5D
ISSN 0915-3913 8
@

2005



— REOFH

HOBLOLS<EFIZ FOIITLLEFI
DHONT oTHEWN EREULEZEE
HEELE.

BEOHIZ ROFOEAE DEBEN OFATHET, S HF SR
B0+




Technical Review
Vol.17 No.2




gogd

goon
goboobooooboobobobobooboboboooobobO DobbooobCootcoocbbcboboboOoboo
gboobobooDb 0obboooeoooa

0O HondaFCXOOOOOODOOOODOOO 00000C00000000CCO0000cC 0O o 0000000 o0o0o0D b Doooooooooos

0O ACCORDHybridO OOOODOOOODOO 0O00C00O000000DO000000CCO0o0000Cooooo0obooboooDnoO
gbobobooon 0obbooobooi4

O SHAWDODUOOOOOOODODOOO0ODOOO0OO0DO Doboooooboboioooooboooooooocooonib oo Do
g0o0o0000DDb booooooooo20

O Development of Resin-Based Multi-Piece Truck Bed 000000000000 Jim Ryan Jason RuminskiCl Mike Ishmael 000000000026

goboobooooboobobobooobooboooobOoDb booobi oo ooboobOoboboboo
goOobo0obo0D 00ocoooeoo32

0000000000000 000 bobobooobooobboobboobbooooConoboooboo0bCo0oeoo0booonb O 0 0 0 000000000038

0O 0000000000iGX4400 00 0O000OCOOOCOOOOOOOCOO0000000000o00 OO 000000000 ooo
gboobobooon 0ooooooooo44

goboobooboobooboboboboobooboooboobobobo boobtboob bobOobOOobOoOoo
U0o00o000DDb oboooobooos2

HEN
gobooboooobooboboboboobobbooo0 oobboooboobbooooboootoobc bobobob oo

gbobO0obo0D 0oobooooooss

UDbDPFOOOODOODODODOOOOOOODO DobooooboobboobbCobtCbb Db OobOobOobobooooo
000000000 0boooobootes

obooooooooooboooooboischogoooooobooonD btoboobooboboooboobobooobo
gbobooboooon dooboooboo7l

gobooobooobooboobobooooooobooboboboboobboomobobobooobooboobd boboobboogT?

OoOoOO000O0O4inlD0000COO0ODOOOOODOOODOOOOOO
gbO0ob00ob00oo00000bO ooboobooooss

goboobooooboobob0oboboobob0bO000 0obboooboobooonoCoooocooc bobobooboo
g0Oobo0obo0D 0oooooooooeo

goooooooooboooboooooooooobooobooOooo0D bobbooCoooi OO0 DO 00D O DboooobooCo9e



Honda R&D Technical Review

Vol.17 No.2 (October 2005)

Correlation of Subjective and Objective on Centre Steering Feel 000000000000000 Chris Regan(d Blake Siegler 000000000103

0000000000b0b0Db 00 0obooobboboCoooboobboobbooobonoo0onbtocbc oo obOoDbOo

gboooooooobo

000000000000Db0D 0ooooobooobbobobooboooobboobbooobonooCoocicbbbobooboDbOo

gbobooogo

ubobooooobobdobob o bboobboobbobobooobooooboobboottob bbb oo boboOobOoDbo

uboooooobOobdobob o bboobboobbooobooobooobboobboootoooo0oobtocc oo bOoDbOo

gboobooooooOoboboboooooooobooO0ob oot obobooboboooboobOoDbo

gbobooooooOobobobobooooooobO boboboobboobCbb bbb obobooboobOoDbo

ob0ob0o0oooobO0ob0oboboboon0O oobboobooobbboobboobtib bbb bbb boboOobOoDbo

gbobooooobobobobooooooboboboboobooo

gboooooobooboaoba
gbobooogo

0oboooooo1o7

000000000115

poooooooo122

0oooooooo129

000000000136

000000000144

000000000153

poooooooo1e1



CONTENTS

Introduction of new technologies
O Development of Integrated Fuel Injection System for Small Sized Motorcycles
0000000D0000000000000000000000000000000000000 Shunji AKAMATSUO Minoru UEDA
Akira HAYASHIO Katsuhiro OUCHI 000000000001

O Next-generation Fuel Cell Stack for Honda FCX 00000 Masajiro INOUED Nobuhiro SAITOO Kenji UCHIBORI 000000000008

O Development of V6 ACCORD Hybrid 5 Speed Automatic Transmission System
0000000D0D000000000000000000000000000000000 Shunsuke YOSHIDAO Toshitaka IMAI
Koichi FUSHIMIO Toshiaki MAEDA 000000000014

O Control Technology of Direct Electromagnetic Clutch Employed in SH-AWD System
0000000000000000000000000000000000000000000000000  Rikiya KUNIDO Yutaka KANNO
Akihiro IWAZAKIO Shigenobu SEKIYA 000000000020

O Development of Resin-Based Multi-Piece Truck Bed 000000000000 Jim RyanO Jason Ruminskill Mike Ishmael 000000000026

O Development of High-pressure Diecast Magnesium Intake Manifold
0000000000000000000000000000000 Kazuhiro WASHIZUO Ikuo TAKEISHIC Naoki SATO
Hidetaka OGISHIO Masamune TABATA 000000000032

O Application of Non-contact Measurement Technology to Precision Parts 00000000000000 Shigeru TAKAMURA 000000000038

O Development of Electronically Controlled Multi-purpose Engine iGX440
0000000D0000000000000000000000000000 Keita ITOO Souhei HONDAO Teruyuki SAITO
Mashu KURATAO Gaku NAOE 000000000044

O Application of Thermoplastic Resin Molding to Control Unit of General Purpose Engine
00000000000000000000000000000000000000000 Ryuichi KIMATAL Yoshinori MAEKAWA
Shinichi KUWASAKOQO Takao TAMECHIKA 000000000052

Technical papers
O Governor System for General Purpose Engine Using Adaptive Control Theory
000000000000000000000000000000000000000 Tomoki FUKUSHIMAD Hayato MATSUDA
Yoshihisa SHINOGIO Yoichi TANIGUCHI 000000000058

O Development of Low Emission Diesel Engine with DPF System
000000000000000000000000000000000000 1sao CHIBALD 1sao KANEKOUO Ryuuta MATSUI
Yoshinori ISHIHARAC Ryuuji MATSUKADO 000000000065

O Research on ISG Belt Drive System for Idling Stop System
000000000000000000000000000 Kazuma OKUDAO Yasuyuki KOMATSUO Shigeru AOKI
Tadashi FUJIIWARAL Youichi NAKAHARA 000000000071

O Clarification of Mechanism of Exhaust Orifice Noise via Exhaust Pulsating Flow Simulation
00000000000000000000000000 Masato SAKURAID Kenichi TANAKAD Yuuya KASAJIMA 000000000077

O Research of Low Heat-mass 4 in 1 Exhaust Manifold Noise Reduction Technology
0000000D0D0000000000000000000 Hitoshi OOUCHIO Masaki AGUROL Toru HISANAGA 000000000084

O Reduction of Noise and Vibration in Compact Car Engine Mount System
0000000D000000000000000000000000000000000 Hiroshi YANAGASEO Tsutomu TAMURA
Hiroyuki TAKABAYASHIO Sumito IKEBATA 000000000090

O Development of Simulation Technique for Element Stress Prediction of Metal Pushing V-belt
000000000000000000000000000000000000000000000 Toshihiro SAITOO Koji MIYAMOTO 000000000096



Honda R&D Technical Review Vol.17 No.2 (October 2005)

O Correlation of Subjective and Objective on Centre Steering Feel 0000000000000000 Chris Regand Blake Siegler 000000000103

O Assistance Method of Obstacle Avoidance Maneuver by Steering Operation
0000000000000000000000000000000000000000 Yukihiro FUJIWARAL Kenichi OHSHIMA
Yasushi SHODAL Mitsuharu KANABOSHI 000000000107

O Development of Light Weight Connecting Rod
00000000000000000000000000000000000000000000000000 Zenji IIDADO Kentaro TAKADA
Shigeru SUZUKIO Chikashi SATO 000000000115

O Development of High-strength Piston Material with Die Casting
0000000000000000000000000000 Akito TANIHATAD Kenji SATOO Kazunari FURUKAWA 000000000122

0 Research for High Concentration of Precious Metal and Thin Layer of Catalyst Top Layer
0000000000000000000000000000000000000000000000 Syouji INOSED Tatsuya OKAYAMA 000000000129

O Development of High-Pressure Die-Casting Simulation and Verification in Motorcycle Parts
00000000000000000000000000000 Masahiko NAKAGAWAD Koichi CHIBAO Eitaro KOYA 000000000136

O Exploratory Study of an Airbag Concept for a Large Touring Motorcycle: Feasibility Verification
00000000000000000000000000000000 Takeshi KUROEO Hideo NAMIKIO Satoshi 11JIMA 000000000144

O A Computer Simulation for Motorcycle Rider Injury Evaluation in Collision
00000000000000000000000000 Hideo NAMIKIO Toyokazu NAKAMURAD Satoshi 11JIMA 000000000153

O Enhancement of Motorcycle Conspicuity Using Brain Activities Induced by the Facial Image Stimuli
000000000000000 Takashi SUGAWARAD Yoshiyuki MATSUMOTOLO Masahiro KIMURA
Kazumitsu KUSHIDADO Yutaka MURATA 000000000161



https://doi.org/10.69239/hondatechnicalreview.2005 17 2 1

ggooo

Juoogdood
Joogdoottdbotgtdbbotdun

Development of Integrated Fuel Injection System for Small Sized Motorcycles

gogoooooe
Shunji AKAMATSU
gogoooooe
Akira HAYASHI

goooooage
Minoru UEDA

goooooage
Katsuhiro OUCHI

good

gbobooboboboboobooooooooobooon
goooboobooooooboooooooobbobooogog
gooooboboooooooboboooooooboobooooo
gbobobooboobooobooooboobobobooo
gooooboooooobooobooooooooobobooo
gboboobooboobooobooboobobobobooboo
00000000 DOO0ODOO0OO0OOO0 ECWEIlectrical
ControlUnittD OO0 0000000000 DOOOOOOOO
obobooboooobooobooboobooboboboonog
gboboboooboobooooooobobobooboooboo
gooOoOos0cmddococm 000000000000
obobooooooooobooboobobobobooog
gbobooboooboo2sboboboooogbecunoOnd
oooooob icooobooooobooooooobog
gboboboooooooboobo

ABSTRACT

Demands for reducing exhaust emission and
enhancing fuel economy have been increasing in
accordance with growing concerns regarding global
environmental issues. An electronically controlled fuel
injection system which precisely controls the air-fuel
ratio has been adopted to effectively meet the demands.
Technologies for miniaturizing and achieving a high-
efficiency system have been established for fuel
injectors, the fuel pump and ECU (Electrical Control
Unit). For the fuel injector, a spray form and magnetic
circuit was optimized through computer simulation. As
the result, a fuel injector with good installation ability
for engine displacements ranging from 50 cm?® to 900
cm?® was realized. For the fuel pump, the maximized
motor efficiency along with an optimized pump rotor
shape reduced current consumption by 25%. For the
ECU, the development of a circuit-integrated custom IC
and the standardization of a housing achieved a compact,
light, inexpensive design.
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Fuel supply system of 2003 Wave125i
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Table 1 Major specifications
2003 Wave125i 2005 Wave125i
Engine type Air-cooled 4-stroke SOHC Air-cooled 4-stroke SOHC
Bore x Stroke mm 52.4 x 57.8 52.4 x 57.8
Displacement cm?® 124.9 124.9
Engine Compression ratio 9.3 9.3
Throttle body Keihin GQ20 Keihin GQ22
Max. output kW/ r/min 6.75 /7500 6.75/7500
Max. torque Nm/ r/min 9.74 /5500 9.74 /5500
Fuel supply system In-tank return In-tank return-less
Fuel pump Keihin Keihin (Carbon conmitator)
Fuel system Fuel pressure kPa 250 294
Fuel feed hose FKM (¢6) Resin (¢2.5)
Injector Denso C-3 Keihin type 7
ECU (Electrical Control Unit) (Integratedﬁgl?mottle body) Keihin
Throttle position sensor Alps Alps
Electric Manifold pressure sensor Fuji Fuji
Air Temperature sensor Shibaura Shibaura
Engine temperature sensor Denso Matsushita
Ignition coil MPO06 MP33

020
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Fig. 4 Schematic of fuel injection system
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Table 2 Specifications of injector

Immovable core

Movable valve

2003 Model 2005 Model
Number of nozzle 4 4
Dynamic flow rate (2 msec) | 1.73 mm¥/st 2.12 mm¥/st
Static flow rate 90 cm®¥min 78.8 cm®/min
Spray form 1 Jet 12 deg 1 Jet 15 deg
S.M.D 120 um 72 um

Immovable core
(High hardness magnetic metal)
Air gap

(gL B

_/\F

— '

\

Fig. 6 Simplification of plunger stopper system

(©)

Stopper ring




Honda R&D Technical Review

Vol.17 No.2 (October 2005)

gboboboboboboobooboooboooboooboan
gbobooooooboobobooboboboboonoo
gbobooooooobg

goobobobooooooooobooboboboo

gboboboboboboooboooooobooobooon
obobooooogonog

412. 0000000000

gooboobobo CAE0bOoboboooooon
gbobobo

gbobooboboboboooboboooooooo
goboobooooooooobobooooooboobooooooo
goooboboooobooobooobooobooboobogo

gbobOCAEDOOO0OOOOOOobOOobOoOoboOooOon
0000000000Fg.7000000O0DODOOCCDOOO
gboboooooobobobobobobooobooon
gbooboooogo

413.00000000000

goobooboboboboobooooooooooo
gbobooooooobooboboboboboboooo
goboboooooooboobobobobobooooo
gbobooooooobooboboboboboboooo

Inefficient Efficient
(Large magnetic flux leakage) (Low magnetic flux leakage)

Fig. 7 Optimization of magnetic circuit

360

O0oOoO00DbO0O0O0Fg.8 0000O0OO0OOOOODDOO
gboboboboooboobooboobobobobooo

42. 0000000004
O0oobdodddddooooooog ASEANOOOO
gooooobbobobbbbbbouoooooooog
gooddddooooo 1Ab0Doooooooooooaa
dodbobooooooooooooooooee,m
goooooooooododododgdggoga
godbddddooooooooooooooo
ddooooooooog
ddooooooooo

ddooooooooo

dodMooooooo
000O0o0b00O0o0obOO0o0obOOoOobOoOoonoFrg.9nO
0 Table3 DODOO

0000000 (c)00@(000000000oono
goboooooboooooboooboobooobooooooa
go0odooobobooooobooooobbouoooono 1A
goodooooooooooao

Current product Current product Newly developed
for large motorcycle  for small motorcycle product

(a) (b) (c)
Fig. 9 Comparison of fuel feed pump size
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Table 3 Specifications of fuel pump

2003 Model 2005 Model
Fuel pressure 250 kPa 294 kPa
Flow rate 17.7 L/h 16.5L/h
Current 1.0A 0.95 A
Pump type Turbine Turbine
Motor type DC motor DC motor
Magnet type Ferrite Neodymium
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Table 4 Specifications of fuel filter

2003 Model 2005 Model
Filtration area 25 cm? 65 cm?
Filtration density 30 um 90% min| 10 um 95% min
Max. diameter of pass 35 um 10 um
Life performance
(Presgure loss by 3 grams in dust) 1.2kPa 0.6 kPa
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Table 5 Demands and pllications for small
motorcycles’ ECU

Sensor/Device \(l-vr%\;ﬁ a1r12c?)i (sEfj?g;t)E:)
Throttle position sensor Yes Yes
Manifold pressure sensor Yes Yes
Air temperature sensor Yes Yes
Engine temperature sensor Yes Yes
Oxygen sensor — Yes
Crank pulse sensor Yes Yes
Speed sensor — Yes
Side-stand switch — Yes
Neutral switch Yes Yes
Injector Yes Yes
Ignition coil Yes Yes
Fuel pump relay Yes Yes
Power relay control — Yes
Oxygen sensor heater — Yes
Exhaust air induction — Yes
Positive crankcase ventilation — Yes
Fan control — Yes
Idle air control valve — Yes
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Fig. 14 ECU board for small motorcycle
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ABSTRACT

The next generation fuel cell stack employs an
aromatic electrolyte membrane, which offers outstanding
proton conductivity, a stamped metal separator formed
with a unitized seal for superb electrical and thermal
conductivity, and a simple stack structure which is
obtained using the springiness of the stamped metal
separators. The combination of these innovative new
technologies enables the new fuel cell stack to achieve
output density that ranks among the best in the world,
to be half the size of its predecessor, and to operate in
temperatures from -20 to +95 °C, leading to its enhanced
environmental adaptability.

In order to maximize space efficiency in the fuel cell
system box, the FCX uses two compact FC stacks. The
resulting integrated module structure, with the humidifier
unit, enables a more compact fuel cell system box to be
achieved. Energy efficiency of the new fuel cell system
has also increased over the previous model, due to the
enhanced power generation efficiency of the fuel cell
stack.
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Table 1 Honda FC stack specifications
Output (kW) 50
Volume (L) 33
Weight (kg) 48
Max operating 95
temperature (°C)

Cold start allowable 50
temperature (°C) -

Fig. 17 Honda FC stack
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ABSTRACT

The 5-speed automatic transmission employed in the
2005 model year V6 Accord Hybrid was developed to
enable the vehicle to display the powerful and refined
driving performance of a V6 sedan, while achieving the
fuel economy of a 4-cylinder compact sedan.

The Accord Hybrid represents the first combination
of an IMA system and a stepped AT employing a torque
converter. While its overall length has been reduced, the
new AT has been designed with consideration of the
high torque generated by the V6 3.0L i-VTEC engine
and the IMA motor.

Expansion of the cylinder idling operating range and
more effective regeneration of deceleration energy
required a redesigned long torsion damper and a highly
responsive lock-up clutch mechanism. The system has
also been equipped with an electronic oil pump to enable
smooth takeoff after idle stop, and a hydraulic system
that employs a linear solenoid for direct control of all
shift stages. The use of these new technologies has
enabled the achievement of a superb balance of fuel
economy and driving performance.
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Fig. 1 ACCORD Hybrid powerplant cut model
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Table 1 Main specifications of ACCORD Hybrid 5AT

Type 4-Axis 5speed AT
Ratio O/A
1ST 2.685 11.747
2ND 1.565 6.849
3RD 1.023 4.476
4TH 0.729 3.190
5TH 0.530 2.321
RVS 1.888 8.263
Final 4.375

10=5.4 k0=1.7
(Long-torsion damper,

Torque converter
Highly-responsive lock up clutch)

All shift stage direct control

Hydraulic system
Idle stop control

Type: Trochoid rotor 3cc/rev

Electric oil pum
pump Rating: 7.4L/min @ 343kPa
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ABSTRACT

The SH-AWD system is a 4WD system providing
continuously variable control of the torque transmitted
to al four wheels to radically enhance vehicle dynamic
performance. The core of the system is a direct
electromagnetic clutch positioned in the rear drive unit.
This new clutch was developed to enable more precise
control than is possible in a conventional electromagnetic
clutch. In the direct electromagnetic clutch, there is an
air gap between the magnetic materials, that form the
solenoid magnetic circuit. The solenoid force generated
across this gap is converted into clutch thrust, without
the need for the torque amplifier employed in
conventional electromagnetic clutches. The fact that
thrust acts directly on the clutch increases the precision
of control. However, the size of the air gap changes
when the thickness of the clutch changes, and this causes
change in the solenoid force. A search coil is therefore
used to detect changes in the size of the gap as changes
in magnetic flux, enabling the current to be corrected in
order to ensure that the appropriate solenoid force is
consistently generated. In addition, measures to increase
the accuracy of detection have enabled more precise
control of torque transmission.
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Development of Resin-Based Multi-Piece Truck Bed

Jim Ryan®

Jason Ruminski® Mike Ishmael®

ABSTRACT

A material system has been developed to achieve the
strength and durability required of a truck while
maintaining the design flexibility required to produce a
multi-piece truck bed with lockable under-floor storage.
This system consists of a new structural SMC, a 2-part
structural adhesive, and a spatter-applied 2K urethane
coating. Material targets were developed considering
both the particular usage of a truck bed and the over-
arching goals of light-weight and excellent appearance.
Each component was formulated to balance these
requirements and validated through comprehensive
specification tests including static strength, chemical and
temperature durability, and other usage conditions.

gooo

gboboboboobooboooobooooooooobooon
gboboboboboooobooooobobobonbo
ooooooon

goooooooboooobooo sMcooooooo
gbobooooboobobooboogon

gbobobobooboobooobooboooboobooban
gboobooooooobooboboboboooobooobooon

gboobobobobobobobooooobooooon
gooooboobooooooboooboooooooooboobooo
gboobooooooobobobobooooobooobooon

1. Introduction

The use of Sheet Molding Compound (SMC) as a
replacement for steel parts in automotive structural
applications has been the subject of investigation for well
over 35 years. Until very recently, there have been few
applications of structural SMC to appearance parts.
Rather, most structural SMC usage has been for non-
appearance parts such as grill opening reinforcements
and structural inners for vertical and horizontal body
panels. With advances in materials and process
technology as well as the continued push for increased
fuel economy, the idea of using fiber-reinforced plastics
such as SMC to replace large, highly-visible steel
structures has begun to gain momentum®.

Honda has applied various fiber reinforced plastic
parts, such as PP/glass fiber for bumper beams and non-
structural class A SMC for spoilers, to mass production
models. However, the application of a structural fiber
reinforced plastic on a highly visible component has not
previously been achieved.

This paper describes the development of a material
system for a multi-piece truck bed consisting of a new
structural SMC material, 2-component (2K) urethane
coating, and structural adhesive. This material system
balances the strength and durability required of a

0 Honda R&D Americas

structural part and the good surface appearance and
processability important to producing a high quality
exterior part.

2. Material System Concept
Figure 1 identifies the final application areas for

each component of the multi-piece truck bed material
system.

SMC sidewall SMC headboard

High strength
steel crossmember
(bonded to bed floor)

Unpainted SMC tire pan
(bonded to bed floor)

2-piece bonded SMC
cargo lid assy

SMC bed floor

Fig. 1 Material application on multi-piece truck bed
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2.1. Structural SMC

Aside from the obvious benefit of weight reduction,
resin-based composite materials also offer the advantage
of increased design flexibility due to the ability to
consolidate parts and conform to curves and deep draws
not possible to replicate with steel. As Table 1 shows,
within the category of resin-based structural composites,
the strength and durability of SMC combined with the
design flexibility it affords, gives this material the edge
in applications where both aspects are critical. SRIM,
while offering comparable physical properties to SMC,
lacks in the area of design and processing freedom, while
long fiber reinforced thermoplastics (LFRTSs) are
generally not competitive for part durability or
dimensional tolerances.

2.2. Adhesive System for Multi-Piece Design

With design requirements driving a multi-piece truck
bed configuration, the need for a strong, durable method
of joining parts became critical. Considering the size
and usage conditions of these parts, it was determined
that the joining method should include a structural
adhesive, meaning a class of chemical bonding agents
where the strength of the adhesive is near to or greater
than the strength of the substrates bonded together.

The adhesive goal for these applications was that it
needed to perform under a variety of extreme
environmental conditions and loads that could be
associated with a pick-up truck. To achieve this goal,
two types of adhesive formulations were investigated:
polyurethane and epoxy. Also, both room temperature
and heat cure systems were studied for each adhesive

type.

2.3. Coating System for Structural SMC

In order to understand the requirements for a truck
bed coating system, the initial focus was to understand
the overall functional performance of a steel or
composite truck bed itself. A steel truck bed coating
endures levels of denting and scratching, while the major
limitation in a composite truck bed coating is scratching.
After understanding these requirements, we were able to
create the development goal for the first Honda truck bed
coating system: A coating system that has equal or better
durability than currently available truck bed coating
systems combined with an overall increase in scratch
resistance.

3. Defining Target Values

3.1. Structural SMC Property Targets

Target physical properties for the truck bed were
based on part strength requirements for both the typical
and extreme usage requirements of truck owners, such
as heavy load hauling and exposure to the environment.
Considering the design intent and demands for surface
quality and fit and finish required of the overall vehicle,
the targets of increased processability and appearance for
the material were applied as well. General property
targets are shown in Table 2.

Table 1 Relative property comparison for candidate
substrate materials
Material
Property Steel | SMC | SRIM LFRT

Modulus ++ + + +
Temperature resistance ++ + +
Surface durability (Rast) =+ t+

f : + ++ ++ +
Chemical resistance (Resin dependent)
Design flexibility - + - +
Dimensional stability ++ + + -
Weight - + + ++

Table 2 Physical property targets for truck bed SMC

Property
Property Target value
Tensile strength >125 MPa
Flexural strength >265 MPa
Flexural modulus >10000 MPa
Compressive strength >180 MPa
I1zod impact resistance (-30°C) >1000 J/m

Table 3 Adhesion performance targets

Test item SMC (glass loading)
High Low
Lap shear strength > 3.4 MPa > 1.5 MPa
Cross peel strength > 1.2 MPa > 0.45 MPa
3-point bend strength > 150 N Not applicable
Side impact >3.0J >25J

Table 4 Key coating requirements

Requirement items

Target value

5-Finger Scratch resistance >20N
Sliding Friction Load (Pull Force) >27N
DuPont Impact resistance >23.5J

Weather resistance Delta E<3.0

3.2. Structural Adhesive System Targets

The adhesive target requirements were determined
from existing structural adhesive specifications for
aluminum/steel applications. The strength requirement
was determined from 3o test result values of high and
low glass loading SMC in fiber tear failure mode.
Durability conditions covered the following conditions:
initial, hot circumstance, cold circumstance, water,
humidity, heat, thermocycle, and accelerated weathering.
General adhesive targets are shown in Table 3.

3.3. Coating System Targets

For the coating system, target properties were created
from consideration of the rigorous usage expected of a
composite truck bed coating. Key modules considered
in setting targets included hauling cinder blocks,
shoveling payload from the bed, and dragging multiple
substrates across the bed surface. Table 4 lists key
coating requirements developed in this process.
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4. Material Formulation Development and
Performance

4.1. Effect of SMC Formulation on Physical Properties

To set the initial material formulation, Design of
Experiments (DOE) based investigations were conducted
both on flat panels and a study tool containing both ribs
and bosses to identify the main effects of resin type
(polyester <PE> versus vinyl ester <VE>), glass fiber
content, and glass fiber length combinations on strength
and durability. The variables considered for these tests
as well as their associated levels are highlighted in Fig.
2. Key responses studied included tensile strength,
flexural strength, and flexural modulus.

As expected, glass fiber content was observed to be
a significant factor affecting the strength and modulus
of flat panels. Additionally, the selection of resin type
was also found to have first order effects on modulus.
As the vinyl ester content in the formulation increased,
so too did the modulus of the resulting formulation, as
in Fig. 3.

A similar investigation of the strength of these
formulations was then accomplished using panels
containing stiffening ribs and various boss attachments.

In contrast to the flat panel results, the ribbed panels
demonstrated an inverse relationship between glass fiber
content and rib strength, as seen in Fig. 4.

\ O
O O

N J
100% PE  67% PE 33% PE
33% VE 67% VE

O
N

Resin type

Fig. 2 Investigation matrix for material formulation

14000 -
13000 -
IE
'
12000 - s
ke
'
7
11000 - - {
’f
E’ ]
10000 + 8 m o o m e e m e mm e — -
Target: > 10000 MPa

9000 -

Flexural modulus (MPa)

100% PE 67% PE 33% VE 33% PE 67% VE 100% VE

Resin type

Fig. 3 Effect of resin type on flat panel modulus
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Investigation into the potential cause of this
relationship revealed that as glass content increased, it
became increasingly challenging to completely fill the
bottom of the ribs with fibers. The tips of the ribs were
therefore resin-rich and in many instances also contained
porosity. Without fiber reinforcement in these areas,
cracks initiated quickly and led to part failure at lower
loading levels than would have been predicted based on
flat-panel material strength alone.

A similar trend of decreasing rib strength was seen
with increasing vinyl ester resin content. Although the
vinyl ester resin had higher stiffness and toughness than
the polyester resin, this component was also more
viscous and more of a challenge to flow into complex
geometries. The results of these competing factors may
be seen in Fig. 5. This figure highlights the criticality
of incorporating part geometry and processing factors
into the final material formulation.

4.2. SMC Material and Process Optimization

Optimization of both the final SMC formulation and
processing parameters was conducted. Two design of
experiments-based investigations were conducted using
mass production quality study tools to identify the main
processing factors affecting final part quality. Table 5

- 320
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+ 280

-+ 260

Maximum load (N)
e
\
\
\
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\
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Flexural strength (MPa)
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Glass fiber content

Fig. 4 Effect of glass fiber content on ribbed panel
strength
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Fig. 5 Effect of resin type on ribbed panel strength
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Table 5 Design summary for processing optimization

Variables Responses
PE resin type Part warping
Temperature Surface wrinkling
Charge pattern coverage Porosity
Material viscosity Blisters
Clamp tonnage
Vacuum

lists the primary variables under study as well as the
responses evaluated.

One significant observation from these studies was
that PE resin type had a large effect on part warping and
surface wrinkling. Two types of thermosetting PE were
considered: an |SO-type PE and a more reactive type PE.
Generally, the ISO-type PE had greater warp and more
surface wrinkles than the reactive-type PE. The reactive
PE had higher miscibility with both filler particles and
low profile additives, which are thermoplastic additives
designed to reduce the overall material shrink on curing.
As aresult, this resin provided enhanced resistance to
both warp and surface wrinkles, each of which is a result
of the resin shrinking upon cure. The following two
figures graphically explain this phenomenon. Fig. 6 is
a schematic of the main components in an SMC resin,
while Fig. 7 shows the differences between the PE resin
components studied and their effect on warping.

Surface wrinkling was also affected in some part by
mold temperature, mold pressure, the use of vacuum in
molding, material viscosity, and the % charge pattern
coverage. Porosity and blistering were shown to be
dependent on molding pressure and the use of vacuum.
Finally, part strength was reduced by using a small
charge pattern. In this case, the material was forced to
flow larger distances to fill the part, resulting in a high

] Resin molecules
« Filler particles

Increased warping

Lower density, ISO-PE
 Lower filler content - lower internal stiffness
¢ ISO-PE = poor dispersion of LPA

Reduced warping

Medium density, Reactive-PE
* Higher filler content - improved internal stiffness
* Reactive PE = better dispersion of LPA

Fig. 7 Effect of PE resin type on warping

Table 6 Effect of processing on surface appearance

Condition Blisters Warping|Wrinkles| Porosity |Strength
Material Higher
viscosity Lower -
Mold pressure Higher + +
Lower
Mold Higher
temperature Lower N .
Charge pattern| Higher + -- - +
coverage Lower _ —
Vacuum On s +
Off

Table 7 Adhesive test results (High glass load SMC)

Adhesive Initial Hot Pull Humidity
Force (MPa) | Force (MPa) | Force (MPa)
Heat cure 5.8 5.3 5.4
Room temp. cure 4.1 2.4 4.2

degree of fiber orientation and reduced strength in the
direction perpendicular to flow. Overall results of the
processing investigation are shown in Table 6.

As seen in the table above, beneficial levels for
several process parameters, such as higher molding
pressure, lower mold temperature and lower material
viscosity were obtained from these processing studies.
Identification of these factors made it possible to focus
on charge pattern optimization during the final stages of
process development.

4.3. Structural Adhesive Determination

In the investigation of structural adhesive type, two
main areas were considered:

(1) Processing and cure temperatures (room temperature
vs. higher heat)
(2) Baseresin type (polyurethane vs. epoxy)

All formulations were based on two-component (2K)
systems. This allows for faster cycle times and enhanced
cross linking.

4.3.1. Room temperature cure vs. heat cure temperature

adhesive

During the adhesive investigation, it was determined
that the room temperature cure adhesive could not meet
the target strength and mode of failure requirements.
Table 7 is a brief summary of the test results with high
glass loading SMC while Fig. 8 shows an initial

Heat cure

Room temp.

Adhesion

failure Fiber tear

Fig. 8 Lap shear samples

0290



Honda R&D Technical Review

Vol.17 No.2 (October 2005)

condition lap shear sample failure mode comparison
between room temperature and heat cure systems.

The heat cure adhesive allowed for better wetting of
the adhesive and increased cross-linking. As a result,
the heat cure systems were able to meet both strength
and mode of failure requirements and were selected as
the adhesive system of choice.

4.3.2. Polyurethane vs. epoxy

After selection of the cure system was completed,
specific adhesive formulation chemistry remained to be
fixed. Both the heat cure polyurethane and the epoxy
formulations performed very well to the target
requirement. The polyurethane system, however, had a
higher elongation and could therefore provide better
flexibility under load. The epoxy formulations, by
contrast, had very little elongation and became very
brittle in the cold circumstance, starting to peel at a
significantly lower displacement than the polyurethane
formulation.

This displacement amount is a critical property for
cold weather loading situations on bonded areas of the
multi-piece truck bed. Therefore, a polyurethane
structural adhesive was selected for use in the multi-
piece truck bed construction.

4.4. Structural SMC Coating Determination

During the coating investigation, three main items
were identified as key development areas:

(1) Coating technology - 2K vs. 1K urethane
(2) Coating orientation vs. scratch performance
(3) Coefficient of friction vs. scratch performance

4.4.1. Coating technology

During the coating development, it was determined
that the 1K urethane coating system could not meet the
established requirements for physical properties,
chemical resistance and weathering resistance. The 2K
urethane coating consistently outperformed the 1K
coating systems in these areas. An overall summary of
test results is in Table 9.

The 2K urethane coating system has a higher cross-
link density and as a result, an overall enhancement of
tested properties compared to the 1K coating system.

4.4.2. Coating orientation

After determining that the 2K urethane provided the
highest quality for the Honda truck bed coating, coating
orientation was investigated to optimize scratch
resistance. Based on established appearance targets, the
following were considered as possible options:

EEEEEEEFA 1. Single Layer mono coat only
77,

7ZZZ

Using the 5-finger scratch test method, it was
determined that option #3 performed the best for scratch
resistance. Table 10 provides a summary of these
results.

2. Mono coat layer, then
spatter coat

3. Spatter coat layer, then
mono coat

Table 8 Displacement results for three point bend

tests
Adhesive resin — Displacement (mm)
Initial -30°C 80°C
Polyurethane 18 14 19
Epoxy 11 10 20

Table 9 Coating properties

Key properties 2K urethane | 1K urethane
Physical ++ +
Chemical ++

Weather ++

Table 10 Coating application

Paint orientation Typical value
Mono coat only <15N
Mono coat/Spatter coat 15N — 20N
Spatter coat/Mono coat >20

Table 11 Friction increasing additives
Additive Composition
Additive #1 Rubber material
Additive #2 Glass material
Additive #3 Rubber & Glass blend

4.4.3. Friction increasing additives

Usage verification testing indicated that the surface
of the truck bed did not provide enough resistance to
objects dliding along the surface, such as might happen
when driving with a loaded vehicle. Therefore,
additional investigation was conducted to increase the
friction of the coating system. Three friction additives,
each of dissimilar characteristics, were selected for
evaluation.

Additive #2 performed best with regard to friction
value (pull force), as seen in Fig. 9.

Pull force (N)
= N
- (%] N o w

o
2

o

No Additive Additive #1 Additive #2 Additive #3

Fig. 9 Effect of additive type on friction

5. Final Material System Properties

Based on the investigations in Section 4, the authors
proceeded with the development of a structural SMC
formulation meeting target strength and durability
conditions by focusing on a composition with at least
40% glass reinforcement and a blend of vinyl ester and
polyester resins. Processing and appearance were
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Table 12 Basic properties of the Honda structural SMC

Property Target value
Tensile strength 140 MPa
Flexural strength 275 MPa
Flexural modulus 11800 MPa
Compressive strength 200 MPa
1zod impact resistance (-30°C) 1100 J/m

Table 13 Basic structural adhesive formulation

Component Formulation Curing

* Polyol/lsocyanate
A: Isocyanate . .
prepolymer prepolymer (MDI) R-N=C=0 + H-O-R'-

* Fillers Diiscocyanate Polyol
* Polyol mixture
* Sag control agent
 Catalyst, fillers

B: Polyol/amine
curative

R-NH-CO-O-R'
Urethane

optimized using filler content and resin ratios. Basic
properties are in Table 12.

From design of experiments testing and material
processing properties, the final adhesive and coating
systems were developed as well. For bonding operations,
a heat cure 2K polyurethane was chosen, as shown in
Table 13.

For painted portions of the truck bed, a 2K urethane
was selected as the Honda truck bed coating. Additive
#2 was included in the paint formulation to achieve the
required coefficient of friction.

6. Charge Pattern Optimization

Charge pattern optimization was conducted to finalize
the relationship between molded part surface appearance
and part performance in terms of static strength and
fatigue durability. For the bed floor, two critical factors
drove the final charge pattern: surface appearance
(wrinkles) and rough road durability testing. |ssues with
durability testing arose in the rear mount point area due
to excessive fiber flow. To enhance durability while
keeping overall appearance OK, a number of different
charge patterns were tried. After each stage, parts were
tested on-vehicle during durability testing. Parts were
also examined fiber flow orientation by sectioning them
near the rear mount points and burning off the resin
component to leave only the fiberglass in its actual
orientation.

Similar investigations were done for each of the SMC
parts making up the truck bed.

7. Conclusion

A new material system was developed for use in a
near class A multipiece truck bed. This system consists
of a new structural SMC, heat cure structural adhesive,
and two-component urethane coating. The authors’
findings are:

(1) Combining areactive PE resin and atougher VE resin
was necessary to balance part appearance and durability.

(2) Glassfiber content between 40% and 50% maximized
part strength.

(3) Optimized charge pattern were used to balance
appearance and performance.

(4) A 2K heat cure polyurethane was required to bond
multiple substrates.

(5) 2K urethane coating materials outperformed their 1K
counterparts.

(6) Use of coating additives was effective in increasing
dliding friction.
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A magnesium high-pressure diecast (Mg HPDC)
intake manifold has been used in the newly developed
V6 Integrated Motor Assist (IMA) engine on the
ACCORD Hybrid for the North American market.

The body of the intake manifold features the same
split structure used in the alminum high-pressure diecast
(Al HPDC) intake manifold fitted in the Honda
ELY SION. The two parts of the body are sealed with a
formed in-place gasket (FIPG). This FIPG is also used
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transmission case. A modified version of a metal gasket
has been used for the seal of fuel injector base.

The new magnesium high-pressure diecast (Mg
HPDC) intake manifold is 44% lighter than a
conventional aluminum low-pressure diecast (Al LPDC)
intake manifold and 33% lighter than an Al HPDC intake
manifold.
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ABSTRACT

A non-contact measurement system has been used for
the precision analysis of parts in 3D shape evaluation
employing CAD data. In recent years, there have been
attempts to utilize non-contact measurement systems to
respond to demands for 3D shape evaluations of
precision parts such as gears. However, there are various
optical issues with conventional optical non-contact
measurement systems. These issues had to be addressed
for application to precision parts, necessitating the
development of a new measurement system.

The sensor testing were conducted using a variety of
optical sensors to clarify the specific issues arising in the
measurement of precision parts with non-contact
measurement systems, enabling the optimum optical
sensors to be selected. The newly developed system
employs two sensors, which enables the achievement of
the level of accuracy required for 3D shape evaluation
of parts. A multi-axis mechanism which compensates for
the weak points of the optical sensors completes the new
system.

This paper will demonstrate examples of the use of
data measured by the developed measurement system.
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ABSTRACT

Honda's iGX440 general purpose engine utilizes
electronic control technology to increase ease of use with
high fuel economy and low noise performance.

The engine control system employs an electronic
control unit (ECU) enabling more precise engine speed
control in response to the numerous different operational
requirements of a general purpose engine. This has
resulted in an engine displaying power characteristics
and operational performance meeting the requirements of
users in a variety of different applications.

To increase the environmental friendliness of the
engine, exhaust emissions have been reduced below
regulation levels and fuel economy has been increased.
In addition, the noise level of the engine has been
reduced to meet Stage 2 requirements of the EU
Directive on Noise Emission by Outdoor Equipment.
This has been achieved mainly by reducing the noise
generated by the mechanical system.

A precoated steel sheet fuel tank, a cold-forged
camshaft, and a thermoplastic resin molded ECU have
also been employed in the new engine.
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0000000000 iGX440 OOO
Table 1 Engine specifications

Item iGX440 GX390
Engine type 4-stroke, single-cylinder |4-stroke, single-cylinder
Displacement (cmd) 438 389
Bore x Stroke (mm) 88.0 x 72.1 88.0 x 64.0
Compression ratio 8.1 8.0
Valve train OHC 2-valve OHV 2-valve
Valve inclination angle (deg) 22 0
Lubrication system Splash Splash
Ignition system CDI Transistorized magneto
Governor system Electronic Mechanical
Choke Automatic/Manual Manual
Fuel valve Automatic/Manual Manual
Starting system Electric/Recoil Electric/Recoil
Dimensions: L x W x H (mm)| 407 x 505 x 454 380 x 450 x 443

Fig. 1 External view of iGX440
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ABSTRACT

The majority of electrical components utilized in
general purpose work equipment are manufactured by
potting employing thermosetting resins, taking into
account their water, chemical and vibration resistance
properties. The research discussed in this paper adopted
a different approach, and attempted to mold these
components using thermoplastic resins in order to reduce
the size and weight of general purpose engines.
Thermoplastic resin molding is typically only utilized
when manufacturing small electrical components, due to
the characteristics of the injection molding process.
Molding conditions were optimized to enable the
procedure to be employed for a large electronic circuit
for engine control, a process which involved the study
of resin materials and the layout of the electronic
components, in addition to resin flow analysis.
Manufacturing components using these optimized
conditions enabled a 20% reduction in height and 50%
reduction in weight of the control unit, in addition to
reduction of the time required for the molding process.
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Table 1 Resin characteristics for hot melt molding

Properties Unit Condition Spec Test Method
1 Specific gravity — RT 1.05 JISK7112
2 Hardness (Shore A) RT 70 ASTM D2240
3 Melting point (°C) RT 155 DSC
4 Brittle point (°C) RT <—65 JIS K 6261
5 Tensile strength (MPa) RT 4.3 JISK 6251 *1
6 Elongation (%) RT 1300 JIS K 6251
7 Flexual strength (MPa) RT 0.63 ASTM D790 *2
8 Flexual modulus (MPa) RT 9 ASTM D790
9 Shear strength (MPa) RT 20< ASTM D732
10 Coefficient of expansion (K-1) 1.9x10™* TMA
11 Volume resistivity (Q-cm) RT 1.0 x 10" < (dry condition) ASTM D257 *3
12 Dielectric strength (kV/mm) RT 20 (dry condition) JIS C 2110

*1 Dumbbell No.3 Tensile rate 500 mm/min
*2 Sample: 100 x 12.5 x 6.5mm Flexual rate 3mm/min
*3 Dry condition: 60°C x 8hours drying under <0.1MPa atmosphere
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Table 2 Solder conditions of micro-processor and

capacitor
Micro-processor Capacitor
‘ el 3 ey
o E
Function i5
Crack growth rate Crack growth rate
0% 0%
500 Cycles
Crack growth rate Crack growth rate
13% 0%
700 Cycles s‘ -
Crack growth rate Crack growth rate
23% 0%
1000 Cycles
Minimum pass on
soldering junction
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ABSTRACT

General purpose engines are required to keep the
engine speed constant, and are therefore equipped with
governor mechanisms. However, the engines are applied
to various applications, and the dynamic characteristics
of the controlled engine changes according to different
operating conditions. So it is necessary for a
conventional mechanical governor to change the spring
rate and tune the idle speed; similarly, gains must be
tuned in electronic governors using PID control. To
enhance robustness, an adaptive control system that uses
a self-tuning regulator has been constructed. Applying
elliptical gears to the mechanism for driving the throttle
valve, it was possible to realize both high resolution near
the closed position and a reduction in operating time of
the throttle valve.
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Table 1 Characteristics of actuator

Stepping motor DC motor Solenoid

Control method Open loop Feedback Feedback

Position control| Number of pulse ~ |Feedback by position|Feedback by position

sensor sensor

Speed control Pulse rate PWM control Current control

Power supply | Constant voltage PWM control Current control
Life Bearing life (long life)| Brush life (short life) |Bearing life (long life)
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Model GX160 GXV160
Air-cooled, Air-cooled,
Type 4-stroke, 4-stroke,
yp single-cylinder | single-cylinder
gasoline (OHV) | gasoline (OHV)
Displacement (cm?3) 163 163
Dimensions L x W x H (mm) 304 x 362 x 335|415 x 359 x 354
Dry weight (kg) 15 14.6
Bore x Stroke (mm) 68 x 45 68 x 45
Max. power (kW / rpm) 4.1/3600 4.1/3600
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Honda has developed a turbo-charged common rail
diesel engine for the European version of its CR-V
Sports Utility Vehicle (SUV). During this development
measures have been implemented to address the issue of
the SUV body having high running resistance. The
promotion of homogeneity in the air-fuel mixture
through the employment of a shallow dish combustion
chamber and the reduction of the diameter of the fuel
injection nozzle holes has enhanced combustion and
reduced engine-out Particulate Matter (PM). In addition,
the use of a highly efficient EGR cooler has increased
the volume of EGR. Combined with the achievement of
optimal EGR gas temperature control by means of an
EGR cooler bypass system, these factors together have
enabled the achievement of a reduction in NOXx
emissions.

The enhancement in exhaust emission performance
resulting from these innovations has made the CR-V the
first SUV which is compliant with the 2005 European
diesel exhaust emissions standards (EURO-1V).

A diesel particulate filter (DPF) is also employed in
the CR-V. Optimization of the multi-fuel injection
system, which is able to inject up to four times per cycle,
control of the DPF temperature via the use of a variable
geometry turbocharger (VGT), and intake control by
means of the throttle valve have all resulted in reliable
DPF regeneration performance.

These various emission reduction technologies have
resulted in the achievement of PM emissions less than
one-tenth of those stipulated by EURO-1V.
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Table 1 Main specifications of engine

Engine type DOHC-4VLV
Displacement (cm?) 2204

Bore x Stroke (mm) 85x97.1
Compression ratio 16.7

(Pn|1sr§:))n (Bowl diameter) 508

Bowl shape type Shallow dish

Injector (mm) ¢ 0.134 x 6holes
Fuel injection system Common rail system
Maximum Power (kKW/rpm) 103/4000
Maximum Torque (Nm/rpm) 340/ 4000
After treatment DOC + DPF
EGR cooler with bypass
EGR system system
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Fig. 2 Effect of combustion system modifications for
mixture distribution
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Table 2 DPF Specifications

DPF Size (mm) $ 132 x 228.6
DPF Volume (liter) 3.1

Cell number (cells/in?) 300

Pore diameter (um) 11

Porosity (%) 42
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To enable a belt-drive Integrated Starter Generator
(ISG) to be used in an idle stop system, the belt system
must be capable of both driving the accessories and starting
the engine. Accomplishing this with a conventional belt
system required an increase in the tension of the belt,
which also increased friction losses and is thus
incompatible with the intention of increasing fuel economy.

Testing quantified the effect of the increased belt
tension on increasing friction losses. With this
knowledge the research team focused on the auto-
tensioner mechanism and the design of a superior belt
system without the requirement for an increase in
tension. Belt tension was reduced through the
employment of an auto-tensioner in which contraction
can be controlled by exploiting the incompressibility of
fluid and by modifying the belt layout to enable optimal
positioning of the new auto-tensioner. The use of reverse
torque was tested and proven to be an effective method
of further reducing the tension of the belt. The
combination of these innovations has resulted in the
development of a superior belt system well matched to
the requirements of an idle stop system.
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ABSTRACT

Regulations relating to environmental noise generated
by automobiles are becoming increasingly stringent,
making it essential to develop simulation technologies to
contribute to the reduction of exhaust noise. The authors
attempted to make the pulsing exhaust flow produced by
an internal combustion engine visible using Schlieren
photography and to visualize the source of exhaust
orifice noise using noise holography. The knowledge
obtained from these experiments was used to develop an
exhaust pulsating flow simulation technology for exhaust
orifice noise that enables quantitative prediction of
levels. The major components of exhaust orifice noise
are compression waves and ring vortices; the new
simulation technology enabled further clarification of the
mechanism of production of this noise.
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Research of Low Heat-mass 4 in 1 Exhaust Manifold Noise Reduction Technology
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ABSTRACT

A noise generation mechanism of intermittent high-
frequency noise during deceleration and high-frequency
noise under load in a dual-thin-wall 4-in-1 exhaust
manifold (hereinafter referred to as 4-1 manifold) have
been investigated by using Computational Fluid
Dynamics (CFD) and actual measurement of exhaust gas
pressure fluctuation in the exhaust manifold. Modified
gas flow in the exhaust manifold by CFD enabled a
reduction actual exhaust gas pressure fluctuation, which
is the excitation force, and actual radiated noise has been
reduced.
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ABSTRACT

A new engine mount system has been developed to
enhance noise and vibration performance and driving
comfort, and thus increase competitiveness, in the next
generation compact car. The basic system configuration
is a principal axis of inertia type mounting system with
torque rods that display excellent vibration isolation
performance. In addition, the following were employed
as guidelines for system characteristics in order to
maximize performance. (1) Rod transmission
characteristic that increases vibration isolation, to reduce
booming noise and engine noise. (2) Rod mounting
direction that reduces body shaking when the accelerator
pedal is employed. (3) Control of engine rigid body
vibration modes to increase driving comfort. (4)
Dynamic stiffness of mounting points to reduce engine
noise. The achievement of these characteristics has
enabled the development of an engine mount system for
a highly competitive compact car platform.
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Development of Simulation Technique for Element Stress Prediction of Metal Pushing V-belt

gooooog?oe
Toshihiro SAITO

oooooogees
Koji MIYAMOTO

good

cviboooooobooooboobooooooobobo
gbobooooboooboobobobobobooboooo
gboboboooooooooboocevrobooooooo
gbobooooooobobobobobobooboooo
gboboooooooboobobobobobooboooo
gbobooooboooboobooboobobobobooo
gboboooooooboobobobobobooboooo
gbobooooooobobobobobobooboooo
gobooooooooobooooooooboboobooooon
gbobooooooobobobobobobooboooo
gboboooooooboboboboboboooboooo
goboooboooboobboobbooobobooon
goboooooooooboooooooobooboobooooon
gboboooooooboboboboboobooboooo
gbobobooooogo

ABSTRACT

A simulation method enabling simultaneous
prediction of dynamic behavior and stress distribution on
element has been developed for durability evaluation of
dynamic strength of metal pushing V-belts. The finite-
element-method that enables contact analyses in time
history with large-scale model was adopted to reproduce
the dynamic behavior of the V-belt in high rotational
speed range of CVT. This paper focuses on the element
strength in actual operation of CVT, and also discusses
modifications made to the previously reported simulation
method to enable the prediction of detailed stress. A new
technique named inertia-relief is introduced needless of
applying the constraint conditions when calculating the
detailed stress on element in respectively. This results
in allowing the stress distribution on any element to be
found at any position on the trajectory of the V-belt.
Using this technique, it has been found that the stress
on the necks of elements at the entrance and exit of the
pulleys affects the dynamic strength of the V-belt.
Furthermore, a method of evaluating this stress was also
determined. In addition, consideration was given to the
effect of the elements tail side concave shape on the
dynamic strength of the V-belt.
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Correlation of Subjective and Objective
on Centre Steering Feel

Chris Regan® Blake Siegler”

ABSTRACT

Previous studies have described a new analysis
technique for objective measurements of passenger car
steering systems carried out using the ISO standards.
This analysis technique is based on deriving linearised
stiffness and damping, which are objective metrics, from
the non-linear results typically obtained for vehicles.

In this paper, the previous work is extended by
carrying out a more comprehensive study of the
correlation between these objective metrics and driver
subjective assessments using a wide range of vehicles.

It is concluded that subjective assessments of on
centre steering effort level, response level, friction and
delay correlate well in many cases with the proposed
objective metrics.

googd

gboboboooooisogoobooboooooogoon
gbobooboooooboobooboboboboboooo
gbobooboooooooboooobooboboboobo
gbobooboooooboobooboobobobobooo
gboboobooboobobobooooo

gbobobobooboobooobooboooboooboooboan
gbobogooooooooboobooboboboboooog
gboboobooboooooooobooobobobonbo
oboboooooobobobobooooo

gboboooobooooboooboooboboobooooboo
goobooooooooooboooooooooooooo
gboboboooboobooboboboooooon

1. Introduction

Due to the common use of multi-lane, relatively
straight, high speed roads (Autobahns, Motorways, etc.)
the response of passenger cars to small angular inputs
made by the driver is important. These small angular
inputs (up to +20 deg at the hand wheel) are known as
on centre steering feel.

In the past, on centre steering feel has been judged
subjectively using expert drivers and some attempts have
been made to objectively quantify the vehicle’s response
for a given condition of steering input speed and
amplitude®- @, However in real situations these
conditions vary considerably along with the dynamic
response of the vehicle, especially steering torque which
is strongly non-linear with changing steering input speed
(frequency) and amplitude.

Recently a measurement technique was developed"
@ which quantified on centre steering feel objectively
and in a concise manner, as steering input frequency and
amplitude is varied. These papers) @ detail the use of
simple comparison studies with subjective evaluations to
show that the objective measurement technique gave a
good representation of driver subjective judgement.

0 Honda R & D Europe (UK) Ltd.
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This paper details a continuation of the research,
where a more comprehensive study of the validity of the
technique was undertaken using a wide range of
passenger cars. To achieve this, a number of different
vehicles were assessed subjectively by an expert driver
on public roads and have been measured using the
objective technique on a test track. Finally a detailed
correlation between the objective and subjective results
to ascertain the accuracy of the objective measurement
technique in characterising the on centre steering feel of
passenger cars is given.

2. Application of the Objective Technique

The objective measurement technique needed to be
implemented in an efficient and portable manner to
enable rapid testing of multiple vehicles. This involved
the development of suitable instrumentation and software
algorithms to not only acquire the data, but also to post
process and display the results. All the testing and data
processing was done to ISO136704-1:2003(E)® standard
to help achieve good repeatability of results.

The vehicle was equipped with: an instrumented
clamp-on steering wheel to measure angle and torque; a
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gyro to measure yaw velocity at the centre of gravity and
a GPS speed sensor to give an accurate indication of
forward velocity. Data acquisition equipment was used
in conjunction with a laptop to convert the analogue
signals into digital data which was scaled, filtered,
displayed and saved to the hard disc as ASCII files.
Whilst trying to replicate each sine wave at each required
frequency and amplitude, the driver was given audio and
visual cues from the data acquisition software to produce
accurate steering input.

The post processing stage was split into two halves,
the creation of the steering hysteresis loops and then the
parameter derivation. To attain the hysteresis loops, the
continuous time history data was manually searched for
the set of waveforms which matched the required
waveform the closest. To allow an average to be made
from the results, at least three continuous waveforms
were found and then used to give the steering hysteresis
loops, see Fig. 1.

The second stage involves using software algorithms
which apply the “analytical method of equivalent linear
system using the restoring force model of power function
type”™- @ to derive a set of parameters from these
steering hysteresis loops. The exact generation of the
parameters is given in detail in®®, but can be briefly
explained as calculating the equivalent spring stiffness
K and damping coefficients C for an equivalent non-
linear system. The derived K and C objective metrics
are linearised metrics obtained from the non-linear
steering hysteresis loop data and hence, they are
functions of steering amplitude and steering speed.

Loops: Angle vs. Torque

Loops: Angle vs. Yaw Rate
5

Yaw Rate (deg/s)
o

Angle (deg)

Fig. 1 Data processing stage 1: Steering hysteresis loops

K-C Coefficients: Angle vs. Torque
6

K-C Coefficients: Angle vs. Yaw Rate

IN

N

K - Response

0 10 20 -0.02 0 0.02 0.04
C * Omega - Hysteresis C - Hysteresis

Fig. 2 Data processing stage 2: Steering characteristic
parameters at various steering frequencies and
amplitudes for a single vehicle

This is done for each waveform in the time history,
which are then averaged together to generate four
parameters for each steering frequency and amplitude
(K, C; — from steer torque versus angle data and K,, C,
— from yaw rate versus angle data). Figure 2 shows
how, for a single vehicle, these parameters vary with
steering frequency and amplitude. Each coloured line
is at constant steering amplitude and indicates a speed
change from 0.25 to 1 Hz.

3. Subjective Evaluation

The vehicles were evaluated for steering feel at
motorway speeds whilst driving on public roads, using
small steering displacements. This evaluation was also
complemented by further assessment on the test track at
the test speed (140km/h) to confirm any changes of
behaviour with increasing speed. All the assessment was
undertaken by an expert driver with six years experience
and his results were also checked against the opinion of
other industry experts.

The vehicles tested were split into four categories:
* Compact passenger (7 vehicles).

e Larger passenger (6 vehicles).

e SUV (3 vehicles).

e Sports (1 vehicle).

Although different perceived performances were
expected from each of the categories of vehicle, an
attempt was made to judge all the vehicles on the same
scale.

The main subjective assessment criteria were:

Effort Level: Amount of steering effort required for a
given steering input. Vehicles with higher steering efforts
were given a higher score.

Response Level: Amount the vehicle reacts to a given
steering input. Vehicles with a larger response to a given
input were awarded a higher score.

Friction Feel: This was evaluated by the difference in
torque between applying and removing lock, and the
linearity of torque build-up for small inputs.

Delay: The time lag between steering input and torque
build-up, and time lag between input and vehicle
response.

4. Objective Tests

Objective testing was performed for all vehicles
according to the test method proposed by Tokunaga et
al.?", which describes a series of sinusoidal steer tests
at 140km/h, with steer amplitudes ranging from +5° to
+20° and steer frequencies from 0.25 Hz to 1 Hz.

Analysis of the relationships between steering angle
and steering torque, and between steering angle and yaw
velocity is performed using the method described
above®. For all steering tests K;, C, (from steer torque
versus angle data) and K,, C, (from yaw rate versus
angle data) was found. For the Torque versus Angle
curves, the damping coefficient C, is multiplied by the
effective rotational velocity w (referred to as omega), in
order to evaluate the actual damping force.
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Correlation of Subjective and Objective on Centre Steering Feel

4.1. Correlation between Objective Data and Subjective

Assessment

For each of the subjective assessment criteria, an
objective metric was selected from the range of tests
performed on all the vehicles.

Many of the metrics were selected from the 0.25 Hz
tests, as this frequency is the most typical of normal
driver inputs®. The +20° tests were chosen for all the
metrics because of their lower sensitivity to road input
and other outside disturbances.

Correlation studies could be shown between all test
frequencies and amplitudes, but these single values are
used here not only for the reasons given above but for
conciseness.

Figures 3 to 8 show scatter plots between the
relationships of the subjective data and objective metrics.
In each case a linear least squares fit was made and the
residual values calculated R?®. The R? value gives an
indication of the accuracy of the linear least squares fit
and thus the linearity of the results and therefore
correlation between the subjective and objective data.
The R? value should be above 0.8 (80%) to show a good
linear correlation.

4.2. Effort Level

This was correlated with the gain of the Torque vs.
Angle K, relationship at 0.25 Hz. — chosen because the
torque gradient can change significantly due to delay
characteristics at the higher frequencies.

Figure 3 shows a high level of correlation between
the subjective assessment and the objective criteria.

4.3. Response Level

This was correlated with the gain of the Yaw velocity
vs. Angle K, relationship at 0.25 Hz. Again, this
frequency was chosen because the response gradient
changes due to delay characteristics at the higher
frequencies.

Figure 4 shows there is a relationship between the
data, although there is one vehicle that falls far from the
linear fit (car A). This vehicle was the sole ‘Sports’

8.0

7.5

7.0

6.5

Effort level subjective

K for torque vs. angle
(0.25Hz, 20°)

Fig. 3 Effort Level correlation

vehicle with subjectively a low yaw gain compared to
its transient lateral acceleration build-up. This may have
affected the subjective evaluation of yaw response.
Otherwise, a good correlation is seen for non ‘Sports’
vehicles.

4.4. Friction Feel

This was correlated by the C*omega value of the
Torque versus Angle relationship at 0.25 Hz. The
damping coefficient changes significantly with frequency
due to steering delay and steering system damping
effects.

In Fig. 5 there is a clear relationship between the
subjective and measured data, although there is more
scatter when the car is rated highly. It is expected that
other effects (damping, delay) become more significant
when friction levels are lower.

4.5. Delay

Delay was correlated with two metrics. Firstly, the
delay in vehicle response, which is measured by the C,
value of the Yaw Velocity versus Angle relationship at
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Fig. 5 Friction Feel correlation
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1Hz®. This frequency is shown to give the highest value
of delay for most vehicles.

Figure 6 shows no strong correlation between the
data, although it does show a relationship between the
subjective results and the measured data. Further study

8.0

75l @0t e e i

Delay subjective

5.5 1 1 1
0 0.01 0.02 0.03 0.04
C for yaw velocity vs. angle
(1Hz, 20°)

Fig. 6 Response Delay correlation

Loops: Angle vs. Torque

Torque (kgf-cm)

-30 -20 -10 0 10 20 30
Angle (deg)

Fig. 7 Effect of increasing frequency on steering
torque hysteresis

8.0

7.5

7.0

6.5

Delay subjective

6.0

5.5 ‘ ‘ ‘ ‘
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Change in C*omega for torque vs. angle
(0.25Hz to 1Hz, 20°)

Fig. 8 Torque Delay correlation

did not produce a better correlation.

The second metric for delay was steering torque
build-up delay, which is measured by the reduction in
C,*omega values between 0.25 Hz and 1 Hz. A large
reduction in damping values corresponds to a narrowing
(or even a reversal) of the hysteresis band around the
zero steering angle region due to increasing delay in
steering torque build-up, see Fig. 7.

Finally, Fig. 8 shows no strong correlation between
the data, although it does show a relationship between
the subjective results and the measured data.

5. Conclusion

The paper has given details of an extensive subjective
and objective study of vehicle steering feel.

These results have then been used to show that the
objective metrics proposed by Tokunaga et al.!V give
significant correlation in several important areas of
steering feel, namely Steering Effort and Response
Level, Friction Feel and Delay, for a wide range of
passenger vehicles.
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ABSTRACT

Assistance types and control methods were studied,
in regard to the system to assist driver maneuvers in
avoiding obstacles through steering. From the principle
that the driver is the focal point of driving operation, a
“driver reactive” type of assistance was selected, wherein
assistance begins after the driver initiates an avoidance
maneuver. Actualization of a four-wheel brake control
that equivalently reduces vehicle yaw inertia moment and
derivative steering characteristics has enabled the
development of a steering reaction torque control system,
which reduces driver avoidance operation delay, as a
new avoidance assistance control method. Vehicle test
results have confirmed that yaw rate gain during an
avoidance maneuver rises a maximum of 1.5 times, and
that steering delay can be reduced by a maximum of
700ms; these have led to enhanced driver avoidance
maneuvers.
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ABSTRACT

The conventional middle carbon non-heat-treated
steel used in connecting rods has been used as a base
in the development of a new material. High fatigue
strength has been achieved by increasing the toughness
of the ferrite, which tends to act as a crack origin, while
optimal control of the reduction of toughness achieved
through addition of Ti has been effective in enabling
fracture splitting of the material.

Connecting rods produced using the new steel
demonstrate 30% higher fatigue strength than connecting
rods produced from conventional non-heat treated steel,
and possess stable fracture splitting characteristics. In
addition, the new connecting rods show identical strength
to connecting rods made of the conventional material,
but are 13% lighter.
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Fig. 1 Comparison of conventional connecting rods
and fracture splitting connecting rods
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ABSTRACT

The pistons are an essential element in the
achievement of greater engine efficiency. A method of
increasing the strength of the material employed in
pistons to respond to increased thermal and mechanical
loads and reducing weight has been developed to
contribute to the quest for enhancements in power and
fuel economy.

This method is used in the die cast production
process, which has a rapid rate of cooling. The limit for
addition of Ni to the aluminum alloy employed has been
increased to 5.5mass%. At the same time, less than
0.4mass% of Fe is added and the Mn/Fe ratio is
controlled to less than 0.6 in order to limit the coarsening
of the crystals. This technique has increased the high-
temperature fatigue strength of the material by more than
1.5 times against the material conventionally employed.
In addition, the uses of die vacuum and additional
pressure have enabled quality exceeding that of
conventional GDC pistons.

Optimization of the piston shape to match the
characteristics of the new material has resulted in
decreasing engine friction by 4.4% and increasing fuel
efficiency by 2.2% in engine bench testing.
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Diameter (mm) 73 73
Compression height (mm) 26.2 26.2
Crown thickness (mm) 5.2 4.5
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Skirt width x height (mm) 34 x29.5 38 x29.5
Skirt thickness
[skirt/side waII] (mm) 2.0/3.5 2.5/3.45
Piston weight (g) 207 205

Piston shape

Specific power of
applied engine (KW/L) 471 52.3

Top ring material/ Carbon steel/
Outer surface treatment | Hard chromium plating
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ABSTRACT

Reduction of the precious metal loading of a catalyst
generally causes a decline in light-off performance.

Study of the low temperature reaction mechanism of
catalysts indicated the importance of the top layer in the
reaction, thus increasing reactivity in the top layer was
established as an objective. The concentration of precious
metals in the top layer was increased, and the thickness
of the layers was reduced. At the same time, the precious
metal loading of the subjacent layer, which contributes
little to light-off performance, was reduced by 80%.
However, increasing the concentration of precious metals
in the top layer caused a reduction in performance due
to a sintering effect between the metals. Research was
therefore conducted on the employment of a high-
thermostability support material (alumina) to control the
sintering.

This research has enabled the development of a three-
way catalyst with significantly reduced precious metal
loading while retaining conversion performance
equivalent to that of conventional catalysts.

gooodd

gboboooboobobobooobooooooooon
OO00OoousOoO Tier2O LEV2OEU OO EUROC4O O
gboobob 17 000000b00bo0oo0o

gboboboboboooooboobooobooboooban
gooooooooooooboooooooboboooooon
goboboooooooooboooboooooooboooooo
gboobooooooobooboboboboboooboooo
gboboood

goooooobobboboooooooooooooooo
goboooobooboobooobooboobooobooboon
gboboooooooboboboboboboooooo

gooooo

gooobboboooooboobbobooooooooboooo
gbooboooooooooboobo

gbobobobooobooooboooooobooobooon
gbobobobooobooooooooobobobobo
gboboboboboooboooobooboboboooo
gbobobobobooboooobooobobobobo
gooo

gooogooo

21. 00000000000

usoDooooo pzEvOOOOOODOO 2003 000
0 ACCORDIODOOOO 24L 000U FTPLA4A DO

0 1290



Honda R&D Technical Review

Vol.17 No.2 (October 2005)

oooo°" OO0 HOOOOOMmMOoooo Fig.1 0000

gobooobooobobocabobooibmHCONOK O
ooboomogoobooHCcOoooooooobooooooo
gbooobooHCcOOOobOOoooboobooooboobooooboo
UOBag-llDO0UO0OOOO0OOOOODDODM Bag-2, 3000
U0Bag-lO0OO0OOO0OO0O 8OO DOODOOOOOOO
gboboooooooboobobobobobooboooo

ooo0oooo0oooooOoP"Oooooooooooo

goboooooboooboo0oooDbobo0n Bag-2,300
gbobobooooooboooboobobobooobooon
gboboboobooboobooboboobooboban
gboboooooooboobobobobobooboooo
gboboobooooboobooboboooo

22. 0000000000
gbobobobooooooooooooooooon
ooooo0ooooooooopooooePoooooo
goboooooooooooooooooobooooon
goooogoobooboooobooooob Heooooooo
gboboooooobooboobooo
gomoooboobbbobbobbboboboobooboooo
ooooagoees
gbomooboobooobooobooboobooboooooooooo
gooooOoooooaopommoo
oomoobooooboooooog Heoooooog
OO0 HC OOOogonoees
gbobooooooobobobobobobooboooboo
gbooboooooooboobobobooboooooon
gbobooooboobobobooo

60

| Cold start m

40 |

Vehicle speed (Km/h)

20 r

23. 0000000

gbobobobooooboooboooomoboooobooo
gbobobobobooobooooooobobobobo
gooooboooooobooobooooooooobobooo
gbobobobooboboobobobobobobooo
goooobobooooooooboooooooobobooo
gooobboboooooobobobobooooobooboooo
obobooooooooobooboDbo

gboboboboboboooboooooboooboooban
Fig.20O00OO0OO0OO0OOOO0OOODODODOOCDOOOOOO
gboboooooooooboobanb

360

340

320
300
280
260

240 r

Light-off temperature (°C)

220 r

200

180 1 1 1 1 1 ]
0 50 100 150 200 250 300

Precious metal loading (g/ft?)

Fig. 2 Relationship between loading of precious
metal and light-off temperature

E HC reduction when cold T

0 20 40

60 80 100

HC emission ratio (%)

Fig. 1 HC emission in the cold condition and after warm-up (US LA-4 test cycle)

0 1300



gboobooooooobobobo

gbobobobobobooobooboobooobooboan
gboboooooooboboboboboboooboooo
gbobooooooboooooboobobobobooo
gboboboooooooboooboobobooboooo

good

3.1.0000040d
gboboboboboobooooboobooobooboban
gbobooooooobooboboboboboooooo
gbobobobooooobooog
gbobobooboobooobooboboboooo
gbmooooooobooboooo
gbmoooooooooooooooooboobooo
go
gboboboboobooboomomooooooboon
gbobooooooobobobobobobooboooo
gboooboobobboobooboobooommbOog
oop@COO0OO0OORRNOOOOMOOOOOOOODOO
goboboooooooboboboboboboooboooo
gobobooooooooboooooobmomoooog
gobooooooooooooooooobobooooooo
gbbooooboobooooboobooboobobooboon
gbobooooooobobobobobobooooo
gboboboboooooooboon

3200000000000

gobobobobobooboooboooooooooon
goboooboobooooooobbooboooooobooboooo
gboboobooooooobooboobooboboboog
goano

gobobobobobobobooboobooooooon
gbobooooooobobobobobobooboooo
gobooooooooobooooooobobooooooo
gooboboooooooooboooooooooboooboobooooo
goobooooooobooboboboboboboooog
gbobooooobooobobobobobobooboooo
000000 ooooooooobonooo
gobobooooooooooboobooooooobooboooo

gooobooobooobobooooooboooobooooboooon

33.000b00b0ooooooon

331.00000000000D000

gbobobobooboobooooboooooooboooboon
gboboooobooobobobobobobooboooo
gbobooooooobooboboboobooooobooon
gboboooobooobobobobobobooboooo
gboobooooooobooboboboboboooboooo

gbobobobooboooooooboobobobooo
ogboboboboooboooboooobooboboboonoo
gobooobooobbooobbooobobon EaO O
gbobobobobooooooooobobobonbo
ubb e’ 0ooboboooobbooobobboooobooog
goooo
gboboboboboboobooboooobooobooobooon
oboboobooooooobooboDbo

3

AN _ o (m 2o (oM
N 4”(2;:1@] eXp( ZKT)VdV boo

NODOOoOd

voooooo

mbdodoooo

kbOooooooo

TOOoo

dNOOOD vidv ODOOOODODOOO

gboboboboooboooobooooboobooobooon
ooooooooooooobooobobobbobooboooo
gboboooooboobobobobobon EeEa’00g
0000000000 O00DOOO00ODbOO0OOFg. 30000
OO0 Fg.30000000000000O0O0O0O0O0OOO
goooboobooooooboobooooooooooboooo
EaODOdOoooooboobobooooobobobooob
gooooooooooooboooooooooobooooog
gboboboboobooooooobooboboboonoog
gooobooboooooooooboooooooooooboooo
gboboooooboobobobooobooog
gbmoooboobobooooon
gbmoooboobobooooog

gbooboooo0obb00bE 0bO0bOoboooooon
gboboooooboobobobooobooog

332.000000000000

U0Mmo er00000oooooobooooboo

Area which can generate
reaction on catalyst surface

Molecular distribution

1 Ea’
Translational energy

Ea’ : Translational energy distribution of gas molecules which can
provide energy for reaction on catalyst surface

Fig. 3 Translational energy distribution of molecules

01310



Honda R&D Technical

Review Vol.17 No.2 (October 2005)

gbobooooooobobobobobobooboooboo
gooooo
gbobobobooooboooooooobooobooobooon
gboboooooooboobobobobobooobooon
goodooooooooobooobobbobbobooooo
gbooboooooooboboboboboobooooon
gbobooooboooboboboboboboooboooo
gboobooooooobobobobobobooboooo
gboboboobobob0 eEpPgnooboboboobooo
goooboooboobooboboobooooboooobooooboooon
goboboooooooooboooooooooboooooo
gboboooooooboobobobobobooboooo
gbobobooooobooog
gbobobobooooooooooooooooboon
gobobooooooooooboooooooboooooooo
gbooooboooboooobooooboooboobbobooboon
gbobooooooobobobobobobooboooo
gboboooooooboboboboboboooboooo
goboboooooooooboboboooooobobooboooooo
goboboooooooobooooooobbooooooo
gboboboooboood
333.0000000000000
gmomboboooboboobooooboooboooboon
gobooooooooobooooooobbooooooo
gbobooooooobobobobobobooboooo
goboooooooooboooooooobboooooon
ooobOo0oo0bO0OFrg.40000DO0O0ODOD E&

&) Gas molecule

Gas phase

Ea’

Inside the catalyst

Translational energy

Support material
Ea’

Molecular distribution Molecular distribution

Image of energy loss when molecule Translational energy

enters support material

Fig. 4 Conceptual diagram of efficient usage for
translational energy

gbobobobooboooooobooobobobobo
goooooooooooooboooooooooboobooo
gbobooboooboobobobobooboooog Ea’d
goboooboobooboobooboobooboooboooo
gboboboboboooooooboobobobonbo
gboobooooooobooboDbo

34000000000

gboboboboboobooooboobooobooboooban
gboboboboobooooooooobobobmon
oooooobooooooobooboooboomouomoo
gooooboobooooooboooboooooobooboobooooog
gboboboboboboobooboobobobobooo
ooobooooo

googoooo

41.0000

41.1. 0000000000

gbobooboboobooboooboooooooooon
oooooooooboobooooooomooboooboo
goboooooooooboobomoboooboobog
goooOoOoOoOopDOoOoHCc OOoOOOO PdOOOOO
goooOoOoOoOoOoOoOooO"Oooooooooooo
o0 pdOOOOO

000 PdDODOOODOCOCOODOODOOODOOODOO
gooooooo pdO0O00OO0OO0OO0OOOOOOOOOOO
000000000 Fig. 500000000000 PdO
gogooooooo pPdOOOODOOOOO

Fig.6 OO0 DOO0OOO0ODOOOODOOODOOODOO
PAODOOOOOOOO PdOOOOOOOOOOOOOO
gbooboooooooogoon

ooooOoOooOoOoOOoOoOoOoOoOOoOooooooOPd
gboboooooboobobooooog

00000O00o0OoOooOoo soooooooooopd
gboobooooooobobobobooooogo

412. 0000000000

gobooboooboobbooboboombooon

Catalyst

CAT.-A CAT.-B CAT.-C

7 5g/ft 12.5g/ft 21.5g/f T

Catalytic 7.5g/ft® 12.5¢/ft® 7.0g/ft® = 40um
layer 7.59/ft® 2.5g/ft® 1.5g/it3
7.59/ft2 2.5g/ft® 0 l
Substrate Substrate Substrate

Substrate

Total precious metal loading=30g/ft®

Fig. 5 Pd distribution of test piece

0 1320



gboobooooooobobobo

UMoOONOx DOODOOOO0oDOOoOooobooooobog
OO0OO0OONOxODOOOOOOODOOOODOODOOO P/RREYED
T oo00000dooooo0o0o0oOooooooooog
gsooobooboooooooooobobobooboon
gbobobooboobobobobooo

42.0000000000000DO
gbobooboboobooboooboooooooooon
ggeoconpoobOOOO0o0ooooooooDooOobobOon
gboboboooooooboooboobobooboooo
gboboboboboboooboooooobooobon
gbobooooooobobobobobobooboooo
oooo0ooooOoOoOoyYy oooOooooooooooo
000000000 0ODU00DUCoDOUO0oDOUDY OOOa
goboboooooooooobooboooooooboobooooo
gobobooooooooboooooooobooboooooo
gbobobooboobooboobobobooo
gbobobobooboboooboooooooooon
gboboooooboooboboboboboobooboooo

100
R 75
=t
Re)
2]
<L e A A
c
o
o
Q Py Y | S SIS —o— CAT.-A
—— CAT.-B
—o— CAT.-C
O 1 1 1 ]
100 150 200 250 300 350 400

Temperature (°C)

Fig. 6 Relationship between Pd concentration in top
layer and HC light-off temperature

gooobboboooooooboobooooooobobooo
gooobooboooooooooboooooooobooboooo
o00o0oooYOUOOoooOOoOoOooUooooooooo
gbobobobobobooooooobobobobo
UdbobOO0OO0O0OO0O0O0O0OODOOOOOOOOODOOOOO
gboboboboboooboooooobobobobo
gooo

gbooboobooboobooobooboobonOlioon
gbobobobobobobooXRmoooooood
000000000 Fig.70000000D0QC00O00DO0aO
00000O00o000Uo0oYOUOUaOOOOOOOO
gooobbooOo0ooobobbbaoooboboboboOooOog
O00YOOOaOOOOOOUODOOOOOOOODOOO
gboboboboboooooobooobobobobo
gbooooooon

Fig.8 OO0U0DOO0ODOOOODOOOOODOOOODOD

0r

—&— Conventional support material
—A— Enhanced support material

-20

-60

-80

Rate of decrease in surface area (%)

_100 1 1 1 1 Jl
800 900 1000 1100 1200 1300

Aging temperature (°C)

Fig. 8 Effect of enhancing support materials on
specific surface area

o o
Sample: Conventional
B support materials
o
- a |
| | e
al | o | |

L [ | |
> | l | "
‘@ r | | J
% "‘-._\____‘_ i e \_r' v l-_.'\J','-'I ¥ f it ) | / ”__.‘_q,, y '__/-\ T A A r — ___|.'._..
£ = o
= Sample: Enhanced
ol o support materials
X | ‘

- ! i

L |

r ;‘a‘ | || " N

R A T A e TS A T, O A

10 20 30 40 50 60 70 80 90
26

Fig. 7 XRD pattern of support materials (Aging condition:1 100°C)

0 1330



Honda R&D Technical Review

Vol.17 No.2 (October 2005)

gboboboboboboooooooooooooboo
lioco000O0O00ODbOO0ODbOODbO1000000 11000000000
o000 000oooOoobOOn 1000000 11000
gboboobo2s0booobleodboooooobon
gbobooooboooboobobobooboboooboooo
gooooo

goooOoooobo pPdOOO0OO0OOO0OOO0oOoOooooo
oooooo0oDo0oO0oboOooOooDD pPdOOODOOO
goooboDblwoo00gooooobboooTENDOOO
0000 oo pPdODOCOOODOOOODOFRg.900O
0o0ooo0o0o0ooOoOog pdd0OO PdOOOO 300
soonmOOd0O000obo0ooooboobobooooogn
000 PdOODO PdOODOODO 2onmOO0OOOOOO
gooboboboooooooon

43.00 Pd OOOODOOODO

OO0 pdOO0O 12000 M 12%-PdI 180 O O I 18%-
PdDOOO%c00COO110000000000000000
ooooooobooobobooObO0O0OdFg. 100000000
oD OODOOOODOODOODODOD 18%-Pd0 OO 12%Pd
ooooooooboooooloeooDOOOOnDOOO
12%Pd OO0 18%-Pd DODOOOOODODOOODOCOOOO
gobooooooboobooooooooboooooon 900
g0 1o00000000HCOODOOOODOOOOD 12%-
PdODO 150018%-Pd 00 3BODOOOOPdOODODODOO

Conventional support material Enhanced support material
: s

Fig. 9 TEM image of Pd grain (Aging
condition:1 000°C)

310

B 12%-Pd
300 [ m18%-Pd

290 1

280

2701

260

HC light-off temperature (°C)

2501

240

900°C

1000°C
Aging temperature (°C)

1100°C

Fig. 10 Relationship between Pd concentration and
HC light-off temperature

gooOoOCOoOoOQoOoQoOoOoOoOoOoDooODOOPdOOO 1500
oO000O0OOPd O0ODOOODOOODOOOOODDOOO
gooOoQoOoQoOoQooD pdOOOOOOOOOOOOO
oboooooo

000000000 dOOOOoOoooooooooo
gboobooooooobobobobooobooobogon

44 . PZEVODOODOODOODOOOOO

PZEV D00 O0OO0O0OO0OO0OOOOOOOODOODbOODO
oboboooooobgob pzEVODOOOOOODOO
goooOoOoOoOoQoOoOooo FgMMOoooooooooo
PZEVOUOOODOODOO HCOOOOODOOODODOD
goboooooo

100
—@— Conventional catalyst
80 | Developed catalyst
9
S e0f
g
)
g
g 401
(@]
T
20
O 1 1 1 1 ]
150 200 250 300 350 400
Temperature (°C)
Fig. 11 Comparison of HC light-off temperature in

conventional catalyst and developed
catalyst

googd

gboboboooooboobobooboon
gomoooooooooboboooobooooooooboog
goboooooobooboboooboobobooooDo
gbmoooboooooboooobooboboboboan
gbobobobobobobobobobobob
gboooooogoobd
gobmoooooobooboooobooboboboboon
gbobooooooobooboan
gbmoooooboobobobooooooooon
gbobobobobooooooobobobobooboo
gbobobobobooooooboobobobd2o06
gboooooobooboboboooooboon

gooo

gobobooooooooooooooooooooooo
O0O0DO0O00O00OC0DO0O0O0O0ODOp.37-54(1980)

0 1340



oboobooooooobooboobo

00ooDoo00o000DO00O00000oDOo00og o,
O000ooo0oooooooooooooooon
00000OHONDA R&D Technical Review, Vol.11,
No.2, p.51-56

00ooooooooooDooooooooooooooon
oo0ooooooooooooooooooooon
0O O HONDA R&D Technical Reviw, Vol.11, No.1, p.73-
78

000000000 O 61-46252

0 0 OGolden,S.J., Polli,A.D., Hawthorne,R., Hatfield,R.,
Cotton,M.G., Flynn, K., Truex,T.:Advanced Low PGM
Three-Way-Catalyst for LEV-1l and ULEV-1I Compliance,
SAE Paper, 2002-01-0344

000000000 ooooooO0 ,00ooooHe oo
0000000000 HCOODODmMmOomooooo
000000000 DNo. 102(1998)

0 O OTanaka,H., Uenishi,M., Tan,l., Kimura,M., Mizuki,J.,
Nishihata,Y.: An Intelligent Catalyst, SAE Paper, 2001-
01-1301

0 O OYamada,T.: TWC Impact of Revised FTP on Emisssion
and New Modifications Required for catalysts, SAE Paper,
960793

0 O OYamada,T.: Development of Zr Containing TWC Catalyst,
SAE Paper, 970466

0 100Kobayashi,T.: Improvement of NOx Performance and
Thermal Stability in Pd Based Catalyst, SAE Paper, 2000-
01-2927

00 1100moto,H.: Catalyst Design for Meeting Stringent LEV-2
NOXx Regulation, SAE Paper, 2002-01-0348

m00m

goono gooano

0 1350



https://doi.org/10.69239/hondatechnicalreview.2005 17 2 22

ud

Juoogdoogdboodgtdbboogtdd
Juoodood

Development of High-Pressure Die-Casting Simulation and Verification in Motorcycle Parts

ooooooo-®

Masahiko NAKAGAWA

gooooogno
Koichi CHIBA

goooooogH
Eitaro KOYA

good

gbobooboboboboobooooooooobooon
gbobooboooboooboboobobobobobooo
gobobooooooooboobooooooobooboooooon
gooobooobooooooooboboooooooboobooooo
gbobooooooobobobobobobooboooo
gboboooooo

ABSTRACT

The quantitative evaluation of trapped air and
strength of cast products at the completion of
solidification in high pressure die-cast has been studied
using material test and simulation. As a result, the
prediction accuracy of trapped air analysis was enhanced
by considering back pressure. In addition, by coupling
the trapped air defect at the completion of flow with the
solidification process, the analysis of mechanical
characteristics of cast products has become possible.
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Exploratory Study of an Airbag Concept for a Large Touring Motorcycle: Feasibility Verification
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ABSTRACT

Based on the injury assessment method established
by 1SO/CD 13232 and including neck injury assessment,
which had not been established previously, the prototype
airbag system was evaluated using full scale impact tests
in seven configurations and computer simulation of 200
impact configurations, which calculate the process of
dummies contacting the ground. The GL 1800 was used
for this study; previous studies used the predecessor
large touring motorcycle (GL1500). Furthermore, in
addition to the assessment specified in ISO/CD 13232,
tests using other configurations and other rider conditions
were conducted. It was judged from the results obtained
that an airbag system for a large touring motorcycle, like
the GL 1800, is feasible.
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Fig. 1 Fatalities of motorcycle accidents in Japan
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Fig. 2 Prototype airbag system installed on the
GL 1800 motorycle

Table 1  Specifications of test motorcycle
Manufacturer Honda
Model GL1800
Year 2000-2003
Mass (average)

(empty, as tested no airbag) (kg) | 367

Mass (average)

(empty, as tested with airbag) (kg) | 375
Overall length (mm)| 2635
Overall width (mm)| 945
Overall height (mm)| 1455
Wheelbase (mm)| 1690
Type Touring

Table 2 Specifications of prototype airbag

Volume (Net, inflated) (Liters) 157
Height x Width x Length (mm) 750 x 720 x 640
Diameter of vent holes (mm) 45 (x 2 holes)

Rear shape Foams a concave “V”

To module box

To motorcycle frame
under the seat, via
two connecting belts

Airbag mounting

Pyrotechnic;
Passenger car type

Inflating pressure (kPa) 495

Inflator type

[Collision or normal riding]
1

Deceleration Deceleration
from G sensor L || from G sensor R

/" {Airbag ECU[ ™ ooy

[ Integration with constant time width |
L2

-
Value Value does not

exceeds threshold exceed threshold

[ Analysis of the integrated value | :
+ :

'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
v

v v
[ Ignite ] | Analysis is continued |

Fig. 3 Decision flow for airbag deployment
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Table 3 Specifications of opposing vehicle

Manufacturer Honda
Model Accord, Japan
Year 1998-201
Mass (average) (kg) 1300
Overall length (mm) 4635
Overall width (mm) 1695
Overall height (mm) 1420
Wheelbase (mm) 2665
Engine displacement (cm3) 1997

Table 4 Tests and results of airbag deployment
impact conditions

Collision conditions Dummy motion Deploy or not
g |25 km/h | No separation from MC Not necessary
§§ 30 km/h | Just before separation from MC | Not necessary
2 | 35 km/h | Separated from MC Necessary

g |25 km/h | No separation from MC Not necessary
gé 30 km/h | Just before separation from MC | Not necessary
2 | 35 km/h | Separated from MC Necessary

Front fork hammering i Threshold
Drop from truck deck ] of deployment
Must bumpy road running I Not
not deploy| Drop from wheelie [T deployed

Running over pothole I
Running over curb A 1

Running over curb B I Deployment
Deploy or | impact to OV side 25km/h [~ >
Bg}hdeploy Impact to OV side 30km/h [ ]
Impact to QV front 25km/h

1

Impact to OV front 30km/h [ |

Must Impact to OV side 35km/h =-

deploy Impact to OV front 35km/h 1
0 0 1.0

5 . 1.5 20

allowed

Fig. 4 Decision of deployment by integrated impact
deceleration
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Fig. 5 Configurations of full-scale impact tests
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Table 5 Airbag injury benefits and risks by impact configuration and body region

Collision AIS change NIC
configuration Head Neck Chest Abdomen Leg change
413 - 0/50 0 0 0 0 0 0
413 - 25/50 0 0 0 0 0 0
414 - 25/50 -1 0 0 0 0 -0.07
412 - 25/50 - — — - - -
114 - 25/50 -1 0 0 0 3 0.11
225 - 0/50 0 0 0 0 3 0.16
143 - 35/0 - - - - - -
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Table 6 Correlation of leg fracture for entire impact

sequence
Femurs Full scale tests Corrected
Fracture | No fracture ||percentage
. . Fracture 0 1 96%
Simulations No fracture 0 23
Knees Full scale tests Corrected
Fracture | No fracture ||percentage
. ' Fracture 0 0 100%
Simulationsi g - cture 0 24
Tibias Full scale tests Corrected
Fracture | No fracture ||percentage
. . Fracture 1 0 100%
Simulations No fracture 0 23
0.10 |-
0.08 |—
sq_:)‘ -
g 0.06 0048
T 0.04 |-
O  0.02
Z |
i
~ — -0.004
()
£ -0.02

Fig. 11 Total average benefits and risks; 200 impact
configurations
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Fig. 12 Acceleration and velocity change of
motorcycle in sled tests
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Table 7 Dummy injury indices in sled test results

Fig. 15 Dummy posture at the moment when airbag absorbs kinetic energy

Dummy size Head HIC Neck Nij (or NII) Chest D max.
52 0.56 32
AM95 (not over 700) (not over 1) (not over 70mm)
134 . 26
AMS50 (not over 700) (not over 4) (not over 63mm)
AFO5 134 0.73 17
(not over 700) (not over 1) (not over 52mm)

Criteria are shown in parentheses.
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AFO05-dummy
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Table 8 Measured dummy injury in static inflation
test with forward leaning dummy

Dummy size Head HIC Neck Nij (or NIl) [ Chest D max.
AM50 168 1.55 5.5
(not over 700) (not over 4) (not over 63 mm)
AFO5 37 0.53 0.4
(not over 700) (not over 1) (not over 52 mm)

Criteria are shown in parentheses.
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Fig. 18 75 km/h impact test with a passenger

Table 9 Measured injury of rider dummy in 75 km/h
full-scale impact test

Rider Injury by body region (AIS)
dummy Head Neck Chest | Abdomen
MATD 0 0 1 0

0.7m

Fig. 19 Opposing trolley used in under-ride impact test

Table 10 Specifications of opposing trolley

Mass 1750 kg

Overall length 4250 mm
Overall width 2080 mm
Overall height 1300 mm

Fig. 20 Under-ride impact test

Table 11 Measured injury in under-ride impact test
Rider Injury by body region (AIS)
dummy Head Neck Chest | Abdomen
MATD 0 0 0 0
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ABSTRACT

Honda has been developing computer simulation
technology, capable to predict the injury levels, in tests
from the start of a collision until the point where the
dummy strikes the ground. This research shows the
correlation between the computer simulations and full
scale impact tests as specified in ISO/CD 13232. The
results validate that computer simulation can predict the
injury levels, from the start of collision until the point
where the dummy strikes the ground. The performance
and effectiveness of the airbag system for the GL1800
were evaluated in 200 impact configurations using the
computer simulation specified in 1SO/CD 13232. The
results showed that the total average benefit was 0.048
and the total average risk was 0.004. The relative impact
speed which demonstrated the highest effectiveness was
20-25 m/s.
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Fig. 5 Opposing vehicle model for front impact case

Fig. 6 Opposing vehicle model for rear impact case

Table 1 Specifications of opposing vehicle

Manufacturer Honda
Model Accord, Japan
Year 1998-2001
Mass (average) (kg) 1300
Overall length (mm) 4635
Overall width (mm) 1695
Overall height (mm) 1420
Wheelbase (mm) 2665
Engine displacement (cmd) 1997
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Fig. 7 Neck model of MATD (1SO/CD13232)

Table 2 Neck static characteristics of MATD model

Characteristics Load Required value | CAE model
Flexion angle 20 kgf | 17.6£2.6 deg 15.9 deg
Slider displacement | 20 kgf | 14.0 £ 3.0 mm 13.8 deg
Extension angle 20 kgf | 30.9+4.6 deg 27.7 deg
Lateral angle 20 kgf | 28.7 £4.3 deg 25.8 deg
Torsion angle 3.2kgf | 41.5+6.2deg 43.6 deg

Fig. 8 Dynamic extension position
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Fig. 19 Airbag model
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Table 3 Correlation of leg injury for entire impact

sequence
Femurs Full scale tests Corrected
Fracture | No fracture ||percentage
. . Fracture 0 1 96%
lat °
Simulationsrg S acure| 0 23
Knees Full scale tests Corrected
Fracture | No fracture ||percentage
. ) Fracture 0 0 100%
mulation °
Simulations No fracture 0 24
Tibias Full scale tests Corrected
Fracture | No fracture ||percentage
. . Fracture 1 0 100%
Simulations No fracture 0 23
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Fig. 28 Baseline impact case

Time: 0.1s

Fig. 29 With airbag impact case

Table 4 Comparison of AlS between baseline and

with airbag
Base line Airbag
Head 6 0
Neck 4 0
Chest 1 1
Abdomen 0 0
Leg 3 3
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ABSTRACT

Humans have a special ability for recognizing the
face. We have proposed a new motorcycle design
technique to enhance search performance using this
ability. This technique uses shape recognition and light
positioning.

Some experiments were carried out to measure brain
activity while showing facial image stimuli. Results
showed significant activity in the lateral fusiform gyrus
(FFA). This implies that the brain analyzes our facial
image stimuli as a human face.
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