A prediction optimization technology for exhaust
orifice noise and exhaust gas flow rate has been
developed as an easy-to-use development support tool for
designers.

The accuracy of predicted exhaust orifice noise was
increased by using the Lighthill analogy and by
correcting for airflow noise using empirical values.
Combining this optimization technology with a Light-
CAE system enables the relationship between the design
parameters and the target values of orifice noise and
exhaust gas flow rate to be represented by an
approximation function. It also allows designers to carry
out analyses in real time. As Light-CAE systems can be
easily used in the initial design phase, this technology
is positioned as a product development support tool.
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Study of Base Number Estimation Method for Engine Oil Deterioration Monitoring System

Mo fL—ap*
Koichiro AIKAWA
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Masashi MARUYAMA

2 5

ARWFZETIEA A NVHEDFIREHEIC W 5 4 5 M,
Base Number (BN) DA {LHEEHAfi Z#5ZE L7z, BN D>
Z NOx N7V v 7AETHNTAGH, FICEALE NOx I
MBI ND T ENBHENTZ. ESICFE R Z B
TholeA8R, BNEDEERALEHERIC KD ERT T EN
ARETH B T b o7z, TD BN HfbsjgEFH L
THEBOIZY Y VNICEIT S BN ORI UESR,
BNEZXY VIV AT LE UCHEHANRERERSZ. 2D
HEFERZHWT, ECU(ZYYyayba—)ba=yv k)
IZ BN Dbzt I ¥5cic kA R—=RTBNS
e cEB T R LK.

ABSTRACT

In this research project, technology for estimating the
base number (BN) deterioration, used as an index for
judging engine oil deterioration, was developed. A
detailed investigation using an NOx bubbling unit was
carried out, and as a result it was found that the speed
at which the BN falls is determined mainly by heat and
NOX. In addition, a detailed analysis was carried out, and
it was found that the reduction speed can be expressed
using the differential rate law. A study of the possibility
of estimating reduction of the BN in an actual engine
was carried out using a BN deterioration equation. The
results of this study showed that it was possible to
adequately estimate the BN. This indicated that it is
possible to estimate the reduction of the BN on-board
by the engine control unit (ECU).
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Table 1 Sample lists for deposit temperature
preparation

SampleOd| MileageO BNO Ol Test
no. [km] [mgKOH/g]
1 4337 2 HondaO Hot tubelO
genuineld test
20 44700 1.390 T T
30 50000 1.700 1 1
40 68920 0.530 1 1
50 79850 0.110 T T
60 91560 2.30 1 1
70 103010 3.20 1 1
80 122740 3.40 T T
o 135850 1.70 1 1
100 161750 1.70 1 1
110 186160 1.50 T T
120 250320 oO T 1
130 -0 (o]n] 1 EngineO
140 -0 0.520 T T
150 g 0.90 T 1

EEANIIEARINC T VAV AT A L ABEORGEZH LTV
%. TIVAVAFTAETIVAVBENRDT S & Z 0%
WL REZMEEANRDH D, TI VA AINVICENTE BN D
AN K 0EGUENGE GB EEABNS. BNORDIC K
D TFRY Y MEEBRREMES HEDE DD TH S
EEZBNS. TOXIIC BN EEiRTRY w MIZHS
WsAHBEERD S S T e D, —fRNIC T Y VA A
JWOMRICEEAINSH BN OffFIREAMEIE 0.5-
1.0mgKOH/g L EN5 T &2, AWIZE X D IG5 NI
BTiE, BNEFRAMEICIT 2 7Ry MERFIHEE X
230°C-250°CHEETH 5. IV I VA AIVRET S
S OREIRE L IZIE L THY, RAMEE LTEZYT
HBENZB.

2.2. BN LEREEFDBER

Fig. 3 IC BN &A1 I)VHEEHITROBREZRS. 70
WKHWEAAIIE TN T 5L 72 O TETHE
i, TR R SRR R 5 e 8 DTH B, ATl

200
_ ® Al
IS L
s 160 H Fe
2
C
o
*5 120
€
g
5 80
(&)
S m
2 40 :
; & T "I
od 10 20 3

BN [mgKOH/g]

Fig. 3 Relationship between BN and metal
concentration
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Table 2 Sample lists for metal concentration research

Sample no.O0 Mileage [km]O BN [mgKOH/g]O
1 19310 1.580
2 20000 1.580
3 20000 2.060
4 29820 1.820
5 30000 1.9900
6 40000 1.210
7 42800 2.210
8 45320 1.300
9 50000 0.540
10 50380 1.620
11 60010 1.320
12 63710 2.080
13 78330 0.000
14 78950 0.090
15 89830 0.650
16 91820 0.000
17 92000 0.470
18 105520 0.010
19 109010 0.010

20 139370 0.010
21 150000 0.000
22 156480 0.010
23 158250 0.860
24 200000 0.000
25 246300 0.010

R U7 A )V7 Table 2 I/R9. BN WA d 5 &4 1L
HOBERED G ARBENDNDNS. Thid BN O
TEEPRIRE NS {72 h, ZFRUcthugd 1 IVhsaEBk L
ESENZE AIVHITBTHT T EDEREEZSNS. 20O
X951 BN BEEEREROBN, b L EE AL A IVAHE
DIFETH B L VA 5.

3. EBIck B BN HLEERODEH

3.1. BN O%HLER

BN Zikb&828DE LT, BlCZYY VA AIVE
ROBAL THERE N BIEMEIC X PRI BT 5N
%. HTICI VYV OIS T CTREERICE T A NOxX, SOX,
LT & ONNERNAHFE5NE. ThbOBMEYE X
FAIVHITIRA L O35517x EOBEEAMEYHE L KR L
BNZJHDEEZEEZONS. HAICER MR EERD
TREDREMELC D BN ZIDEIEZEHEZEND. T
NS OB RN S 12DICT VY VA A VDO HE
FiERZ NOX N7 > FidBRic T 275> 7. Fig. 41
NOx /N7 > 7 ik Bk i O s 2R 9. S L KIX
NOx A A, BEEGY, KA ZHWTZ. 7 X M &% Table
3 I/RT. NOx HAE NO HRAZEHAWE= chidzry
DS —AN NOX DR 7EHFHNIAERZDIF L
AEM NO THolzdTHB. NO A RS
NA AU EAEND. BT EKITREIAR, 537K
DG IIEIRIC NO HALRAEINS. BEICIERY
A AV V72150 CTHERE L ZOR I 2V, Thidse
BRO AR 2 A U LRI R E 20 R 1210 28

Table 3 NOx bubbling test conditions

Test conditionO
NOx (ppm)O 0 to 27760
WaterQ Steam with aird
White gas (wt%)0 50
Oil temp (°C)O 25, 80, 1500

oil10 Honda genuine-10
Oil 20 Honda genuine-20
Oil 30 Specialld

L, HHEEREEERBREOIREISE DT S
BIREHS TN D, SOXKTIIMENC X B & TADKREL,
SENETIVT 7 —T7 1) —DRZEx G L LicTeHFREICA
NTWaEVY. BN OHEFELIZ IS BXU ASTM TEDH LN
THED, RRETIETRT IS K 2501 iDL HHgkic
THIEL/z BN Z#HLTWV3.

3.2. Bt &% BN D%k

IV VFAINICEADRE Z I, BN B35 5K
LT,

(1) BRI B AR DZE B ik,

(2) VIV AIVAKDBALTERE NIV R Ve
DHFI .

() Zofir> ¥ > A VA OREILIC X 2D K.
fo & Z X Wind s &2 3 AT OB LI X B RiB 0
ERR.

BENEZBNS.

NOx N7V » Z3EZ W T I Y YV F A1 JUIZ NOX 7%
EDHLENIIREN L ERDOREARDR LY Y VT
AICHZ Tz &D BN OH{LEEZFTz. BN Bt
SO Z BT, BNAHILHERE LTERT T L Z2idH
Te. AT TR BE© % Wz, Fig. 5IaRd £ DBN
BT 2 SIS BU fight LTS RK 2 ThH 2 LHEE S Nz,
T T°C BN ICHT 2 KK E 2 EAGE L THIbEERE
UT3EX(1)ERS.

NO/N,

Ai \\ Air + NO/N,

Exhaust

Water — Oil

<— Oil bath

Fig. 4 NOx bubbling device
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_ d[BAf]uem - 2
—z k\[BN] (1)
BN DOFHALHE DIRFEMAT M2 51l LA LR EEREL k, %2
TLZu A7y b33k, Fig. 61<9 & 9 ICERRBIED
HY BN OHLEEIZT L= AR THB L EZBNS.

3.3. NOx I£ &% BN D%k

Fig. 7 IC/R 9 K912 NOx ZMEIAL & BN DA L
1IRELZ%. BNDHLIE NOX ZMMZIALZWVIRETH
20T, ROITHL NOx 1T LB HLHEEE IR
HELTRIZDVERDEZTHS. TT T, NOXIZXK
HEEEE A LB L

3 d[BI\fc:li;lear,[VOX = k[BN]?+A, (2)
ElETES. R(2)DHE I NOX H O KB Z IS T
B, TNEND BN HLHEEDFA %S T & THER
kDB LMW TES. Fig.81C A & BN OBfR%ZE
NI AL & BN ICHBILRE S Z2HR 2. T
fF NOX JRIZICE > T A, DEENKELE>TVBT

nox

Ehbh B, Fig. 9 ITHEDKE X% NOX IBREICE L T

Oil temperature 150°CO ® Oil1
NOx Oppm AOil2
A Oil3

©
o

d [BNJ/dt

e

0.01 V(‘

1 10
BN [mgKOH/g]

0.001

Fig. 5 BN dependence of BN deterioration velocity
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Fig. 6 Arrhenius plot for reaction rate constant k,, k,

XLORELDZRT. A, DOBEEIE NOX D FRITIHIL
TVaHERZE. §bb A 13 BN ICHBIL, £/
NOX D ZRICEHBIL TR LWVZ S, LLEDOBFRED
A BHBERE kK, L9 2 L3 DBFEAKD IDE

nox

EABNS.

7 T
Oil temperature 150°C ® Oppm
6 A 300ppm
W 941ppm
B n ¥, # 1333ppm
5 4o om 1% H’— © 2667ppm
5 o B L L x
E 3g—© =
= L 2 |
z ® ] l
o 2 la) * |
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0 o O 0 o &
oo 500 1000 150
Time [h]O

Fig. 7 NOx-dependence of BN degradation rate
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Fig. 8 BN dependence of A

X

Oil temperature 150°C )

o
o
-

Anox [mgKOH/g-s]
o
=
[ )
}
@]
X,

0.001
100 1000 10000

NOX [ppm]
Fig. 9 NOx dependence of A
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A= k[BN][NOAJ? (3)

nox

EBIC A, BIREICBIE L TOBRRER . T/4D
BHBIER k, REICIKFELTHD, Fig. 5 1IR3 &5
Ik, &k, EAIBRICT L= AT 0y M THEARBGRD
Bonie.

3.4. KRS, K73IE&B BN D%H1E

— AN A A NVBIITIIABBREL D 52 B0k 7 DD
KENVEINTWVS. IKDGOIFEET NOx A4V DIETIA
HMEEETNZ D DTSN TED, BNOBICE
T END B LEZ NS, BENC BV TIEHIRRIC
RBREEI DA A NTIRA LT WD, Z D7z AR
KOHKEREZE U9 < BN DN ER G2 5L EZ
bN%. TNEZWEES 272D AMIE TR, BRI
ICDWTHRT LTz, ZORSHE Fig. 10 1ORT K S IT/K7D
MBI UMROREIE,, UEHTEZIEEN
SIhofe. BRENIRILSNERIEIC GRS EADNS. G
B3 A A VR DOIEES & OGS U TH IR Z(F D Rl E
N5, —ANCEEIRIIERR L L N5 & g5ig TR
TO BN HE T EBIEARMNHESNTLES. £0
72D E A EBNOBRICIEZEH G L eEZB5NS. U
RS DB B L Cld Mg RIGHHIAKREAIC L D
FHRESEAHTHE L, BN AWK R 9 2 MERH - 7=
W, BUETIREIAIE R O#EASIc X D fifikE T, &
Tz, IKGTOBEANT &K O F A )A\D NOx IRAENEZ L AKD
BNZK FEEB T ENEZ NN, AR TR
RENEho Tz, WHITIAEITAT NOx ®=iZ, HAEEK
IhHIUE NOx DEBEEDPEHEICRZ D eV |EDND
D, TOENEZLNS.

TNEDEEBFERELD BN OHLEEE —fRULT 3 &
d[BN]

t

S e k[BN]? + k,[BN][NOx]? (4)

BN after NOx bubbling 100hr

4.5

4.0 |—
3.5 O N/A H

B [ Water + fuel

3.0 [
2.5 [
2.0
1.5 [
1.0 [
0.5 ]
0.0

NOXx 2667ppm A

BN after NOx bubble
100hr [mgKOH/g]

25°C 80°C 150°C
Temperature [°C]

Fig. 10 Water and fuel influence on BN degradation

LETTENTESTREL, k, kiE7 L= AHOH(E
S (RHD.

4. RE|THITS BN HILIREE

4.1, RERIBFOLILEEL

FANVHEIRTOEREFER K 013517z BN OB {LHE
(4)TC, ZoYviElizic ks BN HLE LT ENTES
G2 B T R -Te. il THEEZ 6 2 7% 5 L ToER g
HTH MR, NOXICDOWTLLROAIETEH, FizidH
ExBl kol

(1) iR
WS A AV R L—2 RV MESTaE R Z W CIliE Lz
(2)NOx

NOXIFA A IV e ib T HHENENEEZOND T
VU —AND NOx JERHAEL Uz, FiHA Vi R—R
TDYZ 7 r—AN NOx JIlE R TH % 72bIc NOx
TR ERSEIE D B OHEE R FV Tz,

K EEEOL Y YV VICHEHMA T 2 3HE2EE° NOx &
F A VOB A A VAR & T2 Y VAR TIE
WHYB D, A A VEKGER TS S N HLEHE RN Z D
FEMHTEZ LFEZIW. ZTTCERBEOTZYY VT
FANERLEEE, FOLEFEENTZ BN DTF—XIC—K
T % X 5 IR HRRE n 2 (4)IH#H Uz,

d[ﬁfv] = 1% (k[BN]* + k[ BN][NOxT?) (5)

42 RERIHEREHTERE

B ARAELC (& Hondafli iz iV 72, BNOFFEIEF(S)
AW TR B TR0V R EUE Honda fli M IC B E L
fed Oz, Fig. 11 IZ5%E— RIZEBIF 5 BN OO
i & FHE TR 7= BNIEOHBIBI R 2R 9. Kl > o
L—ya Uik —8UTHY, FAEMEOHE O BNHE
ENARETH 5 T EMNFIHE Nz,

6 T T
® High speed mode 2.4L
A Middle speed mode 2.4L
5 [| ® High speed mode 2.3L =
4 Middle speed mode 2.3L /
S 4l O Middle speed mode-2 2.3L
T O Low speed mode 2.3L )
(@) A Traffic jam mode 0.66L
5 3
£ A
= €
m 2 -
* R? =0.9353
1
0
0 1 2 3 4 5 6
Calculated BN [mgKOH/g]
Fig. 11  Correlation between calculation results and

actual BN measurement values
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5. 8

AW TIRE I NIz BN HbdlEXE, BfEgoT Y
VEAA N BELNTIEHBER K D EEHEINTTHS.
FTNDATG THEET B I E I E A A IV~NEH LGS
DR D 2 WBIEE TICHRL DER L Tz 4 A Wiz g
THEHATETHBOPABEEVEDTHEEEZLNS.
ZhiE BN Z R RInEIOFE L2 EA 2L L TE S
AN Z X LDHEAREZIZE DL BN THEHLEZD
N3, TUIVFANVORHIC KD KEL AR ZDIRHIL
WERERI YU AIVICEENS BN IBET, AV
OEGMELELTZT ENDh>TWS. HLEHEREHW
FVAR—=RT BN HeEBC RS HE, Ty vtA
W DR R ERY VY VT LT ORRE BRI
T % 2 &%, BNOfERHRFYEZ A1)V T LIcak
ET2DOMEE L. BNOH L& RECE R U Ok
EFHEE LTHEA LS AOVOEEZ I—PICAH L THE
I 5, AAOVEHEHR Y ORFEEENEZ SN
5. Tz, BRI —uy/SHBHEA NG ETIHZTS
NZEHMOEEELBCRS T L HEERTERTHS. C
NoZHAEDLE ST & T BN #HEEHE M L, AL
A T 2 —INVOIEENREE 5D, A—PicE > Tk
DEMEDEN Y AT LR T E S,

6. ¥&&

AR TR IV VA ANVDOHBEEEE LTHYOENS
BNOHEHEE DA R LTz, A A IVDHAT X M ek
TIRWVFHHNCONTE % T & T BN OHbIcH B iERIER B
HL, BNHILEEDO R ZHRE LTz, BNOHL#HER
ZHWTHEETO BN HILZEHRE LIRER, ToHEE T
HETHB T Ehbhoiz. TNSDERHIEMi- TA Y R—
RO BN HHEE S AT LR EBIARECH B T L 7%
RUTZ.

E IR

AWICH Iz, g TEO Y VAR S
35 X U Shell Global Solutions DEAEICHE I %2 & O TIE L
BILHLU ETET

BE
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