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Development of New Model LEGEND
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In the shrinking of sedan market, the creation of new
values for sedan is strongly demanded. The luxury
sedan, LEGEND, comes to the situation of a full model
change after the interval of nine years. The 2005 model
year LEGEND has been developed, which has the aim
of creating the ultimate luxury sedan brand of Honda and
the attractive features expected to the luxury sedan class.

A good balance between excellent driving
performance and fuel economy has been achieved with
lightweight and compact engine which has superb power
performance, the weight saving technologies, and SH-
AWD to improve the driving stability dramatically. The
vehicle features the latest technologies such asiNVS and
AFS, driving support system to increase safety during
night driving, and the latest safety equipments to reduce
impact. The functional design of spacious cabin, which
appeals to the senses, and quietness in a cabin during
driving present a driver and passengers with a relaxed
and luxurious experience. These advanced technologies
have been brought together in an ultimate sports sedan,
the new LEGEND, which has new values and attractive
features of “high quality as a luxury car” and “driving
pleasure”.
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Fig. 1 Exterior styling of new LEGEND

Table 1 Comparison of vehicle specifications

New Model |Previous Model

Overall length (mm) 4915 4995
Overall width (mm) 1845 1820
Overall height (mm) 1450 1435
Empty vehicle weight (kg) 1760 1690
Wheel base (mm) 2800 2910
Tire tread : front/rear (mm) 1575/1585 1550/1540
Tire size 235/50R17 215/60R16
Engine type V6 SOHC VTEC| V6 SOHC
Engine displacement (1) 3.471 3.473
Power (kW/rpm) 221/6200 158/5200
Torque (N-m/rpm) 353/5000 312/2800
Transmission 5AT 4AT
Fuel capacity (I) 73 68
Minimum turning radius (m) 5.8 5.5
Riding capacity 5 5
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New model

Previous model

Overall height 1455: +15

<W/B 2800: —11072=

Overall Wzigth1845 == Overall length 4930: 65
N

Front tread 1575+25

Rear tread 1585+45

Fig. 2 Comparison of packaging design of new
model and previous model
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Exterior Design Concept
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Fig. 3 Exterior design concept for new LEGEND
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Interior Design Concept

Sensuous Functionality

EXCLUSIVE

SPORTY ADVANCED

Fig. 4 Interior design concept for new LEGEND
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Fig. 5 View of V6 SOHC-VTEC engine

Table 2 Comparison of main engine specifications

New Model Previous Model
Engine type 60° V6 SOHC VTEC 90° V6 SOHC
Displacement 3471 (cc) 3473 (cc)
Compression ratio 11.0 9.6
Fuel Premium Premium
Max. power 221/6200 (kw/rpm) 158/5200 (kw/rpm)
Max. torque 353/5000 (N-m/rpm) | 312/2800 (N-m/rpm)

Transmission 5AT 4AT
8.6 (10-15mode) 8.7 (10-15mode)

Fuel economy

Emission J-SULEV % % % % J-LEV % %

240 ; ; ; ; ; 530

220 New model 500

200 470

180 440
Z 160 410
g 140 380 g
§ 120 350 ﬂé
3 100 320 5

S 80 290

60 260

40 230

20 : : : ‘ ‘ 200

0 : : : : ‘ 170

1000 2000 3000 4000 5000 6000 7000
Engine speed (rpm)

Fig. 6 Comparison of output performance of engine
in new and previous models
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system e T
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02 sensor x 2

A/F sensor x 2

Fig. 7 Emission control system
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Development of SH-AWD (Super Handling-All Wheel Drive) System
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In a world first, Honda has developed the SH-AWD
(Super Handling-All Wheel Drive) system, enabling
complete control of torque distribution to any wheel,
front or rear, left or right.

A direct electromagnetic clutch in which solenoid
attraction acts directly on the clutch was newly
developed to enable the system to be realized. In
addition, a 2-speed shift unit was developed to adjust
differential revolutions in the clutch in order to enable
the system to exert control under all conditions.

The use of this system in a vehicle provided
incredibly neutral steering and high vehicle stability by
direct control of turning yaw moment through differential
distribution of torque to the right and left wheels. And
the vehicle has enhanced cornering limit performance by
equalization of the load ratio between the wheels through
differential distribution of torque to all four wheels.
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Development of Aluminum Hood for the 2005 Model year LEGEND

7 B oW s FlF 15 I NI SR 1
Noboru HAYASHI Katsutoshi ANDO Masakazu KASHIWAGI
OO0oo ABSTRACT

2003EE7)VLEGEND D7)V 7— KT, MAM, =
KUkRe, BITERERREZTERLGA D aR MY V2 HI
IR BT ko te. 7— RAF UMM ZME L, AF
7 TR ERESE I ALTEIC X D 85T % 5000k &8 bEF
U THRIE O Z K > 7z, SHERBGBEROEE I, BPVC
RATOT 7)) JUlaREk TIVIHASTAF Yy I o—F—
ZEBNTINTHARROIN L ZKD, #HECiE, ST
DEWEILTET ZU ANy M U TTEOI A XY
VEKS Tz, BRPNC BN TR, (bR B iE S
BB LN TEEY VBN e ) &3 2 KAz H
Wi SBTEEEREL LTI, 7 L— LSO RE LR K
5T ET, HiRT— R ERAEOMEREZER L.

An aluminum hood was developed for the 2005
model year LEGEND in order to reduce costs while
maintaining durability and performance requirements and
help ensure pedestrian safety.

We focused on materials cost reduction for the
aluminum hood skin sheet by reviewing its chemical
composition and developing a 5000 series alloy produced
with the continuous casting directed rolling method for
the stiffener sheet.

Planning for general purpose processing
specifications, a PVC-free acrylic acid resin system
mastic sealer for steel and aluminum was applied for
adhesion between the various components. Continuous
multipoint self-piercing rivets were applied for the
reduction of machining costs. The surface was treated
with a surface conditioner that has a zinc phosphoric
crystal as its main component. This allowed the precise
formation of a chemical conversion coating on the
surface.

The frame structure of this developed hood was also
optimized, enabling it to achieve the same performance
in pedestrian safety as a conventional steel hood.
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Fig. 1 Aluminum hood component

Table 1 Characteristics of aluminum hood materials

Parts Yield stress Tensile stress Elongation Bake hard* Fatigue stress Bendin
(MPa) (MPa) (%) (MPa) (MPa) 9
Hood skin 118 211 30 224 69
5% Stretch 0.5R
Hood frame 123 229 28 118
Stiffener 128 239 26 118

* Bake hard : Yield stress after 180°C_x_60min & non stretch
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Table 2 Characteristics of continuous casting alloy

Chemical composition Mechanical property

Alloy type Yield stress Tensile stress Elongation
Mg(wt%) Fe(wt%) Mn(wt%) (MPa) (MPa) (%)
A5052 2.6 0.30 0.01 86 198 25
High Fe/Mn 2.6 0.31 0.08 104 214 24
High Fe 2.3 0.39 0.00 82 209 27
High Mg 3.1 0.30 0.01 122 236 27
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Fig. 11 Pedestrian head impact protection for 2005 model year LEGEND
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Development of Aluminum Subframe Using Hot Bulging and Vacuum Die Casting
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Fumiaki FUKUCHI Takanori YAHABA Hiroshi AKIYAMA
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Tsutomu OGAWA Haruyuki IWASAKI Izuru HORI
OO0oo ABSTRACT
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The first aluminum subframe has been developed in
the world, that is composed of bulge-formed members
and die cast members welded by MIG.

The bulging employed a newly developed hot process
with superior formability together with an alloy
developed for the hot process. The die casting employed
a newly developed vacuum die casting process and alloy
which has superior weldability. A method of MIG
welding was established, after the weldability of these
new alloys was researched. The developed subframe
achieved a 20% cost reduction and 10% weight reduction
while keeping functional performance equal to or better
than the company’s conventional aluminum subframe.
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Fig. 1 Front chassis system

Bracket

Fig. 3 Front subframe components
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Fig. 4 Rear subframe components

Table 1 Application of process and alloy to front
subframe components

Parts Process Alloy

Front member | Extrusion Al-Mg

Rear member | Vacuum die casting | Al-Si-Mg

Left member !

Right member Hot bulging Al-Mg
Brackets Squeeze die casting| AC4CH-T6
Patch Stamping A5052P-0

Table 2 Application of process and alloy to rear
subframe components

Parts Process Alloy

Front member

Rear member Hot bulging Al-Mg

Left member

Right member Vacuum die casting Al-Si-Mg
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Fig. 10 Influence of Cr content on grain growth
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Fig. 11 Influence of hot bulging temperature

T 5 WO TR
. " o % H .'::; z
' S ; o .
; o iy s |
= b . :.':f.ﬂ_.' - !
Py x|
e r
- i |
-
. DO
s v 200em

Fig. 12 Cavity in aluminum microstructure

02

0.15 |

0.1}

Cavity ratio (%)

0.05 |

0.06% Si
0.1% Fe

0.2% Si
0.3% Fe

Fig. 13 Influence of Fe and Si content on cavity ratio

gobooooooboogn

41. 0000000

ZA N A M EBEANCIA G 2 BRINIC RIS 5 &0 5 B
HORE D, YIS ZAHDHHEE OIS R FEE
LAL, 77 L—LITERTRER XA 71 A N WEERE
THZELEIRETH -, FSRNT A B EAHDT
{, BAAA MDA AEZHREIFZ—MKICT 20cni/100gAl L F
IC75%. TORDEANA N EEET S LIEEE— FAIIC
Tu—R—)VINZHFEL, BEREORGEERETH >
o, XoTEANANEY T T L— LISl U5 R
SN, FRCAEREICER L2 RRIdRE TH 5.
ARG R U, AW TR FEERZRELZNED
fRR 72X > 2.
(1) Y77 L— LI 5E T RE R i OB i 0D 3 L
(2)TREMICBNS XA 1 A M EEDRIF

42.0000000

mE O IS LT, F98MNARBIUHESRMN D
mELZEX - . REHTIE Fig. 14 IRITRICETHRNY
Sal—varyEERAL, 7= b4 —N—To—{#,
MRS 2T Uz, HR(A) TIRE L DH AL AR
FHENZDICHRL, HEB)TREDARHAELH A
BEARBDEEIRN TS NIz, F 27— bBimRE,



gbobobooooboobooboboboooooooobooobobob

TR TS G FEEMNE 79 2 K SIS R U7z, #hdseft
ICRWTIE, SHHSEME, ERRTAGTEENE 75 &
5 B L DR (s ek D 2 52 B, SR

Mold pattern (A) Mold pattern (B)

Fig. 14 Comparison of mold patterns by flow
simulation of molten metal

il 72 X - 7z

HAGHBOEBICHR UTIE, HTRFERR & 7% 2 i
BIEER OBMAEZ L, X 51T Fig. 15 IIRT XKD
WINPT U E2RIRRRIC S % (M EZE X A H A M) T L
THRZR > Tz, B2EEEKIE, HRAEZARMEIC RS R
INEOA G DI FIEER S 7 ERCI T EdE U, BN
& 5kPa LU RICIRIE LTz, SSICIER A X v 7 FigE(t
TBHIET, HABZABDLOEEREN, XA HXRDH
AEARIE Fig. 16 1SRT K 91T 3em¥/ 100gAILL T & 755
o, BBHAGERDX, ZD 85-95%7H. TH, 5%
M Ne RZDOMTH - 7z

4.5 | =—t— Gate
= 40 O Final filled area (A)
gv ' o Final filled area (B) /’O
g8 35 : - o |
5 30 )
@
8 25
(9]
= 5 S
T
c 2.0 (r —
5 15 —
Q
5 "
© 1.0
1]
©
© o5

0.0

0 5 10 15 20 25 30

Pressure in die cavity (kPa)

Fig. 16 Relation between pressure and gas content
in die cast

Reduction of
molten metal injection time

Process Molten metal injection Die cast ejection
Vacuuming svstems Sealing systems . ) . Control of
g sy (mark/ed by red circles) Location of eject pin die temperature
| ] ] [ /
\ —
Solutions |' = |' -
& \

/o
[ ]

Reduction of
die lubricant volume

Fig. 15 Outline of solutions for vacuum die casting



Honda R&D Technical Review

Vol.16 No.2 (October 2004)

43.0000000000

YT T L—LH7IVIEREE LTE, AlSi-Mg RE
BN RINSES VSN TV S, RFHEDREFE 2 MG U
TeRER, SRER K UHREMEICEBNZ ARG SERE R— RIS H
IS T T L—LHEA A B L. 8L
P TS AL E U, T6 IAAEURREICHEAE S 2 U9 A O
IETARBEIEZ K - Tz,

RIS ER T DFREICH 2> T, £9 Si HXU Mg
GHBEMH UK. 200ton XA HA MYV THE LT
ASTM GRBRF 72 FHOTHRIRFE Z 5 L, T 51 T5 #4
NIRRT Uiz, Bt OG22 8hE L, 1A%
DY — R WEOME FoE S S R 27 e Lz, DUE
DFERM S, MREAR 72 Al-SHi LR EG8E L, Mg
A RITERGIERF MR T 2HiH & Lz, FekMn
DEHRIE, SRADMPEE TR ORE L. —HiC
MitHEZ &M Fe BHE%Z 0.8wt% Ll L, £ Mn &
AEZ 04wWt%LL FICT 3 EHETEZ0 (D KAHET
¥ Fe & Mn OHFEMRELERLT, M2
RUDDEIMEZAE LAaWHEIFIE L7z, Fig. 17 ICBmIC
B 5B EMAMOMRERZRT. 1OkAGRICH L Al-Si
LRSS Al-Mn-Sii @ LS Y OHT = AMER L T
5T N5,

DI EDFERE D, BRI, Fig. 18 ITRT LI

Fig. 17 Microstructure of developed alloy

325 225
300 200
T 275 ~ 175
g g
2 250 = 150
= =
= <
g 225 5 125
£ 200 %” 100
()
% 175 % 75
5] >
~ 150 50
125 25
100 0
Developed Developed

vacuum die cast vacuum die cast

YEESH &M, U, HEENNT VABLEL Ao T
NEDIXSDEF, HEREEITH LT LA Uiz T-
&, NELTE>TN5.

gobogoood

7OV ITARREX, BAAEM OB RO RIS
A, TEIM 725 8 T i Labset O T D5 e i < %2
5. TOTDRIEEMIEY) S TARARRZRRE T D00
ENH%.

AU TIE, B IV L EZER A J A - OTEHEE
2P L, I TR MR L.

51000000000

RV VBRIV B =M LETH 5728, £
G E 2 HUOICTA R 2 Mt LTz, AREEETE, EM A
EiICREF S % &0 5 BIESMF D7z B I 100nm
DLEDRIENERENS. CORMLBECKD, BB —2
MALGEICTR D, §EE— FORTIAR L AT RS TC
O, KIEREDRE LT T,

B ERRZE OGRS R Z Fig. 19 1ICR9 A, 77V U i
TS 2T LIk D, /LI EMEFOXRRKFEEIC
HlkCc& 5 C Lzl LTz,

E 1000
= After hot bulging
@
] By
S 100
3 By acid
= alkali
E 10l .
[¢}]
Q
8
3 1
Original Without With
material surface film surface film
cleaning cleaning

Fig. 19 Comparison of surface film thickness

12 12
<
I=]
10 2 10
D
= =
c L
o =
S 6 56 6
(=] —
c o~
8 g
m 4 £ 4
>
o
2 @ 2
o
O
0 0

Developed
vacuum die cast

Developed
vacuum die cast

Fig. 18 Mechanical properties of developed vacuum die cast



gbobobooooboobooboboboooooooobooobobob

F e R EO A TARNEIC NIE T HE R Flg 20
IR LTz, RIREERRZ: & R Iif[j(@i’]*ﬂf‘k Ko, 7—7
WEEL, fé%h‘—]‘@féﬁ'ﬁ?}@éh‘[ﬁlibflﬂé.

Without With
surface film cleaning surface film cleaning

Fig. 20 Influence of surface film cleaning on welding
quality

52.000000000000

BEEZXA WA NDHAGHERIZ, Fig. 21IRT X1
3em/100gAl LR G, @FCHA LIzF 7V AA AR &
HE®OTHhHoTe. HABHBRLEGHRY — RMEOMGRE
Fig. 22 IZ/R LTS, 6cm?/ 100gAITIE 7 11— R — )L D7
MR E N, 8cm?/100gAl Tlid¥— F EFIcZH DT 1u—
RV Uz, T a—FR—)UIc & D /AT IcH
WxDLENEA L, EFREMETT20DT, I TR
I LT AEHE EZ 3em?/ 100gAILL FICE#T 52 &
PRETHS. F5HHTICRR LIZZEA A a4,

— R )VRAEDMEI TR AR ERICEITH S T
LR LTz,

RBREEEL AN A ORI, 4 —Y B
FIC K BIEORE, ZOEIH 20nmEETH O, A
HANDFEET D> T

<, 100

o

o

=

£ 10

o)

0 %

¢ I W

ﬂa 1

=

o

s 01

o Conventional Thixo Developed
HPDC die cast vacuum

die cast

Fig. 21 Comparison of gas content

3cm®/100gAl

6cm3/100gAl 8cm?/100gAl

Fig. 22 Influence of gas content on blowhole

DL EOFERFEM OEREIEICET 20552 S i, U
T L — LIRS AR RN Uiz, & BICZDILRED
EBHTESL), SUETHOZKMEZRTELT.

goood

i bic K 5 X MERZH-> 27 VI T T L—
LOBHICHIZ0, BRIV YEEBIUEESX A A
ShEzmsE L, LUFORRZRT.

(DI IBA Y INEZA A NEA Y NE I TIRET S
TET, BETHEIXNETIVINAT Y v Rtz
FEERT & T2,

(2L Tk, BRIV D8l & BN T & 8% s
L, BAEZRMNIERIILLL 1.5 fFIick2m0siEAa
HEMNMESN, EHIKERMDOBIE AR &> T2

(3)AANA LTI, BEZEXA A Ml & Al-Si-Mgh
BA A RNEEREWZEL, NT VAR BN
Ktk 5 U DIsHE AT REIR XA 71 A MO #5Eh AT
fEL o7z

(4) TR, B IVY ORMRE LR ER KR L, b
DEEZELA I A DA AGH R 3cm’/100gAILL T
LT BT LT, WHEMETFREZHERTE S L2
b L, ZNo OiEEtRZIE I TH5 LMW TE .

LR EOPERTIVITT T L— LIk Lilhhs#iz 70
%, BEEZ 55%, EE%10%, ZLTCaX Mz 20%%
NENHRRT BT LBV TET.

AREHC KD, 7IWVIHTTL—LOEHAMNIEAL, B
FEHBER(LICHEIT 5 LMW TE 3.

gooo

(1) KEFIES, @S 500087 )V 2 =9 LGSO
IR D OB, #BEeJE, 50, $9'%5, p451-455
(2000)

(2) ENE 7V U LEROmIRLTY L, B,
% 31%, ¥65, p431-444981)

(3) fiasil, HEARTE—104%LLFD Mn BXTU Cr 25
& AI-MgO-5%G DR HHALES, BEE, 520
%, H6%5, p.278-282970)

(4) K EHES, @ 5000%7 )V X =7 LR OB
FREYE & A TRTORRS D OB MEDIREE, O 9 ABUE AL,
BEE, # 51%&, %85, p414-418001)

(5) Masuda,E. : Application of mold filling simulation to die-
casting processes, Modeling of casting, welding &
advanced solidification process 7, p.747-754(1995)

(6) PHESE, MEE: 7IVIZT LGRS A A OB
INCRIET 8, <A O, HE1YEH 105,



Honda R&D Technical Review Vol.16 No.2 (October 2004)

p.648-654(1998)

(7) DO, AR, JEHE @ BREAR 47 B
REFHMEEE, p.13(1974)

(8) MHEEIL, HAIKEE, KRakiss, BARRED, WHR
HFFRE @ 77V BIBIC K % AT 5 O B 5,
HONDA R&D Technical Review, Vol.11,No.2, p.149-158

e 000Om

AT




U4d LEGENDO OO

Juoogdoogdooddon
Juoogdoogdooddon

Development of Peeling-less Casting Billet for Forged Aluminum Suspension Arm
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Change to the use of aluminum material is being
promoted in order to achieve the important goal of
weight reduction. However, the high cost of this material
means that weight reduction by this method is currently
not progressing. Here we focused on the material cost,
which occupies 59% of the manufacturing cost of forged
aluminum suspension arms, and developed a new
continuous casting technology which does not need
peeling. This is called the peeling-less casting billet. To
eliminate the peeling process, it was necessary to control
material segregation and surface unevenness. Therefore
the material content was adjusted (adding Ca) and direct
cooling during casting was used, together with adiabatic
mold casting and a graphite casting mold, and those
problems were overcome. This developed technology
eliminated the need for peeling, and in combination with
reduced costs due to equipment depreciation, it reduced
the cost of forging materials approximately 20%, thus
realizing a reduction in cost compared to conventional
forged aluminum suspension arms.
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Design and Development of HondaJdet
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ABSTRACT

Honda R& D has developed an advanced business jet.
The Hondalet is an entry-level, light-weight, business jet
featuring an extra large cabin, high fuel efficiency, and
high cruise speed compared to existing small business
jets. To achieve the performance goals, a natural-
laminar-flow wing, a natural-laminar-flow fuselage nose,
an over-the-wing engine-mount configuration, and other
advanced technologies were developed. The wing is
metal, having an integral machined skin to achieve a
very smooth upper surface, which is required for natural
laminar flow. The fuselage is made entirely of
composites and the stiffened panels and the sandwich
panels were co-cured integrally in an autoclave to reduce
weight and cost. The advanced avionics system, which
provides a high degree of integration for enhanced
functionality and flight safety, was also installed in the
cockpit. Several advanced technologies were employed
for the HondaJet.
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Fig. 7 1/6-scale engine simulator
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Fig. 11 1/6-scale wind tunnel

Fig. 12 Honda flight simulator(HNAFS)
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Research Work of the All-composite Fuselage Structure for HondaJet

e H 5 Kk e B —
Nobuo MATSUI Keiichi SATO
ogoon ABSTRACT
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HondaJet utilizes an all-composite fuselage. The
main feature of this fuselage structure is that the
stiffened panel and the sandwich panel are co-cured
integrally to reduce both weight and cost. Another key
feature is that a buckling tolerance design is adopted for
the skin. This means that shear buckling is allowed
beyond 50% limit load. Several affordable process
technologies were developed in the field of lay up and
structural bonding. The material and structural tests were
conducted applying the concept of “Building Block
Approach” to prove safety of flight. First the design
allowables of the materials were decided. Environmental,
damage tolerance, and fatigue conditions were
considered. Three major component tests were
conducted.
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Fig. 1 Structural concept of all-composite fuselage
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Fig. 5 Pre-laminate and press forming
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Fig. 14 Sub-component test of passenger door

45000000000
IV R—2 YV RO HIZ I AR K BiREED
FHETH Y, CIVT 7 Tmy 7 OENICET 5. S
el BRI & A DBEERZ R LT, IFDXSIC3%
FIU TR U Tl ik 2 adBa U 7z,
(D /=RavKR—=x 2 S —=ASVT 4 Y TFTWOF
VDR SZEE)
(2)FrCrarvR—xvbhGEEFY VORI T/ 5)E
T BT 9 % TR ST
(3)7T—vayR—x b (BHEID (IO SR

B A ROEEERIC IE B R EmBIBG 2T 5 L.
Fiz, BAFOHKIN 5B BERELL I THM LIz, 2D
128, R by FEEHC K A HEAAOBETRE, Bk
FIEICEHI R ER DT L THEE L.

J=RaAVR=2 Y RE 7Y NIy RICKI—
D/ =RV T AV ITFTRONT 28D T, WET Y
F T —2TIFHEOBREMEZ AR L, O {HIE D
JEZSERE LTz,

FrEraryR—3x MIHTEOIEIIREE TS5 NS
2ESSmOMEMAT, FlERT, JEEHL, Yo Fi—
JUR, Bz 5. FyraryR—xv bilBoTExH
ML, OFH, 2N, LR, AF2ORRAREZFHIIL
FEM RNt O¥SE A RGFES % T &, M7/ SEMEICHT S
FBREE 354 TOL5ERFMERZFIHT S L THS.
AT Y=Y X I TDEBDTHS.

(1) 4 MO T 8 & 57 EE O Il R A FE ik 5

(2) EAEMIECERICEERE N 5%, 3547 6000080
W REAREIC & % 5 ER SRR

(3) Mt E CRIBRATE D 1.5 £%) fkliR & 5B 50 (Rl
) il

SARDWMIET 7 F 2 T— R THITHEZ, 70T T
faf B % E14af L 72 (Fig. 15). Fig. 163 HIFRfiEE N TORE/m D
RNERT. AFO-AMPERIE Fig. 17 1IR3 K1
WEHE D 50% MR E THA Uiz, O HHIIORE,
FEM O3 AfrDEZEZ 10% LU R Thote. Tz, HE
MG % T2 ERIEEHIZ 3 54 T DD IE LG ERE R o
JBLiWC &xFEE LIz, —7, 77 AT R 7
W, TV ¢V Ry =)V RDO—EIS T Ty 7 A
L7z, 2SI DWTIEEBRIARAICER, e xo
T, G aERE, bR & RS R 35 Tk
WV, FreraryiR—xr kg T L.

T=IVAYR—2Y MIEE 2.6 mOGEMAT, TV
HEXI—RBRIPIOFFENTND. T—IVTVKR—%
MBR D FEAHNIE, REMGIORRE ZI56Ed 5 T
L THB. MERAEOmRIBERICEE SN, fiElE 6 RO
JE7 7 F 2T —R2CREMEL L THXI—RERICARIN
% (Fig. 18). ¥£9, 7 VU7 ¢ })Vix 3RS TOHIER
Hi BT o T, —HOMESK BT, BEINO A



HondaJdet 00O DOOOOOOOO

AL D NEREEIC IR T ERWEEN A Ui/,
g RS Ui B T i o Tz, wliitg, RoMimEEaER &
PR E BT Ay, T a Yy R—3 bl
Tl

T¥, aVR—3 2 FEBRHICEM U Iz SUERmiTRI S
&, TR ORGHT R U 7z

Fig. 16 Skin buckling at limit load

70

60 —0\.\ O/O/O

50 D/O/ﬂ
B
o 40
E /Design buckling load
= 30
8 p/’

20 o

10 —@—Inside | |

—O— Qutside
0C
0 200 400 600 800 1000

Skin strain (u)

Fig. 17 Load vs. skin strain

Fig. 18 Tail component test
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Development of EM7000is Dual-voltage Inverter Generator

SR I G oOE R P (I
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oI ORE i E IS B

Yasuhiro SHINKAWA  Koichi ASAI Kenji KAMIMURA
Oood ABSTRACT
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MEEDORH & GHE T, KBS, KRB ZHEHL .

Honda's current inverter generators have a maximum
power of 3kVA and single-voltage output. Dual-voltage
output is essential when producing higher-power inverter
generators, because the larger equipment connected to
them requires either high current or high voltage. A new
dual-voltage inverter has therefore been developed. The
dual-voltage inverter produces two voltages by
connecting two inverters in parallel or in series. Sub-
winding for the inverter unit power supply has not been
employed in the alternator. Only main winding has been
used, and power supplies have been built into each unit,
meaning that the system is composed of the output of
the main winding. This has enabled the alternator to be
reduced in size and increased in efficiency. The
completed generator is fitted with an integrated control
unit. The centralization of control functions has enabled
2/3 of the electronic components to be eliminated and a
liquid crystal monitor to be employed to display
information. Like Honda's previous inverter generators,
the newly developed EM7000is employs an electric
governor. In combination with its shroud sound isolation
duct structure, this enables the unit to run quietly with
high fuel efficiency.
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Table 1 Comparison of dual-voltage inverter type
Devices (a) (b)
Specification 42A 240V (21A 120V) x 2
Volume 2 : 1

Cost High Low
Adoption — O
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Table 2 Comparison of generator control systems

Conventional

Function system New system
s Ignition unit + + Ignition
Ignition system Ignition coil coil
: Diaphragm + Stepping
Automatic choke vacuum pump motor
Battery charge Charge unit
Remote control Interface
Prevention of
double contact Timer unit Geu
of starter motor -
Oil alert Oil alert unit
Operating Total operating
hours display hours meter
Power supply +
Fuel cut system Fuel cut solenoid + Inverter
: Automatic throttle
Automatic throttle unit + solenoid Inverter
Number of parts 12 4

Except for wire harness and mechanical links
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Fig. 2 Shroud sound isolation duct structure
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Table 4 Specification of power supply

Input voltage DC 10 - 400V
Output voltage 1 DC 15V £ 0.5V
Output current 1 MAX 2A
Output voltage 2 DC 17Vt 1V
Output current 2 MAX 0.8A

Down chopper SW regulator

Three-phase DC300V DC40V N
alternator 3 g LGN bCi7V
= T
a
1 a N
L4l
H = Control [ = E % DC15V
signal signal
a
= L
= —_—

Fig. 16 Schematic diagram of power supply
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Fig. 17 Voltage at startup
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Table 5 i-Monitor display

Mode Unit
1 Total operating hours hour (1 hour)
2 Power output VA (50VA)
3 Engine speed rpm (10rpm)
4 Battery voltage V (0.1V)

Fig. 20 GCU

66. 0000000000

T SHDEIRDOIC, TV AAvF OFF T, |
BITENEEIET B, Ty Y VRlEEEBRET AN T
TNTRUTYET BT T ZN—=UDRET BT ENH 5.
PERMIETIE, Fv T LA NERICE Y DTz D Y L
A FINIVT BT, RMFILE AR, Rz LT
T I EN=2RIEL TV, AT, <7 T OmHIMERE
A EXE3ZEEHIC, Fig. 21IRT LI, TV R
v FOFF #, T2 VB ATERLL NS 2 X T
DOE, FKZ#BEL, FTERRELL MR > TH S Rk ZfE
Eg3c ik, EHADR T SAOWER T ZRFADE
BT, 7IERN=VBREREETVS.

4500
4000

3500 4\\
3000 AN
2500

2000
1500

'"'h
1000 ¥r
500 (= st
0 Engine switch off

0 1 2 3 4 5 6 7 8 9
Time (sec)

~_

/

Engine speed (rpm)

Fig. 21 Engine-stop control and engine speed
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Table 6 Specification of EM7000is

EM7000is
Displacement (cm®) 389
) % 2400 - 3600
Engine Speed (rpm) #3300 - 3600
Operating noise level (dB(A)at7m) 69
Type feld rtary
Excitation method Magneto
Voltage regulation method % PWM
AC voltage (V) 120/240
AC frequency (Hz) 60
Generator | Max. AC output 6500
Rated AC output 5500
L Momentary 10% max.
Voltage variation rate —
Stability 6% max.
Frequency variation |Momentary 1% max.
rate Stability 1% max.
Waveform distortion 5% max.
Generating efficiency 85%
) . Dimensions L x W x H (mm) 1155 x 670 x 710
Dimensions
Dry weight (kg) 95
% :Eco SWON % PWM = Pulse width modulation

Y¢ : Eco SW OFF

Fig. 22 EM7000is
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Development of 4-stroke Engine for Small Motorcycle with Low Fuel Consumption
and High Performance for Brazil

% | g — oo/ By Al E- | B TN
Yuichi TAWARADA Takashi KANBE Yukihiro YASUDA
KO o oz* T O
Hiroyuki YABE Hidemi YOKOYAMA

OoO0oo ABSTRACT

A & B MERE 2 i, S8 T2 75 )it Vi
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7V a vl Bizoic, HADE ALY Tk a—S
TAuTREEOT Y AT — LR L. £z, PGEOT
YA RIS X B IEILOZEE T, Al T O
HEA R Uz, #5RE LT, BRER 150cm &k LTz
ICEEH 5T, BREIT 125cm ORTETIVICH LT ECE-40
E—RT18%IA L. Fiz, RBEIELENSBH KR
bz O zFFRD, RAHE18%m ELz. 4
5WOHBEMFRIKIC BT 37% DA FAEER L.
FRFIS, “REZEA Y AT LEDTINA A2 R TIC
EURO-2 LN)VODIT 2w ¥ g YIHREDOHEEY, 1035
YORAIC K2R BT ix o7z,

A 4-stroke, 150 cm? engine that satisfied both of low
fuel consumption and drivability was developed for
Brazilian market. For decreasing the fuel consumption,
quick burnning was attempted by employing a tumble-
port, and leaner air-fuel ratio than the former model was
enabled. In order to decrease the engine friction, a thin
oil ring and a cam follower with a roller bearing was
employed. Engine output at low and middle engine speed
was enhanced and high gear ratio was enabled. This
reduced the fuel consumption at the same vehicle speed.
As aresult, compared to the former 125 cm® models, the
fuel economy at ECE-40 mode was enhanced by 18%
despite increased displacement to 150 cm?, and the
maximum output was increased by 18%. Engine output
at low and middle engine speed was enhanced by 37%.
Emission level of EURO-2 was attained without any
devices such as secondary air induction. In addition,
vibration was decreased with a primary balancer.
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Fig. 1 Cutaway model of developed engine Fig. 2 Output engine performance
Table 1 Major specifications of engines

ltems Developed engine Previous engine
Engine type 4-stroke, single-cylinder 4-stroke, single-cylinder
Displacement (cm3) 149.2 124.1
Bore x Stroke (mm) 57.3x57.8 56.5 x 49.5
Compression ratio 9.5 9.2
Valve train SOHC 2-valves SOHC 2-valves
Valve diameter (mm) IN 30, EX 26 IN 30, EX 25
Included valve angle (deg) 49 55
Balancer shaft Applied -
Transmission 5 speed constant mesh 5 speed constant mesh
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Optimization of Combustion Chamber for 2.0L Direct-Injection Gasoline Engine
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[EMEE IR 5 (LA R DISC: Direct Injection Stratified Charge)
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FEICB W TLE LB E B TR 5 Iz, #EiEkR X
A IV TIEBVTRKT T TEENDUIRES KDLER
AR E EERRTTH 5. BFICB W TidLaser Induced
Fluorescence(LIF)IC & 2 AT MR PIRNIRIGEIC K 2 51
KTZ T FEZEBR LTI 7R & ORGSR 2 A 31 E,
CFD ¥ 2 a2 L—¥ 3 VIZ KB IRAKUBE DN & N
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A center injection system in which a high-pressure
fuel injector is located in the center of the combustion
chamber has been employed in a direct-injection engine,
significantly improving fuel economy and emissions
performance in the direct injection stratified charge
(DISC) range. Ensuring the stable formation of a
combustible mixture around the spark plug at the
appropriate time is the most important element in
achieving stable combustion in the DISC range. During
the development of the engine, a variety of methods
were used to measure mixture distribution, including
visualization using Laser Induced Fluorescence (LIF) and
infrared absorption analysis to measure the air-fuel ratio
around the spark plug, and CFD simulations were
conducted to analyze mixture distribution and in-cylinder
flow, enabling analysis and evaluation of the combustion
process. These analyses enabled the design of an original
piston cavity form with reference to the fuel spray
characteristics of the center-positioned high-pressure
injector. This has ensured the stable formation and
maintenance of a compact combustible mixture around
the spark plug, enabling the achievement of a high lean
combustion limit in stratified combustion and
significantly reducing fuel consumption.
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Table 1 Engine specifications
Engine code K20B
Cylinder configuration In-line 4-cylinder
Bore x Stroke (mm) 86 x 86
Displacement (cmq) 1998
Compression ratio 10:1
Valvetrain DOHC VTEC
Number of valves 4 per cylinder

Fuel injection pressure (MPa) 8-10.5
Fuel spray angle (deg) 25
Penetration (mm)

73 (1msec after start of injection)

11.4 (Sauter mean diameter)

Fuel spray particle size (1m) at 10MPa fuel pressure

¥
7%

%

Fig. 1 Combustion chamber configuration
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Fig. 2 Form of piston cavity
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Equivalence ratio
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Fig. 4 Comparison of mixture distributions in CFD
simulations and measurements
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Table 2 Cavity pattern A, B

Cavity volume Deflection

Type ratio (%) Slope angle (deg) angle (deg)
A 28.9 10 60
B 26.4 15 30

Flow velocity (m/s)

(a) Cavity A

15 deg BTDC

‘T'ob-'-vi'ew

(b) Cavity B

Fig. 5 CFD results for flow velocity in piston cavity
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Table 3 Optimized cavity specifications

Cavity volume Slope angle (deg) Deflection
ratio (%) P 9 9 angle (deg)
26.4 15 45
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A ,A’
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Pressure of intake manifold (kPa)

Fig. 7 Influence of pressure of intake manifold on
combustion characteristics and lean
combustion limit
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Fig. 8 Influence of deflection angle on ISFC
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Development of New Compact 4-speed Automatic Transmission for Honda LIFE

NoH GRS "R B F* K & #

Yoshiharu UCHIDA Osahide MIYAMOTO Tetsuya OTANI
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Tetsurou MARUYAMA  Kazuaki SAKAI Seiji TANIMOTO
ooono ABSTRACT
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A new electronically controlled 4-speed automatic
transmission has been developed for use in next-
generation compact class vehicles and employed in the
new Honda LIFE. In addition to new fourth gear shift
and lock-up mechanisms, the new AT features a parallel
triple-shaft structure with a squashed torque converter
and a case with no side cover, and the control system
components are also concentrated. These have made the
unit more compact, the shortest in its class at 334 mm
in overall length. The employment of Active Lock-up Il
to provide lock-up control has significantly increased the
lock-up control area with no loss of drivability. In
combination with the addition of a fourth gear and the
reduction of friction by 30%, this expansion of the
control area has contributed significantly to improved
fuel economy.

In addition, the employment of direct control of
clutch hydraulic pressure using a linear solenoid, center
positioning of idler gear trains on each shaft and
climbing and descending control, among a variety of
other technologies, has resulted in a smooth and very
stable shift feeling, superb quietness and improved
drivability.
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Fig. 1 Cross-section view of newly developed 4AT

Table 1 Transmission specifications

Newly developed Previous
4AT 3AT
Engine Displacement || 660cm3 | 660cm? | 660cm? | 660cm3
specifications | (Type) (NA) | (Turbo) [ (NA) | (Turbo)
Dimensions Overall
(mm) |length 334 334 328 347

M/shaft ~

C/shaft 80 80 77 77
Axis center
distance S/shait ~ 80 80 - -

(mm)

C/shaft ~

Differential 110 110 110 110

Diameter of
Torque flow path $190 $190 - -
converter Lock-up

clutch Yes Yes - -

1st 15.282 | 13.448 | 15.341 | 13.975
o " 2nd 8.487 | 7.702 8.047 | 7.654

vera

gear ratio 3rd 5.358 | 4.938 | 4.940 | 4.483

4th 4.068 | 3.488 - -

Rvs 9.997 | 8.792 | 10.873 | 10.873

Note: M/shaft: mainshaft, C/shaft: countershaft,
S/shaft: secondary shaft
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Table 2 Comparison of control systems

Newly Honda Honda
Developed LIFE/DUNK STEP WAGON
4AT Previous 3AT 4AT

Clutch Direct Indirect Direct
control control control control
Lock-up Active _ Active
control lock-upII lock-upTl
Number of
control valves 15 15 14
Number of
one-way clutches 1 1 0
Number of
on /off solenoids 2 0 4
Number of
linear solenoids 3 0 3
Number of ATF
temp. sensors 0 0 1
Number of
pressure switches 0 0 2
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Development of CVT for 2004 Model Odyssey
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A 2.4L class CVT has been newly developed for the
2004 Odyssey to provide superior automotive fuel
economy and a high level of driving pleasure. In addition
to a torque converter, afirst for a Honda CVT, the new
CVT includes among its features lock-up control
operating from immediately after start-off, a high-
efficiency oil pump with a delivery switching
mechanism, technologies enabling overall length to be
reduced, a simple hydraulic circuit capable of optimizing
pulley pressure, an ECU to realize excellent driving
performance and a three-part case. With a maximum
transmitted torque of 218 Nm at 385 mm in length and
weighing 95.3 kg, the new CVT records 7.5-11% higher
transmission efficiency than competitors CVTs in the
same class. The new CVT has enabled optimization of
shift control, balancing fuel economy with sporty driving
performance.
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Fig. 1 Main section of CVT

Fig. 2 View of CVT for Odyssey

Table 1 CVT specifications
2004 Model
Odyssey
Type 2.4L 4VLV
: Max. power
Englpg _ (kW/rpm) 118/5500
specifications Va1
ax. torque
(Nm/rpm) 218/4500
LOW 2.470
D 4
Ratio © 0.450
Secondary 1.514
Final 3.350
Reverse 1.735
Overall length 385
(mm)
. . Pulley axis
Dimension length (mm) 170
Weight (kg) 95.3 (Wet)
doogogo
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Development of Metal Pushing V-belt for Continuously Variable Transmission for 2L Class Vehicle
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Honda presently mass produces a metal pushing V-
belt to enable a compact CVT layout in a 1.5L class
vehicle. The project discussed in this paper based itself
on the technologies developed for mass production of the
1.5L class belt, and employed dynamic analysis of slack
string elements and study of ATF extreme pressure
lubricant oil films using measurements of electrical
resistance to develop a metal pushing V-belt enabling a
compact CVT layout in a 2L class vehicle.

The size of CVTs has conventionally been
determined by the pitch radius of the V-belt. To increase
the torque capacity of the CVT, it was formerly
necessary to increase the pitch radius of the belt in order
to reduce the belt load. In the newly designed belt,
reduction of the pitch radius has enabled the distance
between the shafts to be reduced, hence reducing the size
of the CVT. The newly developed belt achieves a
maximum transmitted power of 150 kW with 170 mm
between the shafts, and enables a more compact CVT
layout.
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Optimization Method for Reduction of Transmission Housing Weight
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ooono ABSTRACT
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An optimization method has been developed as a tool
to contribute to the design of lightweight and high-
rigidity automotive transmission housings. The method
is divided into topology optimization and shape
optimization and can be applied at any of three different
stages depending on the maturity of the design.

The application of topology optimization from the
framework conception stage in the design of an actual
automotive transmission enabled rigidity targets to be
met with a reduction in weight of 10%.

Study of the generation of stress in the optimized
shapes predicted by the method indicated that the
placement of ribs along the paths of transmission of
bearing load to increase rigidity was highly efficient.
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Development of Side Curtain Airbags with Rollover Sensor

oA oE e [ B

Naotoshi TAKEMURA ~ Osamu TAKAHATA
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Shigeo TOBARU Yoshimasa EGUCHI
ODoO00 ABSTRACT
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Fatalities in rollover accidents have recently been
increasing in the US. In particular, 60% of fatalitiesin
SUVs are related to rollover accidents. In addition, 62%
of occupants who die in rollover accidents involving all
passenger vehicles are either partially or completely
gjected from the vehicle. To help address this issue, a
side curtain airbag system has been developed that
enhances occupant safety in rollover accidents. When a
rollover sensor detects the possibility of the vehicle
rolling, the side curtain airbags are deployed, covering
the greater part of the side windows and thus reducing
the possibility of occupant gection.
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year and type of vehicle
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Fig. 2 Percentage of fatalities and injuries in rollover
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Table 1 Seat belt use and vehicle ejection in rollover

fatalities
Not Totally Partially Total
ejected ejected ejected
Belt used 14272 771 1382 16425
Belt not used 22089 49017 9328 80434
Total 36361 49788 10710 96 859

Source: FARS 1991-2001
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Fig. 3 Ejection path of occupant
Source: NASS CDS 1993-2001
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Fig. 5 Deployed front airbags, side airbag and side
curtain airbag

Side curtain airbags

Roll rate sensor

Fig. 6 Layout of side curtain airbags and rollover
sensor system
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Development of Honda Precrash Safety Technology
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In the field of collision safety, conspicuous progress
has been made in recent years in occupant restraint
devices. Collision avoidance and injury mitigation
technologies are also developing rapidly. Various
proposals have been made for next-generation systems
combining collision avoidance technologies with injury
mitigation and occupant restraint technologies. This
paper introduces a first step in this direction, the Honda
precrash safety technology employed in the Inspire.
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Countermeasures against Noise and Vibration in Direct Injection Diesel Engine
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ooo0 ABSTRACT
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FHIZIF TV S,

The newly developed 2.2L 4-cylinder diesel engine
for the new ACCORD marketed in Europe employs
numerous noise and vibration reduction technologies.
2nd-order vibration balancers and other technologies
have been used to reduce engine noise and vibration, and
optimization of pilot injection has reduced combustion
noise. In addition, a principal axis of inertia type engine
mounting system with torque rods has been employed,
and soundproof performance of complete vehicle has
been improved.

The new ACCORD using this new engine is powerful
yet achieves the high quality cabin sound and low
vibration levels, and has been extremely well received
in the European market.
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The EURO-3 emission regulation will be enforced in
the EU in 2006. To meet the regulation, emission
reduction technologies were developed by using a test
motorcycle with a water-cooled, four-cylinder, 1 100cm?
engine. In order to reduce HC during cold-start cycle,
catalyst was activated early and the fuel spray was
atomized by means of combining Idle Air Control Valve
System (IACV) with ignition retard. In order to reduce
NOXx during extra-urban driving cycle, number of cells
and capacity of three-way catalyst were optimized, and
air-fuel ratio was also optimized. However, the increase
of catalyst capacity caused increase of exhaust resistance,
and reduced engine power. In order to solve this
problem, location of the catalyst was optimized. By these
measures, the EURO-3 regulation value was sufficiently
attained without detriment to the engine power and
drivability.
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Fig. 1 Federal test procedure
Table 1 EURO-3 emission standards
(Displacement = 150cm3)
Standards CO (g/km) THC (g/km) NOXx (g/km)
EURO-2 5.5 1.0 0.3
EURO-3 2.0 0.3 0.15
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(DIA—=)VRAZ—F NG TV v JiciksTzT ick
D, fldiOE AR FIChZ TCO, HC I L TR
HERIEASRO 5N %.

(2) m#E— F(EUDC ) DiEhmc & O, NOx HrHEA N
B, D NOx HEROm EARDENS.

(3 MARREDEM (b —2)L 377 km)ic KD, HHEAH AT
S Y MRS AT LERORLZELIRD 5N %.
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Table 2 Specifications of test engine

Iltems Specifications

Cooling system Liquid-cooled

Cylinder configuration In-line 4-cylinder
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CBR1100XX

Bore x Stroke (mm) 79 x 58
Displacement (cm3) 1137
Compression ratio 11.0:1
Valve train DOHC
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= HUDC B HUDC
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E oon2y
=
3 0.08
pd
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Fig. 2 CBR1100XX emissions by EURO-3 mode
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Fig. 3 Diagram of PGM-FI system

Fig. 4 Catalyst location
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Table 3 Specifications of test injectors

Developed injector Base injector
Nozzle Taper nozzle Pintle nozzle
Number of nozzle 12 1
Static injgction 252mm3/st 258mm3/st
guanlity
SMD 80um 120um
0.12

—— Atomization fuel injector
- Conventional fuel injector

e

HC (g/km)

w7

NN

0.02 \J

Time (sec)

Fig. 5 HC reduction by atomized injector
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Fig. 6 Effect of quick warm-up system
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Table 4 Specifications of test catalyst

Iltems Specifications
Cell density 300 cpsi
Catalyst layer thickness 50um
Diameter of carrier 80 mm
Length of carrier 90 mm
Precious metal Platinum, Rhodium
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Fig. 7 Emission results from different number of cells
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Fig. 9 Reforming gas ratio by different air-fuel ratio
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Fig. 10 Back pressure of catalyst
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Research on Combustion Switching Control for Direct Injection Gasoline Engine
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Ken OGAWA Isao KOMORIYA Hiroshi TAGAMI

SIEE| . X N HE K i NI < i

Yutaka KOHDA Masahiro TAKEUCHI Yuji FUJIKI
o000 ABSTRACT
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OBIRTH 2D, AT & R TR AR Z 5 L,
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Honda has developed its first-ever i-VTEC | direct
injection gasoline engine employing a center injection
system in which a high-pressure fuel injector is located
at the center of the combustion chamber. Direct injection
enables stratified charge combustion to be employed, and
the new center injection engine demonstrates
significantly improved fuel economy and emissions
performance in the range of vehicle operation in which
this type of combustion is used. The authors studied
methods of switching between direct-injection stratified
charge (DISC) and pre-mixed combustion in order to
utilize DISC. The two forms of combustion employed
in the new direct-injection engine differ in terms of
combustion limits in relation to recirculated exhaust gas
and air-fuel ratio. This causes the torque difference
which is a specific issue in direct injection gasoline
engines. The authors resolved this issue through the
application of two technologies. Fuel injection during the
intake stroke and the compression stroke has improved
the combustion limit. When combustion is stable, the
appropriate quantity of fuel to be supplied is determined
from the required torque.
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Table 1 Engine specifications High-pressure swirl injector

Engine code K20B
Cylinder configuration In-line 4-cylinder
Bore x Stroke (mm) 86 x 86
Displacement (cm3) 1998
Compression ratio 10:1
Valve train DOHC VTEC
Number of valves 4 per cylinder

In. 34
Valve diameter (mm)

Ex. 28
Fuel supply system Programmed fuel injection Spark plug
Fuel supply pressure (MPa) 8-10.5
Fuel Regular (91RON)
Max. power (KW/rpm) 115/6300
Max. torque (N-m/rpm) 188 /4600 Deep bowl-type piston cavity

Fig. 1 Combustion chamber configuration
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during combustion switching
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Combustion Technologies for Euro IV-compliant Direct Injection Diesel Engine
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In fall 2003, Honda introduced a passenger vehicle
diesel engine to the European market. During the
development of this engine, research was conducted on
combustion technologies to reduce fuel consumption,
combustion noise and emissions.

By adopting the pilot injection while also advancing
the start of main combustion event, fuel consumption and
combustion noise are both lowered, but emissions
performance was not improved. Dispersion of the air-fuel
mixture and the extension of the appropriate period for
dispersion ensured a lean local air-fuel ratio and resolved
the emissions issue.

The use of these combustion technologies has enabled
fuel consumption and emissions out of engine to be
reduced with no increase in combustion noise. Fitted in
a 1590 kg equivalent inertia class vehicle in combination
with the catalyst, the vehicle satisfied the 2005 European
diesel exhaust emissions standards (EURO 1V), and
achieved a low fuel consumption of 5.4L / 100 km and
superb quietness.
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Table 1 Main specifications of Accord i-CTDi diesel
engine
Cylinder configuration Inline 4
Displacement volume 2200cm?®

Bore x Stroke 85.0mm x 97.1mm

Compression ratio 16.7

Common rail
(Max. pressure 160MPa)

Micro mini-sack

Fuel injection equipment

Nozzle type

Turbocharger With variable nozzle

Swirl control valve Continuously variable

EGR valve Electric control

EGR cooler Without bypass valve
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Fig. 1 Experimental setup for observation manuscript

ggboboooooogn

.. 0000b00b00oo0oooooboboooooon

Fig. 2 ICKRKIE, EGR %, BIUTEHRERZZ(LEE
72358 @ Brake specific fuel consumption(BSFC) & &N T
NZECRDORKEP/d 0 ) DBfRZRY. F/z, BSFC
& NOx ORfR% Fig. 3 I</nd . BSFC & NIRFHAD %
iR 2, FTEDENRHHTR/MEL 2%, AFETIE O
AKRZO . EEETD.

SSA Ty M LOBE, 0, IEBVT dP/d 6,
FEizn, ERtENERT 3. Lieh> T, 1EkDT 1 —
LIV DOFKFEHIL 6 IR LA EN TV .

X

min_bsfc

1500rpm 1/4Load
Soot emission : Constant

—O— Without pilot injection
With pilot injection
Q % *

z O,
/'
\§>3?0
90/1/80/77 %

/70@ (/S‘//b/)

-~ @Ve,”

o e S

6 min_bsfc 6 min_bsfc

(with pilot) (without pilot)

10

BSFC (g/kWh)

<05 |
dP/d6 max (MPa/deg)

Fig. 2 Effect of pilot injection on dP/d6__ and
BSFC

1500rpm 1/4Load

Soot emission : Constant

—O— Without pilot injection
Y With pilot injection

— Q | | |
§ Start of main combustion event
= advance
o
Lo g
ok
m
0 min_bsfc @ min_bsfc
(without pilot) (with pilot)

10 .
BSME NOX (g/kWh)

Fig. 3 Effect of pilot injection on NOx and BSFC
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Piston bowl specifications Nozzle specifications
®B Sack volume

B/H 3.0

A (mm) 3.5mm

C (mm) 2.5mm

R1 (mm) 2.0mm Hole number 6
R2 (mm) 2.0mm Hole diameter || ¢0.139

Fig. 4 Specifications of piston bowl and nozzle
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Table 2 Compression ratio and EGR cooler efficiency

NO Compression EGR cooler
) ratio efficiency (%)
1 18.0 39
2 16.7 50
3 15.5 50
4 145 50
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Fig. 11 Effect of compression ratio and EGR cooler

efficiency
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Accurate Engine Speed Control Using Sliding Mode Algorithm

w H om o ar ™ W FEHT

Yuji YASUI Kanako SHIMOJO

moOME Ot 'Y £ I Fa

Mitsunobu SAITO Hiroshi TAMAGAWA
ogoon ABSTRACT

F—=FrFVI NIV RAIV IOV T N IX T4
M ED, EREEGT Y Y Y EEERIENER T TV
3. L LAEDS, T VOFHER, S0
THE K> TRELENTS. D, PID HlfHlDOX S 7%
PERHIEE, ERERERBICH U TRERA =NV a—b 2
AU, mOHlEEZRECE Ao/, £TT, EICHNLA
TH—NEAFGA T4 V7 E—Fay ba—JzflAab
VIHEZHIICERET L, Tz >y Y mlnEiENC
MUTz. CofilfEg, > ofRtEticnd mna
NAMEEENTA =N a—MIfilRENZE L, H50
BRI BV TREED DEIEE R T Y > ML
HilfEz = LTz,

Accurate engine speed control has been required to
improve the shift quality of automatic transmissions.
However, engine dynamics dramatically change with
engine load and with the aging of the engine. Therefore,
conventional controls such as PID control cause large
overshoots and can not ensure accurate controllability.
A control composed of a sliding-mode controller and an
adaptive disturbance observer was therefore designed and
applied to engine speed control. The new control had
high robustness against changes in engine dynamics and
excellent ability to suppress overshoot. In addition, it
provided accurate and rapid engine speed control under
all engine conditions.
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Sliding mode algorithms are highly responsive and
robust, and this has led to their use in air-fuel ratio control
and device control systems. Alteration of the gradient of
the switching line enables their ability to suppress
disturbance to be freely set, but no applied research has
been conducted on this characteristic. In this research, the
ability of a sliding mode algorithm to suppress disturbance
was lowered to enable the construction of a high-
compliance servo control system, and this was employed
in shift control in an automated manual transmission, in
which compliance control is required during shifting. The
sliding mode algorithm has been employed in position
control to ensure contact between the sleeve and the
synchronizer ring and force control to enable the
synchronization of the revolution of the main shaft and
counter-shaft through sleeve force. The compliance
established between the sleeve and the synchronizer ring
by this means has enabled the formerly required
mechanical buffer to be eliminated, and shift time has been
increased to 350msec. In addition, the stabilization of
sleeve force has suppressed bouncing and stoppage of the
sleeve and failure of the synchronizer ring during shifting.
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Study on Variable Valve Timing System Using Electromagnetic Mechanism
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Chihaya SUGIMOTO Atsushi UMEMOTO Yasuo SHIMIZU
ooono ABSTRACT
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The elimination of the throttle has recently attracted
attention as a means of improving fuel economy through
the reduction of pumping loss. The research described
in this paper concerned fuel economy, noise and
vibration performance and wide-open throttle
performance in an engine equipped with an
electromagnetic variable valve timing mechanism to
enable the throttle to be eliminated.

A high-efficiency mechanism equipped with a low
voltage drive method from considerations of practical use
and constant voltage opening and closing control that has
realized short and stable valve contact speed were
developed. In comparison with a conventional cam-
driven valvetrain, this new valve mechanism has
achieved a simulation-based improvement of 7% in fuel
economy in the 10.15 mode and a roughly 20% increase
in torque at low to mid engine speeds through
optimization of valve timing and scavenging
effectiveness. In addition, the combination of compact
type-integrated hydraulic tappet, dual over-excitation
constant voltage control and resin engine cover, has
enabled the engine to record the same noise level when
idling as an engine with a conventional valvetrain.
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Table 1 Valvetrain specifications

Valve diameter (IN/EX) (mm) 30/24
Valve lift (IN/EX) (mm) 7/6
IN maximum spring force (N) 480
EX maximum spring force (N) 550
Connector Lift sensor

Upper spring

Coil (¢ 0.8 x 75turn)

Armature

Yoke

Hydraulic tappet

Hall IC
element

Magnet

Lift sensor

Fig. 4 Structure and hydraulic tappet and lift sensor
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Fig. 5 Electromagnetic valve management system
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Fig. 12 Overexcitation control under constant voltage

Current (A)

Current (A)

Voltage (V) Valve lift (mm)

Yoke vibration

e D ey

[ 4

gogoood

8 EMRERRICH WD Y Y VR Table 2 1T, 4%
_ MREPERERS B Fig. 16 omd. BT/ SLT 2 A 2 241k

4 ﬂ //’\ 1Kk D /Y ATy MVEENATREL 5D, A YT —2 I8
/ THO—REA VT ORI & D, FEROH L

0 . BRI LN AR T 10%0 BSFC [ L3157

iz, ZTORD PV #iX7% Fig. 17 19, EPACR

40
Volt:
20 oltage
0

WIKEORVEYTaZMER L TR T Ebns.

Time (msec)

condition

Yoke vibration

A

8

IS

£ Valve lift

g 4 alve li

Q g

g / /

Voltage (V)
nN b

o O O
<

o

T

«Q
L

] Current

0 1 2 3 4 5 6 7 8

Time (msec)
Fig. 13 Dual overexcitation control under constant
voltage condition
Fig. 14 Hydraulic tappet
2.5 ‘ ‘
207 \ Hydraulic tappet
1S 15 —| /
E 71 \
£ 10} Valve XN{
o L seating
% 05 | position AN N
> i
0 ‘ \ﬁ*
-0.5 W

0.5 1.0 1.5 2.0

Time (msec)

2.5 3.0 3.5

Fig. 15 Hydraulic tappet effect

— 163—

11 2.9kW at 500rpm, Fr7 )L 7 {RIEEHE)

EHIC 10.15E— MBI o Lb—Ya Vel T

RO TR, 7 % DERE A ARG 5Nz

Table 2 Test engine specifications

Bore x stroke (mm) 75 x 90

Displacement (cm?®) 1590

Bore spacing (mm) 84

Valve lift (IN/EX) (mm) 7/6

Valve train type Electromagnetic
valve train

10%

BSFC (g/kW-h)

Conventional type

Electromagnetic valve

Fig. 16 Comparison of fuel consumption values
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Fig. 17 Pumping loss reduction
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Development of Positive Crankcase Ventilation System of Four-stroke Engine

for Small Motorcycles

o B L TSR B R - R
Ryuji MORIYAMA Yuki MURAOKA Kazuo FUJIHARA
0000 ABSTRACT
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SRS 2 Y AT Lzl Lic. TOYAT LIZY
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(Positive Crankcase Ventilationsystem: PCV system)ic
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IKTIRE " T3%, 7YV ) ViIREZ4A2% KRS 5 T ENT
Tk

In motorcycle engines, blow-by gas is generally
introduced into intake system including air cleaner to
decrease blow-by emission inside crankcase. There was
concern in the previous system that some running
conditions might shorten an interval of il change. Those
phenomena were caused by mixing of water or gasoline
in the blow-by gas into engine oil. In order to control
the phenomena, a new positive ventilation system of the
crankcase was developed. In the new system, fresh air
was introduced into the crankcase by pressure fluctuation
in the crankcase. The fresh air ventilates the crankcase.
Comparing to the previous system, the developed
Positive Crankcase Ventilation system has decreased the
density of the water and the gasoline contained in the
engine oil: water by 73% and gasoline by 42%.
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Table 1 Specifications of test engine

Engine type 4-stroke, 1 cylinder
Valve train OHC 4-valve
Displacement (cm?®) 49.9

Bore x Stroke (mm) 38.0x44.0
Compression ratio 12
Cooling system Liquid cooled
Lubricating system Wet sump
Fuel supply system Fuel injection
Power train Belt converter
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Fig. 2 Generating mechanism of blending into oil
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IZ7”9. Retention time(RT) AV NE WK EUK A2 5 RT A
REVERERATETPCVE D DA A IVHHD AV I VEGY
M PCV EUICH L THALTWD. ZNH PCV VAT L
DHMRTHO, ZDHVYI VKR @i’IJ/‘%J:tﬁxbf_%@%
Fig. 16 1T/R9. PCV BHIICH DD 5T Z ORI
AL TH%. ik,%ﬁVUymﬁLflyVyﬁ4w¢®

HYV VU KRG D5 < SRR 2 0. AR
TR TR, BBELT L, DUV T r—A
PIZBRBALTETO—NAHRAE LTI 7Y —FITHEIT
INZEENZ N D EHEEINS.

1.0
— Without PCV-system
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<
g 04f
c
[e]
O Hexane
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Fig. 15 Gasoline components in engine oil of running test
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FLERHATAC LICK DT VDU A A IVHRDIKS I
FEDRIER 73%, VD VIEEOKIR 42% M55
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(D) A% BB HAEE O 7 0 — S UH Y AT L,
ENGINE THCHNOLOGY, Vol.3, No.6, p.86-91(2001)

(2) F BSEZ, HEATE : T2 YV A AN DOBRBEE Y
RARX T Z X LN O, HABR A 25 SR (B,
55 %, 519%(1989)

(3) Schwartz, S. E., Smolenski, D.J.: Development of an
Automatic Engine Oil-Changelndicator System, SAE
Paper 870403(1987)
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Development of ILSAC GF-4 OW-20 Gasoline Engine Oil

e B = z* nAwa wE
Takayuki SATO Syouji KAWAUCHI
ODo0oO ABSTRACT

20047 A 31 A SN E NS ILSAC =Y
VA A IEIRG GF-41c3tit LTz OW-20n > Y > A4 A V7B
L.

GF-4HI8 TlI A A IVIHEBNC K B HER T/ 3 A A D a5 Hi]
DDA A IVRANDY » « A A OFshng ERREA
ENTWB. FBROI VA VL, ERE AR DINERE
PRER A LT B 7l A A IVRMELTORELEZIB T
HoTW5. iz, XDEWEBEMEREERICHINT 57285
IZ, BikiEE HTHS MiEOTZ Y VE—RZY T TV
2 g UYNDFGEEMGEEL, MR EROn TRz R
kU7,

HREABZ BBV, AFAIVH GF-4 ISl T3
T & RGIE LTz,

This paper describes the development of an OW-20
engine oil meeting the ILSAC GF-4 engine oil standard
which will go into effect from July 31%, 2004.

The GF-4 engine oil standard stipulates upper limits
for phosphorus and sulfur content in oil to prevent
poisoning the exhaust system components, but the new
standard has generated concerns about the acceleration
of wear of engine parts. Each additive in the newly
developed has been selected to improve anti-wear
performance. In addition, the contribution of kinematic
viscosity and HTHS viscosity to engine motoring friction
has been verified, and the molecular weight of the
viscosity index improver has been optimized to achieve
the higher fuel economy requirement in GF-4.

The newly developed engine oil was evaluated in GF-
4 standard tests and was confirmed to meet GF-4
performance.

gooogd

I, HEIEAOBRBEAMEBERESE>THBD, T
VI VF AW DO TEEIITlEIRV. — RN BB
IN— FEAI B E NI ERORIENR 2 L 72 590,
IVIVFAINDEGE, BREMISN— FEDRMENT
WERWHIEIC B W T RNIRZ IR TE 57201, REA
THEIR ORI A Z V. Honda iZBRE MEAEM I K 2 BRbE
ARBERIC OB ROER L, ARMET YD VA VORI
PR TIFEAZED TETVE D @),

1994 5K EHE)EH A —7 (GM, Ford, Daimler-
Chrysler) E HAHBH T3 2 (Japan Automobile
ManufacturersAssociation: JAMA) i iz BT 5 4 1 )V
B OMER: - BB MM L2 HE LT International

Lubricant Standardizationand Approval Committee

* AW

(ILSAC) #ikgZFEE L, Fig. 1IEmd &I ITKEDOTI v
Voa v BERRICRIT 2 X5 BIRUUEZ BT Ho>TE
T 7 A HEREERHE R (Environment ProtectionAgency:
EPA) I ILSAC HUSAREETNR &Iy I VA A
HERICBET 2010 Fo A4 ZFITLTHED, 200447 H
31 HO HE AT NS HEIE GF-4 1% 2005FETIILA 5
EHZFFAI L TWA ). b, Bl GP-43 B THISGE-
JIHLTZ I VA L)LY > (Phosphorus) & A F
7 (Sulfur) DycE R BIHELIC K 2P T/ A A OH
1k #E (Catalyst compatibility), Eg{bZeEMEAE (High
temperature oxidation stability)3 X U B 1 HE (Fuel
efficiency ZZRHCIA X R TV B T EDIRKDEEHLTH
%, Honda TW& EPA A FI A VicHl-> TV
FANEBALTNSZZ & D, FEMGICHERLzD Y
VA ANV RRFELT.
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Model Year |94 95]96]97[98]99]0001]02]03]04]05 |06 |07
c Federal Maskie Tier1 LEV y Tier2
Act ( 100k mil 120k mil
-% Emission Ev1 mre LEVn;i)
S California \ 700k mile )| 720k mile )
5 LDV 27.5m
S |care P
LDT 20.7mpg 21.0[21 6222
ILSAC GF-1 GF-2 GF-3 GF-4
API SH SJ SL SM
> .
.. =| Phospho- o 5 0.06%min
_g:é Tus 0.12%max 0.10%max 0.08%max
g8
T|® O *1
s IS f 0.5%max
g ) g Sulfur Not required 0.7%max"2
% Test Sequence Sequence |Sequence
3lec HI-E -F -G
2|55 weope Not required 4.0P 3.5P
S|g 2| Min. limit q : :
WIE ©| viscosity | 375%max | 64hrs max 275%max | 150%max
increase | at 64hrs to 375% at 80hrs at 120hrs
3 Sequence | Sequence Sequence
sg| et VI-A VI-B
)
(<) 1.4%5 2.0%° 2.3%'5
= 4 A7 . O% S0
| Min. limit 27% | Not required™® 1.7%'¢ 2.0%
“1; OW-20, 5W-20, 0W-30, 5W-30 “4; OW-20, 5W-20
2, 10W-30 ’S; after 16hrs aging

“3; Weighted Piston Deposit (Merit rating) ~ 6; after 96hrs aging

Fig. 1 US emissions/FE regulations and engine oil
standards

gooooooo

HHKG GF-4 RIST VY VA A IVBHFICEE U TLLRD 2
mMzFHEERbNE L.
(D) imrpcRBEOBIRES
Uy (0.06%LLE, 0.0%LLT)
A48 (0.5%LLT)
(2) BB EMERED M 1
VUBXUAATET Y YV F AR E NS
KEENZILHETH O, HKIC K S E RIRER A
DU (ZA T, B ZHIRTS. T2V vAA)bhn) v
XA AT BRICDOWT GF-3, GF-48iHilfEE GF-3 i
BrEE OB 2 Fig. 2 179

_ GF-3 xxW-20
Market average
0.6 in North America

)

04 —

i

02—

Sulfur content in engine oil (%)

0 0.02 004 006 0.08 010 0.12

Phosphorus content in engine oil (%)

Fig. 2 Standard limits and xxW-20 market average for
phosphorus and sulfur content in engine oil

BHHBIEL R BT O TR AAVEE D Y EOK
ISIMERER SN EDNDN S, AFFETRY VEOMEIE
&, DOTAFTVRICOWTIHEIL, HRAEMEREDM EZ2X
kil

uobooooboboooboo

IV UFAINDIEARI R EERITERRIE, P - 1A -
B - BEG < T B 52 R 79 & 5 B (Base Oil: B/
0), #hn#l(Detergent Inhibitors: DI) & Kk fE%_F#
(Viscosity Index Improvers: VID Z38¢ LELAENTHD, T
NSz E Lz,

3.1.00

American Petroleum Institute(APD) T3 FM O Z 7D
DH7 3V —(Table DIZHIFTWVSS, Grl 5 IIHIFE
i SRR E N TH 5N S HM Mineral oil), GrlV, V
5 R (Synthetic oiDICEERI E N, & SICHME EFENS
AA U, ff1) (Saturate) DE|E & REFEE (Viscosity
index) THl/? EMNTCW5. Honda TIEHERD S Grlll #H#
MLTEYABERICBOTCEGrII ZFHT2C L L L.

Table 1 API base oil interchange guidelines
E;zgoc’r‘}', Sulfur [%] Saturate [%]  Viscosity index
Gr.l 0.03< and/or <90 80 to 120
Gr.ll <0.03 and 90 < 80 to 120

Gr.lll <0.03 and 90 < 120 <

Gr.lvV All polyalphaolefins (PAOs)

Gr.V All others not included in Gr.LIL11I or IV
3.2.000

LYV VI AIITKRD 5N B EANREZ 1 e dIc %
BRIIFIAME SN TV 5. SFEEAIIFIOKEE, REH
BRUY Y eAA VDR Table 2 IC/RY. TYI VA
AIVTIE, VU EA A DI RS &l E N2 EhnF ofE
FHMREENTEBD, WTH|(Extreme pressureagents) & i
{EBF 7] (Oxidation inhibitors) ICFFES 5. BIFEISMEHID
1) > % (Phosphorustype) X L A EMHAENTEST,
&8 =D ZnDTP (Zinc dithiophosphate)h i £ 41 & L T
fE - ARMDSIZETARNTOI YV VA AIVICHHENT
W%, 7z, ZnDTPIERLI;Ib#REL B L TH O IFRICHE
NIl LTRIBNTWA. S0 GF-4 BIkgsIc
TY vHnaEz{fkd 5 Z &1 ZnDTP OFINEZHRS T
T EiENx5d, ZnDTP OREZ Hised 2 Fika R T
WEIND % .

%9, ZnDTP O FHEHETDH % BERERHIETEREIC DWW T
ZnDTP IR OB 2R Uiz, BlT GF-3MA&ICE S
LI oI A Aoy v aENEirR i L/ — X
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Table 2 Typical engine oil additives

Additive Function Typical chemicals irrl%c;us Sulfur
Organometallic
compound type v v
Extreme Anti-wear (Zinc dithiophoshate)
pressure N Sulfur type
agents Anti-seizure
Phosphorus type v
Chlorine type
Chain Phenol type
reaction stop | Amine type
Oxidation Organometallic
inhibitors Peroxide compound type v v
decomposition (Zinc dithiophoshate)
Sulfur type v
Sulfonate type v
Det Salicylate t
Detergent etergency alicylate type
-dispersant Phenate type
additives -
Sludge Amin type
dispersancy Imide type
Friction Friction Organometaliic type v
modifiers reduction Ester type
Viscosity Viscosity Polymethacrylate
index adjustment :
improvers ) Olefine copolymer
IS Solvent of ) )
Carrier oils additives Mineral oil v
Others

FERICH 2 B2 8 DOV T B (Friction modifiers:

FM) T % MoDTC (Molybdenum dithiocarbamate)D 45
2R e UCHM U el R E Fig. 8, ala(t%
Table 3 IZ/RY.

ZnDTP & Z Do) & RIg i MEFA OIS & O V) VR
[T % T & TEERE-BERt 219 % ). MoDTC A
mE NG, ZnDTP L HEORIC K D Ly S BIfiC
MoS, DA & VR 73 BE B Fs & O EERE - BB IR 1
BEZFHTH5EDEEZISNTNE . MoDTC & DOfif
FIC XD ZnDTP DAKIC K 2 BEFEZ & 2 F2REHIHI9 % C
LIZTE L OO R AT S HAM RSN L
MUZEN D, MoDTC MRINE NI THIUSEREICD
W& MoDTC DR ZHRIEHICED GF-4 D) &
HIFEFNIC W BT L RSN Z ML EDOMEREZ IR T &

BeTMUI. —J5, 1EHHG] (Detergent-dispersant

20

-
o
I

Without
MoDTC

Cam wear (um)
S

[¢)]

| | | | |
0
0 0.02 0.04 0.06 0.08 0.10 0.12

Phosphorus content in oil (%)

Fig. 3 Cam wear level in Honda valve train wear test

Table 3 Valve train wear test conditions

Engine L4, 2.2L, MPI
Valve train SOHC, 4valve, Slide-type
Engine speed [rpm] 2000 / O

Oil temperature [°C] 90-95/20-30
Water temperature [°C] 80-90/15-25
Test duration [cycle] 300

Table 4 SRV test conditions

Pin Diameter [mm] 15
Length [mm] 22
Material DIN 100Cr6
Disk Diameter [mm] 24
Thickness [mm] 6.9
Material DIN 100Cr6
Temperature [°C] 80
Load [N] 200
Frequency [Hz] 50
Sliding distance [mm] 1.0
Test duration [min] 20

additives), RHCHEPRTHGE (Ashless dispersant i,
ZnDTP & DRICHENER D % 728 MoS, DAERKIC &%
ZRIET. T T, ABFETIER T EEIORELER T R
5T & TLW SBHAD MoS, DERZIINE 1, BEEFE
1k - EEBMEZ X > 72, BT GF-3 fihkDA 1 )L (Current
GF-3)& T DI B2 22 8 U 7e it A )L (Study oiD I
T Schwingung Reibung VerschleR(SRV) il§iZz 35 C 75> 7z
©. 00 G{ERS(F % Table 4 1C/59. Disk i #imi Lo
Y 7T UEEYOR G T3V F—72 X HOCE T2
(X-rayPhotoelectronSpectrometer: XPS)IC THIlE UL L
TeAEHR 7% Fig. 4 1Rd a0,

MoS, D& T3 )V F— (229 VI 1 B 2 Fro {3
% LT GF-3{LRDA ALK bk T L DR E h &
FITAERENS MoS, 7 FiEZ<E>TWV2EDETHlE
ns.

Study oil SRV test
---------- Current GF-3 ‘ Load
2
@
c
[}
E
o
©
IS
e
©
@
Q.
[47]
240 235 230 225 220 215

Binding energy (eV)

Fig. 4 XPS analysis in SRV test
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33.000000n

TYYYTVTYaELe S EIRIC I B EEHRST,
TREKHEHT - BIHEHUCKAIE N, w3 HTHS K5 (High
Temperature High Shear viscosity), %#& GBI
(Kinematic viscosity) DMK E VW EEZBNS. TV
YHA AT KB EBRENEZ AT 21cH 72D, HTHS B
CHREDTL YV TV Ty a Y N\DFEEZBGEEL Tz,
T, T2V T7UrvavideE—2 ) IRDEDE L,
A O EVETIREO T > Y VAl #E Lz, xi5e
Lic Y P Vi Table5 1IC/RY.

BRIEDT YT ) 7y a UADFEE Fig. 5138
T KSIC 8OCLANTIIE KA, 80°CLLLTIEFHTHS KhifE
DBNRKEL EoTz. TOTENLHMRNELY VT

1500rpm
/ 2000rpm
/ 2500rpm
100

X i
> 80 —
k%)
o)
&)
R 60
N —
5 Kinematic HTHS
o) viscosity viscosity
"é’ — —
c 40 —
K]
5
2
S 20 —
(@)
0 -
60 80 100

Qil temperature (°C)

Fig. 5 Contribution of viscosity to engine motoring

friction
° Kinematic viscosity
S ﬁoic == = = HTHS viscosity
~

Kinematic viscosity (mm?2/S)
HTHS viscosity (mPa-s)

VIl average molecular weight

Fig. 6 Viscosity characteristic by VII molecular weight

Table 5 Test engine specifications

Engine L4, 2.0L, MPI
Bore x Stroke [mm] 86.0 x 86.0
Valve train DOHC, 4valve
Roller-type rocker-arm
Chain-driven
Compression ratio 9.7

) 7y g AR TE & LTI HTHS KGR & Bkh e s 7
ING U ADETH BT Ehbhd. 150°CICHBIF ZHTHS
K% —E (2.6mPas) D [T, MR LHlOn FEzZ
Z 1220 60, 80, 10WICHF% HTHS KL & Hikl s % 3
~7z. Fig. 6 IZ7R9 & 51 HTHS #6E & BkEEEIIHHR T 5
BRZRD T Lh SRR MERENME S NS 77 TE 72 %
ELT.

goobogooo

DL ORGSR 538 & N7z F A )L (PrototypeGF-4oil)
DMREZEFE LTz, A A )UEE7Z Table 6 ICRY. Adw
T, V VRINRIC K 2EETH SR EN, FEFEE B
FAPEREIC DUV THERR L 7oA 21BN S

41.00000

EIC T B A ANV O L2 E %2 Indiana Stirring
Oxidation TestISOT) IC CaHili L7z. BifT GF3 A1l
(Current GF-3 oil Yz Ltifgim & U723l 7 Fig. 7 1, &

Table 6 Properties of test engine oil

Current GF-3 oil |Prototype GF-4 oil
Formulation (DI) A B
Base oil Gr.lll Gr.lll
Viscosity grade 0W-20 0W-20
Kinematic viscosity 40[°C] 34.8 33.4
[mm?/s] 100 [°C] 7.85 8.02
HTHS viscosity [mPa-s] 150 [°C] 2.6 2.6
Phosphorus [%] 0.10 0.08
Sulfur [%] 0.30 0.25
Viscosity index improver PMA-A PMA-B
Friction modifier MoDTC-A MoDTC-B

0Q

O——O Prototype GF-4 oil
O——C0O Current GF-3 oil

@100°C

Kinematic viscosity change (%)

10 | | |
0 20 40 60 80

Duration (hr)

Fig. 7 Kinematic viscosity change in ISOT
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Table 7 ISOT test conditions
Method Based on JIS K 2514
Qil volume [ml] 250
Oil temperature [°C] 175
Catalyst Copper and Iron
Test duration [hr] 24 | 48 | 72

EiZ&A7z Table 7127”9, Prototype GF-44 1)U Bi1T GF-
3 A AV E L CHEIRIELIC X 25 ERZHHIL Twv
5T Ehbhb.

42.0000

M EEFEPEIC DUV T RTIE U 7z Honda T > ¥ 12 & 3 B)77
REFEER L GF-4 B THIEENTWS Sequence IV-A
B R EEREAER (ASTM D 6891XC X O FHii L 7z. Honda T
VYU KB HFRIERE ARG R 2 Fig. 8 1IRd . alRge
fFix Table3 LRI TH%. Sequence IV-A BIFFREERER
B R Fig. 910, BgkF% Table 8 IT/RT. WIho
FERIC BT Prototype GF-44 1 VIEBIfT GF-34 1)L
O U BEF RS R 21 7.

43. 00000
Honda TREMZTY Y U AEEHLULHEEICKS 10.15
E— RRE R R % Fig. 10 12, Hl##T% Table 9 I

20

Cam wear (um)
= o
I I

[
I

Prototype
GF-4 oil

Current
GF-3 ail

Fig. 8 Comparison of cam wear level in Honda valve
train wear test

150
GRS,
glor L GFALmL...
3
3]
=
&
8 50 —
0
Current Prototype
GF-3 oil GF-4 oil

Fig. 9 Comparison of cam wear in Sequence IV-A

Table 8 Sequence IV-A test conditions

Engine Nissan KA24E, L4, 2.4L
Stage | Il
Stage duration [min] 50 10
Engine speed [rpm] 800 1500
Engine torque [N-m] 25 25
Oil temperature [°C] 50 60
Water temperature [°C] 50 55
Test duration [cycle] 100

Table 9 Japanese 10.15

mode test conditions

Engine L4, 2.0L, MPI

Valve train DOHC, 4valve, Roller-type
Vehicle Domestic production model
Test mode Japanese 10.15

Table 10 Sequence VI-B test conditions

Engine Ford modular, V8, 4.6L
Aging stage | Il
Stage duration [hr] 16 80
Engine speed [rpm] 1500 2250
Engine power [kW] 15.39 23.10
QOil temperature [°C] 125 135
Water temperature [°C] 105 105

Test stage 1 2 3 4 5
Engine speed [rpm] 1500 | 800 | 800 | 1500 | 1500
Engine power [kW] 15.39 | 2.18 | 2.18 | 15.39 | 15.39
Oil temperature [°C] 125 | 105 70 70 45

Water temperature [°C] 105

95 60 60 45

Fuel economy in actual vehicle
under 10.15 mode (km/l)

I+1 .0%

Current
GF-3 oil

Prototype
GF-4 oil

Fig. 10 Fuel economy improvement in Japanese

10.15 mode test

N
o

24 GF-3

2.0 —-=—----=--1

GF-4

Prototype
GF-4

1.6 [~

FEI after 96 hours aging (%)

1
1
]
1.8 — @ Current GF-3
i
]
1
1
1

1.4

1.8 2.0 22 24 2.6 2.8 3.0
FEI after 16 hours aging (%)

Fig. 11
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RY. Tz, GF-4BETHIE TN TV % Sequence VI-BIE
2B (ASTM D 68371 & % #4353 (Fuel Economy
Improvement: FED 7% Fig. 11 1C, FBRZ&!f% Table 10 I
R WITNORBRICBWTE BT GF-3 41 )licxf L
Prototype GF-4 1 )V DB UERIRDNRD BN, £z,
GF-4 ® OW-20/7 d VI B B s R AR LT
BT EMNTER.
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F A IVORIFEEE L TLL RO ZS .

(1) MEEA] ZnDTP DAfise e LT MoDTC & &7 Bkl oD
BEEIC K O EREZIHIT 5 eV TE .

(2) kG e HTHS MSSIc K 20V v 7Y 73 3 D
WEREIC K> THRED, 7V 7y a VEEERS
IR E R R LRI O TR 2 RpE(bd 5 2 & VAR
RFEETHLHT b Tk,

(3) FRtmRZE LIS LA A VIE GF-4 ik Z i
THELbIC, HEREE 1 %A ETZTENTE .
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(3) EnvironmentalProtectionAgency: Vehicle programsand
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Research on Method of Evaluation of Energy in Gas Generators Using Variable Volume Tank
Pressure Measurement Device

S i I NI o2 it * BOH oW
Daiei TONOOKA Takeshi KAI Yoshihiko MORITA
OO0oo ABSTRACT

AIEEER 2 2 7 NEMESEE X, =73y Vi EICH
WHNBHAFEAEREE (DUF, 127 L—2) OMRERHIH
HEEE LU THEEFTHOLNTWS. LHrLiEahs, TOHl
ERE TR AREELES A > 7 L— 2R 7% 15 I FHm
TBHIENTERY. UL, AFRICTERLEAR
ZALR 2 7 NIERERE O TIEZ I AEID EFIC
KXo TELCZNEHOARBZIICES MR 2182 W T
x%. cofFon/HEZABIcRATE T LickD
AT L= AR LW A VT L—ZDOERETHE S &
KTEDHLEZ, FCEEEZIYE LBl koTz. T
DFERN S, AEBICEK DA VT L—RDI )V F—FH
WABETH B T L EBMHRL, A7 L—2{EHELWVIHL
WIERERHI RS & MERERFM L 2 T U 7z,

To date, fixed volume tank pressure measurement
devices have been employed in evaluation of the
performance of the gas generators (inflators) used in
airbags, etc. However, these measurement devices cannot
be used to accurately gauge inflator characteristics as the
volume changes. This research project therefore built a
variable volume tank pressure measurement device® to
enable measurement data to be obtained as internal
volume changes with increasing tank pressure. This
device was used in tests, and measured values were input
into a predictive equation to define an index (inflator
work) for the evaluation of inflator performance. The
new measurement device has made it possible to
evaluate energy in an inflator and has enabled the
development of a new performance evaluation index
(inflator work) and method.

gooodad

I7 Ny Jix EICHOW S NS H AREREE O MEETE T
FEO—D b UTAMEEM 2 > I NIEIEEN DS, T
HEEEA VT L —2OMEEENAZICBRAST L
MOBEE THOONTWVS.

JT Wangld, AREER %> 7 NEREREEIC BT 20
TERERIZT TLEA 7 L— R ORI IC RIS % Dl
R0 THZEMEOLTEY, ThckbB AT L—
ZOMREHITFED Z BT EN TN D @ Lh Lah
5, TNLHIETICAREEH X2 > 7 NENEERZH W
FHEFLETH O, MR L, WEFEE M
HTHRNWT D, V7 L—2OMRETMETEE LTI
IR FHVSENTWRL,
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Fig. 1 Conceptual drawing of variable volume tank
pressure measurement device
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Fig. 3 Picture of variable volume tank pressure
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Development of 590 and 780MPa Grade High-ductility Steel Sheets

MR BT ST S B
Takahiro TANAE Katsuyoshi KANEKO
ooono ABSTRACT
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ATFA b, FLAFEOERRICIVT VYA MEREE
B2 TEOEREMEIL, BIEERR EX 28T
HBH, HEROIBNIC LR Si %22 < TINT % Fo b s @ sh
BHo ERNETRDDH - EMR, JED > TRIRDBEEIEREN
BERLRTWEWSEEND . 2T T, FETETHS
CSiMn DiE(LE & £1C, BRLIA#EEERD > Z itk (DL
T GA #IHO ISV TIE Si DEBIEAEZ TS 2 TEDOTR
m, —7IED > TR (LU CR #) Ic BV TIdRE
D Si PFREOREIC KD, HERRE - IR Z R L
MOHEk EFRIFEDD > E WH - BEMREZ HHEE D TRIP
MR LZ. chuck b, HEkD440MPa, 590MPH
DR (LLTNA T2 RSO Z, ThEh
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A high-ductility TRIP steel sheet has been developed
to achieve weight savings in automotive bodies. When
TRIP steel is deformed by pressing, etc., the
transformation of the retained austenite distributed in its
matrix structure into martensite controls the strain
concentration. This gives the material higher formability
than other steels. However, TRIP steel sheets contain a
higher amount of Si than standard steel sheets, and this
can cause the platability of the material during hot-dip
galvanealing and the ability of cold rolled sheets to
accept coatings to decline. A TRIP steel displaying the
required strength and formability while possessing
identical platability and coatibility to standard steels has
therefore been developed by optimizing the amount of
C, Si and Mn, the main constituent elements of the steel,
adding an element which controls Si concentration to
sheets for hot-dip galvannealed (GA steel sheet) and
removing the concentrated Si surface layer of non-
galvanealed sheets for cold rolling (CR steel sheet). As
aresult, it has been possible to achieve an identical level
of formability in 590MPa and 780M Pa grade steel sheets
when compared to 440MPa and 590M Pa grade standard
high strength steel sheets (HSS) respectively. In addition,
the new steel possesses identical energy absorption
characteristics to existing high-tensile steel but is 10%
lighter, enabling weight per vehicle to be reduced by
more than 10kg when the new sheets are employed.
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Fig. 1 TS-EL balance of high-strength steel

Table 1 Target for mechanical properties of TRIP

steel
Grade YS(MPa) TS(MPa) El(%)
GA 590TRIP 360 min. 590 min 32 aim
GA 780TRIP 400 min. 780 min. 25 aim
CR 780TRIP 400 min. 780 min. 27 aim
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Development of Pb-free Free-cutting Microalloyed Steel with High Toughness for Crankshaft of
Small Multipurpose Engine
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ABSTRACT

A ferrite-pearlite type microalloyed steel has been
developed for use in the crankshafts of small multipurpose
engines. Although the thermal refining process after hot
forging has been diminated, this steel possesses equivalent
strength and toughness to thermally refined steel, and can
also be induction hardened. The design of the alloy sought
to ensure toughness by increasing the ratio of ferrite in the
structure of the steel and refining the structure through the
use of intragranular ferrite and, at the same time, to ensure
strength by strengthening of solid solution and precipitation
strengthening and increasing hardenability while still
employing a carbon content within the range enabling
induction hardening. In addition, conditions for the
temperature of heating during hot forging and for cooling
after hot forging were established to control coarsening of
the structure and optimize the characteristics of the aloy.
At the same time, the design ensured that while no lead
was added, a level of machinability equivalent to that
conventional free-cutting steel with added lead was
achieved. This has reduced the cost of crankshaft
manufacture by eliminating the thermal refining process
and done away with the necessity of adding lead, an
environmentally harmful substance.
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Table 1 Chemical composition of newly developed

steel
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0.33 0.68 1.33 0.020 0.055 0.20 0.08 - 0.80
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Table 2 Mechanical properties of newly developed
and conventional steels

Newly developed| Conventional

Hardness (HRC) 20 20
Tensile strength

(MPa) 813 764
Yield point (MPa) 549 549
Elongation (%) 19 23
Rotating-bending fatigue

strength (MPa) 412 372
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Table 3 Result of various fatigue tests for crankshaft

Fig. 6 Result of low temperature blade-hit test for
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Newly Conventional
developed
Bendin Without induction 402 402
1ding hardening for fillet (HRC24) (HRC20)
fatigue
strength
of crank | with induction 647 666
pin hardening for fillet (HRC52) (HRC60)
(MPa)
Torsion fatigue strength of 182 106
power take-off shaft (MPa) (HRC20) (HRC20)

Conventional

crankshaft
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Table 4 Comparison of amount of tool wear between

newly developed and conventional steels

Newly developed Conventional
Amount of wear of
. 0.07 0.18
tip flank after 30 (HRC19.4) (HRC21.2)
min. turning (mm)
Amount of wear of
drill flank after 0.08 0.09
drilling 200 holes (HRC22.6) (HRC20.1)
(mm)
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(a) Newly developed steel

(b) Conventional steel

Fig. 9 Chips of newly developed and conventional
steels produced by 30 min. of lathe turning

(a) Newly developed steel

(b) Conventional steel

[30mm]

Fig. 10 Chips of newly developed and conventional
steels produced by drilling 200 holes
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Development of Universal Solver for Incompressible and Compressible Flow Simulation
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ABSTRACT

A numerical methodology that decomposes a fluid
motion into the convection due to the flow material
velocity and the transportation of the sound wave was
newly developed and then a unified flow solver for all-
speed flow regime was conducted. The developed flow
solver has been validated using bench mark problems.
Furthermore, the solver has been extended to practical
one for an engineering purpose, such as three-
dimensional turbulent flow, by implementing an
unstructured grid method, a parallel computation
technique, and a turbulence model. Availability as a
unified flow solver in practical use has been confirmed
by solving a flow field around three-dimensional wing.
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(c) Helicity contours at 2, 4, and 6-chord downstream
from trailing edge by turbulent calculation
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(d) Contours of turbulent viscosity at 2, 4,
and 6-chord downstream from trailing edge

Fig. 6 Results of a wingtip vortex calculation around
NACAO0012 rectangular wing
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Development of Computational Fluid/Aeroacoustic Coupling Code

E
Toshihiro KAMATSUCHI
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.

ABSTRACT

A rather novel coupling method is developed for
predictions of aerodynamic sound fields. The flow fields
are predicted by Reynolds Averaged Navier-Stokes
(RANS) and the sound propagations are computed by
Linearized Euler Equations (LEE). This method enables
wide range aeroacoustic analyses with the lower
computational cost. All simulations are performed using
unstructured grid methods because of their flexibility to
fit complex geometries. To validate this method in the
present work computational aeroacoustic analysis around
an airfoil was carried out. Sound sources are treated
universally by using turbulent vortex fluctuations which
induce aeroacoustic phenomena, not by the secondary
pressure fluctuations on the body surfaces. This suggests
a new guidance in computational aeroacoustics.
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spots of red circles.
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function of normalized time separation

gboboooobboooooogn

AR 3 — R OB ZRT Tzdic, FAED D DRtk
BB 21T o o, BRI Sd SRR B SR O Tl
&Nz, BBRICERZFT-E 72 NACAOO12L Liz. 5
S LT, BIAR Y ANEIE M =0.205, LA /IVAEIE
Re=2.86 X 10 TREFELRZMRKEL, ADIOERTOIN
S Ti=0.3%, GLREI AT —/WEa—RED02%, il
flda=5° LIELE. &, MHTICEIEREE N TV v
R#%5-7% 7z (Fig. 8).

TR OFERZ Fig. IR . (@&~ v /B, (b)
BELBRZINVF =D TH 5. BEEIZIERE -8
TeDIC KR ERILRZ RIVF—DERENT VS,

Fig. 10 I SNGR EF7I/IVALELNT, R FEKS %
FROZBRE OMENR T MLERT. KINE < O|H Fiic
FRENTEHD, ke UTRIEFICHEMRRIIZIEK L T
WAETF DM S, FRCEREANE TIEELRES E D R &
FHEEC L, KRERANDECTED, THIFERE T
BoENIERELEILHTZ RN F—EHEL TV S.

LEE 1T X % & &gt OFEH 2 Fig. 11 19 (@) 5 (d)
DO Fig. 10 X . BB B R4 LT
FENZEFNESTANEARE L TOLETFDDOD S, HiDsy

Fig. 8 Unstructured hybrid mesh around NACA0012
airfoil with the blunt trailing edge. Structured
mesh are generated around the solid surface,
surrounded by unstructured triangular mesh.

(a) Mach number contours

0.002

0.001

0.000

(b) turbulence kinetic energy contours near trailing edge

Fig. 9 Results of flow simulation around NACA0012
airfoil (M_=0.205, Re=2.86x10¢, Ti=0.3%,
o=5°)

g, FEREESH ORI K > THELT 2 AR a5
HiEZRLTEY, ERAITHEME<Z>T0E
5 Ry 7I—3REBNTNS.

— 208—



gobobobooooobooog

DU EDOERTHERN S, BN SFHET 55T, ?ﬁ@"(@
72l MR TR X B3, EhZEh 5L,
B UTZEMIEEL T En S HaiEonie. At
HTRHEIZX O TEHERNTH % 728HRANS Z WV 7zh,
TNETODLES 7 & & AV ISR (Fig. 13) & [AIRED#EFRIC

Y BT EMNMRTE, AT I— ROARMEIVRE NI
5 EOVRDRIARICIFAE S 558, TNETOFE
TREICEHENEHNNERE SNTER. —), AT
BELRZEN A ERHED AT E LTV BH, b s
HFOFRERIEMIR U, ChUud, REENZEIHELTS D
ZENC K OIS NE 20 THY, AT FEICK->TH
HHEDANZALDPE D EMICIRZ 5Nz &R LT
. fo T, ZRIMCHAET 2 KT AN LR RS 7
THBEEMINCBNTE, RFEOHEANNRNTH S
bbb, E£io, AFEZRWSC & T, EKHTEIES)
KMAT, SUREHAESEZHE ITRETTIVERITTHE
Lz, FIEHMNEBENICIRZA D XS Ik Tz,

(a) .t=0

() t=2At () t=3At

Fig. 10 Distributions of instantaneous velocity
fluctuation near trailing edge (At: time
increment)

0.01

-0.00

-0.01
b) t=At

= = Fig. 12 Density fluctuation near trailing edge

c) t=2At () t=3At

Fig. 11 Sound pressure field around NACA0012
airfoil (red: p'>0, blue: p'<0, At: time
increment)

Fig. 1213 & \HED B AHELH TH 5. FikDa—
FT—HED 5 IE & ADMEDZEE AN FREL TV 5.
FICER NS DORENRECDE, WADTETHS
EEZD. AR TIEELRESE I BV TEROFEL:

DD NI, KD RBED S DEDTHD, Zh Fig. 13 Instantaneous pressure fluctuation field using
) - ’ LES data taken from the computational result
DADE DT BIHE N DR EE o T, by Manoha E. et al.”

— 209—



Honda R&D Technical Review

Vol.16 No.2 (October 2004)

gooog

TNE TOFERESHITICB TR VR Z & E>TW»
7z, EOVHBE I A N RETFIVITHT B Fefie: O R RE & iR
T ARSI a— R 2B L, ROBHRZG.
(DN ZM < RANS & EHz2fE< LEE ZilAtby

TR B N R A 2 T ICBRE Lz, Chuc K
0, KFHE O X b TILHEIPAOFAS RT A RE & 725
oo F7z, TRTOMHIC BN TIFREER 752 W
BT llckD, HHERICENIETE R LS kT
(2) B8 )V Z BT & SLTDE IR S AR TR

U T B8 AT O — RO 25 M L.
(IAFEZREDLOICHHTEH T LT, FEHEBREN

EDSFEELEITICER L TOLERMELN, Z0

MR IGET BT N TE. £z, “RNICHE

TELREENEE TR L, ALFZHEPEREAVSC

ETHEFRMGBINCIRZ B X 2127 D, RIEZHITIC

Wil R R T N TE.

good

(1) Tam, C. K. W.: Computational aeroacoustics: Issues and
Methods, AIAA Journal,Vol.33,No.10,p.1788-1796(1995)

(2) Wilcox, D. C.: Simulation of Transition with a Two-
Equation Turbulence Model, AIAA Journal,Vol.32,No.2,
p.247-255(1994)

(3) Bechara, W., Bailly, C., Lafon, P.: Stochastic Approachto
Noise Modeling for Free TurbulentFlows, AIAA Journal,
Vol.32, No.3, p.455-463(1994)

(4) Pao,Y. H.: Structureof turbulentvelocityand scalar fields
at large wave numbers, Phys. Fluids, Vol.8,p.1063-1075
(1965)

(5) http://www.codiciel.fr/database/acoustic/acoustic.html

(6) Brooks, T. F., Hodgson, T. H.: Trailing Edge Noise
Predictionfrom Measured Surface Pressures, Journalof
sound and Vibration, Vol.78(1), p.69-117(1981)

(7)Manoha, E., Herrero, C., Sagaut, P., Redonnet, S.:
Numerical Predictionof Airfoil AerodynamicNoise, AIAA
paper, 2002-2573, p.1730-1742(2002)

m000Om

% + B

—210—



g

bbb botutdbootgdbobotgtdbbootdd

Research on Technique for Identification of Sound Source of Pass-by Noise
Using Inverse Matrix Method
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Identifying sound sources which make a
significant contribution to pass-by noise is essential
in attempts to reduce it. This paper discusses a
technique of identification of sound sourse using the
inverse matrix method.In this technique, multiple
observation points are established around a sound
source, and the sound source is identified using sound
pressure and acoustic transfer function. The stability
of the inverse matrix of the acoustic transfer function
has a significant effect on the accuracy of sound
source identification. An index expressing the
stability of the inverse matrix of the transfer was
therefore devised. The use of this index has made it
possible to determine optimum observation points.
Actual vehicle tests have confirmed that the method
is capable of predicting far-field sound pressure with
a high degree of accuracy.
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Table 1 Measurement point readings

Observation Transfer

Area Source point function
Engine noise 6 42 252
Intake
orifice noise 1 6 6
Exhaust
radiation noise 5 30 150
Exhaust
orifice noise 2 12 24
Total 14 90 232
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Establishment of Analysis Method for Pulse Feeling
of Four-stroke, V-twin Engine, American-type Motorcycles

E H B #H* oA OK*

Kunihiro OSADA Ryuta NIIMURA

™A K R A ERE

Keikichi SHIMOKOBE = Gorou YAMASAKI
ooon ABSTRACT

VIAYVIYI VT AV Y B TE—=RY A 7)ICH
WG, JOVAT =D VT IEROEDELELRERTHS. B
R, 7WVRAREREHETH D, FIEHICK BTV FHRE
ALRRIREICHEI DD B 0T, 7V AE =Rl Ti% 725
FUI. HAR, 7AVHDTARERNRIC, 7VADKT)T
ZHHHEIC T B T B MR 2 5 T k- 7z, TO/MR, H
AN, 7AUHNOBREZIELS, ¥— MREIC—F UVA
BELD T ehbholz. T, v—MEENCEE LIRS
ORI N HE T 2 FHIHEIEIC, Filll IV ARE 2k
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Tz, &z, SEHCEMATET IVIC KD, RSS2
Bllhol, EERE T — X & OB ZMGEE LTz & T 5,
B8 RN S OV B EIBEARE D, Xifi
EXFE T OV AR E TN AR L R o .

Pulse feeling is an important factor of ride comfort
for V-twin engine, American-type motorcycles.
Depending on sensory evaluation, the pulse feeling varies
widely among estimators. Therefore, it takes much time
to determine specifications. To solve this problem, a
guantitative evaluation method was developed. In the
development process, sensory evaluation testing for
Japanese and American riders was conducted to verify
how they feel the pulse. There was no significant
difference between both riders. Both riders felt that the
seat vibration made the largest contribution to the pulse
feeling. In order to quantify the seat vibration pulse, a
pulse intensity indicator was added to the previous
sensual vibration indicator. Furthermore, time domain
response analysis was applied to a complete motorcycle
analysis model. The output showed good correlation with
the actual data. The pulse feeling indicator was obtained
from the analysis results. Consequently, the established
method has allowed early prediction of the pulse
intensity at design stage.
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Prediction of Fit Feeling of Motorcycle Seats Using Body Pressure Distribution Simulation

oA fge e VN S A H UK =
Toshinori NAKAMURA  Mitsue KOYANO Takashi SUNAGA
oO0oo ABSTRACT
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TS 2 THEZMLTHENTE

A measurement standard model of buttocks shape
was made. This model represented average body pressure
distribution of Japanese. The distribution data of
Japanese, American and European were measured, and
compared by using Buttocks Characteristic Index. The
pressure body distributions for every category of
motorcycle seats were measured by using the
measurement standard model of hip shape. Relation
between the measured distribution data and the fit feeling
evaluation was analyzed. Based on the analysis, a
prediction equation of fit feeling was devised. A
simulation model of body pressure distribution was
created using Finite Element Method. The simulation
model was substituted for the measured distribution data
in the prediction equation. A prediction method of fit
feeling has been established. The established method has
allowed early prediction of the fit feeling for motorcycle
seats at the designing stage.
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Fig. 1 Sample of measued body pressure distribution
Table 1 Sample number by country

Number of sample Average age

Males Females Males Females
Japan 100 100 38.8 31.5
France 80 60 414 38.1
Italy 110 100 33.2 28
Germany 80 60 38.3 39.1
US.A 150 115 41.4 38.1
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NHZETFINELT, BHEAETI, RAVETI, &Y
7T I VAETIV, KEETFTNVELT, MODETIVCH
Fillz, FBMGRIRTER % Fig. 2 IR

Table 2 Results of principal component analysis
(Eigen vector)

Variable name |Principal component 1| Principal component 2
Contact area 0.662 0.158
Total load 0.665 0.124
Variations of
surface pressure -01 0.938
Kurtosis -0.331 0.282

Table 3 Results of principal component analysis
(Eigen value)

Eigen value | Contribution rate
Primary principal component 2.033 0.508
Second principal component 1.006 0.252

Table 4 Results of principal component analysis
(Factor loading)

Variable name | Principal component 1|Principal component 2
Contact area 0.944 0.158
Total load 0.948 0.125
Variations of
surface pressure -0.142 0.941
Kurtosis -0.473 0.283

Table 5 Verification results of difference of mean value

**1% significance
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Fig. 2 Characteristics body pressure distribution
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Fig. 12 Rating scale (Nine points method)

Table 6 Sensory evaluation results

Types of motorcycle | Score (Average) Standard deviation
Touring 6.5 0.6
ATV 3 0.4
Large scooter 55 0.4
American 5 0.6
European “A” 3.75 0.6
European “B” 35 0.6
Small scooter 3 0.3
Off road 1.5 0.2

Table 7 Results of variance analysis

Factors | Sumof | Degres of | Unbiased | Varance |verfoation
Test subject| 3.78 4 0.94 2.29
Sample 130.19 7 18.60 45.19 *x
Error 11.53 28 0.41 -
Summation | 145.49 39 - -

+*1% significance
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Exploratory Study of Airbag Concept for Large Scooter-type Two-wheeled Vehicle

2 T B it & Ha* B A NI S
Takeshi KUROE Satoshi IIJIMA Hideo NAMIKI
OO0oo ABSTRACT

(R EZERE DI B D8 E) T )L F— 7z sk N T
TRLT N T TING B &ick b, TR S EEBi%
DOHEFHEHL OFREEZKRT 51 WVWH KLY —) T
TEREAI TNy Jarvbe S, KR —REZ AT
BREICBWTE LT 20 E S OS2 k-
Teo TNy T ORHALE, KRG EOMEIZRRT, K
RIZ 7 —B 2 AT MO Ny 7Y AT LERATEL,
I1SO 13232 —Hmeiic $fi U 7= E2e R BIRE T/ N1 XD
FHMIC 3BV % 5B CHRAT 15 O—Ef 2 VW Tl z I
otz ZTORR, KY—y vy TR EE OV TS
rDIT Ny T, KBIZ 7 —2 2 A T HHEICBNTE,
FEMRHEEE L UTKILT 2 HEEND D 2 LilikE Nz,

The concept of Honda airbags for a large touring
motorcycle is “To reduce the injuries of rider impact
with opposing vehicle and/or opposing object in frontal
collisions by absorbing rider kinetic energy and by
reducing rider velocity separating from the motorcycle
in the forward direction.” In order to verify whether this
concept is applicable to large scooter-type motorcycle,
an exploratory study was conducted. First, airbag
positioning and supporting structure of the airbag was
examined. Then, a prototype airbag system for a large
scooter-type motorcycle was produced and tested by
utilizing a part of 1SO 13232: “Test and analysis
procedures for research evaluation of rider crash
protective devices fitted to motorcycles.” As a result, it
was recognized that an airbag with the same concept as
a large touring motorcycle could be also applicable to a
large scooter-type motorcycle.

gooogd

Hondald, 196GERM 5 s Oz 5z FiE L TV
W AR, AiHEZERORSFESEDO DL LT, T
TN TY AT LT K B BRI O T RENE 2 ke gE L T
W5, KB —1 57 THg#H GL15007%72\— AH & L zHf
FHkE R, 199845 16[a] ESV &5&?, 20014E5 17 [
ESV 2O TREL. ZNE5DOHEKRICBV THBmFED
Bz o e g B0 B TREEm R O B 2 HR Uz,

Sl KB —2E WS TERED i Tdh 5 2 )/ N—
g VLR, KRB —& L0 S) Bt GEmic FEE L,
TNy FORGENEAIZE U, AR, ARy —1)
>0 THGE GL1500IC LT, # 1/208&E, 7YX KR—
VEALTDAL VT L—L, IMERAVY R EDFEMERT
B, KB —) VT s O R TR e 7Ny 7
VAT LEN=IC, KA —Z2OHENEREREE LT
Wzet >y VTV AT I, TNy TR T E OFR]
Btz aw, ZN5 72 KM U 7z i 5 il 2 3 E U 7z,

* WIS

https://doi.org/10.69239/hondatechnicalreview.2004 16 2 34

FELE, THIHEZERICEEOEH T X)VF—21T
Ny TINEDRRERINT E B &S T ez, SRIOIT
I8Ny TS LT KRB 7 — 2 OFHMiIEE O FR & Uz,
ThbL, SREOIT Ny JRBR LI KA T — 2 DFE
fifitd, 1SO 13232 dmHilC 24 U 7=l 24 SRE T/ N1 A
DOWFFEEHIIC 350 % FlBR A Ot 5 O ORI TFED—h
ZHOWTWDN, REREEEOFROLEICK > TAE
BIROZNEZITIRT % 1SO 132321 D L FHlTlE 0.
LIeMo T, 7Ny JH I i U 7z il 2% 50w i
EHIT Ny IS E L WERZEORERIZ B T k-
NQAYA4AN

SREEE N2 R R 7 —%1%, 1SO 13232ICHEETN
TWBHEEZE 7 RO TS D 3TEREE, 1SO 13232
EINTWERW 1L BED, 4 EeOMEZER 7z UV TaE
il 7z.

Fiz, Bk LI REICBO TR U fhofE 4 EiZ2ic ht
TEHWEROKREEDS B, —DDOHZFEL LTALT
2Ny TR 7 — 2 THiTED AN TE LI ERE (L

— 233—



Honda R&D Technical Review

Vol.16 No.2 (October 2004)

T, HiRIEHTEREZE LV S) Ol ERZ B Ao T,
ARTIE, RBEA7—=2HIGMELTEZT Ny TV AT
LR & EZE S R 2 bR 5.

gbobogobooooobooon

KBRZ 7 — 2B BHEO—DoF, JurssTr—7
HTEREIEEE (LAR, AilR &V 5) OmERANEREIC X % ize
YUYV TFERKIEY — ) T TERE OB & AR
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WEHIT Ny TV AT I, [REDHEERTHICET %
KO GERIHERIC BN TEIIT 5 LI ERES N, ZC
T, FEOHTFEEINRET 2K RS 57200
EZsRER 2 B T r o 2. Table 1 1Rd HEFTO 1998F
M5 2001 EET VO HAMLAE Honda Accord 4 R7 24
UIEZAHTFIURE E LTSNz, A3, N1 T
Uw R -1 AM50 78—tV ZA VBT ERAMER SN iz
Table 2 I¥, N5 OHBHREZRT. TNHORNS,
FHFPUERE O RN OEZE, 3 X G\ DOEZLO i HE
& &, [MEZ2HE 30km/h ECIEEEITRE JIcikE Lz

Table 1 Opposing vehicle (Honda Accord)
specifications

Length (m) 4.635
Width (m) 1.695
Height (m) 1.420
Wheel base (m) 2.665
Mass (kg) 1300
Displacement (cm?®) 1997

Table 2 Collision test results for operational setting

Impact conditions Dummy motion Deploy or not
g 20 (km/h) |No separation from MC| Not necessary
2| 25 (km/h) |No separation from MC| Not necessary
§ 30 (km/h)  [Just before separation from MC Necessary
& | 25 (km/h) [No separation from MC| Not necessary
2]

B 30 (km/h)  |Just before separation from MC Necessary
§ 35 (km/h) Separated from MC Necessary

MC: Motorcycle

22.0000000000000000
AR HIRF T E V& S BRI IRIL R 2R E, E
T3S, Botla EOBmD b OERIC K > Ty

Y AT WNEEBIG N E TR, EERAIND - 1R, ik
BOAER L, ZFOLEDY VY ERICIEAT B hiEE 2 R
T 5728, Fig. IR BB UETHEBRZB G 7z
RI—DFHIC—EDLIRD N2/ AZ L FEINND L
WHUIERMIL, ZTDXI—DTF&NY RIVF )y TI[E
ELT.

COMBTHELONIEZEI—DFT LNV RILTY) v IO
REAFFTRETHRODE S HOR;HEZ Table 3 1II/RT.
Table 3IT/R9 A, B, COEBRICEOCainRt > YICH
BT BNEREAFHI S Nz Fie, ABRICE 2 HikE
I —DIRMOBI%Z Fig. 2 1ISRT. DE LEXI—Df
FRNN TRV K S FIGE I GOERIE D A HE & H]ET L,
TNy JE TEEIT RETHRV] & Lz,

Running motorcycle with a dummy

Simulated curb

Fig. 1 Simulated curb ride over test

Table 3 Simulated curb ride over test reslts

Runr_1i‘ng D_ummy c_ondition; N Deployment
condition /Continuous ride possibility
A No hands separation, possible Not allowed
B Single hand detached, critical Not allowed
C Hand detached, not possible Allowed

Fig. 2 Motorcycle and dummy in simulated curb ride
over test
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2.1. MOz L 2.2 HiDOBGERH UETT O Mialiis R T
LREINIZTT Ny T RAEEESE 27— A LS g R
T—=AILDWT, THilRhnE N —E 2B A 7e SR %2
BhG], (2 ORMEDFTEMEICE LI SFB L PlE S 2 % )
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& TEEIgRE TRV r—AZHPITEZTENELN
7z. Fig. &Ity v 7y AT LOFES) - JEERLHIE D
2R, MFD T TP IEDNTIE, 6B TS,

I Must deploy
1 Not necessary deploy (Allowed)

[ Must not deploy
Not deploy Deploy

Collision to OV side 35km/h
Collision to OV side 30km/h
Collision to QV front 30km/h
Collision to OV side 25km/h

™~ Threshold

Collision to OV front 25km/h

Collision to OV front 20km/h [___] of deploy
Curb ride over test condition C

Curb ride over test condition B EI
Curb ride over test condition A |

Fig. 3 Decision of deployment by integrated impact
decelaration

Collision with Fr. wheel . ..
- Under-ride collision
contact first

| G from sensor L| |G from sensor R| | G from sub-sensor|

G: acceleration

In case ave. G exceed
the given value,
start integration

In case ave. G exceed
the given value,
start integration

In case integrated value
exceed the threshold

In case integrated value
exceed the threshold

yes I | yes

Fig. 4 Decision flow for deployment
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31.0000
Table 41E 7773y RGNS & UC#E S N7
v—V ¥ 7 "l GL1500 & 13575 % HilifEE 2 A9 % K
A Y — 2 DFEGT2/RT. Fig. SIERAEL Y /N 2 A

Table 4 Large scooter (Silver Wing) specifications

Length (m) 2.275

Width (m) 0.070

Height (m) 1.430

Wheel base (m) 1.595

Mass (kg) 224

Displacement (cm?®) 582
Airbag

Sub-sensor

Inflator, & module box

Main-sensors
(Left and i

A
v

Fig. 5 Large scooter with prototype airbag system

T LR UK — 22 Rd . KLY\ TV AT
LiclE, 23 BiICTHhANeHZee > VI AT LERHIT
HWARBLTINw T o A 2T L—ZBHBPAENT NS,

32.000000000000
IT7Ny TORRNEKEE, BEOVEIR, 7L—L4A
WHEREST BTNy TEAL M, KRy —Y) 5 il
HHATT7 /Ny 7 ORI TR O NI RN E Nz, Fig.
6 FRBURAY—2RICERIELTI 7Ny TV AT LR
. TNy T OREBRARIIN 1500 Y MV THB. K
TN TV AT LG ERRER TR R I N,
JEBHFT R 13 40msecTH - 7z, T HiC, FEEFHT
FOVE—RINPERE, BEMEAEICOWVWTE, KBy —y V5
THREHIT Ny JEEETH BT EMN ALy RERIC K
DR E Nz,

Fig. 6 Prototype airbag system for large scooter
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ooooooono Table 5 Measuring items on collision tests
Head maximum GAMBIT

41.0000 Head Head injury criterion (HIC)

%E@%%ﬁ%ﬁf@i, TSI — ) o F HREEICEER L Neck Neck injury index (NII)
THIE LT T 8y 53 25 IS, K2 2 — R BNT Chest Sternum maximum normalized compression (C)

) ’ es Sternum maximum velocity-compression (VC)

b, RAOHE T XIVF—RIGIREZFRETE DD IO . . ‘

- i Abdomen Abdomen maximum residual penetration (pA)
TR L7z, P ki, 1501 32BERTEETN T BHEH Lower extremities | Damage of frangible component of lower extremities (IE)
TEZ<iAER 7 TR D % 5FREZ#IR L, Honda AWHEICEE
7o 1 JBREZ N A T2at 6 JERED 5 B, 1SO 1323FUED 2 JLHE

OREMZERBRIE, 5 THNRD X 5 IR R S
SIRDHEE TX 2 EEZBNIDOTEML, &4 EREDTHE
ezl e Ffi U 7=, Fig. 7 1 ISO 13232IC #E U F- i e
DRFLTEZRT . Fig. 8ICZREIFHE S & U7z 6 JEheZ R
9. KHNTEFEWT, kFEIE ISO 13232/ EDIERE, * k]
13 Honda BMIDILHE, * * * FUIEHIGRERD GG X N B
EART . SnlSRE U 7z FE 2R 0O il 28 1
13232ITHIEE N TV A EIGHEITH L, DINITHDIC
REINT.

Z X —3 ISO/CD 13232AWG LX)V TOIEENET L
P OB Z) -MATD(Motorcyclist Anthropometric
Test Device) B X Nz, @EZefFEHICiE, 1SO/CD
132320HEICTHET % 1998FEN S 2001FEETIVOH
A4L#k Honda Accord 4 K7t & (Table 1 S HH

WH N7z, Table 5 ICEZEABRICH T ZEMHIEE 2R 9.
4 1 3 - 25 / 50
'; MC velocity
OV velocity
5
!
: m .
5 41 -~
\
I
6 ij 1
3
QV contact MC contact
point codes point codes headmg angle

OV: Opposing vehicle

Fig. 7 Indication of impact configuration (1S013232)

42.00000000

421.0000000000000000

REEZGIRE BT R > A TBRICE T 35ty v
7Y AT LOVEEER % Fig. 91SR9. KIS B ITTF
(Time to fire) IXEZEHHIEN S 2 > T2 AT LOEZE]
FEFE TORME, 73y JREBAREIZ T 7 /8y T H RS %D
ICHES BRI, FERDERE NI E 2RI S BT 7 Ny
JICRENEET 5L TORMTHS. 4ERERDTXTIC
BT, =TTy FOREMEEICEIET SHjicT
TN THERZTE T L.

B TTF (Time to fire)
[J Deployment time
£ Rider encounter time

60 —
S 40
Q .
o
£ i
= i i i el
LK
115- 413- 414- 412-
0/50 25/50 25/50 25/50
Fig. 9 Comparison of airbag deployment time and

rider encounter time

* Evaluated configurations for front collision airbag in 1ISO13232

** Configurations Honda added
*** Configurations perceived not necessary

115-0/50 ,, 413-0/50 % 413-25/50 * 414-25/50 * 412-25/50 * 114-25/50 %
50km/h 50km/h ,0'
ﬁ' SOkm/h s0km/h s0km/h < X
o4 50km/h
={ro {0 %
Parked | Parked 25km/h 25km/h 25km/h 25km/h
Fig. 8 Impact configurations for evaluation
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SRHEZEGAERIC BV TIE, 1SO/CD 13232 RED MATD
X2 —OREIGFHEEIC K D, Table 5OEEEH Z3FM L7z

Fig. 101, S MM L7z 4 TEREICDWT, X I —DFHH|
R B OFEOL O B GRHtifEZ R . KPIcRT % —
K5 £ 45 (Primary impactinjury) &, T.77 73w 7 TH
T - TS 258 TH % 500msecE TORAEAET
HB. “EREAE (Secondary impactinjury)id, BSIE N
T E%REL 500msec LRI HRET 2B KAEETH 5.

Fig. 11131 115-0/50D1E 2RI % iRk X I —0D
KA RT. CTORETIE, “IRENMEEISINETOE Y
F2 T BRI, TNy T E I — 2 ui T B
BT R AI—DEFT R IVF—ZRIR LTz, —RX
EERAET, HIC=15.4 GAMBIT=0.08, M7z =25mm
THo, EAGAGZ RSEIGEHIE NG 7.

Fig. 12 (& [413-25/5@ %2 3513 % itk e 23—
ORWZRT . T OIETO il BEod%Ic 3 —EH) &
IRUTEDY, 7Ny WA I —OM#E) T3 )L F—ZII L,
FHFPURE & 2 —OHMIIFAE LishoTe. —RIEEE
HOEEHlEE, HIC=28, GAMBIT=0.1, Mi/zHJ*=15mm
Zn U, BRIEVE FHREO “REREEG TIE, HIC=424,
GAMBIT=0.5 Z/RL, Wind ERLASZ RS HEIEFH
ENEhoTe.

Fig. 13 1% [414-25/50DHZEIC 51 % Zhdifk & X 32—
DR~ g, E7e%, o I —#EginvyEd: LT i
E X IO MR, TNy JICEEHAI—D
HHE) T 3OV F — RN AT SRR & x0Tz, X3—

HIC

| @ Primary
B Secondary

115-0/50 413-25/50 414-25/50 412-25/50

NIl

@ Primary(
B Secondary

115-0/50 413-25/50 414-25/50 412-25/50

VC (m/s) Sternum maximum velocity-compression
1.0

= Primary]
0.5 B Secondary

115-0/50 413-25/50 414-25/50 412-25/50

= — = e ,_._' —

Fig. 11 Dummy and motorcycle in configuration
[115-0/50]

Fig. 12 Dummy and motorcycle in configuration
[413-25/50]

Fig. 13 Dummy and motorcycle in configuration
[414-25/50]

CAMBIT

= Primaryd
B Secondary

115-0/50 413-25/50 414-25/50 412-25/50

JC.:S(%) Sternum maximum normalized compression

= Primary
B Secondary

115-0/50 413-25/50 414-25/50 412-25/50

Fig. 10 Measured dummy injuries in collision tests
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Fig. 15 (& [412-25/50D1EZ8IC B 2 gk & X3 —
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otz

Large scooter Large touring motorcycle

Fig. 14 Dummy contact ground in configuration
[414-25/50]

Fig. 15 Dummy and motorcycle in configuration
[412-25/50]
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Bafil « FTERYESOMUSE, X X —OUhIEE D S Uz,

ZFDFERZ Table 6 1C/R9. Table 6 1D [413-0/50&
[114-25/8@T7 /3y &R, EHEZET R b ZEiEs
FILUTDO XS IcHEEI Nz,

I7 Ny DR EGEE) T 3 )L F— I RIS A D
IJ—#ENCEAEN, TRENREVFEZT Ny TEHIR
KT 9 5. Fig. 161CmR9 & o1ic, KB —V > 7 iz
KB ZHBOR, =73y Jic k3 EEES T X)L
F—IRINDRE T & 2RI T OHA T —EH DK E X,
M115-0/48171413-0/4841413-24/4811414-24/481[412-
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Table 6 Rider kinetic energy absorbing effectiveness of airbag

115-0/50 | 413-0/50 | 413-25/50

414-25/50

412-25/50 114-25/50

Large scooter

(Silver Wing) Effective | Effective Effective

Slightly effective

Not effective Not effective*

Large motorcycle

(GL1500) Effective

Effective | Effective

Effective

Effective Slightly effective

* Estimated result
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Fig. 16 Yaw motion of large touring motorcycle
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Fig. 17 Yaw motion of large scooter
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Fig. 18 Cause of protection space reduction in
under-ride collision
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Fig. 19 Opposing trolley used in under-ride
collision test
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Fig. 20 Dummy and motorcycle in under-ride collision
without airbag
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Fig. 21 Comparison of frame damage result between
full scale test (FST) and computer simulation
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Fig. 22 Comparison of acceleration on frame
between full scale test (FST) and
computer simulation (CS)
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Table 7 Measuring items on under-ride collision test

Head Head injury criterion (HIC)
Neck Tension, compression, flexion, extension
Chest Chest deflection
60
I 40 -
2 M TTF (Time to fire)
S .
e [] Deployment time
'E 20 [7] Rider encounter time
0
Under-ride

Fig. 25 Comparison of airbag deployment time and
rider encounter time in under-ride condition

Fig. 26 Dummy and motorcycle in under-ride collision
configuration
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Fig. 27 Measured dummy injuries in under-ride collisions
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