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ABSTRACT

The new CIVIC was developed under the theme “a
vehicle to provide unique sensations and excitement.”
The developers were aiming for a completely new
driving sensation and appeal. The power plant was newly
developed, the platform and suspension were redesigned
and the vehicle’s fundamental performance was enhanced
in an innovative way. Moreover, its unique design, never
before seen in the sedan concept, was combined with a
people-friendly package.

Factors that are often difficult to balance — safety and
novel exterior design, comfortable running performance
and stability, advanced interior design and ease of use,
high output and fuel economy — were mastered one by
one, setting new standards and using innovative
technologies to create not just a vehicle with originality,
but one that is highly practical. In other words, the
developers have come up with a high quality, next
generation compact sedan with the never-before-seen
CIVIC sensation.
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ABSTRACT

Honda has developed a lightweight and compact
next-generation 1.8L i-VTEC 4-cylinder gasoline engine
that offers a superb balance of power and environmental
performance (high fuel economy and low emissions).
The i-VTEC system in the new engine provides high
power when the vehicle is accelerating by operating the
valves with a cam that produces maximum power. When
the engine is operating under a low load, e.g. when
cruising, the system switches to a cam with delayed
valve closure timing and simultaneously opens the
electronically-controlled throttle in order to reduce
pumping losses and increase fuel economy. The 2006
CIVIC in which the new engine is fitted has achieved a
high level of fuel economy, obtaining 17.0 km/l in
Japanese 10-15 mode, a 5% increase over the level
required by Japanese 2010 fuel economy standards. The
use of a variable-length intake manifold has balanced
low- to medium-speed torque with high power. The
integration of the cylinder head with the exhaust
manifold and the employment of a high-density close-
coupled two-bed catalyst and high-accuracy adaptive air-
fuel control has enabled the achievement of an emissions
level 75% below the level required by Japanese 2005
regulations. In addition, noise and vibration have been
reduced by employing a lower block structure that
increases the rigidity of the crankshaft support structure.
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Fig. 1 R18A i-VTEC gasoline engine
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Table 1 Engine specifications
Engine code R18A D17A
Cylinder configuration In-line 4-cylinder In-line 4-cylinder
Bore X stroke (mm) 81x87.3 75 x94.4
Displacement (cm?) 1799 1668
Compression ratio 10.5:1 9.9:1
; SOHC VTEC-E
’ SOHC i-VTEC f
Valve train 1 intake valve
Inlet delayed closure inactive
Number of valves 4 per cylinder 4 per cylinder
. In. 32 30
Valve diameter (mm) Ex. 26 26
Cylinder offset (mm) 12 0
Intake manifold Variable intake system Conventional
Gasoline Regular (RON91) Regular (RON91)
Max. power (kKW/rpm) 103/6300 96/6300
Max. torque (Nm/rpm) 174/4300 155/4800
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ABSTRACT

The 2006 year model CIVIC Hybrid was developed
to surpass its former model in both fuel economy and
acceleration performance.

The combination of an advanced variable cylinder
management system employing 3-stage i-VTEC
technology and an IMA motor has resulted in enhanced
fuel economy through increased regenerative energy and
motor-only operation. A variety of modifications have
been made to the IMA components to increase fuel
economy and power: Flat wire coils for superior motor
torque, modification of current collecting plates in the
battery for reduced resistance, and an increased CVT
pulley diameter for enhanced capacity and reduced
energy loss.

The application of these technologies has achieved
both a fuel economy of 31.0 km/1 in the 10-15 mode and
an acceleration performance of 0-100 km/h in 12.1
seconds.
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ABSTRACT

Our goals in developing the inverter used in the
CIVIC Hybrid Integrated Motor Assist (IMA) system
were to reduce size and increase power. To increase the
power, a C-Cu substrate was used to increase heat
diffusion, resulting in a 6% rise at maximum power
current compared with the former model. Several
different technologies have been employed to reduce the
size of the unit: A trench structure was used in the
insulated gate bipolar transistor (IGBT) gates, the
thickness of the chips was reduced, the diodes were
spread out, a thin film capacitor was used and the control
components of the motor and structural components were
integrated. These changes resulted in a reduction of 47%
in volume and 25% in weight compared with the former
model.
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ABSTRACT

A high capacity 6-speed manual transmission has
been developed based on the existing compact, well-
established 5-speed manual transmission for 1.5-liter
engines without increasing the overall length of the
transmission. In order to ensure both high capacity and
compactness, the synchronizer sleeve stroke of each gear
has been reduced, and the specification and width for
each gear was optimized. Gear noise was reduced by
using a rigid, yet lightweight case shape designed using
CAE analysis. The resulting 6-speed transmission has an
overall length of 352 mm and total weight of 47 kg,
making it light weight and compact.

In addition, a new structure was employed for the
change link mechanism in order to enhance the gear-shift
feel.
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Table 1  Specifications of transmission
Transmission type 6-speed Manual
Torque capacity (Nm) Over 175
Gear ratio 1st 3.142

2nd 1.869
3rd 1.303
4th 1.054
5th 0.853
6th 0.727
Reverse 3.307
Final 4.294
Weight (wet) (kg) 47

Shift mechanism

Fig. 1 View of transmission

Fig. 2 Cross-sectional view of transmission
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ABSTRACT

A large, extra window made of plastic with a
complex 3-dimensional shape has been developed for use
on the 2006 European CIVIC. The extra window was
produced by a double-injection process using transparent
and black resins and fixed to the tailgate panel with
urethane adhesive. To ensure scratch resistance, the full
outer and transparent inner surfaces of the extra window
have a hard coating. The hard coating with the best
weathering resistance was chosen from among
polysiloxiane hard coatings with good scratch resistance.
Using an automated flow coat process to apply the hard
coat mean the hard coat film thickness could be
controlled within the appropriate range, ensuring superior
durability of the coating. The new window provides the
driver with an enhanced rear view and gives the car a
whole new look.
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Fig. 1 Rear view of the new European CIVIC
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Table 1 SWOM accelerating weathering test conditions

ltem Test condition

. Substrate Flat piece of black polycarbonate

Igg}jﬁi%%]ed Coating thickness | Proposal thickness of hard coat supplier

Coating condition | Proposal condition of hard coat supplier
SWOM Basic condition In compliance with JIS D 0205
condition Bagk panel temp. i 63i§°C i

Rain shower time 12 min. during 60 min.

Table 2 QUV accelerating weathering test conditions

ltem Test condition
Test subject Substrate Flat piece of black polycarbonate
condition Coating thickness | Proposal thickness of hard coat supplier
Coating condition | Proposal condition of hard coat supplier
Basic condition In compliance with JIS D 0205
Quv Light exposure temp. 63+3°C
condition Condensation temp. _ . 50+2°C
Operating condition Repetition of light exposure for 4 hours -
condensation for 4 hours
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ABSTRACT

A New ASIMO humanoid robot with advanced
physical capabilities that can work autonomously in a
real-life environment, such as in an office, was
developed in an effort to realize a robot that can coexist
with and assist people in society. To attain these goals,
by integrating more joints and additional sensors that
help ASIMO recognize its surrounding environment, a
new control system was developed. The following
enhancements were achieved: Obstacle detection was
enhanced and route guidance was added for greater
mobility; ASIMO was equipped with the ability to run
in both circular and straight directions; manipulative
ability was enhanced by adding new functions that allow
the robot to hand-carry light objects and to push other
objects using a cart; and it was provided with the ability
to better interact with people.
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Fig. 1 Humanoid robot “New ASIMO”
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Fig. 2 Development of ASIMO
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Table 1 Specifications for ASIMO
Height 1300mm (in self-standing)
Weight 54kg
0-2.7km/h (Walking)
Speed 6.0km/h (Running in straight line)
5.0km/h (Running in circular pattern)
- Stereo camera (for human)
- Slit laser sensor (for floor shape)
Sensors - Ultra-sonic sensor (for obstacles)
- IC tag with optical communication unit
Power section 51.8 V (typ) / 10Ah  (Li-ion 14 cells)
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ABSTRACT

In December 2002, Honda produced the first practical
fuel cell vehicle, delivering models to the Japanese
government and to the City of Los Angeles in the United
States. To encourage greater public acceptance of fuel
cell vehicles, Honda announced a new stack with
enhanced performance in low temperatures in October
2003 and installed it in the New Honda FCX. This is
the first fuel cell vehicle that can be used below freezing
temperature. Vehicles were delivered to New York state
in November 2004 and to Hokkaido in January 2005.
This paper introduces Honda’s fuel cell vehicle, the first
to be used in both temperate and cold regions in major
cities worldwide.
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Table 1 Major specifications

Model

2005 Model FCX

2003 Model FCX

Length/Width/Height

4165 x 1760 x 1645mm

4165 x 1760 x 1645mm

Wheel base 2530mm 2530mm
Vehicle weight 1670kg 1680kg
Number of passengers 4 4
Maximum speed 150 km/h 150km/h
Range (in LA4 mode) 430 km 355 km
Maximum motor output 80kW [109PS] 60kW [82PS]
Maximum motor torque 272 N'm [27.7kg'm] 272 N'm [27.7kg'm]
Fuel cell stack PEMFC PEMFC

Power assist

Ultra-capacitor 9.2F

Ultra-capacitor 8F

Hydrogen supply system

High-pressure hydrogen tank

High-pressure hydrogen tank

Hydrogen pressure

34.4 MPa

34.4 MPa

Hydrogen storage volume

156.6L

156.6L
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Table 2 Comparison of drive motor performance

New FCX |Previous model EV-Plus
Max. output 80kW 60kW 49kW
Max. torque 272N-m 272N'm 275N'm
Max. rpms 11000rpm 11000rpm 8750rpm
Max. efficiency 97% 97% 96%
'(Al‘_v'g_' 4622'32;: y 93% or greater |93% or greater 90%
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ABSTRACT

An electronic control system has been developed to
enhance snow removing performance, operability and
fuel efficiency of medium-sized snow throwers mounting
an engine provided with an electric governor. For
efficient and perfect snow removal, proper control of
working load and stable engine speed are required. The
load control in this development uses engine throttle
opening degree as a parameter of engine load detection,
which enables real-time vehicle speed control which is
required for load control. In a simulation of actual snow
removal work, fuel economy of new system was
enhanced 22% in the same area compared with that of
existing hybrid snow thrower. In addition, mode control
responding to usage is provided, which controls engine
speed and vehicle speed automatically which was
controlled manually in existing snow thrower. It has
realized a user-friendly snow thrower for beginners.
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Table 1

Operation models

Mode Auto

Power

Manual

Auto set
3000 [rpm]

Forward and

On working auger on

Speed set by user
2000 - 4000 [rpm]

Speed set by user
2000 - 4000 [rpm]

Auto set
2000 [rpm]

Reverse and
auger on

Speed set by user
2000 - 4000 [rpm]

Speed set by user
2000 - 4000 [rpm]

Auto set
2000 [rpm]

Forward and
auger off

Auto set
2000 [rpm]

Speed set by user

Off working 2000 - 4000 [rpm]

Auto set
2000 [rpm]

Reverse and
auger off

Auto set
2000 [rpm]

Speed set by user
2000 - 4000 [rpm]
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Table 2 Fuel used by HS1390i

Mode Time required | Engine speed [Fuel efficiency| Fuel
[min] [rpm] [L-h7] [L]

Clearing snow 19.7 3000 3.30 1.08

Reverse 4.0 3000 1.32 0.09
Turning 9.3 3000 1.32 0.21

Total 33.0 1.37

Table 3 Fuel used by HSM1590i

Mode Time required | Engine speed |Fuel efficiency Fuel
[min] [rpm] [L-h7] [L]

Clearing snow 16.9 3000 3.20 0.90

Reverse 4.0 2000 1.16 0.08

Turning 4.7 2000 1.16 0.09

Total 25.6 1.07
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Research on Technology Used in Predicting Traffic Congestion for Navigation System
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ABSTRACT

Today, most vehicle navigation systems use a Vehicle
Information Communication System (VICS), which
provides drivers with traffic information for specific
areas. VICS is extremely useful in keeping drivers
informed of current traffic conditions in the area they are
driving in, but drivers also require information on the
traffic conditions of roads leading to destinations in other
VICS areas and recommendations on alternative routes
based on the information. The fact that VICS information
can now be used by private companies has allowed
Honda to provide information on traffic conditions up
to the driver’s destination and to conduct research on the
prediction of the vehicle’s travel time using recorded
VICS data. This paper discusses the developed prediction
method.
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Information via three communication and broadcasting media
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Japan Road prefectural-wide-
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Information QL%
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Drewizes anrmajor express-
Highway ways, which iz installed by
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send  waves{quasi-micro-
wavel , and you can
receive traffic information
on expressway as far as
200 kilorneters away .

administrators

Infrared Beacon

Dewices on major open
roads, which is installed
by prefectural police,
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general  road  traffic
information  about 30
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ABSTRACT

A puncture-resistant tubeless tire has been developed
using the same principles as the puncture-resistant
double-chamber inner tube. The inside of the newly
developed tubeless tire is a double-chamber structure.
The new double-chamber tires were tested at high and
low temperatures for puncture resistance and to
determine a damage-size limit. They were also
endurance-tested with a hole deliberately created in the
tire, and positive results were attained. The high-
temperature test has proven that the tire prevents air
leakage after piercing with a pin as large as 9 mm in
diameter. In addition, the endurance running tests have
proven that the tire with pierce damage is able to run
up to the tire wear limit, 20 000km.
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Development of Technology to Create Surfaces with High-speed from Measurement Data
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Transformation of measurement data from parts into
CAD models allows the data to be more widely used in
the automotive development process. Surfaces are
formulated from the data and fed back into the CAD
model. These surfaces must correlate well with a low
degree of error against the measurement data.

However, creating these surfaces requires
considerable data processing time. A new algorithm for
surface creation that combines high accuracy with high-
speed processing has therefore been developed. This has
resulted in a 90% reduction in the time required for
surface creation with no significant increase in error.
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ABSTRACT

A system to generate models for body-in-white
analyses has been developed that reduces the number of
man hours expended on the formulation of FE models
for automotive body analyses. This system comprises a
model management system and an automatic mesher.
The model management system automatically registers
the CAD models of body-in-white parts, data on the
thickness and materials, and data on connections between
parts, and can also manage the formulated FE models.
The automatic mesher creates FE meshes from the
registered CAD models. The new mesher provides more
detailed reproduction of parts that affect calculation
accuracy, including the shape of fillets, beads and
flanges and spot welding connections, than the previous
mesher. This has reduced the amount of correction
required for the models.
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ABSTRACT

As piston durability is a decisive factor in the limits
of engine performance, piston temperatures are useful
information for engine development. Because these
temperatures are typically available only under constant-
speed operating conditions, conventional material hardness
measurements can no longer satisfy the diversifying
requirements of piston temperature measurement.
Therefore, we have developed a piston temperature
measurement system that directly measures piston
temperatures using a thermistor, which allows the transfer
of measurement information at bottom dead center using
a light, compact electromagnetic induction system. This
measurement system can be applied to motorcycle engines,
which are often subjected to high engine speeds, and
allows measurement up to 15300 r/min while ensuring
endurance reliability of more than 10 hours.

In this study we introduce some actual examples of
piston temperature changes measured by this
electromagnetic induction system with the typical
parameters altered when the engine is running. The
phenomenon that the piston temperatures become less
sensitive to changes of parameters under high engine
speed conditions is thus explained by the difference in
the heat transfer rate of the heat-input side and the heat-
release side.
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Table 1 Engine specifications
Engine type Water coo_led, DOHC _4-stroke
4-cylinder, gasoline

Bore x Stroke (mm) 67 x42.5
Displacement (cms3) 599
Compression ratio 12:1
Max. engine speed (r/min) 15300
Piston cooling jet (mm) 0.9
Oil pressure (kPa) 590
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Research has been conducted on an extended
expansion engine, using a multiple linkage system to
increase the thermal efficiency of general-purpose
engines. A four-jointed linkage was used between the
connecting rod and the crank pin of a standard piston-
crank system. The end of the linkage rotates at half the
speed of the crankshaft, resulting in piston strokes
unequal length in each revolution. The length of the
expansion stroke is greater than that of the compression
stroke, thereby providing an extended expansion cycle
(Atkinson cycle).

Theoretical thermal efficiency and numerical
simulations were used to determine the increase in
thermal efficiency at a compression ratio of 8.5 and an
expansion ratio of 12.3. The results show that this
extended expansion increases indicated thermal
efficiency 4.0% against a conventional engine, from 27.3
to 31.3%. In addition, the new design displayed increases
of 2.0 and 2.7% in indicated thermal efficiency against
naturally aspirated Miller cycle engines with early valve
closure and late valve closure, respectively.

An air-cooled single-cylinder engine equipped with
this mechanism was constructed and its thermal
efficiency was compared in tests against a conventional
engine in the same power class. The results of these tests
matched the simulation results almost exactly, with the
new engine displaying 4.1% higher thermal efficiency
than in the conventional engine.
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Table 1 Engine specifications
Air-cooled 4 stroke
Engine type OHC single-cylinder
spark-ignition
Bore (mm) 64
Lrg?nki:sns?on 42.1
Stroke (mm) P -
Expansion and 63.3
exhaust )
Intake and 135
Displacement | compression
3 -
(cm3) | Expansion and 204
exhaust
Compression ratio 8.5
Expansion ratio 12.3
Fuel Gasoline
Air-fuel ratio 12,5
Gross Maximum power (KW/rpm) 3.4 /4000
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Fig. 1 Configuration of multi-link system
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Table 2 Comparison with conventional engine
specifications

Extended Conventional
expansion| TYPEA | TYPEB
Bore x stroke (mm) 6‘/%(;231 64x42.1 64x47
Compression ratio 8.5 8.5
Expansion ratio 12.3 8.5
Engine revolutions (rpm) 3060
Air fuel ratio 12.5
Supplied heat (J/cycle) 456
Combustion efficiency 0.725

Table 3 Calculated work and loss of each stroke

Extended Conventional

expansion| TYPE A | TYPE B
Work or loss | ntake -3.2 -3.9 -5.3
of each Compression | -31.4 -32.9 -31.8
stroke Expansion 178.5 163.3 162.4

(J/stroke) ["Exhaust 1 07 | -08

Heat loss from
cylinder wall (Jicycle) 91.3 | 821 | 849
Indicated efficiency (net) 31.3% | 27.6% | 27.3%
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Fig. 7 Calculated P-V diagrams
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Table 4 Comparison with Miller cycle engine
specifications

Extended Miller cycle

expansion | TYPEC | TYPED
Bore x stroke (mm) 6%(;231 64x63.3
Combustion chamber 1

8
volume (cm3)
Geometrical
compression 85 12.3
Expansion ratio 12.3 12.3
Intake valve close STD 51deg 78.5deg
learly closure late closure

Engine revolution (rpm) 3060
Air fuel ratio 12.5
Supplied heat (J/cycle) 456
Combustion efficiency 0.725

Table 5 Calculated work and loss of each stroke

Extended Miller cycle

expansion| TYPE C | TYPE D
Work or loss | Intake -3.2 -8.1 7.8
of each Compression | -31.4 -36.5 -37.9
stroke Expansion 1785 | 1792 | 17741

(J/stroke) ['Exhaust -1.1 -1.2 -1.2

Heat loss from
cylinder wall (J/cycle) 91.3 94.6 95.8
Indicated efficiency (net) 31.3% | 29.3% | 28.6%
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Table 6 Comparison of calculated and measured work

Calculated Measured
Work or loss Intake -3.2 -1.9
of each Compression -31.4 -32.7
stroke Expansion 178.5 179.0
(J/stroke) I"Exnaust 11 15
Indicated efficiency (net) 31.3% 31.2%

Table 7 Test engine specifications

Extended Baseline
expansion | Oftto cycle
Bore x stroke (mm) 6%(3%1 68x45
Compression ratio 8.5 8.5
Expansion ratio 12.3 '
e 24 25
Ignition timing (deg BTDC) (MBT on WOT)
Air fuel ratio 12.5
Gross maximum
power (kW/rpm) 3.2/3060
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ABSTRACT

The conventional VTEC system has been modified
with a mechanism enabling delayed closure of the intake
valves as a new method of increasing fuel economy. The
major characteristic of the new engine is the achievement
of a balance between low fuel consumption and high
power by means of switching between a delayed closure
cam with delayed intake valve closure timing and a high
output cam, depending on engine load. The intake valve
closure delay mechanism employs the delayed closure
cam when the engine is under low load in order to
reduce pumping loss. The high output cam is employed
when the engine is under high load, in order to produce
high power. A variety of driving conditions were
considered and in-cylinder flow simulations were used
in setting the valve timing of the delayed closure cam.
The delayed closure cam achieves a 6% reduction in
engine fuel consumption compared to the high output
cam. The application of the new VTEC mechanism has
enabled the achievement of 17.0 km/L fuel economy in
the Japanese 10-15 mode, representing a 5% increase on
the level as stipulated by domestic 2010 fuel economy
standards.
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Table 1 Engine specifications 000000000000 000000000000000

Type R18A goboob0oobobobooboboobooboobooboooo
Cylinder configuration In-line 4-cylinder O000000oO0O0ob0oOoooooooooooooo
Bore x Stroke (mm) 81 x87.3 Ooo0O00ooooooo

Displacement (cm3) 1799

Fig.6 0 W.O.T. 000000000000 MMOOO
nvlD0OO0O0O0OnvO0OOOOOODODO0OO0O0000
Valve train SOHC i-VTEC 0000000000000 000000 25-3500
Inlet delayed closure

00000000000000000000000000

Compression ratio 10.5:1

Number of valves 4 per cylinder .
oopbodoivTECODOOOODOOOOOoObOOoooDoOo
Valve diameter (mm) In./Ex. 32/26
gooooooboooboooboboooboooooo
Cylinder offset (mm) 12
- - - doddouoooooada
Intake manifold Variable intake system
Gasoline Regular (RON91)
Max. power (kW/rpm) 103/6300 4z 0Upouooooooooooo
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Friction Analysis by Piston Secondary Motion Simulation
in Consideration of Cylinder Block Bore Distortion
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ABSTRACT

Piston skirt friction has been considered to be related
to cylinder block bore distortion and piston secondary
motion, but it has been studied almost exclusively in
isolation, and its detailed relationship to the functioning
of an actual engine has not been clarified. We used
computer simulations to reproduce cylinder block bore
distortion and piston secondary motion in combination
to try to increase our understanding of their relationship
with an actual engine. First, calculated results were
compared with measured values to ascertain their
validity. Next, the technique was applied to the
development of an actual engine, and the engine
performance was studied along with the establishment of
a method to predict friction. The application of the new
simulation technique in engine development resulted in
increased reliability and a reduction in friction of
approximately 2%, demonstrating the effectiveness of the
method.
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Table1 Specifications of engine and piston

Previous Newly
engine developed
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Cylinder configuration Inline Inline
4-cylinder 4-cylinder
Engine type SOHC SOHC
2 Valves 2 Valves
Ignition system Dual point Dual point
sequential sequential
ignition ignition
Fuel supply system PGM-FI PGM-FI
Displacement [cm?] 1339 1339
Bore x stroke [mm] 73 x 80 73 x 80
Compression ratio 10.8 10.8
Maximum power [kW] 63 70
Maximum torque [Nm] 119 123
Compression height 26.2 26.2
[mm]
Skirt width x height 34 x29.5 38 x29.5
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Piston weight [g] 207 205
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ABSTRACT

In a reciprocating internal combustion engine, the
Otto-cycle allows for maximum thermal efficiency with
a same compression ratio, which means complete
combustion in a moment at top dead center, which is
practically impossible. In view of this fact, it can be
considered that a slower transition of the piston speed
near top dead center would promote combustion during
that period. This, in turn, would increase the in-cylinder
pressure and degree of constant volume thereby
improving thermal efficiency. To prove this, an engine
in which the piston can be displaced moderately to
achieve ideal constant volume combustion was prepared
and experiments were carried out. As anticipated, while
the degree of constant volume increased, the thermal
efficiency did not improve due to increased heat loss.
Subsequently, further experiments were carried out using
a direct injection, stratified charge engine which allows
selective reduction of heat loss, and a high thermal
efficiency was attained.
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Fig. 1 Actual piston behavior against crank angle
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Fig. 2 Ideal constant volume combustion engine
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Table 1 ICVC engine specifications
ltems Base engine ICVC engine
Engine type 4-stroke, air cooled, single cylinder
Bore x Stroke (mm) 52.4 x 57.8
Displacement (cm?) 124.6
Compression ratio 9.35:1 9.32:1
Connecting rod length (mm) 93.5

3000 r/min, Air-fuel ratio = 14.7, MBT, FC = 640 g/h

4T \ ICVC engine
g
s3r
()
5
2,1
ju Base engine
o
1}
0 E I
0 50 100 150
Cylinder volume (cm?®)
Fig. 3 P-V diagram comparison
Table 2 Test results of ICVC engine
3000 r/min, FC = 640 g/h, Air-fuel ratio = 14.7, 6ig = MBT
; Pmax Deg. of Pmi ISFC
Engine (MPa) CV. (kPa) | (g/kWh)
ICVC engine 4.64 0.97 846 243
Base engine 4.02 0.94 893 230

Deg. of C.V. : Degree of constant volume

0 1020



gboobooooooobobobobooobooobogon

gobbooobooobtboobobooobooobooobooo
goooooboobbooooooooooooooooon

3.2.APCO O

3.21. APCOO0ODO

gboboboboobooboooboooooooboooon
gbobooooooobobobobobobooboooo
0000 Fig.4 00OO0O0ODOOOQDOOD Active Piston
Contrdll APCI OPPER OO0 000

gbobooobooooooobooboboobooooboo
gboboooooooboobobobobobobooboo
gicvcoogboooooooooooboboboooboon
gbobooooooobobobobobobooboooo
gboboooooooboobobobobobooboooo
gbobooooooobobobobobobooboooo
gboboboooboooobooboboooo

gboboboboboooooboobooobooboooban
gbobobooooboooooboobob 21300000
ugb 7obobooooooooooboboboboon
goobobooooogo

APCO00O000DO00 Fg. 50000000 Table3
O000000ooooo 19%ecm*O00000OOOOOOO
gbobobnsaiooooooooboobobooobooo
gobooooooooooobooooooobobooooon
000000 220g/kwhl 2700 r/min0 BMEP300 kPa O O
gooooo

gboboboboobooboooboooboooboobooban
gboboooooooboboboboboboooboooo
gboboooooboobooboboobooo

Connecting rod A

Connecting rod B

Crank shaft

Control rod

Fig. 4 Active piston control engine

3.22. APC OJODOOOO

Fig.6 OOO0ODOOO 3000r/mnO00000 34000
ooooooooo MBTOUOODO APCODOOODDOO
gbobooooooobgob pvOODODOAPCODOO
gboboboboboooboooobooobobobobo
gbobobobobooooooooobobobobo
gbobobobooboobooooboobobobooo
gbmobooomoooooooobobobobo
O Fig.6 00 APCOO0ODOOO ICvCOOOODOO
goobooooOo pmax DOOOD0OODOODOODOOOOO

TDC

Active piston control

Sine curve

BDC

-1 801 47 -90 0 90
i Crank angle (deg.)

180
213

270

Fig. 5 Piston behavior of APC engine

Table 3 Specifications of APC engine

Engine type 4-stroke, water cooled

Bore x Stroke (mm) 59x71.3

Displacement (cm?®) 195

Compression ratio 11.5:1

Spark plug Twin plug

10.00 3000 r/min, nv = 34%, Air-fuel ratio = 14.7, MBT
©
a
2
o 1.00 | :
= APC engine
[9]
(%]
o
(o}
@ 0.10} —
2 j—Q
g, Original engine

0.01 -

0 100 1000

Volume (cm?3)

Fig. 6 P-V diagram comparison between APC engine
and original engine

Table 4 Test results of APC engine

3000 r/min, nv = 34%, 6ig = MBT, Air-fuel ratio = 14.7

Exhaust gas Cooling water (out-in)
Enai Fuel consumption
ngines (g/h) Temperature Exhaust loss Temperature Heat loss
(K) (kW) (k) (kW)
APC engine 490 901 2.40 6.0 1.55
Original engine 494 920 2.47 4.8 1.24
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Fig. 8 Heat loss and exhaust gas temperature
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Simulation of Accessory Drive Belt Behavior Using Multi-body Dynamics
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ABSTRACT

A simulation method was proposed to predict the
slippage and transversal vibration of the accessory drive
belt. To reproduce these phenomena, the accessory drive
belt was represented by a section-by-section model in
which the belt was replaced by a finite number of masses
and springs using multi-body dynamics simulation. In
this model, the belt was able to vibrate in both the
direction of advance and the direction perpendicular to
it, and a friction contact element was defined between
the pulley and the belt. The coefficient of friction was
made variable with respect to the slippage speed to
enable stick and slippage to be predicted. This method
allows for accurate simulation of the amount of belt
slippage and the amplitude of transversal vibration, thus
enabling the optimum belt layout to be determined at the
design stage.
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Fig. 1 Section-by-section model of belt
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Table 1 General specifications of test
; Liquid cooled 3-cylinder
Engine type turbo charged engine
Flywheel Single mass flywheel
Crank pulley Rigid pulley
Displacement 660 cm?®

Accessory drive belt Serpentine V-ribbed belt

Polyethylene terephthalate

Filament of belt (PET)

Number of ribs 5 ribs

Alkylic chloro sulforated

Material of rubber polyethylene rubber (A-CSM)

Tensioner Fixed tensioner
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Fig. 7 Measurement of slippage
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Fig. 8 Measurement of transverse vibration
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ABSTRACT

Parking lock can occur when a driver inadvertently
puts the automatic transmission lever into park while the
vehicle is in motion. Prediction technology was
developed to determine specifications that could help
prevent the occurrence of parking lock. In order to
understand the phenomenon and increase prediction
accuracy, gap sensors were used to measure the behavior
of the component elements of the parking lock device
in an actual vehicle and parking lock was reproduced in
a vehicle moving at high speed. In the prediction,
multibody dynamics analysis was used to take into
account collisions between component elements. The
prediction accuracy was increased by identifying the
restitution coefficient and the spring damping force. As
a result, it was possible to predict the specifications that
could help prevent parking lock from occurring while
taking into account various layout restrictions at the
investigation stage.
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ABSTRACT

In reducing the noises emitted by a motorcycle during
acceleration, it is very important to reduce the noise
radiated from the engine. To reduce engine noise
radiation, we have developed an engine-noise-radiation
analysis system. In analyzing engine-noise radiation,
vibration analysis techniques appropriate for the high
frequencies of the engine case and covers, a technique
for estimating the excitation force input into the engine,
and an analysis technique to assess acoustic output from
the measured engine surface vibrations, are required.
After overcoming all technical obstacles, our newly-
developed system allows assessment of the noise
radiation characteristics of motorcycle engines. The
above-mentioned analysis method has been applied to
reduce noise radiation from an inline four-cylinder
motorcycle engine. The reduction of engine noises during
acceleration has been confirmed from a modified engine.
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ABSTRACT

Research was conducted on a method which can
directly determine the engine mount dynamic stiffness
in an outboard motor to gain a better understanding of
the engine mount vibration characteristics of an outboard
motor.

First, a method was established to identify the
dynamic stiffness of the engine mount in a physical
coordinate system using modal parameters acquired from
experimental modal analysis. Using the calculation
results obtained by the finite element method applied to
the outboard motor model, it was revealed that this
method has the ability to identify dynamic stiffness with
high accuracy.

Next, the method was applied to two outboard motor
models, the small BF5(3.7kW) and the large BF225
(165kW). The dynamic stiffness of the engine mount was
identified by the results of experimental modal analysis
and it was compared to the result obtained by the
conventional method using the dynamic stiffness
measurement equipment. The results show that this
method can identify the engine mount dynamic stiffness
more adequately than the conventional method, even
when the engine mounts are subjected to loads
corresponding to thrust force or even in the case that the
stiffness of the parts supporting an outboard motor is
low.
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Table 1 Results of mount stiffness in simulation
study
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mount | & 249 261
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ABSTRACT

This paper describes a time domain transfer path
analysis method that can obtain transfer functions and
the contributions of structure-borne and airborne sounds
in a vehicle’s interior. Vibration acceleration and sound
pressure signals at the sound sources (reference points)
and the sound pressure signal in the cabin (response
point) were measured simultaneously to obtain the
transfer functions when the test vehicle was driven.
Principle component regression method (PCR), which
can eliminate both crosstalk among transfer functions
and noise in the measured data, was employed to obtain
transfer functions accurately. In addition, a normalization
procedure was developed to perform the PCR for
combined data sets in which both vibration acceleration
and sound pressure signals exist.

By applying the above methods, a highly accurate
and efficient transfer path analysis method was
developed that does not require a hammer test.
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ABSTRACT

This paper describes car interior sound preferences
in general public. Subjective evaluation experiments
were performed in Japan, Germany and the United States
to investigate the interior sound preferences. Two
hundred subjects in each country (600 total) participated
in the experiment. As a result, four kinds of preferences
were found. A sound preference evaluation system was
developed to calculate numeric preference values based
on sound stimuli recorded using an artificial head
microphone.

Furthermore, subjects’ characteristics in each kind of
preference were clarified through questionnaires. The
results showed that women, older people and people not
interested in cars preferred quiet sound, while men,
younger people, and people who like cars preferred
powerful sound.
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Table 1 Number of subjects
Sound type Japanese | German | American
Low engine speed 206 207 202
Middle engine speed 206 207 202
High engine speed 206 207 202
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Table 2 Preference value in each comparison
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ABSTRACT

This paper describes an effective method of
developing a soundproof package, which balances both
light weight and high noise insulation performance. Since
it is necessary to propose the design of sound insulation
in the early stages of development, the hybrid statistical
energy analysis (SEA) modeling method is applied,
which is practical for high frequency analysis. Also an
acoustic characteristic estimation technique for multi
layer structures is used.

As a result of applying these effective methods, the
new 2006 CIVIC has enhanced road noise quietness and
decreased weight when compared with the previous
model.
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ABSTRACT

Coolant protects the engine water jacket against
rusting, in other words, it acts as a rust preventive. The
rust preventive performance depends upon the type and
quantity of the additive.

Automotive coolants used in recent years can be
broadly divided into three categories depending on
the type of additive used: organic acid coolants,
phosphate coolants, and silicate coolants.

In this research project, we studied coolant additives
that provided aluminum with corrosion resistance, by
combining organic acid coolant with organic additives
that have a long heat-resistant life. The coolants were
compared by analyzing the aluminum surface after the
metal corrosion condition.
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ABSTRACT

A plastic fuel tank system compliant with U.S. PZEV
evaporative emission standards was developed and fitted
on the new CIVIC-IMA.

Techniques for reducing the high permeation that
occurs from the tank shell and various tank system
components, such as plastic tubes, pump gaskets, and
other welded child parts, were studied.

EVOH with 24mol% ethylene content was chosen for
the low-permeation layer of the plastic fuel tank shell,
and the fuel permeation rate was reduced to one-fifth that
of the conventional tank shell.

Modified PPS was chosen for the low-permeation
tubing material. The modified PPS was alloyed with an
elastomer to produce a tube with the required flexibility.
By using this material, the rate of fuel permeation of the
tube alone could be reduced to one-tenth that of
conventional tubes.

Additionally, compared to the regulatory value of 54
mg/day for the fuel tank system, a permeation rate of
less than 54 mg/day was achieved during measurement
using Phase III fuel after adding low permeation parts
such as pump gaskets and welded child parts.
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Table 1 General property of EVOH vs. HDPE
Item Unit HDPE EVOH
Density g/cm?3 0.95 1.19
Tensile strength MPa 44 45
Elongation % >600 12
Flexural modulus MPa 950 4770
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Table 2 Monitor material for low permeation tube

ETFE PPS Polyester Liq;é‘l’y‘r’;gfta' EVOH
Permeation resistance Acceptable Excellent Excellent Excellent Good
Fuel resistance Excellent Good Good Good Good
Chemical resistance Excellent Good Acceptable Good Acceptable
Heat resistance Good Good Acceptable Good No good
Flexibility Good Acceptable Good No good Acceptable
Impact resistance Good Acceptable Good Acceptable Acceptable
Total Acceptable Good Acceptable No good No good

Table 3 Tube structure of present ETFE multi-layer tube and examined 2 types of low permeation tube

ETFE multi- | PPS multi-layer | Polyester multi-
layer tube tube layer tube
Structure
Barrier layer ETFE PPS Polyester
Number of layers 3 3 5
1 (Inner layer) ETFE PPS PA11
Layer 2 Adhesive Adhesive Adhesive
|3 PA11 PA11 Polyester
composition 4 — — Adhesive
5 (Outer layer) - - PA11
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Table 4 Durability test results of multi-layer tube

ltem Tube type Sour fuel | FUELC/E20 |FUELC/M15| Brazil fuel
PPS multi-layer Good Good Good Good
Cold impact

Polyester multi-layer Good Good Good Good
PPS multi-layer Good Good Good Good

Cold bending
Polyester multi-layer | No good No good Good Good
PPS multi-layer Good Good Good Good

Adhesive force
Polyester multi-layer | No good Good Good Good
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ABSTRACT

A technique has been developed to achieve increased
brilliance in a silver metallic automotive coating. Super-
brilliant coatings have been employed in the past, but the
necessity for special pigments and complex paint shop
processes has made it difficult to use them in mass
production. The new technique exploits characteristics of
the paint to achieve optimum orientation of the brilliance
pigment. This results in increased brilliance when using
conventional pigments and paint shop processes. The
new technology produces two times the brilliance of
conventional silver metallic paints, and the pigment
particles cannot be individually seen, resulting in a
superior finish.
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Color characteristic value
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Brilliance index Contrast index
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ABSTRACT

A sealer has been developed to reduce the amount
of volatile organic compounds (VOC) in automotive
cabins. This sealer can be discharged at 60 °C and
enhances film retention. During development workability
and work safety were taken into account.

Partially cross-linking styrene butadiene rubber
(SBR1) has been used to replace butyl rubber as the
main component of the sealer. This replacement ensures
dischargeability of the sealer, eliminating the need for
the solvent additive formerly used to do so. These
changes have increased the Thixo index of the material
when heated, enabling both dischargeability at 60 °C and
film retention to be achieved.

Non-crosslinking styrene butadiene rubber (SBR2)
has also been used as a component of the sealer to
increase heat resistance.

This new sealer contributes to meeting the standards
for the “Voluntary Approach to Vehicle Cabin VOC
Reduction”. These standards are slated to be applied to
new model passenger cars marketed from April 2007.
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Table 1 Selection of main rubber
Rubber 180° Peel creep resistance Viscosity Reinstallation
0.5g, 80°C24h (60°C) (after heat resistance)
Water leakage
NBR1 5.0mm 60Pa-s Adhesive failure
Water leakage
NBR2 10mm 65Pa-s Cohesive failure
SBR1 1.0mm 59Pa-s Water leakage
Adhesive failure
Water leakage
SBR2 4.0mm 62Pa-s Cohesive failure
IR 20mm 67Pas Water leakage
Cohesive failure

Table 2 Selection of secondary rubber

Result
Rubber Effect
Reinstallation Storage stability
(after heat (Coefficient of rate of Creep ability Workability
resistance) change of viscosity)
Water leakage .
Blank - Adhesive failure +30% 1.0mm Adequate
. Water leakage o
IIR Heat resistant Cohesive failure +5% 2.5mm Inadequate
) Water leakage o
NBR2 Heat resistant Cohesive failure +4% 4.0mm Adequate
SBR2 Heat resistant No Water leakage +5% 1.0mm Adequate
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Strength of FSW Joints in Aluminum Extrusions and Simulation
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The use of aluminum extrusions joined by friction stir
welding (FSW) was examined under the supposition that
such a method might produce a vehicle body structure
with highly efficient joins that is also lightweight and
low cost. The strength of an FSW joint of aluminum was
compared with MIG and laser MIG welding in the
fabrication of such a structure. Static and dynamic tests
were performed in order to evaluate the collision strength
of the FSW joint. As a result, it was determined that
welding conditions largely determine the dynamic
strength performance of the FSW joint. Additionally,
modeling of an FSW joint was attempted and simulation
methods were devised.
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Table 1 Chemical composition of parent materials
AB063S-T5 (%)

Si Fe Cu Mn | Mg Cr Zn Ti Al

0.40 | 0.15 | 0.00 | 0.03 | 0.47 | 0.00 | 0.00 | 0.02 | Bal

Table 2 Mechanical properties of parent materials

A6063S-T5
Tensile strength [MPa]| Yield stress [MPa] Elongation [%]
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ABSTRACT

A technology for simulating resistance spot welding
process has been developed that is capable of predicting
nugget diameter in automotive steel sheet weldments to
determine the specifications of those weldments at an
early stage and speed up setting welding conditions. An
incrementally coupled analysis was performed for
electrical, thermal and mechanical fields using a finite
element code. The material properties relevant to this
analysis were selected with reference to the phenomena
occurring throughout the resistance spot welding process,
and they can be predicted by using the chemical
compositions and mechanical characteristics. Also,
software was developed to aid entry of arbitrary steel
sheet combination and welding condition. Verification
tests of simulations indicated that nugget diameter was
predicted with an accuracy of £5%. We expect that this
simulation method will allow us to determine the
specifications for automotive welded sheet combination
at an earlier stage and reduce the time for setting
welding conditions by approximately 45%.
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Table 1 Material properties of two-sheet combination
Sheet i Mechanical properties
ee .
combination Material YP TS El

mm MPa MPa MPa
E HSS 1.6 432 811 27
HSS 1.6 432 811 27

Table 2 Material properties of three-sheet combination

Mechanical properties

Sheet t

combination Material YP TS El
mm MPa MPa MPa
o | Mild steel 0.7 138 305 49

l HSS 1.6 463 832 26
HSS 2.0 568 631 18
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ABSTRACT

With the growing concern on protecting the global
environment, exhaust emission regulations are becoming
more stringent than ever, not only in advanced countries,
but also in developing countries. To purify exhaust
gases, the use of a metal-honeycomb catalyst is effective.
A metal substrate for a honeycomb catalyst has been
developed recently to use in small motorcycles used by
a large number of people in developing countries. As
part of this development, we have established a new
assessment method for the CAE analysis of thermal
stress and the hot-cold cycle and vibration-durability
tests. Making full use of the said techniques, a low-cost
metal-honeycomb substrate featuring vibration resistance
and hot-cold cycle durability has been developed.
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Fig. 1 Metal honeycomb substrates

Fig. 2 Outline view of muffler with metal-honeycomb
catalyst on small sized two-wheeled vehicle
for India model
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Table 1 Comparison and demand characteristic of
honeycomb catalyst load of 2-stroke engine
and 4-stroke engine

ltems Comparison Requirement

characteristic

Vibration durability
2-stroke >> 4-stroke | (High temperature
fatigue strength)

Highest temperature
(See Fig. 7 area: A)

Heating rate

(See Fig. 7 area: B) 2-stroke << 4-stroke | Heat cycle durability

Table 2 Relationship between brazed area and
properties of metal honeycomb substrates

Propert Brazing area
perty Wide <« Narrow
Durability of
vibration strength Good <« Bad
heat cycle resistant Bad <« Good
Cost High < Low
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Table 4 Specifications of test metal honeycomb

ltems Specifications

Cell density 100 cpsi
Honeycomb core diameter 40 mm
Honeycomb core length 90 mm

Inlet side Outlet side

Fig. 13 Photograph of after unit durability test

A : Brazing area between honeycomb core B : Brazing area between honeycomb core and outer jacket
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