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In publishing semiannually HONDA R&D Technical Review

Establishing the Corporate Identity

Since its founding as a motorcycle manufacturer and as the last to come into the automotive
manufacturing, HONDA has grown to where we are today basing upon the innovative and distinctive
technologies that we have created. As the new century is approaching, the corporate identity is becoming
ever more important. For the automotive companies worldwide, business strategies aimed for the survival
and further growth into the future are indispensable.

As it has always been in the past, the product research and development activities at the R&D division
are not only the vital pillars of HONDA's business growth but also the lifeline of our corporate existence.
Increasing our technological development capability and enhancing the advancement of technology are
essential elements for our continuous growth and existence. If we were able to further promote the
technological development and establish new technologies, we can expect many patentable technologies
to be born and the technical papers can also secure those new technologies as our vital intellectual
properties.

In generally speaking, the technical papers published by a corporation should actively and effectively
be used as a message of the company’s technological capability and research culture and should not be
considered as a mere self-satisfaction of authors. If we can publish technically and academically meaningful
papers in timely with the launching of new product or the announcement of new technology, | am sure
that we will be able to produce a significant synergy effect.

We have decided to publish HONDA R&D Technical Review twice a year starting from the Vol. 11 of
the 1999 edition coinciding with the 11th year of its publication. This decision is aimed to effectively
synchronize the introduction of new products and technologies with the publication of technical papers,
so that we can mutually enhance their values at the same time. For establishing our corporate identity
also, | felt it is necessary to establish HONDA's corporate presence through those activities.

I hope that this Technical Review with rich content will send a message to and be used as broadly as
possible in the society as a communication tool conveying the HONDA's new technologies. With that in
mind, | trust that everyone will have a pride and confidence in writing papers, sends the highest level of
technological message, and develop the opportunity as a media to establish his or her presence.

Takeo Fukui

TR

President
HONDA R&D CO., LTD.
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ABSTRACT

From global environmental problems to local air
pollution and traffic congestion issues, the current
motorized society has a number of problems to be
solved. In 1994, we proposed the concept of a near-
future transport system made up of energy efficient
electric powered community-use vehicles called the
ICVS (Intelligent Community Vehicle System). After
fabricating many prototypes, a fleet of ICVS vehicles has
been in actual use at the TWIN RING MOTEGI facility
since March of 1998.

This paper describes an overview of ICVS, and
introduces four types of vehicles for ICVS.
Additionally, it describes the details of the public
demonstrations which were held at TWIN RING
MOTEGI.
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Fig.4 ICVS—Racoon

Tabele 1 Specifications of Racoon

Dimensions (L-H) 1885 x 580 mm

Saddle Height 770 ~ 920 mm
Motor Type DC Motor

Power 220w
Assist Speed 0 ~ 15 km/h (Linear Assist)

15 ~ 23 km/h (Reduce Assist)
27 km (Honda Test Mode)

Assist Range

Fig.5

ICVS—Mon Pal

Tabele 2 Specifications of Mon Pal

Dimensions (L-W-H)

1450 x 690 x 1530

Seating Capacity 1
Motor Type DC Motor
Drive Wheels Rear

Maximum Speed
Driving Range

6 km/h (Forward)
30 km (Constant Speed)
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ICVS Step Deck

Tabele 3 Specifications of Step Deck

Dimensions (L-W-H) 2400 x 1185 x 1690
Seating Capacity 1

Water Cooling 50cc 4-Cycle

Power Plant Engine + Permanent Magnet
Synchronous Motor Hybrid

Drive Wheels Rear

Maximum Speed 60 km/h
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systemI O 0000000000 OCOODOOODOOOO
gbobooooooobobobobobobooboooo
goooooooooboboboboboboooooo
gbobooooooobobobobobobooboooo
gboboboooooboboooMHSDO0OS0cc OO
gbobooooboomooooboomoooboooooo
g0dooooocmOogooooomaskwbecooogdd
000040k O0O00DOO0ODOOODOOODOOOO
gooooooooobobobobobooboooooo
gboboooooooboboboboboboooboooo
gooooooooobobobobobooboooooo
gboboooooooboboboboboboooboooo
gooooooobooboboboboboboooooo
ooo0oDOo0o0o0oDooOo0o0oboOoOOFrg7OOOODDOOO
gogoo

gbobobobooobooooboooooooooon
00oooooooooooo0ooooow4aoooooag
gboobooooooobobobobobooboooooo
gooogo

WS Power Unit

Electricgibfor,,

Fuel Injector

YA +C Valve

* [Secandary Intake Valve)

SeleciDr” .
g!{r’ting

Cone CVT

Fig.7 Power Unit of Step Deck
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Fig.8

ICVS—City Pal

Table 4 Specifications of City Pal

Dimensions (L-W-H) 3210 x 1645 x 1645
Seating Capacity 2
Permanent Magnet

Motor Type Synchronous Motor
Drive Wheels Front
Maximum Speed 110 km/h

Driving Range 130 km (10-15 Mode)

gboboobooooboooboooobooboboboonoo
goooboobosobboooooooooboboooo
gboboobooooboooboooobooboboboonoo
ogboboobooooooobooboobooboboboog
gboboobooooboobooboboboboooooog
icvsooooooooicogpooooooooboon
gbobobooooboooboooobooboboboonoo
goooooicoooogoooobooooooooo
oboboobooooooobooooboobobobonoo
gbobobooobooboooboooobooboboboog

gbooooooobooboboboboboobooooon
gboboboooboobooobooboboboobo

gboboboboooboobooboooobooooooon
gboobooooooobobobobobobooboooo
goboooobobooooboAPSOOOOOODOOOOOO
gboobooooooobobobobobobooboooo
gboooooooboobobobobobobooooon
ggooooooooooooooooobboboboomg
gbooobomoboooboooboooboooboobooboobooo
O00FgOO OOO0ODOOODOOOOO

ddddooooououoooo

FigioODOOOOOoOoOoooolevsoooooo

gbooobooooboooilicvsoooooooboon
ggoboobooobbooobooobboobbooon
gogoooooooooooooboobooboobbbbobon
gogbbooboobboobbooboobboo

Fig.9 Automated Platooning

<Twin Ring Motegi ICVS Facilities>
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ABSTRACT

New working fluids more favorable for domestic air
conditioning are investigated and it is concluded that
new organic working fluids, namely trifluoroethanol
(TFE) as the refrigerant and dimethylimidazolidinone
(DMI) as absorbent are very promising. Property data for
thermodynamic evaluation of these new working fluids
are measured. Heat and Mass transfer characteristics for
the suggested pair are also investigated in a practical
aspect using laminated plate type absorber having
constant curvature surfaces. The prototype residential
chiller/heat pump system using the new working fluids
are built to prove its feasibility.
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Table 1 Ozone depletion potential (ODP), global
warming potential (GWP) of freons
Cg}:/igg:i;r:tal Alternative refrigerant ODP*1 GWP*2
R-12 (CFC12) (for automobiles) 8100
| R-134a (HFC13) 1300
R-22 (HCFC12) (domestic use) 0.055 1500
R-407C (HFC32/125/134a) 1520
R-410A (HFC134a/125) 1725
*1 ; Relative value to CFC =1
*2 ; Relative value to CO2 = 1
(Integration period of 100 years)
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Fig.1 Daily load characteristic of electric power on
the day when the peak load occured
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Table 2 List of nominated chemical substances

[ Refrigerant]
EtOH TFE 4FP 5FP
Molecular CHF2CF2 CF3CF2
Structure CH3CH20H | CFsCH20H CH20H CH20H
Latent Heat
[kcal/kg] 200 97.7 88.4 73.2
Boiling Point [°C] 78.3 73.6 108.2 80.7
Viscosity [cp] 1.2/20°C 1.0/25°C 5.2/25°C 2.8/25°C
EtOH; Ethanol, TFE ; 2,2,2-Trifluoroethanol
4FP ; 4-fluoropropanol, 5FP ; 5-fluoropropanol
[ Absorbent]
E181 NMP DMI DPI
Molecular Heoww o / \ / \ / \
Structure H—({o—(‘:—ﬂf—?—u C/N‘cm CHa/N\C/N\CHs CsW/N\C/N\CM
H H H W i Il
o o o
Boiling Point [°C] 275.3 204.0 225.5 260.0
Bipolar Moment 1.2 4.09 3.8 3.6
Viscosity [cp] 4.1/20°C | 1.8/20°C | 2.1/20°C | 5.7/20°C

E 181; Tetraethyleneglycoldimetylether
NMP; n-metylpyrrolidone, DMI; Dimetylimidazolidinone
DPI; Dipropylimidazolidinone
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Table 3 Toxicity of DMI/TFE

TFE DMI
Orl-rat LD50* 240mg/kg 1250mg/kg
Skin-rat LD50** 1680mg/kg (rabit)977mg/kg
Iht-rat LC50 16000ppm/6H, (extremely low vapor

2900mg/m3 pressure)
AMES test negative negative
Chromosomal " :
aberration test negative negative
Accumulativeness/ low low
biological (Log(Pow)<0.3) (BCF<0.37~0.45
concentration at 2ppm(w/v)
<3.6
at 0.2ppm(w/v)

* 536 mg/kg for DMI/TFE Mixture(50%/50%)
**over 2000mg/kg for DMI/TFE Mixture
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Table 4 Flammability of DMI/TFE

TFE DMI
Flash point 30°C 120°C
Ignition point 450°C -

Table 5 Types of heat-exchanger

Laminated plate type core | Corrugated fin type core

Refrigerant or solution

Refrigerant or solution

Configuration

Core size
WxHXT 99.6 x 281.5 x 76 96.2 x 281.5 x72
(mm)
Heat trans Ref. side 0.93 2.51

2
area (M) | water side 0.93 0.34
Cross :
sectional Ref. side 141.32 213.95
area -
(x10%m?) | Water side 17.90 6.85
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Fig.7 Comparison of performance of heat-exchanger
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radiator 6

Specifications
Rate of cooling/COP* | 2.5kW/0.5(Cooling mode)
Rate of heating/COP* | 4.0kW/1.3(Heat pump mode)
4.5kW/0.8(Boiler mode)
Size of outside unit 800W x 680H x 250D
Weight of outside unit | 53kg
*based on higher heating value of natural gas

Fig.10 Prototype of absorption air conditioner (cut
model) and its specifications
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ABSTRACT

The world’s largest four-stroke outboard motor with
115/130 PS has been developed to correspond to the
growing interest in the environmental problems such as
water and air pollution. By adapting the electronically
programmed fuel injection system and the second order
twin shaft balancer for the BF115/130 outboard motor,
the followings are realized.

Environment: Exhaust gas emission level meets and
exceeds the mandatory regulated values on marine
engines by EPA (Environment Protection Agency),

Economical feature: Improvement in fuel
consumption rate as much as 50% compared with those
of existing models has been achieved,

Comfort: Easy starting, excellent trolling
performance, and low vibration level has been achieved.

The reduction in cost has been achieved as well as
high performance and excellent reliability through
utilizing mass-produced automobile engine parts for
HONDA ACCORD series and frame parts from an
existing outboard motor.
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Fig.1 Cut up view of BF130
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Ooo0000o0ooooooooon Table 1 Specifications
Code name BF130 L type
gOBFl115/1300 000000000000 0OOOODO Overall length 825mm
ooooo Overall width 550mm
Overall height 1650mm
“0Oo0gboboon -
Transom height 537mm
poooooooooooooouoo” Dry weight (with propeller) 225kg
uooooooo Engine type 4 stroke inline 4 cylinder
e IO DOODDOODDOODDOODDOOO Displacement 2254cc
0 Programmed Fuel Injectiond 0 O PGM-FIO O O [ Bore x stroke 86 x 97
e000DDO0DOODOO Compression ratio 8.8:1
e000O000O0O00DOD Valve train SOHC 1.6 valves
Valve number 4/cylinder
ebibobooooooou Maximum power 97kw/5500rpm
gooboobobooobbooobooobooooo 130ps/5500rpm
gbooobooooboooobooobooa Maximum torque 180Nm/4500rpm
ooooooooooooooooooon Recommended engine rpm range 50000 6000rpm
0000000000000 00 000000ooo Fuel supply system Programmed Fuel Injection
0'0000000000000000000000000 Ignition system Programme'd Ignition
(Full transistored)
poouoodooood Charge output 40A
ooo 0OepAD0D0OO0OO0DOODOO200600000 Cooling system Water cooling (with thermostat)
god Exhaust system Through propeller hub
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Fig.2 Layout of BF130
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Automobile's system

—I Overheat lamp, buzzer |
Warning for overheat

| Overheat sensor

NE control for overheat

| OIL pressure switch |—

NE control for oil pressure drop

—I Oil press. lamp, buzzer |

Warning for oil press. drop
Warning lamp for ACG
disconnection

Warning for abnormal
discharge system

| ACG disconnection signal |—

Warning for abnormal
discharge system

| Emergency stop switch |— —I PGM warning lamp |

Emergency stop for
operator’s falling in the
Water

| Neutral switch |—

Change in controlled
engine speed between
Idling and trolling

Vehicle speed sensor

Gear position switch

| NE sensor #1 |— —I Injector #1, #4 | | NE sensor |— —| Injector #1, #4
| NE sensor #2 |— —I Injector #2, #3 | | 02 sensor |— Injector #2, #3
Reliability improvement
| MAP sensor |— —I Ignition coil | | MAP sensor |—
Follow 4-wheel technology

| TH sensor |— ECU —| EACV | | TH sensor |— ECU RACV eI RO P
| TW sensor |— —I Fuel pump relay | | TW sensor |— Fuel pump relay

Reliability improvement
[ e |

Alert function unique to the
outboard

Immediate warning for
abnormal engine

Reduction in engine
damage through NE

PGM warning lamp control

Gear position lamp
Dealing with function uniqueto

Trim sensor with 5V power
source

| Air conditioner switch |—

Air conditioner clutch outboard

Trim control unit drive

Tachometer pulse |

| Power steering switch |—

[l
)

Power steering

for Tachometer drive

Fig.3 PGM-FI system of BF115/130 compared with an automobile’s system
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Ere\g(i?;m) Oil pressure drop detection
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Time

Fig.4 Schematic figure of oil alart and RPM control
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low-speed Engine stop
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Fig.5 Schematic figure of over heated alart and RPM
control
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Two outboards with normal
rotation only
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Fig.11 Momentum balance by counter-rotation
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ABSTRACT

Under the concept of “New Generation Real Open
Sports’, a two-seater open sports car the HONDA S2000
was developed.

Applying the newly developed technologies below,
the S2000 became a roadster with needs of the time, for
example environmental protection, safety and comfort,
as well as “fun to drive” that is the origin of sports car.
- The engine-layout behind the front axle that enabled

weight distribution ratio of 50:50 for front and rear
axles, lowered the center of gravity, and reduced the
yaw moment of inertia.

- The open body, whose weight, body stiffness and crash
safety performance are equal to those of closed body
by the measures such as higher floor tunnel with a box
shape section.

- The 2L L-4 engine that offered high power of 125PS/
L and low exhaust emission levels half of the 2000
Japanese regulation.

- The 6-speed manual transmission that matches well to
the input of 9 000 rpm and offers a light and smooth
shift feel.

- The wind management technology and heater
performance that make driving with the top opened
comfortable even in winter.
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Table 1 Comparison of roadsters

S2000

Prototype Other roadsters

L4DOHC
VTEC

FLAT-6
DOHC

L4 DOHC

L6 DOHC S/C

Engine type

Engine displacement 1997 2480 2793 2295

Maximum output (PS/rpm) | 250/8 300 | 204/6 000 | 193/5 300 | 185/5 300

Maximum torque (kg-m/rpm) | 22.2/7 500 | 25.0/4 500 | 28.5/3 950 | 28.6/2 500

Transmission 5MT

Drive train FR

Length (mm) 4035

Width (mm) 1740

Height (mm) 1280

Wheelbase (mm) 2445

Weight (kg) 1240 1280 1320 1350

Tire size (Front) 205/55VR16 | 205/50ZR17 | 225/45ZR17 | 205/55VR16

Tire size (Rear) 225/50VR16 | 255/40ZR17 | 245/40ZR17 | 225/50VR16

Acceleration 0-400m (sec)|Under 14.5 15.2 155

Maximum speed (km/h) Over 240 240 218 231

R&D test data
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ABSTRACT

2 liter DOHC-VTEC engine was developed for the
HONDA S2000. It produced the highest power-output as
a naturally aspirated 2 liter mass-production engine. At
the same time, it also achieved a half of the emission
level of 2000 Japanese exhaust emission regulation (J-
LEV).

The new engine utilized a newly designed VTEC
cylinder head, new construction cylinder block, cam-
shaft chain drive system, metal honeycomb catalyst and
many other new technological elements. This paper
describes the major specifications, general construction,
technological features, power-output, and exhaust
emission characteristics of the engine.
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Table 1 Major specification
Engine type F20C F20B
Car model S2000 ACCORD SiR-T
Displacement 1997cc 1997cc
Bore x Stroke 287 x 84mm 285 x 88mm
Maximum output 250PS/8 300rpm 200PS/7 200rpm
Maximum torque | 22.2kgm/7 500rpm | 20.0kgm/6 600rpm
Red-zone engine
revolution 8 800rpm 7 400rpm
10-15 Modal fuel 12.0km/L 12.2 km/L
consumption
1978-Japanese
exhaust emission
2000-Japanese regulation
. exhaust emission (Corresponding
Exhaust emission regulation 7-metropolis &
(J-LEV) prefecture &
city emission
regulation

Fig.1

Bird’s-eye view
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Table 3 10-15MODE emission level
& system specification
F20C F20B
10-15 CcO 0.3 0.8
MODE HC 0.02 0.10
emission | Nox 0.03 0.10
Catalvtic Matal substrate Ceramic substrate
conv. e¥t or 400cpsi 400cpsi
Capacity: 1L Capacity: 1L
Secondary
System air injection EGR system
system

Secondary air injection port

Metal substrate
catalytic converter

Secondary
air valve

Secondary air passage
Air pump

Fig.21 Exhaust emission control systems
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Development of a High-revolution 6- Speed Manual Transmission for the HONDA S2000
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HONDA S2000 has been developed with the key
words “New Generation Real Open Sports”.

It provides with the newly developed 6-speed manual
transmission which is expected to show supple feel of
shifting with the extremely short transmission shift stroke
36mm while the higher engine revolution 9000rpm,which
is unprecedented in the mass production cars, is
available.

The I0R (Independent Output Reduction gear train)
is employed in order to substantially reduce the
equivalent inertia mass of synchronizer and allow the
ultimate engine revolutions.

The construction of highly rigid transmission case
allows the shift knob to be stiff and well control of
vibration occurrence.

Consequently the basic construction of FR
transmission has been successfully improved to the
development objective.
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Table 1 Simulation conditions

; Input reduction IOR
Gear train type (ConF\)/entionaI type) | (S2000 type)
Low 3.440 3.283
2nd 2.243 2.182
. 3rd 1.566 1.593
Gear ratio 4th 1.210 1.220
5th 1.000 0.960
6th 0.815 0.801
Friction disk 4.90 4.90
Input shaft 0.82 -
Inertia mass | Main shaft 3.68 2.63
(x 10°kg-m?) [ Counter low 1.82 1.61
Counter 2nd 1.41 1.19
Counter 3rd 1.00 -

goboboboboboobooboobooboooooooo
OO00000OFgd4OO0OO0ODOOOODOODOOODODDOO
0000000000 000O00000FgS00O0O0O
OoMmoooOobOOOFg40000CDICROODOOOOO
gooooboboooooooboooooobobooooogog
gboboobooooboooboooobooboboboonoo
gboboobooobooboobooooobobooboobo
gbomooooooooboboboobobooobbo
gboboboooboobooobooooboobobobooog
gboobooiooroboboooboooobooooono
OO0000Fgs0 0000000000 DOOOODDOO

x 107

14 0

» 12 b O Conventional FR transmission
& B I0R (for S2000)
E 10

© -41.6%

T~

2% 8

2 6}

g =

g a4t

=}

o

L 2 r

2nd - Low 3rd —»2nd 4th —3rd 5th —4th  6th — 5th
Shift

Fig.4 Evaluation of equivalent inertia mass

0410

60

O Conventional FR transmission
— B |IOR (for S2000)
2250 r
>
a—J 40 +
c
QL oa0t
©
c
S 20+
8
2 o
0
Neutral Low 2nd 3rd 4th 5th 6th
Idle -
(idke) Gear position
Fig.5 Evaluation of rotational energy

gbooboooooboobobobobobobooboooo
gboooooooboobobobobobobooooon
gbooboooooboobobobobobobooboooo
gboboboooooon

gobooobooboooobooa

00000000000
FROODOOOOOOOOODOO0O0O0000000000
00000000000000000000000000
00000000000000000000000000
000000000000 0000FROOOOOOOO
000000000MO0O00000000MONooo
0000000000000000D0000000000
0000S20000000000000009000rpmd 000
0000000000000000D0000000000
0000000000000 0000000000FROD
00000000000000S20000000000000
OFige0 000

@ Other producgs
Target
— Y
i:i 50Hz
o A
=
©
>
: ——
A sports|car
& o1 P BAsEH)
* =
. -
5000 6000 7000 8000 9000

Maximum engine speed (rpm)

Fig.6 Test results of eigen-value by FR drivetrain
(Vertical direction)



HONDA R&D Technical Review

Vol.11 No.1 (April 1999)

goobooood

goooooobobooooooobobooobbooooboboo
0000000000 00O0OO0OOFig.70000O0O0OO
ooooooooboobooooboboooboobobooon
gboboobobooboooboooobooboboboonoo
oobooooboooooooobooooooooboooo
ooooOoOOOFg8OOOOOOOOOODODODODOOOO
ooooooooooboo0orROODOODODODOOOODDOO
gbobooboobooooobooooboobobobonoo
goooo0OO00oOO0OO0OO0000000000000dFig.9
gooo

FR drive train

Power plant
(Single unit)

Fig.8 Comparison of external shape

gboboooogooo
oboooooobooobooooboooboooboboon
gboooooooooboboboboboboooboooo
gobooooooooobboooboooo
gboboboboooboobooboooooobooooon
00000000 0O000Fg100000O00O0OOFg.110
gbobooooooobobobobobobooooon
oo

-\ /WM\_’//\

® \ N

S AAVA N

W

SN [

w 100H — Conventional
< Zy | — s2000
100 200 300 460 500

Frequency (Hz)

Fig.10 Reduction of inertance by increasing of
stiffness of transmission

Vibration

—— Conventional

— S2000
I

4 000 5000 6 000 7 000 8 000 9 000
Engine Speed (rpm)

Fig.11 Reduction in vibration of transmission

Eigen-value

Base transmission

Intersection point

Solution 1

+40Hz
Compared with
base transmission

Increasing stiffness

Intersection point

Solution 2
(Final)

+60Hz
Compared with
base transmission

Fig.9 Simulation models of finite element method

0420



s 0 dOoooOobOobooboooooogoon

gogbobooooobooobobd

gbobobobooobooboobooooobooooon
oooopooogersooO0oooooooooooo
gboboobooobooboooboooobooboboboonoo
obobogooboooooooboobooboobobobooog
gboboobooobooboooboooobooboboboonoo
gboboboooooooooooboobmooomao
goboooooboooobboooobbooiloroobooog
gbobobooboobooobooooboobobobooog
gboboboooboooboooobooboboboonoo
gboboboobooboooboooobooboboboonoo
obobooboooooboooboooobooboboboonoo
oooooobmooomooooooooobooooo
ooo

gbobobobooobooooboooobooobooobooon
O0OFig12000000OTable20 D000

Fig.12 Sectional view of transmission

Table 2 Specification of transmission

Clutch size (mm) 2212 x 150
Transmission type Manual 6-speed
. Independent
Gear train type output reduction
Allowable input revolution
(rom) 9 000
Transmissible torque (Nm) 216 OVER
Low 3.634
2nd 2.372
3rd 1.718
Gear ratio 4th 1.347
5th 1.125
6th 0.940
Reverse 3.248
Dry weight (kg) 55
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ABSTRACT

The new open monocoque body was developed to
meet the concept of the HONDA S2000.

Large amount of additional weight was required to
maintain the performance of body rigidity and crash
safety of an open-body equivalent to a closed-body.

The new monocoque body, named High "X" Bone,
was designed to have a closed floor tunnel section,
which laid at the same height as the front and rear side
members.

This enabled us to get better performance of body
rigidity and crash safety than closed-body with the same
weight level.
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Vertical Lateral rigidity
Floor tunnel | 509% 20% 35%
Side sill 35% 60% 50%
Floor frame 15% 20% 15%
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ABSTRACT

With the theme of “Comfortable driving, and ‘being
one’ with the vehicle”, the chassis of the HONDA S2000
has been developed with an aim at a real sports car that
has smooth and light handling characteristics.

For comfortable driving, the engine was positioned
behind the front axle to reduce the yaw moment of
inertia as well as proper distribution of the weight
between the front and rear. The suspension was designed
to be high in lateral stiffness. The size of rear tires are
wider than the front tires so that they track well with
the fronts.

The toe angle control, most suitable tire
characteristics and improvements in aerodynamics make
the handling characteristics highly stable in al driving
conditions.
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ABSTRACT

An important theme during the development of the
“New Generation Real Open Sports” HONDA S2000
was to create a pleasant cabin feeling during open
running conditions by controlling the wind flow in and
around the cabin area, and also managing the
performance of the heater/air-conditioner unit. These
open running objectives were realized through the
application of the following 3 items.

1) The shape of the rollover bar decreased the level
of back-draft wind, while the A-pillar shape aids in the
management of the frontal wind flow along the
windshield.

2) A pleasant level of wind flow was achieved in a
variety of open running conditions which contained a
high speed region through the use of an aerodynamic
wind screen.

3) A good level of heating distribution and overall
heating feeling was attained during cold temperature
conditions. This was achieved through the use of a new
heater distribution method called “OPEN mode”.
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ABSTRACT

Large amount of efforts are put into the research of
the secondary O, feedback that is the feedback control
of air fuel ratio according to O, sensor output for
increasing catalyst reduction rate.

The robust stability against the modeling error,
which is caused by nonlinear characteristics of the
catalyst, is necessary for improving the control
performance.

Low-pass filer model was developed based on
frequency characteristics of the catalyst, and Adaptive
Sliding Mode Control was applied to that feedback
algorithm. As a result, this secondary O, feedback
obtained the superior stability against the modeling error.

googogo

ogoboboboboboobobooboooooooooo
gboboobobooboooboooobooboboboono
oboboobooboooooboooobooboboboono
gobobooogoobbzeo400000000OLEV-NIODDOOO
obobOobobooONoxooogooooooooooog
gbobobobooobooobooooboobobobono
gbobobooboobooooooobooboboboobo
o0o00o0ooowWooooooooooooooooo
ogbobobooboooooboooobooboboboono
goooQooo®Peppoooooooooooooo

goooooboboobobbbbbooooooooooo
oobooooooooooo,00mooooooo,nn
omoobobooobooobooobooobooboooboo
ooOooOooOorTrerond

gobogo

https://doi.org/10.69239/hondatechnicalreview.1999 11 1 10

650

gobogobooboboobboooboobboon
gboooooooboobobobobobooboooboooo
ggoboobooobbooobooobboobbooon
gboooooooboobobobobobooboooboooo
ggbooobooboobbooboo

gbobooboooooooogn

goboooooooonoo

obobooboooooboooobobo

Fig.ua0OoDOoO000000D0000D00OO0D0O0DOD
gboooooooboobobobobobooboooboooo
gboboobobooboobobUmonUEGO sensort
ooooooo,00MmMOOHEGOsensorl OO OOOO
O00000TablelDODODOOODODOOOOOODOODOOO
gooboood



HONDA R&D

Technical Review

Vol.11 No.1 (April 1999)

Table 1 Specification of experimental vehicle

Vehicle : '98 Model year ACCORD EX-ULEV

Engine :L-4, 2.3 liters
ECU : Prototype
Catalyst : Tri-metal type (Pt:Rh:Pd=1:1:15)

277.5¢g/ft3, 600cell/in?, 1.7 liters,
50,000mile aging
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ABSTRACT

To warm up catalyst quickly has an effect on
emission reduction during engine startup mode, to give
an example, a method using ignition retarding is
generaly known.

In this investigation the quick warm-up system was
put into practice by the logic which much intake air was
guided into the cylinder using feedforward control, and
engine speed was controlled by ignition timing.

In addition this method had need to prevent
deterioration of control with variations in air-device flow.
Therefore it had been able to advance performance by
means of compensation for the mass flow rate using an
Adaptive Sliding-mode Controller and learning
coefficient of compensation for the mass flow rate.
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Table 2 Specification of experimental vehicle

Vehicle : 98 Model year ACCORD EX-ULEV
Engine : L-4 , 2.3liters SOHC-VTEC (Prototype)
ECU : Prototype
Catalyst : Tri-metal type (Pt:Pd:Rh=1:15:1)

277.5g/ft3, 600cell/in?, 1.7L,100,000mile aging
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ABSTRACT

The new valve control system (HYPER VTEC:
Variable Valve Timing and Lift Electronic Control
System) with a valve inactive mechanism has been
developed to achieve effectively engine power
enhancement and the environment protection for sports
type motorcycle engines with higher engine speed.

The mass increase in the valve operating system is
kept to a minimum with a compact, simple mechanism,
enables high engine speeds of up to 13,500 rpm without
malfunctional valve motion, and providing high
reliability and durability.

In addition, the valve control system contributes to
enhance fuel economy and also to decrease the intake
and exhaust system sounds during two valve operation.
The switching mechanism part of the operating valve
number was manufactured by cold forging, and was
achieved inexpensively.

This system was introduced on the sports type
motorcycle CB400SF for domestic sales in 1999.
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ABSTRACT

Earth environmental problems cause regulations to
enforce or propose emission reduction and fuel economy
improvement in many countries. Under such conditions,
authors developed a new engine for reducing emission
and maintaining high power output by improving the
exhaust system as well as the combustion, A/F control
and the catalytic converter.

The exhaust system comprises the 4-into-2 exhaust
manifold of low heat capacity, which is preferable to
high power engine due to exhaust pulsation, shortens the
time necessary to activate the catalytic converter and can
make the catalytic converter to be installed under floor.

Developed exhaust manifold is characterized by a
double wall structure with an inner thin wall and a slide
structure for absorbing heat expansion difference
between both walls.
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Table 1 Material for principal parts

Part Material Thickness
Inner tube JIS SUS430J1L 0.6mm
Inner chamber JIS sSUS444 0.6mm
Outer tube JIS SUS430J1L 1.5mm
Outer chamber | JIS SUS430J1L 2.0mm

goboooobod

gbobobobooobooboobooooobooooon
obobogobooooooobooboobooboboboog
gboboobooooboooboooobooboboboonoo
obobogobooooooobooboobooboboboog
gboboobooooboooboooobooboboboonoo
gobooobooboooboobooboobooboo
gbobobooooobooobooboobooboboboonog
gbobobooboobooobooboobooboboboog
gboboooooooogon

gboobooooo

goboooooobboobbooobbooooboomo
gbooobooobmoooobooboooboobooobooboob
goooooooboobobobobobooooooo
gbooooooooobobobobobooboooboooo
gooddoooooooooooooobobobooboboo
gbooooooobooboboboboboobooobooon
gbbooboooboboobobobobooboobooobooo
goooooooooooooboobooboobbbbbon
000000rRg30000000OO00O0OOOOOOO

Position: n=1 5 Displacement: x

Restricted

Bending radius:

R =100 i
- N 120 niRk 20 Free for
Sliding position: L = 17 _, E"-“_“(D axial
25 nEE DD
% T.l?lzs movement
45 *26

Fig.3 Model to analyze desplacement of
inner tube with heating

gobobobobobooboboobobobooooooo
gbhooooobobooobosoboboobobooboboooz2oe0n
goooooooboobobobobuoboboooooo
gboobooooooosouboooboobooboe2o000n
00000o0000oo000ooO0o0U0o0Oorg4DDOO
ooo00oOo00o0DCOOFrgbOOOODODOOOODOOO

D%attin. AR
Jorrm R N O
/ Inner tube = 820°C \\
0 ™~

1
1 5 10 15 20 25
Position: n

Displacement: x (mm)

Fig.4 Calculated displacement of tubes in a supposed
case of directly after engine starting

Outer tube = 620°C

~xr°’°}r°<rV1ro*>°\°\x

i Inner tube = 820°C ‘:

1 5 10 15 20 25
Position: n

0.5mm

Displacement: x (mm)

Fig.5 Calculated displacement of tubes in a supposed
case of engine running constantly



HONDA R&D Technical

Review Vol.11 No.1 (April 1999)

gbobooboooooooboobooboobobobooog
O00o00o0000oDOO000oDO0oO00b0Ore3D0O0
No 30 O ODOOOODOODOOOOO0O0OOONoODOODO
gooo

gooboobobobobooboooooooobooo
OO0000O0000DOOO000DOOFrg6e0O0O00DOO
O00000Fg7000000O00O0ODODOOODDO
gbobooboboobooooooboboobobobono
gboboboboooooboooobooboboboono
gbobooboboobooooooboboobobobono
gbobobooboobooooooobooboboboono
gboboobobooobooooooooobobobonbo
oooooooo1ommdODO120mmUiononoooOg
goosmmbOOOoOoOoOoooOoooOOooooboOoooboon
od1rzommOO0O00000D0DOOO0O00OOI120mmO0
obobobobooobooooooooobobobonbo
gbobobobooboooooooboobobobono
gobooooobooboooobbooooLto2smmbO0O0Ogn

gbboooboobooboobobooboobobooooboo
goboooobobooobobooboboooboooboog
goboooospuiibbooooooobz2e0moooog
goosgsemmUOOOoOooooooooobOmmibonoong
gbobobobobooooooooobobobono
gooo

£ -02
£
e 04
g
u%) -06 Bending radius = 120mm
=
o -0.8
©
£ 0 N . he
ks ® <« Bending radius = 100mm
]
¢ 1 . . . . . . .
10 15 20 25 30 35 40 45 50
Sliding position: L (mm)
Fig.6 Relative displacement of inner tube to
outer tube directry after engine starting
£ -02
£
g 04 L ® ® —e
£
o -0.6
Q
©
& -os8
=l
2 10
g
g a2 N N N N N N N

10 15 20 25 30 35 40 45 50

Sliding position : L (mm)

Fig.7 Relative displacement of inner tube to outer tube
in a supposed case of engine running constantly

ggoboobooo
gooboobobooooooog
ggbobogooboobbooboobbooboo

880

goboobobobooobooooboboooooon
obooboboooooouobooobo
goboobobobooobooooboboooooon
gboooooooboooooboobobobooobooobo
gbooooboobooooboboobooobogoobo
goooo
gboboboboooboobooboooooooooon
gboobooooobooboboboboboboooboooo
gbomooboboboooobooomoooooon
ggooooooobooooooooooobbobomoog
gboomooboogoooboooboooboobooobooboon
gboboooooboobobobobobobooboooo
gboooooooboobobobobobobooobooon
gbobobooooobod
gbobobobooobooboobooooooooon
gboboooooboobobobobobobooboooo
gboboboobooboooobobobo
gboboboboooboooooboooobooobooobooon
goooooooooboboboboboboooooo
gbobooooooboobobobobobobooboooo
gooboboboooooooobooboboboobo

oboobooboooooooogo

gboboboboooboobooboooobooobooobooon
goooooooooboboboboboboooboooo
gboboboboooobooboobooboobobooboo

gboboboboboobobooboboooooooon
gbobooooooobobobobobobooboooo
goooooooooboboboboboboooboooo
oooooOoOoOoOoOoO0OOFg8OOOOOOOOODOOO
goooooooooboboboboboboooooo
gbobooooooobobobobobobooboooo
goooooooooooooooboobooboboboboboo
gbobooooobooboboboboboboooboooo
0000000DDoO0O0O0O0o0O0ggl2kNODOOoOogogd
gobooboobobooboboooboobod43ammunn
goooboobooboboboooooboolmmoon
gbobooooobooboboboboboboooboooo
gogo

15

Acceptable load = 1.2kN

=
=}

0.43mn\

Sliding load (kN)
o
(2]

Acceptable tightness

0.0 0.2 0.3 0.5

Tightness (mm)

0.1 0.4

Fig.8 Relation between sliding loadand initial tightness



gboboboboboobod4-2000000bobobobobooog

goobooooooad

gooogono

gobobobobobooboboobobobooooooo
gboboobooooboooboooobooboboboonoo
ogbobogobooooooobooboobobobobooog
gboboobooooboooboooobooboboboonoo
goobooooogoo

goboooboooboooosoubooobooooon
gbobobooboobooobooboobooboboboog
oboboobooooboooboooobooboboboonog
gooooboDbbobOoosus4s0iL000ooooogon
gboboooboobooobosonooboooboooboo
goooooooooooboboobbbbboboboooooo
oboboobooooboooboooobooboboboonog
0000000000000 000000ODONDbDOOSUS444
gooooo

oooooooboboOoe20 000D D OsSUS409L0
obobgoboooooooboooobooboboboonog
gboboboobooboooboooobobobobooo
obobooboooooooboooobooboboboonog
gosus43oiiLooonon

gboboood
gbobobobobooboobooboooooooooon
gbobooooogn

gboobobobooooog

gboboboboboobooboobooooooooon
gbobooboooboobooobooboobobobobooo
ogbobooobooooooobooboobobobobooonoog
goooooooooobboobobbbbboboooooo
ogbobooobooooooobooboobobobobooonoog
gbobooboooboobooobooboobobobobooo
ogbobooobooooooobooboobobobobooog
00000000 OdOO0O0FrgOOOOODOOOODOOOO
g000opoOooO00ooDooOooooooooooovr2g/
cmJ 00000000000 DO0O00oooDOoogoo

0.5
0.4 \
0.3

0.2

Acceptable hight

of wrinkles
0.1 @

Hight of wrinkles (mm)

0.0
7.10 7.20 7.30 7.40

Amount of charged steel ball (g/cm3)

Fig.9 Relation between wrinkles of inner tube
and charged steel ball

0890

02mmOO0000D00OD0OO0O0O0O0O0CO0O0OO0ODODbODn
goooooopoopoooOooODODDODODOFRg00OOOO
gboooooooboobobobobobobooobooon
mmdOO0O00O0ooooooooo

25

2.0 o

Acceptable air gap

’b
\

15 S &

1.0

Air gap (mm)

0.5

0.0
0 10 20 30 40 50 60 70 80 90

Position on round (degree)

Fig.10 Air gap between inner tube
and outer tube after bending

gooooboooobooa

00D0000000oooooooDooooooooo
ocemmO 00000000 0OOOOOOODOOODODODOO
000oo000oo0ooooooooooooooooogd
goodooooboooboooboooooooooouooo
000Do0000o0oooooooooooooooooDoog
000000000000 MIG Metalinertgastd O OO0
MAG! Metal activegasCD OO0 OO0 O0O00OD0OO0OOOOOO
gdoodoo0o0ooOooooooooooooood
000oo000oo00ooDooooooooooooooDoog
O0000O000TIG TungsteninertgasD OO0 O0O0O0OO0O
00o0Do00oo00ooooooooooooooooog
gooodoo0o0ooodoooooooooooood
0o0o0oooooTmieciooooooooooooooog
gooodoo0o0ooodoooooooooooood
0oooooooooooooooooooo

TiGOOODDODODOOO0O0O0Oooooooooooooo
00o0Do0o0oo0oooooooooooooooog
gdoo0ooo0o0oooOoooooooooooooDood
0oooooooooooooooooooooog

uooooon

gboboboboooboobooboooooobooooon
goooooooooboboboboboboooooo
gboobobooooobooboobooboboobooo

gbooboooooobogon

4000000000000 00b00obooooon
gboooooooboobobobobobooboooboooo
goooooooooboboboboboboooooo
gboooooooboobobobobobooboooboooo
gboobooboooboobobobobobobooboooo
gooboboboooooobooboobobobobo



HONDA R&D Technical

gbobobobooobooooboooooobooooon
gboboboobooooooooobooboboboono
gbobooboboobooobooooboobobobono
goboooboooooobooNeOODOoODOO
oO0o0DOoO00ooOOoOoOo0DbOOFrg110000
gooboooobooboboboboobouoboboooo
god
gooboooobooboboboboobouoboboooo
gbobooooboobobooobooboooooboo
god
gbooboooooboobobobooobooboboooon
gbobooooboboooobooboooooboo
gbobooooooboboooobooboooonDo
gboboood
gbobobobooobooboobooooobooooon
00000000000 0FRg.1200007200rpmO 000
gboboboobooobooobooooboobobobono
gbobobobooboooooooboobobobono
ogbobobooboooboooboooobooboboboobo
gboboboboobooooooobooboboboono
obooboooooooobogo
gboboboboooboooooooooobooobooon
Oo0o0OOCOO0OODODODODORgA3DO00O0O0OOOOOO
gboboboboobooooooobooboboboonoo
obobooboboooooboooobooboboboobo
gboboboboobooooooobooboboboonoo
gbooboooooogo
gbobobobooobooooboooobooobooobooon
gboboboboooooboooobooboboboobo
gboboobooooobobobobooobooog

Acceleration
sensor

Fig.11 Measurement part of acceleration
250

G 200
£ Firing —>}
= 150 o
§ 100
3 Motoring /
o | )
< 50 ~ ="

o —r

2000 3000 4000 5000 6000 7000 8000

Engine speed (rpm)

Fig.12 Comparison of second order acceleration
for firing and motoring at outer tube

oon

Review Vol.11 No.1 (April 1999)
250
__ 200
% .
£
= 150 I
2 Outer tube l
[
o 100 1 ;
3 Inner tube \
& -
50 :
0
2000 3000 4000 5000 6000 7000 8000

Engine speed (rpm)

Fig.13 Comparison of second order acceleration for
inner tube and outer tube on motoring

obobobooooobooouoboobo

gboboboboooboobooboooooobooooon
J000000o000OrguMDOOOOOO0OO0OO0O0OOOOg
gooooooooooooooboobooboobobbbbobon
coommibdboUoopoooboooboobooobobooDn
gbooooooobooboboboboboboooboooo
gboboooboooboobobobobobobaisb
kmOOOOOOOOOOOODDOOOOo0OmMmOOODDO
gboboboobooboobobobobo

0.20

0.15

0.10

0.05

Reduction by oxidation (mm)

0.00 1 1 1 1
10 15 20

Mileage (x 10000 km)

25

Fig.14 Reduction in sheet thickness due to oxidation
after severe condition endurance vehicle tests

gbooboooooooobo

gbobobobooobooooboooobooboooboon
gbooboooooooboboboboboboooboooo
gboboobooooobobobobobobooboooo
gbooboooooooboboboboboboooboooo
O0000000O0FRglS0000000000000O00O
O0O0OFgl16000D0DDODOOOOOOOOOOOOOO
gbooooogobooooooesmmbpoobooonoO
O0OFglA70000O0DDODOOOOOOOOOOOOOO
gboobooooooobobobobobobooboooo
gbooboobooosmmbboobooooooogon
gboboooooboobobobobobobooboooo
gooboboboooooooobooboboboo



gboboboboboobod4-2000000bobobobobooog

Measurement part of wear

Beading

|

d—leat expansion direction of inner tube)

Fig.15 Sliding structure and wear amount
measurement position

0.20

0.15

0.10

Wear amount (mm)

0.05

O

o, 8

0 5 10 15 20 25
Mileage (x 10000 km)

1

Fig.16 Inner tube beading wear amount during
severe condition endurance vehicle tests

0.20

E 015
£
£
o
g 010
© el |
T /r °
< 005 o) oo
8o
000 1 1 1 1
1 10 100 1000 10000 100000

Heat cycle

Fig.17 Inner tube beading wear amount during
severe condition endurance bench tests

gboboboboooboobooboooooooooon
gbooboooogoosmmbbobooooonogon

gbobobobooobooobooboooooobooooon
gooemmbO0O0odoooooOoOooooobooooog
goooobobooooooooboooooooobobooo
goooboobooooooobooooooboboooooog

googogo

oooboooogoobboooogbob2.20000
DOHCVTECO OO OOOOOOOOO0O0O0oOoOo0o0ooon

gboboboboboooboooboboobobobos

20000000000000@MO00000000000
00000000000 000000000000000
00000000000000000000000000
0D000000O00Fg.18(0 000000000000
00000000000000000000000000
Fig.18()0 000000000000 O3000pmO 0000
0D0000000000000000000
0000000000000000000000000
0000000000000000000000000

T T T
10dB Current exhaust manifold

e

Developed exhaust manifold

A Weighted-sound pressure level (dB)

1000 2000 3000 4000 5000 6000 7000 8000
Engine speed (rpm)
(a) Dependence of overall sound pressure level
from engine speed

o

e T 11

I3 IlOdB| | | | | | | | | | | IEnginespeed:SOOOrpm

K]

o Developed exhaust manifold

z

4 VA ==

a8 , M T e Y

2 J M

=]

: 7

5 /| Current exhaust manifold

Q

=

2

2

Zy 8 2 e & s =
« ® o © <

o

Frequency (Hz)
(b) 1/3 Octave frequency characteristics

Fig.18 Comparison of sound pressure level for
the developed exhaust manifold and
current exhaust manifold

dddddooodduuoououguo

FiglolODODOOOOOOOOOOOoOoODODOOoOOoOoO
goooooooooboboboboboboooooo
O0o0D0O0OO0000Fg200000000HCOODOOO
goooooooooboboboboboboooooo
m3sobmooboobobf2secObOonDoboon

600

Developed exhaust manifold
and down pipe

i
400 e~

W S e a
VAV

Current exhaust manifold
100 and down pipe

500

Catalytic converter temp. (°C)

0 20 40 60 80 100 120 140 160 180 200
Elapsed time (sec.)

Fig.19 Catalytic converter heat-up time up to 350°C
during European emission test mode
(On urban driving cycle without extra idle)

1.6 -
Current exhaust manifold
_ 14 and down pipe
208 S
= X T
g Zj // I:rtla[\i/edlg‘;ljv?]dp‘egg/ausl manifold
o
Sool S O\ \
ool LA /. N\, ] \

40 60 80 100 120 140 160 180 200
Elapsed time (sec.)

o

Fig.20 Accumulated HC emission with the same catalytic
converter in European emission test mode
(On urban driving cycle without extra idle)



HONDA R&D

Technical Review

Vol.11 No.1 (April 1999)

gobooooobobooHcOoooboooboobooboo
gooboooborCcO20000000DDOO

Fig.210220 00 0DOHCVTECODODOODOOODOOO
ooooobDobo0oooobobbObOUEeU20000 000000
gbobobobobooooooooobobobobo
gboboboboobooooooooobobobonbo
gooo

Table20 OO OOOOOOOOOOCOOODOOOOOO
oboboboboooboooboooobooboboboono
gbobooobooooooooboooan

CO HC
0.25
~ 0.20
E
\\c’) 0.15 §Q
“ o 0.10
NN T 0.05 \\—
. 0.00 L -
STD Achieved STD Achieved
NOx
0.25
’g 0.20
=
@ 0.15
« 0.10
o
Z 0.05
0.00
STD Achieved
STD : Emission level of EU2000

Achieved : Emission level of a 80000km aged
catalytic converter

Fig.21 Emission level of 2.2 liter DOHC VTEC engine
with a 80000km aged catalytic converter

Table 2 Engine performance

Developed exhaust Current exhaust
manifold manifold
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power (212PS/7200rpm) (211PS/7200rpm)
Maximum 215.0N*m/6700rpm 215.0N*m/6700rpm
torque (21.9kgfem/6700rpm) (21.9kgfem/6700rpm)
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ABSTRACT

A continuously variable transmission, or CVT, offers
high fuel economy, presumably because it can produce
a low BSFC driving condition with its continuously
variable ratio characteristics.

In this paper, it is shown that a substantial amount
of work loss is generated in the drivetrain, including the
transmission and engine accessories, from the engine to
tires. It is also shown that focusing solely on BSFC
values is not sufficient.

Based on the statement above, fuel consumption was
targeted as a new index to indicate the overall efficiency
for the engine, engine accessories and transmission.
Integration of the engine-CVT control system and new
algorithm to calculate the combinations of engine torque
and CVT ratio to minimize the overall fuel consumption
is proposed.

Furthermore, as a result of the tested vehicle that
incorporates the integrated system described above, the
system achieved an approximate 1% improvement in fuel
economy in the LA-4 mode test compared to the
conventional system and also reduced control data set up
time by the use of CAE tools and simulation.
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Table 1 Categorization of conventional action
Mechanical element | System - control element
Improvement of To realize the state
BSFC factor BSFC characteristic of more less BSFC
Improvement of .
Pst factor Psf characteristic NO action
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Table 2 Condition of simulation

4AT
Constant-Mesh
parallel shaft type

CvT
HONDA Multi Matic

Electronic controlled
lock-up torque converter

Electronic controlled
multiple disc wet clutch

Starting
mechanism

Shift mechanism Metal V belt

4 Speed gear + wet clutch

Engine spec. L-41.6L SOHC - VTEC
Inertia weight 2750 Ibs
Mode LA-4
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A Study of the Forces Acting on the Layered Rings of a Metal Pushing V-Belt for CVT
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ABSTRACT

It is very important to grasp the forces acting on the
layered rings of a metal pushing V-belt for estimating
the durability of the V-belt.

In this paper we measured the ring stress of the
outermost rings each time another layer was added. By
estimating the distribution of the ring stress and the ring
tension for the layered rings from the outermost ring
stress, we deduced the following conclusion. The forces
acting on the innermost rings were higher than the other
layered rings. Therefore the durability of the V-belt can
be estimated from the durability of the innermost rings.
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Table 1 Experimental conditions
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ABSTRACT

A new steering system which has variable gear ratio
according to vehicle speed and steering wheel angle has
been developed.

As the steering gear ratio in existing automobiles is
almost constant, yaw rate gain increases with increasing
vehicle speed. Moreover, for understeer vehicle, yaw
rate gain tends to decrease with increasing lateral
acceleration.

With a view to improving the driver-vehicle response,
to make the yaw rate gain almost constant, a steering
system in which the equivalent steering gear ratio
increases with increasing vehicle speed and decreases
with increasing steering wheel angle was created.

This paper presents the procedure for selecting
variable gear ratio characteristic, starting with a
hypothesis of ideal gear ratio which was derived from
observations of drivers' steering behavior, including the
compensation of the gear ratio for vehicle speed and
steering wheel angle, and the estimation of the effects
of the gear ratio by simulation.

This paper also introduces the design method and the
construction in order to realize the selected gear ratio,
the effects that were confirmed by vehicle tests, and the
vehicle characteristic which this system necessitates.
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ABSTRACT

Transient vibration such as steering kickback in
automobile suspension is a technical problem whose
cause-and-effect relationship is not well known and for
which design guidelines have not been established yet.

In order to investigate such a phenomenon, the authors
tried a new method in which the individual contribution
of force vector components to the steering tie-rod axial
force was examined. These force components and their
contribution were calculated from the measured force
vector components and the measured acceleration vector
components. The method was applied to investigate the
causes of steering kickback, and some key design points
were found.
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ABSTRACT

In order to minimize the occupant injury in a vehicle
crash, we tried an approach to address this issue by
making the wave form of vehicle body deceleration
optimal to lower the maximum value of the occupant
deceleration.

A study with a one-dimensional two mass model was
done to address the kinetic mechanism between the body
deceleration wave form and the responding occupant's
motion while finding a mathematical solution for the
optimum body deceleration wave form. A common
feature of the three derived mathematical solutions is that
they consist of three parts, a high deceleration, a negative
deceleration, and a constant deceleration. We have
demonstrated this by simulation using a three-
dimensional dummy. The results show the response of
the dummy closely agrees with that of the one-
dimensional two mass model, thus the mathematical
solution adequately proves this and the occupant injury
has also been reduced.
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ABSTRACT

Honda considers that a positive aspect of airbags for
motorcycles would be to reduce rider gjection speeds
through airbag installation and to minimize injury of
riders caused by hitting other vehicles in traffic
accidents. This study covers the exploratory stage for
airbag research, and the airbag system was evaluated by
full scale impact tests and computer simulation according
to 1S013232.

The airbag system is made up of ainflator, an airbag,
acceleration sensors and ECU, and was installed on a
GL 1500 motorcycle as test.

The evaluation results indicated the prototype airbag
had both some potential benefits and adverse effects in
certain impact tests. The risks when measured against the
benefits of prototype airbag were larger than for cars.
Full scale impact tests of 9 collision configurations and
computer simulation of 200 collision configurations
indicated 25 % and 16 % of risk, respectively. Further
research is necessary to reduce the risks.
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Fig.2 GL1500 with prototype airbag system

Table 1 Specifications of test motorcycels
Model Honda GL1500 Interstate
Engine displacement 1,520

(cmd)
Curb weight (k) 376
Overall length  (mm) 2,615
Overall width ~ (mm) 955
Overall height (mm) 1,495
Wheel base (mm) 1,690
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Fig.3 Shape of prototype airbag

Table 2 Specifications of prototype airbag

Volume (liter) 120
Height x width x length (mm) 630 x 500 x 615
Vent holes (mm) @50 x 2 holes
Tethers:

- Connecting rear and 3

bottom sides

- Connecting right and left
sides

Bag mounting point

1

1) module box

2) motorcycle frame
beneath the seat, via
2 connecting belts
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Table 3 Benefits and risks by USA car’s airbag

Lives
Occupant R/B
Category Saved Lost (%)
(Benefit) | (Risk)

All 2,920 94 3
Drivers 2536 36 1
Adult
passengers 384 4 1
Passengers 384 45 12
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Table 4 Number of segments

Number Calculation model
GL1500 7 Solid model
Airbag 614 Finite element model
Dummy 30 Solid model
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ABSTRACT

Using a current simulation model representing the
dummy's foot by ellipsoids, it was difficult to accurately
predict the foot motion rolling off of different surfaces
at varying heights from the toeboard surface. A new
modelling method using Facet Surface, which is a newly
developed function in MADYMO program, was applied
to the dummy's foot. Furthermore, properties of the
Hybrid-O foot and ankle revised by NHTSA were
measured and reflected in the model.

A sled test, in which the dummy's left foot rolled off
the foot rest, was conducted to validate the model.
When comparing the simulation results with the sled test
results, high accuracy for both the dynamic motion of
the foot and the tibia moment were confirmed.
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Fig.1 Center of gravity of the Hybrid-O foot Fig.3 Test setup for dynamic compression
with shoe of hindfoot with shoe
Table 1  Mass and moment of inertia of the Hybrid-O ankle and foot
Before revision After revision
S t Mass Ixx lyy 1zz Mass Ixx lyy Izz
egmen (kg)  |(x10%kgm?)|(x10-%kgm2)|(x103kgm?)|  (kg)  |(x103kgm?)|(x10-3kgm?)|(x103kgm?)
Ankle 0.76 0.52 0.52 0.67 0.75 0.77 0.77 0.56
Foot with shoe 2.10 1.34 4.73 4.48 1.79 1.14 11.15 11.14
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ABSTRACT

CNG or LPG fueled engines typically have less valve
seat wear resistance than gasoline powered engines.

An analysis of the valve seat wear mechanism was
performed and various designs of alloys were studied.
A Co-Mo-Cr type alloy, that has a self-lubricating effect
against wear, was employed. Also, MnS addition
improved the alloy’s machinability, which is typically
counter to a materials wear resistance characteristics.

In the end, a robust CNG/LPG engine valve seat
material specification was successfully developed that
exhibits equivalent wear properties to that of gasoline
powered engines.
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Fig.1 Valve seat testing machine

Table 1 Engine specification

Type of engine L4 SOHC VTEC

Bore x Stroke (mm) a75 x 90
Displacement (cc) 1590
Compression ratio 125
Number of valves Intake 2
Exhaust 2
Valve head dia. Intake  30/5.5

/stem dia. (mm)
Output (kW/rpm)
Torque (N-m/rpm)
Fuel

Exhaust 26/5.5
81.0/6500rpm
130/5500rpm
CNG
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Table 2 Characteristic of gas and gasoline fuel

CNG LPG Gasoline
(methane) (propane)

Row materials Natural gas | Crude petroleum | Crude petroleum
Molecular formula Kﬁﬁ;f:: l\jgiﬁf C(;I‘-tl HC(C4~C12)
Molecular weight 16 44 100
Octane number (RON) 130 125 90~98
Theoretical air-fuel ratio (A/F) 17.2 15.6 14.7
Inflammable range (Vol%) 5.3~15 2.4~9.5 1.0~75
Density ratio for air 0.555 1.548 3.4
Boiling point (°C) -162 -42.1 25~220
Heating value (kcal/kg) 11,839 10,988 10,505
Spontaneous combustion (°C) 540 457 228
Cooling by heat of vaporization Non Non Exist
Actual gum composition (mg/100ml) - - <20
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Fig.4 Appearance of valve seat on engine test
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Table 4 Differences condition for bench test
and field test

Table 3 Temperature of valve seat Bench test Field test Temperature
difference
Temperature of valve seat . -
5 Running condition
/valve face (°C) Ne 6500rpm I;ggla jgegouoern(;ryl/ _
CNG Gasoline CNG | Gasoline P
Maximum :
310 270 Engine 1.6L SOHC VTEC Peak frequency
Intake fgf:g’:t”'e Load Full throttle Pb=-100~ -
temporature| 290 260 Output | 115PS | 130PS -400mmHg
Maximum .
Exhaust temx;l)er:nure 390 400 Revolution| 6500rpm | 6500rpm Valve seat Exhaust 355°C | Exhaust 265~325°C| Exhaust -60°C
Average Compression . K temperature Intake 290°C Intake 170~195°C| Intake -100°C
temperature| 355 360 s 125:1 | 96:1
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Fig.5 Relation between temperature and wear loss
in exhaust valve seats

gbooboobobobobooboooooooooboon
ooooobooboboobobooobobobbbbobooooog
gbobooboooobooobooobooboboboonoog
gooboooooboeNGObObOOoooooooooog
gboboobooooboooboooobooboboboonoo
gbooooogobo

gbobooobooboooboboooboeNcoooon
gboboboobooboooboobooboobobobooo
oboboboooobooobooooboobobobonog
gboboboobooboooboobooboobobobooo
gboboocNGh ooobooooobobooooog
ooobooOoOdFrigedODOO

<Fuel property> <Influence for valve seat condition>

( Gasoline ] - ~
- Liquid <Phenomenon> <Influence>

-Impurity
(Gum composition)

Temperature
is high
a [Non lubrication eﬂect] |$ [ Metal ]
b S

y combustion deposit contact

[ Non fuel cooling

CNG

-Gas
-Clean fuel

\- /

Fig.6 Influence of fuel property on valve seat wear

oo ogao

gboboogoeoNGOobooooobouoooboooo
gbobooboboobooobooooboobobobono
gogboboobbooobboobboooboooobo
ooo

oboboobooooobgoobo

gboboboboboobooboooboooobooobooobooon
00000o0oD Fig7OOOOOOOODODOODOOOOO
gboobooooooboobobobobobobooboooo
goobocrbobOob0obOobOobOobOobobobob
gbobooooobooboboboboboboooboooo
crf000000D0ODO0OFg8OOOO0ODODODOOOODODO
goboOoooOoobboOoob2c00bOO4000DOOO
geNncUoOooobooooboooobooobodvos3odno
gboobooood

7.0 800
=- Green density
== Radial crushing strength 5
691 B
1600 ¢
& O~
E .| &
:g) 6.8 = g
z |4 23
‘@ | T o
= 6.7 g 2
o cwn
1200 ®©
6.6 E
0 Added 40% Co-Mo-Cr hard particle o
6-5 1 1
Pure iron  Ni-Mo-Co 3%Cr

powder powder
A kind of base powder

powder

Fig.7 Relation between density and radical crushing
strength at each powders

300

—@-— Developed material for CNG
== Mass production material for gasoline

250

200

Hardness (HV 10kg)

150

100 —
0 200 400 600

Temperature (°C)

Fig.8 High temperature hardness for Matrix
of developed material

gbobooooooogo

gbobobobooobooooboooooobooooon
gooooooobooboboboboboboooooo
gbobobooboobobcerwCcOognoobobon
gbobobooobodcCoMoCrMoooonoomunD
O00FgOODOOOOODOOOOODODODOOODODDOOO
gooooooobooodcCoe-MoCrDODOOOODDOOO

0 1520



goboobooobooboobboo

200 800
I Valve seat wear loss —
1 Valve face wear loss T
—@— Radial crushing strength s
__ 150} // 1600 =
[=))
g :
» 00 Added 25% each =]
8 100} of hard particle —400 g
- £
g g
50+ 4200 2
8
©
(9]
h -
0 . . 0
Cr-W-C Fe-Mo Co-Mo-Cr

A kind of hard particle

Fig.9 Relation between wear loss and radical
crushing strength at each hard particle

Cr-W-COOFe-MoUDUODODOODODODOODODODO
obobooboooooboooboobobo
gobogobooboboobboooboobboon
ooooOOoOOoOoOOODODDDFgOOOOOOOOOOOO
gboobOodCoeMoCrOOODDOUODOCHW-COODOO
gboboobooooobobobobooobooog

goobooboboooobooog

Fig.1OODOOOOOOOO0O0OOOODOOOOoO0d
gboboboboooboooboooobooboboboono
ooooogssoogooooooooooboooDon
gboboobooooobobobobooooog

CoMoCrOODOOOOODDOOOOODODOOODO
oboboboboboooooobooobob2sbong
goooooobog4noooon

gboboboooood

obO0o0OO0o00O0DOOO0oOooDoOooOoPbOOOO
ooO0OdpbOO0O0OCOOOOPKOOM3270MI OO0
oOo0ooOCocOoOoOooOpPpOOOOOOOOODOOOODOO
oo0o0000oooooOoOoOogroocoo0oo0ogprpO

<Influence> <Factor of valve seat wear>

0.4
[JAs Sinter [Heat treatment
300°C x 2hr

o
w

O Test load (fixed at 10kgf)

Dynamic friction
coefficient u
o
N
T

©
o
T

Cr-W-C Co-Mo-Cr
A kind of hard particle

Fig.10 Coefficient of kinetic friction at each hard particle

200 1000
<
5 S
[0 B <=
2 150} 800 =
S) ;\? g
e 1600 £
©3 @
= 5 1001 o)
S S £
I g 1400 S
) 2
g_ 50 o Improvement rate of wear resistance | 200 %
£ —&— Radial crushing strength g
o
o Il Il Il Il O
20 25 35 40
Add rate of Co-Mo-Cr (wt%)
Fig.11 Relation between wear loss and radical

crushing strength at amount of hard
particle

gooooooobooboboboboboboooooo
gboooooooooboboboboboboooboooo
MnSOOQOOOoooooomnSOOooooooooon
goboboooooog
ogoboboboboboobobooboboooooooo
gbobooooooobooobogezp- 2a800000- 0O
gbomobooobooobooobooobooobooboooo
gooboobobooooooon
CNecOooooooooooooooooobbooooo
000OoO0o0ooOo0oOo0oDOoOO0DbOOFg120000

<Measure of valve seat>

<Concretely action>

| Lack of high temp. strength

To high alloy for matrix

—]

Use Cr alloy for base powder |

| Lack of high temp. hardness

Theoretical density to high

-

Use 2press-2sinter method |

Temperature
is high
| Lack of matrix bond strength

Addition amount of
hard particle to high

—
-

Increase hard particle amount
Intake:25% Exhaust:40%

Lack of hard particle

|—>| Use Co-Mo-Cr hard particle powder |

Metal |
contact

| Lack of lubrication

Inclose low melting point alloy
/solid lubricant

/ Change the kind of hard particle

—>| Inclose lead(intake)+addition of MnS |

Fig.12 Way of achievement and concretely action

0 1530



HONDA R&D Technical Review

Vol.11 No.1 (April 1999)

goboboooooog
Table5000000000C00DOOOOODOOO

Table 5 Chemical composition, density and hardness
of developed material

Chemical composition (wt%)
C Ni Cr | Mo | Co | Pb S Fe
Intake 09 | 55 | 35 | 65 | 175|115 | 0.75 | Bal

Exhaust | 1.0 | 6.0 | 5.0 | 11.5| 24.0 - 0.75 | Bal

Density |Hardness
(g/cm®) | (HRA)

Intake 8.0 70

Exhaust 7.15 57
Bainite High alloy
phase phase

Martensite Co-Mo-Cr hard
phase particle

Bainite

phase High alloy phase

Co-Mo-Cr hard
particle

Martensite
phase

Fig.13 Microstructure of developed material for
1) Intake valve seat
2) Exhaust valve seat
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ABSTRACT

In order to develop the new 2L DOHC engine for the
“New Generation Real Open Sports” HONDA S2000, it
was necessary to develop an improved valve rocker arm
which allows for extremely high engine revolutions and
is light in weight while compact in size.

The new valve rocker arm is characterized by
applying roller bearing to the cam follower and variable
valve timing and lift electronic control system (VTEC)
built-in (or coaxial) roller bearing shaft. It also is capable
of mass-production by employing metal injection
molding (MIM), which will produce near-net shape
rocker arms.

With these improvements, the new engine has been
successfully developed and achieves a maximum
revolution of 9 000 rpm.
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Fig.1 Rocker arm structure
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Table 1 Comparison of manufacturing method
Forging | Precision MIM
casting

Density 100 100 96

Material Tensile strength 100 90 83

feature Elongation 100 75 60

(forging=100) [ Hardness 100 98 86
Free form Low <4——p High

Surface roughness (s)

rough 4—p good

050 500 20 3010
Minimum wall thickness (mm) 3.0 2.0 01.0
Minimum hole diameter ¢ 10 92 ¢ 0.5
Dimension accuracy (mm) +1.0 + 0.2 + 0.05
Roller groove face feature Machining [ (Molding) | Molding

Comparison of
rockerarm cost

Cost —p»
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Fig.5 Manufacturing process of MIM (Metal injection molding)
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Table 2 Chemical composition of MIM powder (wt%)

C Ni Cr Mo Si
0.13-0.18 | 00.25 0.9-1.2 | 0.15-0.3 | 0.15-0.35
Mn P S Cu Fe

0.6-0.85 | 10.03 00.03 0o.3 Bal
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Table 3 Powder characteristic

Metal Water Tap Specific Oxygen
atomized | density |[surface area| contents
(JIS) O (g/em?) | (m%g) (ppm)
SCM415 |Conventional 3.9 0.5 6 000
New 4.7 0.29 4 000

Conventlonal split atomized powder

New atomized powder

Fig.7 Powder shape
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ABSTRACT

Previous high impact resistant polypropylene for
instrument panel was mainly paintend. Because it was
difficult to have high quality of aPPearance. But it is
required to eliminate painting for commercial
competition.

In this paper, we modified dispersion and particle
size of elastomer added to polypropylene for low gloss
surface, hardness and contents of elastomer added to
polypropylene for scratch resistance and shape of filler
for inhibition of weld-line. At this method , we
developed new non-painted material for instrument
panel which has both high impact resistance and high
quality of aPPearance.
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Table 2 Variant gloss of instrument panel
Elastomer of PP Gloss )
pp Max. gloss | Min. gloss | Ave. gloss
New non-
painted PP 28 22 25
Conventional
painted PP 3.0 2.4 21
Conventional
Added elastomer
PP non-painted PP 4.6 3.4 41

Fig.5 Constraction model of added elastomer
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Table 4 Physical propaty of non-painted PP

New non- Conventional
Item Unit painted PP non-painted
PP
Density 1.06 1.07
Melt index g/10min. | 16 14
Tensile elongation | % 120 14
Tensile strength MPa 20 35
Flexual modulruas | MPa 2695 4010
Deflection
temperature under | °C 131 148
load
I1zod impact Im 434 30
strength
Rockwell hardness | R-scal 80 99
Gloss G.U. 24 48
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ABSTRACT

This paper includes the report on the development of
small-scale production method for large-size exterior
plastic parts of vehicle when it was applied to the
production of the pop-up roof specification of specific
vehicle.

The RTM (Resin Transfer Molding), which is
conventionally applied to a small-scale production in a
development, was not applied to the production of large
size exterior plastic parts which requires high grade
quality.

To use RTM, we tried to:

(1) employ after-cure to produce in high accuracy,

(2) use parts which are produced without mold as many
as possible to reduce investment,

(3) use rectangular extruded aluminum hollow beam,
formed styro-foam core material and hybrid pre-form
material to make products light and stiff, and

(4) use fine glass fiber filled FRP (Fiber Resin Plastic)
to increase the strength.

These measures have resulted in great reduction of
investment and cost. Also, many parts of FRP are jointed
by bonding so that after used up, they are capable of
group collection to be recycled.
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Fig.3 Structure components of pop-up roof
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Table 1 Comparison of manufacturing method
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Table 2 FRP general characteristic and issue analysis

General Characteristic

Analysis Of Issue

Die costs (investment) : Too cheap

Considerable range of variation depending on the molding method.

Reinforcing by means of overlays and the like is possible.

ﬁ?/ztsf‘ment Material costs : Expensive Few economies of scale and post -process working costs are high.
Processing costs : Expensive Total costs : Cheap Variable costs are higher than fixed costs.
Weight & Specific gravity ; 1.4 (FRP) FRP’s specific gravity is lower than that of aluminium
Gr a\?ity 2.70 (Aluminium) The standard sheet thickness ratio for these three materials
7.87 (Steel Plate) FRP : Aluminium : Steel plate =1:1.5:1.75
Impact strength in the flexible range is high. S . . - . -
Strength Impact strength in the plastic range is low. Strong possibility of destruction by rupturing at high impact levels in the plastic

range. Reinforcements increase costs since they must be done in a post-process.

High degree of design freedom and three dimensional shapes
Design can be used.

freedom The subjective sense of quality and sense of elegance are lower
than in ordinary plastics.

The material will not be used in high -end products.

Repair &

Maintenance Difficult to repair surface scratches and other damage.

Few dedicated repair plaints. Repair cost is expensive

Currently, dimensional precision in individual products is poor.

Assembly The number of assembly processes can be reduced by integration. Large amount of labor involved in making adjustments.
Thermal The thermal expansion coefficient is on par with those of steel and Al. | The material is not easily affected by temperature conditions, making it easier
expansion Almost no expansion or contraction. to control gaps.
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ABSTRACT

In order to get good quality for car interior molding
plastic parts,we investigated about die, plastic material
and molding condition to reduce gloss of plastic
parts.After that we got the low gloss plastic parts.

Then we found reason of increace gloss during mass
production was caused by additives of plastics.And we
got the low and stable gloss plastic parts by changing
of additives of plastics.
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Table 1 Molding condition and gloss value (PP)

MATERIAL TEMP. | DIE TEMP.| INJECTION SPEED |HOLDING PRES.| GLOSS
CASE 1 230 50 40 55 3.5
CASE 2 230 50 80 55 3.0
CASE 3 230 50 80 70 3.2
CASE 4 230 50 40 70 2.9
CASE 5 250 50 40 55 3.2
CASE 6 250 50 80 55 25
CASE 7 250 50 80 70 2.9
CASE 8 250 50 40 70 3.1
CASE 9 250 70 40 55 3.2
CASE 10 250 70 80 55 25
CASE 11 250 70 80 70 27
CASE 12 250 70 40 70 2.8
CASE 13 250 70 30 55 3.2

Table 2 Molding condition and gloss value (ABS)

MATERIAL TEMP.|DIE TEMP. | MOLDING SPEED | GLOSS VALUE
CASE 1 260 50 10 4.9
CASE 2 260 50 40 4.8
CASE 3 260 80 10 4.8
CASE 4 260 80 40 4.4
CASE 5 290 50 10 4.1
CASE 6 290 50 40 3.1
CASE 7 290 80 10 4.7
CASE 8 290 80 40 27
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Fig.5 Relation between molding condition
and gloss value(PP)
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Table 3 Material Additives and Each Melting Point

additives Melting point(°C)
Anti-oxide agent (phenol type) 110-125
Calsium stearate 150
Hindered amin light stabilizer 83
Anti-static agent 60
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