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Honda sedans have always looked “Advanced’ and
“Sporty.” Continuing to build upon this theme, the new
Accord was developed with the concept keywords of
“Advanced & Powerful” to fit with the time. We sought
to set a new standard in midsize sedans, combining the
reliability and social nature required for a sedan with an
unmistakable individuality.

For the exterior, the Accord was developed to assert
a sense of presence that is stately, as well as being
dynamic and powerful. For the interior, it is an invitation
to enjoy a comfortable and refreshing environment
infused with premium luxury.
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ABSTRACT

Developed in pursuit of “Free life creation”, the
FREED might be described as the world’s smallest full-
scale minivan. While keeping the vehicle both
convenient for city drivers and relatively affordable, we
have succeeded in combining the roominess of larger
utility minivans with the styling of sporty wagons.

The dynamic exterior fuses the frames of a utility
minivan (such as the STEPWGN) and a multi-passenger
vehicle (such as the STREAM) in a shape combining a
triangle and square enveloped in graceful curving
surfaces.

Inside, visual cues around the cabin create the
illusion of greater space affording a sense of comfort,
convenience, and expansiveness. The stimulating
ambiance of an open-air café is captured in an enclosed
space for a pleasant and enjoyable interior environment.
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A newly developed 1.3 L, 1.5 L class CVT with a
torque converter was mounted in the second generation
FIT, which is aimed at realizing both higher fuel
economy and exhilarating acceleration performance. The
main technologies used in the new CVT are the
changeover of the start-off method from the conventional
start-off clutch to a torque converter, the increase of the
pulley distance from 143 mm to 156 mm, the adoption
of a high gear ratio, and the adoption of an oil pump
driven with a small radius rotor via a chain, a creep
control system, and a start-off lockup clutch (L/C)
control system.

As aresult of these technologies, the transmission
efficiency was 1.7% higher than that of the previous FIT
CVT, and the torque amplification effect of the torque
converter during launch enabled the achievement of
higher fuel economy and exhilarating acceleration
performance.
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New Analysis Technology for Automotive Chassis
Sensitivity of Steering Wheel Vibrations Induced
by Tire-Wheel Imbalance or Brake Torgque
Fluctuation

Jinghong Yu®

Brian Nutwell” Brian Brickner®

ABSTRACT

A simulation model for analyzing vehicle chassis sensitivity for the vibrations caused by tire-wheel imbalance and
brake torque fluctuation has been developed. Nonlinear elements, such as detailed steering power assist system, frictions
and nonlinear bushings are taken into consideration. The simulation model is extensively correlated with laboratory
excitation tests in both frequency and time domain. The model is then used to analyze the mechanism of chassis
sensitivity, and as a result, contributing chassis vibration modes and influential chassis factors are identified. The
analysis results are further correlated with vehicle on-road tests with specification changes in critical factors. Reliable
correlation between simulated and measured trends is achieved.

1. Introduction

Chassis vibrations induced by tire-wheel imbalance
and brake torque fluctuation are phenomena that affect
overall vehicle driving comfort. For purposes of this
paper, the vibration of the steering wheel and the chassis
system caused by tire-wheel mass imbalance is called
“steering shimmy” or “shimmy”, while the vibration
induced by braking torque variation during a brake
maneuver is referred as “brake judder” or “judder”.
Steering shimmy and brake judder are the combined
effect of the transfer path characteristics of the chassis
system and the excitation force input from the tire-wheel
or brake system.

In the typical transfer path for steering shimmy and
brake judder, the excitation forces are initially
transmitted into the suspension through the front wheel
spindles, exciting the vibrations of the suspension
system. As the primary path from the suspension to the
steering system, a majority of the vibration energy is
transferred to the steering rack through rigid body
motion. As the secondary path, vibration energy is also
transmitted to the steering gearbox through structural
flexible body motion. The vibration is then transferred
to the steering wheel through the steering system. For
a certain level of excitation input, the vibration can be
either amplified or attenuated along the transfer path
from the road wheel to the steering wheel, depending on
the characteristics of the chassis system.

0 HONDA R&D AMERICAS, INC.
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In the automotive industry, some efforts have been
made in analyzing the transfer path of steering shimmy
and brake judder®-®. ™ However, many of the existing
analysis tools or methods can not produce satisfying
results, in terms of nonlinear characteristics, due to over-
simplified modeling. Some of the factors which are
often overlooked include detailed power steering system,
system frictions, and the nonlinearity of bushings, as
well as detailed correlation with experimental
measurement.

To better understand the transmission mechanism of
the chassis system and to help develop design strategies
for reducing steering and chassis vibrations, we set out
to develop an effective analysis technology. For
analytical purposes, the excitation forces can be
decoupled and evaluated separately from the chassis
response. Excitation can be measured directly on the
vehicle, i.e. using an instrumented road wheel, or on a
component level using a brake dynamometer or similar
equipment. The measured excitation forces can then be
used as an excitation input to the CAE models of chassis
response.

In this research, the following specific activities are
undertaken:

(1) A multi-body simulation model is developed for a
nonlinear, coupled front chassis system which uses a
MacPherson strut suspension and hydraulic power
steering. Detailed steering and suspension systems,
bushing-isolated sub-frame, frictions of joints, the
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displacement dependence of bushings, and a simple
model for the tire and wheel are included in the
modeling. The primary path, that is, the rigid body
transfer path, is mainly considered.

(2) The model isvalidated by laboratory excitation tests
under various levels of excitation force in both
frequency and time domain.

(3) The simulation model is used to analyze the
transmission mechanism of vibrations in the chassis
transfer path. Contributing chassis vibration modes are
discovered and important chassis factors are identified.

(4) Theanalysisresults are further correlated with vehicle
on-road tests with specification changesin somecritical
factors. Comparisons of simulated and measured trends
of steering shimmy and brake judder areillustrated.

2. Modeling Approach

A multi-body simulation environment is used to build
the simulation model, due to the low-frequency nature
of steering shimmy and brake judder phenomena and the
software capability of assembling different sub-systems.
Custom model templates and sub-systems are created to
capture critical elements affecting vibration behavior®.

2.1. Model of Front Chassis System

A multi-body-simulation model for the nonlinear,
coupled vibration characteristics of the full front chassis
is created by the inclusion of the sub-system models of
steering, suspension, and a virtual test rig, as illustrated
in Fig. 1.

A custom model template is built for the power
steering system. Mechanisms such as rack-pinion gear,
steering column, universal joints, a rubber coupler and
steering wheel, are modeled first. The model is then
made to represent hydraulic power-assisting system
(HPS) or electric power-assisting system (EPS), as
needed. As an example, HPS is only referred hereafter.
The power-assisting system is modeled as a flow-source-
valve-cylinder system® ®, The control valve consists

Suslpegsionlil Frictions[] Power steering
preload /A in steering

¢
%

>

\\\\\\ ] ‘;
/ Suspension]

preload

+——Excitation
forces

Fig. 1 Multi-body-simulation model of front chassis
system

of two pairs of orifices, of which the flow cross-sectional
areas are functions of the angular displacement of the
control valve. Fluid inertia and compressibility are
considered in the system connection pipes.
Compressibility of the fluid in the steering cylinders is
taken into consideration. Possible backlash in the
steering rack-pinion gear is also modeled.

During the modeling of the suspension system, a
MacPherson strut type of suspension is considered. The
stabilizer bar, sub-frame and powertrain mass and inertia
properties are also included. The sub-frame attachment
can be selected between bushing-isolated and rigidly-
mounted on the vehicle body by a switching parameter.

A virtual test rig is created which can accommodate
suspension preload from braking or drive torque, the
mass and stiffness of the tire-wheel assemblies, as well
as multiple degree-of-freedom excitation forces to the
spindles. Friction-free bearings are modeled and
included to support the tires on the ground. Measured
excitation forces are used to define the excitation forces.

2.2. Model Parameters
As one of the nonlinear elements of the chassis
system, friction is important for low-frequency vibration
phenomena. During this study, frictions in the steering
and suspension systems are included in the simulation
model, such as:
(1) Friction between the rack and the gearbox housing.
(2) Friction torque between the gearbox input shaft and
the gearbox housing.
(3) Friction torque between the pinion and the gearbox
housing.
(4) Friction torque between the input shaft and the pinion.
(5) Friction torque of steering column universal joints.
(6) Friction torgue at the ball joint between the knuckle
and the lower control arm.
(7) Friction torgue at the ball joint between the knuckle
and the spindle.
(8) Friction torgue at the ball joint between the knuckle
and the tie rod.
(9) Friction torque at the ball joint between the tie rod and
the rack.
(10) Friction torque between the drive shaft and the spindle.
In order to ensure numerical simulation stability and
replicate a realistic friction profile, a particular velocity-
dependent friction law is used to describe the frictions.
Figure 2 illustrates a comparison of the velocity-
dependent friction and Coulomb friction. Obviously,
Coulomb friction preserves the discontinuity at null
relative velocity, and the discontinuity will cause
unstable solution in simulation. Meanwhile, Coulomb
friction is against physical phenomena where kinetic
friction is usually lower than static friction. The
proposed velocity-dependent friction profile allows the
static friction to exponentially decay to the kinetic one,
while guarantying continuity at zero relative velocity.
The kinetic friction is defined as 70% of the static
friction (a percentage commonly accepted for
engineering friction assumption), and the static friction
is determined as the measured break-through level.
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Steering gearbox mounting bushings and suspension
bushings are characterized under appropriate
displacement. Stiffness and damping coefficients for the
bushings are determined by experimental measurement
for various frequencies and displacements. For a
suspension hydro-bushing, both displacement and
frequency dependence must be considered. However, for
a conventional rubber bushing, within the normal
frequency range of shimmy and judder phenomena, the
stiffness and damping coefficients vary significantly with
displacement but do not change greatly with frequency.
In such a case, displacement-dependent bushing model
is appropriate.

In order to understand the major contributions of
excitation forces and quantify vertical and longitudinal
components of preload for steering shimmy and brake
judder, vehicle tests are performed on a SUV to measure
the six-degree-of-freedom forces acting on the front
wheels. During the tests, steering shimmy is reproduced
by driving the vehicle at a speed at which maximum
steering wheel vibration is detected with a known
unbalanced wheel, while brake judder is duplicated by
decelerating the vehicle from high speed at a certain
level of deceleration with an induced front brake torque
variation.

Let us define the coordinate system of the forces (Fx,
Fy and Fz) and moments (Mx, My and Mz) acting on
the front wheels as that X-components are in the vehicle
longitudinal direction with positive toward front for the
left wheel and toward rear for the right wheel, Y-
components in the lateral direction with positive toward
outbound of the vehicle, and Z-components in the
vertical direction with positive toward up.

Friction

Relative velocity

(a) Coulomb friction

Friction

Relative velocity

(b) Velocity-dependent friction

Fig. 2 Velocity-dependent friction profile used in
simulation and its comparison with Coulomb
friction

Figure 3 shows the force measurement results for
steering shimmy. It is found that the peak of steering
shimmy appears at around 14Hz-16Hz for the vehicle
under test. It is revealed that Fx, My, Mz and Mx are
the major contributions for the excitation input of
steering shimmy. Similar results are obtained for brake
judder phenomena. In addition, suspension preload
forces and vehicle weight transfer during brake judder
measurement are detected by examining the measurement
data in time domain.

The experimentally determined excitation forces, such
as Fx, My, Mz and Mx for shimmy mode, are then
inputted into the simulation model through the definition
of a six-component general force at the spindles. Since
the purpose of this study is to analyze the chassis
sensitivity of steering shimmy and brake judder from the
spindles to steering wheel, it is appropriate to excite the
chassis system at the spindles during simulation. The
generation mechanism of the excitation forces and the
transmission characteristics of the brake system and tires
are not required and discussed here.

Wheel center force

10 12 14 16 18 20
Frequency (Hz)

(a) Forces acting on spindle

Wheel center moment

10 12 14 16 18 20
Frequency (Hz)

(b) Moments acting around spindle

Fig. 3 Excitation forces for steering shimmy

3. Validation by Excitation Test

To validate the front chassis model, a laboratory
excitation test is needed to reproduce the vibration
behavior of the steering wheel and chassis systems
during shimmy and judder modes.

There are several existing excitation test methods
used by the automotive industry. In these existing
methods, the vehicle under test is commonly excited
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through tire contact patch, which results in limitations
such as the difficulty in applying suspension preload, the
limitation to single-directional excitation, the need for
understanding tire characteristics to derive the
transmissibility of chassis system from test, and the
variation of excitation input.

A new excitation test method is designed here to
address these issues. The basic test capabilities with the
new method, as shown in Fig. 4, are as follows:

(1) Vertica and longitudinal preload to front suspension.

(2) Multi-directional excitation input at spindle.

(3) Direct measurement of chassis transmissibility from
spindle to steering wheel.

(4) Stable excitation and repeatable results.
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During the excitation testing, the brake is locked for
brake judder mode testing, while unlocked for steering
shimmy mode testing. The validation work is mainly
focused on the rigidly-mounted sub-frame condition.

The simulation model is validated by frequency
sweep tests under various levels of excitation amplitude.
Figure 5 shows the simulated and measured
accelerations at steering wheel and other different
locations under three different levels of excitation input,
for steering shimmy mode in frequency domain. A very
good agreement is shown between the simulation and
measurement of chassis vibrations under various
excitation forces, in terms of both peak amplitude and
peak frequency. Similar agreement is revealed for brake
judder mode, as illustrated in Fig. 6. Those results
confirmed that the simulation model can predict the peak
amplitudes and peak frequencies for both steering
shimmy and brake judder with high accuracy.

Time waveform data at judder peak frequencies for
three different excitation input forces are shown in series
in Fig. 7. It is seen that the simulation can yield
waveforms very similar to the measured ones.
Meanwhile, the nonlinear vibration characteristics of the
chassis system are revealed on the non-sine-waveform
response of the steering rack and knuckle to a pure sine
waveform force input. As shown in Fig. 7 (c) and (d),

: kA LA
LAALAPAVALI e

(a) Excitation forcel

)
RO
P

(d) Knuckle vibration, lateral(]

Fig. 7 Simulated and measured acceleration time
waveforms for judder mode under different
excitations

these nonlinear characteristics are also predicted by
simulation very well. Similar results are achieved for
steering shimmy mode.

4. Mechanism Study

4.1. Influential Chassis Modes

The simulation model is used to identify the
dominant chassis vibration modes and how they are
coupled. Thisis done by a linear analysis around the
equilibrium operating point. As the result, the following
two critical chassis modes are discovered in the
frequency range of interest for both steering shimmy and
brake judder modes®:

(1) Suspension fore-aft out-of-phase mode.
(2) Steering wheel rotational mode.

The overall chassis sensitivity is the combined effect
of these two dominant vibration modes. Modal coupling
phenomenon may occur between those two modes, if
they are not separated appropriately. That is, if the
frequencies of the modes are too close, the vibration will
be amplified twice due to the resonances in both
suspension and steering systems at the similar
frequencies. This kind of modal coupling mechanism
will eventually cause very high level of vibration at the
steering wheel. Figure 8 shows the simulation results
for the following three different conditions, respectively:
(1) Independent response of the steering mode.

(2) Independent response of the suspension mode.
(3) Overall response of the two chassis modes.

It can be seen that in the case of the independent
response of either the steering mode or the suspension
mode (this can be achieved by moving the other mode
far away from the frequency range of steering shimmy/
brake judder), the steering wheel vibration is very low.
However, when both of the chassis modes exist, the level
of steering wheel vibration becomes much higher, due
to the modal coupling mechanism. Building on this
understanding to lower the chassis sensitivity of steering
shimmy and brake judder, design emphasis can be put
on the reduction of the peak amplitude of suspension
fore-aft out-of-phase mode, the increase of the peak
frequency of the suspension mode, or the reduction of
the peak frequency of steering wheel rotational mode.

~ Overall response ofd———>
suspension and steering modes

Independent response of
suspension mode

Independent response of: .
steering mode e
-

-———

Steering wheel vibration

-
T e e

Frequency(

Fig. 8 Coupling mechanism of chassis modes to

generate final vibration at steering wheel

Q
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4.2. Influential Chassis Factors

Now that the chassis model has been validated, it can
be used to perform a virtual design of experiment (DOE)
to efficiently identify what factors have the greatest
influence on the peak amplitudes and frequencies of
steering shimmy and brake judder.

Two objective functions for the DOE process are
defined to capture the effect of factors on steering
shimmy and brake judder. Objective 1 is defined as the
maximum amplitude of steering wheel vibration, while
Objective 2 is referred as the frequency at which steering
wheel vibration peak occurs, during a frequency sweep
run. The frequency range is set wide enough to cover
frequencies of possible factor combinations. Quadratic
response surface method is applied to create the design
matrix for the simulation runs and to fit polynomials to
the results of the simulation.

Based on the virtual DOE analysis, influential factors
are identified. Among the influential factors are the
locations of suspension geometric points, the mass and
inertia of the suspension and steering components,
characteristics of the mounting bushings, frictions in the
chassis system, pressurized area of the steering cylinder,
and steering ratio.

Factor 1209 N Steering shimmy
Factor 11 7@ OBrake judder
Factor 10 7W

Factor 9 7%

Factor 8 7@

Factor 7 7@

Factor 6 7@

Factor 5 [N

Factor 4 [STTTTTTTITTTTNSSSE

Factor 3 STy

Vehicle factor(]

Factor 2

Factor 1 ]

0%0  10%0  20%0  30%0  40%0  50%0  60%
Percentage of effect(]

Fig. 9 Top influential factors and their effect on
maximum amplitude of steering wheel
acceleration when their specifications
change from -10% to 10%
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OBrake judder
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Factor 16 Y

Factor 15 SN

S Factor 14 SN

Factor 5 SN

Factor 7

Factor 12 SN

Factor 13 Y
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Factor 1 .&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\Y
I
f

Vehicle factor(]

0%0) 5%0) 10%0) 15%0) 20%
Percentage of effect

Fig. 10 Top influential factors and their effect on
peak frequency of steering wheel
acceleration when their specifications
change from -10% to 10%

Figure 9 shows the ranked effect, or relative
importance, of top influential factors for the peak value
of steering wheel acceleration for shimmy mode and
judder mode, respectively, while Fig. 10 illustrates the
most influential factors for the peak frequency of
steering wheel acceleration. It is observed that due to
the similarity of chassis transfer path for both steering
shimmy and brake judder, the factors exhibit similar
importance rankings for both modes.

5. Correlation with Vehicle Tests

The simulation results are further confirmed with
vehicle on-road shimmy and judder tests. Several top
influential factors are selected, and test parts are
accordingly designed to deviate from nominal
specifications. The relative changes of steering shimmy
and brake judder with the change of specifications of
those factors are measured by vehicle on-road tests and
then compared with simulation results. Based on the
repeatability of on-road tests, the target for the
correlation between test and simulation is set to 80%.

Figure 11 shows a correlation between measured and

@ Factor 1
B Factor 5
A Factor 6
@ Factor 3
X Factor 4
F < Factor 8
O Factor 7
A Factor 9
O Factor 12

Simulated

Measured

(a) Percentage of steering shimmy change

Simulated

@ Factor 1
S W Factor 5
A Factor 6
@ Factor 3
X Factor 4
r < Factor 8
O Factor 7
A Factor 9
Q Factor 12

.
Measured

(b) Percentage of brake judder change

Fig. 11 Correlation of simulated and measured
change in steering shimmy and brake
judder with change of factor specifications
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simulated percentage change of shimmy and judder due
to the change in part specifications. It is shown that the
correlation between the simulated and measured results
is within 80% for almost all factors considered, for both
steering shimmy and brake judder modes. Therefore, it
is demonstrated that the simulation can predict the effect
of specification changes with good accuracy.

6. Conclusions

A new analysis technology for analyzing vehicle
chassis sensitivity for the vibrations induced by tire-
wheel imbalance and brake torque fluctuation has been
established. A multi-body simulation model was created
for a coupled front chassis system consisting of power
steering, suspension, bushing-isolated sub-frame, tire-
wheel, and a virtual excitation rig. Nonlinear elements,
such as detailed power-assisting system, frictions and
nonlinear bushings have been taken into consideration.
The model has been extensively validated by laboratory
excitation tests.

The simulation model was then used to analyze the
transmissibility mechanism and quantify the relative
importance of chassis factors. Contributing chassis
vibration modes and influential chassis factors were
efficiently identified. To further verify the simulation
results, vehicle on-road tests were conducted to measure
the effect of specification changes of key factors on
shimmy and judder. Reliable correlation has been
demonstrated between simulated and measured results.

The simulation tool developed here can be used to
help quantify the effect of proposed specification
changes through simulation during vehicle development,
and has made it possible to enhance development
efficiency and vehicle performance. In addition, the
knowledge gained here about chassis modal coupling and
relative importance of chassis factors are useful to
establish design enhancement strategies for steering
shimmy and brake judder in future models.
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ABSTRACT

A super-directive microphone system using digital
signal processing has been developed for in-vehicle
speech recognition systems for the North American
market, in order to increase the recognition accuracy of
these systems in high noise environments.

The developed microphone system uses a new super-
directive algorithm with a high directional noise
reduction rate that functions to reduce noise, such as
passenger utterances. To enable adaptation of the
algorithm to different in-vehicle noise environments,
such as while operating the air conditioner and opening/
closing the windows, the system also incorporates an
omni-directional microphone and an analog high pass
filter. The use of the new system increases recognition
accuracy in a variety of noise environments.
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ABSTRACT

A front laminated windshield glass antenna for on-
board digital terrestrial TV reception was developed. In
order to reduce the visual unpleasantness of conventional
silver-printed antenna lines, the new antenna structure
consists of a copper thin film antenna with a line width
of 0.25 mm clasped inside laminated windshield glass.
In addition, the amplifier is mounted directly to terminals
on the glass surface using capacity coupling with the
glass as the dielectrics. As a result, this front laminated
windshield glass antenna obtained flat directivity over
the front 180° range, and ease of maintenance has also
been secured. In addition, the thermal stress when
soldering the base plate of the amplifier to the glass
surface was confirmed to be sufficiently less than the
permissible stress of the glass.
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ABSTRACT

Honda has been taking part in the Driving Safety
Support System (DSSS) of the Universal Traffic
Management Society of Japan (UTMS Society). Based
on an analysis of traffic collisions, Honda has engaged
in the two issues below by developing an operation test
vehicle and promoting research.

» Dealing with conditions where the counterpart vehicle
is not readily visible (due to structures, trucks, buses,
or other such shielding obstructions)

» Dealing with motorcycles as vulnerable parties in
traffic

The research has involved the application of road
infrastructure technology (use of information from
sensors installed at the roadside) and effect verification
on public roadways. The results indicate that this
approach can be expected to effectively reduce collisions.
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ABSTRACT

As an initiative of the Smartway project under the
Ministry of Land, Infrastructure, Transport and Tourism,
field operation tests have been conducted since May
2007 with the participation of private enterprises (nine
automobile manufacturers and 17 electronics
manufacturers) and other organizations. An advanced
highway safety system was created that uses images and
sound to enable safe, comfortable driving. Employing
new on-board equipment for communications linking
road and vehicles, the system was tested on the
Metropolitan Expressway in Tokyo. Honda has been
participating in the Smartway project with a view to
practical application of information provision systems, as
well as to verify the functionality of such systems and
of the validity and acceptability of driver support.

A symposium was aso held in October 2007 in order
to generate widespread publicity inside and outside Japan
for advanced ITS services on the Metropolitan
Expressway. This Smartway 2007 Demonstration,
performed as a joint public and private sector (with 30
private enterprises) program, provided people the
opportunity to experience Smartway through test drives,
presented exhibition displays, and the like. In
qguestionnaires administered after the test drive,
respondents gave favorable ratings for service
effectiveness, indicating that Smartway holds promise for
collision reduction impact.

gooogd

oboboogoooooooooarsgooooooDo
goboooobobooobobobooobooobooooo
oboobgoDb2004 0 11 00000000000D0OD0O
gobobogoobobogooobozoee OO OoOoooOooooOO

gbobobooogo

https://doi.org/10.69239/hondatechnicalreview.2008 20 2 8

gobooobo0 2300000 ogoooooooog
gooooooobooboboboooobobobbobobooog
gozo0700oooooboboobobooobooboooo
goboobobgoao
goboooboooobbooooboobboomobooooon
gobooboooboooboboobobooboobooobooooboo

0450



Honda R&D Technical

Review Vol.20 No.2 (October 2008)

gooboooooboboooobobboooooooooboobo
goooogoboooooarsoogooboboooooog
gobooooooooooooooooobobooboobooooo
gobobooooooobooboooooooboobooooo
gbobobobooobooobogbzeorboboobooboon
ooboooboooboobooboz2e08 DO0DOODOODOOO
gooooooooooboooooobobboboooooo
gboboboooooboobooboobooo

gooooobobobbbbboooooooooooo
go0 2007 OOOOO0ODOOOODOOOO

3,000

2,500

goon

000000000000 0O0OO Intelligent Transport
Systems: ITSCO 000000000000 O0OOOOVICS
0 1800 OOODETC OOODODODOOODDO 16000000
gooooooooooo

Fig. 10 NAVIOVICSOETCOOOODOOOOODOOOO
goooooooerm

000000000000 oooooooooooo
gooOooooiIrstgoooooooooooooooo

2,000

1,500

1,000

'04.3

'05.3 '06.3 '07.3

710
£00 535 448
181 280
37 223,
0
'00.3 '01.3 '02.3 '03.3
[ Car Navi.

[ vics [ ETC

Fig. 1 Cumulative total numbers of navigation systems, VICS, and ETC units shipped

Vehicle
navigati
S|

Dedicated EDedicate
software  : software |

Dedicated
software

edicate
.: software ; .-

Vehicle
navigati

Common software

Dedicated
on-board
unit

Dedicated
on-board
unit

Open Platform

Fig. 2 Concept of platform

0460



Honda OO OOOOOOOO0O0O0O0O0O0O0O0O0OO0O0MOOO00000MO0O0O0000000d

gboobobooooooobooboobobobooobo

gobooooboooobooooooooooogoo s
goboooooboboooooboboooboooooo
o400 000OobDbOUoboboOooooITsbooono
ooooooooooooee

gobz2oe DO00DODO0O0OODOITOODOOOOODOO
i poo0oo0oo0oDoO0OOoO0oOoO0OOO0OOoOoOoOoOoooO
oomoobooooboooobbooboboooogng 5000
gooooomoooooooooboobooboobooooboon
gboboooooobobobobobobobooo
gbobobobooobzeeegoonooboobooboon
gboboooooooboboboboboboooboooo
goboboooooooboboboboboboooooo
gboobooooooobobobobobobooooo
goboboooooooboboboboboboooooo
gboboooooooboboboboboboboooo
goboooobooobooboboobbooobbooo
Fig.200 0000000000 O0O0OOOO0OOOOOOO
oneq

goobooobobooon

3.1. 0000000

00oo0ooooooooooooooooooooo
goiIrstoogoooooooooooooocobboooo
ooo ITsooopoooooooOoOoooooomon
API1/Application Program Interfacel] 0 O O

Fig.3 00000000 OOOOOooOooooeP4m

3.2.0000

goobooirsoboooooooboboooooon
gooooooobooobooooooboooicooooog
gboboboooooooobomibbobobooobon
ggoooooooobooooooooooooboboomg
O APILOD OO0

ITSO OO

ITS on-board units

oooooo

Car navigation

O 0OAPI
0Doooooooooooo

Basic Application Program
Interface for all services

ooooooo

Road-vehicle communication

summmmm,

o

33.000000000

000o0000oooooooooooo APIDODOO
000000ooooooooooooooooooITso
o00D0O0000oooDoO0o0ooooooDooogoo
O00000Fg. 41) 00000000000 O00DOO0O
000000oo0ooooooooooooooooo
o000O00ooooooooooooooooooooo
00" 000 Fig. 4(2) O DSRC Dedicated Short Range
CommunicationtD OO0 OO OO0

34.1ITSs 000000

ITSOO0000000000000000 APIDOODO
000o0o0o0oooooooooooDoooooog

ITSOO00000000000D0000ODSRC 0O0ODO
00000000000 0O00O IR Non-Internet Protocold
000000 IPO0DOODOOOO ASLO Application Sub
Layerr 000000000 DODOOOOOODODOOOOOO
oo0oooooooo

oooooooomIrs oooooobooooooooon
O00000oo000OowWEBOOODOODODOOODOOO
O00o000oooooooooooooooooooog
00000o00oooooooooobooooood

Fig.5 0 ITSOO0O0O0OOOoOonO o

350000000
00000000000000000000000000
(000000000
0000000000000000000000000
00000000000000000000000000
000000M0O000000000MO00000000
OOooOoo0o0oo0oo0oOo
Fig.6000000000000000000000
DDDDD
(oooo
0000000000000000000000000

ooo

Roadside units

gooooooooo
Individual application
O OAPI
0ooooooooooooo

Basic Application Program
Interface for all services

oooooon

k Road-vehicle communication

g

ALTTTTTRY

Fig. 3 Structure of Smartway system

0470



Honda R&D Technical Review Vol.20 No.2 (October 2008)

EEEEEEEEEEEEEEEEEEEEEEEEEEEEE

' R RN NN NN EENEEEE A EEEEEEEEEERpERRREEREE

. H ooooooo :: 0000000 =% 0000 ooo ooo =200

: booobbobbobooo i 0ooo0ooo oooo i 00 oooo 0000 =0000
. Collecting, editing, and storing = = Collecting, editing, Processing .= Charge Operatin Displaying = External
. Information to be provided us and storing Information H probe data =, transaction 2 : ?(ates of charges [ systems
Tnamsmamsnnnnnnngannnnnnnnnnnt tnnnn nr R e e e n g nnnnn e an e RN A

gooooooo goooooooooag ooooooo
Information connection at roadside rest areas Information provision along roadways Public parking lot payment

ooooo
ooooo
Individual
applications

) 00API
OOAPI  Basic APl ey

POOO . -
IP communication gmrPoOoOO Non-IP communication

ooo
00ooooooooo Extended link control protocol oooo
Road-vehicle
communication

DSRCODOODOO DSRC protocol

pSRCO OO OOOOO
. For DSRC block
(1) Structure of roadside system o o

(2) DSRC antenna

Fig. 4 Roadside system

F 000WEBDO O £ 0ooooooo £ gooooo
= Display and internet connection = Up-linking 4 oo Car navigation
LasssssssmsmsnEnEnmnnd SusssssEssEssEsEEnEEES etc.
O
g ETC
O
. O E OOAPI
a B O DOAR SRR Basic API
O ]
HIEIE
q o POODO y -
% § - T T OIPOOO  Non-IP communication
= E E ooooooo
= = )
g % 3 00000000000  Extended link control protocol Road-vehicle
© = g communication
g = DSRCO OOOO DSRC protocol
z
DSRCI
DSRC block

(1) Structure of ITS on-board unit

(2) ITS on-board unit

Fig. 5 ITS on-board system

0480



Honda OO OOOOOOOO0O0O0O0O0O0O0O0O0OO0O0MOOO00000MO0O0O0000000d

000000000000000000000000MmMO
00000000MO000000000000000000
Fig.7 00000000000000000°°0
(00000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
ooo
Fig. 80 0000000000000 000000O°0
(0000000 mMO00000000
0000000000000000000000000
000000O0O00000000
(6)000000000000O0
00000000000000000000000000
000000000000000000000000MMO0
00000000mMO0000000000
Fig.9 000000000000000000O0000
0007om
(hoooooOomOoOoooOo
0000000000000000000000000

Fig. 7 Merging assistance

gbobobobooobooooooooobobobonbo
gboobooooooobd
Fig.10 0DOO0OOODOOOODOOOODOOOOO" M

obooooooo

Providing information on conditions ahead

oo O
Audio + Visual

0000 1kmO
oooooo
ooooooo

Current traffic flow
ahead of Gaien entrance,
about 1km ahead.

Fig. 8 Providing information on conditions ahead
(still image information)

e e

Fig. 10 Providing information with digital position data

0490



Honda

R&D Technical Review Vol.20 No.2 (October 2008)

Fig. 11 Internet connection

Fig. 12 Parking lot cashless payment

@ Providing information on
obstacles ahead
Providing information on
conditions ahead

® Merging assistance

® Providing information with
digital road map data

Higashi ikepUkuro

Eifuku
\

Itabashi JCT-

Shinjuku curve

(9000000000

0000000000000000000000000
000000000000D00000000000000

Fig.11000000000000000000000
DDDDD

(hooooooo

0000000000000000000000000
0000000000000000000000

Fig.1200000000000000000000°°0

gooogooo

41.0000

207000 14000000000DDOOOODDOOO
goooobooooooobboooooobobooooooag
geolbDO0OOOoDOOOObOUOOOoObOOODOO
gboboooooobobobobobooogooasy
gbobobobooboooooooooboboboonog
goooboobooooooobobooooooobobobooboooog
gbobobobooboooooooooboboboono
gboboboooooooooooob

42.000Honda0 000000000 OOOOOOA43.
gboobooooooboboboboboooooog

Fig. 13 0O0O0OOD0OOO0O0OOOOoOoOoOooooo
ooo

Itabashi honmachi curve

Kita ikebukuro curve

Higashi ikebukuro

\

R5 Ikebukuro Line

Misaki-cho curve
Nishikanda ON

Takebashi JCT

Benkeibori curve \ _yp

Akasaka S curve Kandabashi

Kandabashi JCT

alu
l Hakozaki JCT

<
o A Miyakezaka JCT

Tanimachi JCT

Fig. 13 Service test locations

0 son



Honda OO OOOOOOOO0O0O0O0O0O0O0O0O0OO0O0MOOO00000MO0O0O0000000d

Table 1 Changes that occur in drivers when information is provided
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ABSTRACT

Changes in the production process of the polyolefin
substrate used on automotive bumpers have created the
need for increased coating adhesion performance. A
method of lowering the melting point of polyolefin, the
principal component of the primer, in order to fuse the
polyolefin resin with the polypropylene (PP) substrate
using the heat generated during pre-heating and baking,
thus achieving increased adhesion through the interaction
force between molecules, was therefore examined. Using
a metallocene catalyst, the tacticity of the polyolefin was
controlled and its melting point reduced, resulting in the
achievement of a higher level of adhesion intensity than
the conventional primer. The chlorine that was formerly
added to the olefin is no longer used, reducing the
burden on the environment.
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ABSTRACT

In order to enhance the CAE computation
environment, a Honda grid system for a large-scale
heterogeneous PC-cluster group was developed. This
system is necessary for increasing the operating rate of
and effectively utilizing resources (CPUs), the number
of which increases rapidly, along with the shift of the
CAE computation environment from that of a
supercomputer containing a high performance CPU to a
PC cluster consisting of a large number of PCs installed
on a rack.

By carrying out tuning that matches the environment
based on a high quality scheduler while developing
unique functions, the operating rate of the CPU was able
to be increased. This, together with the effect of
reinforcing the resources, enabled the mean computation
time, including the waiting time, to be reduced to
approximately one-tenth, regardless of the increase in the
job number and job scale.

Also, using the same method, a CAD desktop PC
could be effectively utilized, and the CAE computation
environment on the PC was also enhanced.
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ABSTRACT

The new value motorcycle DN-01 is a product
resulting from “bottom-up” proposals. The DN-01
represents an entirely new design that was sketched out
beginning from the rider rather than the bike, making the
rider the main focus, and was created to incorporate a
new transmission system and to realize an “easy,”
“relaxed,” and “comfortable” model concept. In order to
create a design that did not fit into any existing category,
the project approached the external design arrangement
of the bike from the perspective of a four-wheel vehicle.
The DN-01 was displayed at the 2005 Tokyo Motor
Show as a show model, after which it went into mass
production with the design image unchanged. This
resulted in the redlization of along-nosed bike with long
and low styling.
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Fig. 3 First FRP model
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Development of 5-speed Dual-clutch Transmission System for All-Terrain Vehicle
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A dual-clutch transmission, Honda's first, has been
developed for use in utility All-Terrain Vehicles (ATVS).
The developed system targeted a comfortable ride and
fuel economy while maintaining the off-road running-
through performance typical of an ATV, by leveraging
the aspect of the transmission efficiency of a dual clutch
transmission being equal to that of a manual
transmission. This system was developed without
changing the transmission axis configuration, the
locations at which the clutch and change gear are
attached, or other basic elements of the layout, based on
the engine being equipped with a manual transmission.
The gearshift system was kept simple by adapting a
motor-driven gear shift system and simplifying the
hydraulic changeover circuit so that the number of
operating devices could be held to a minimum. These
features also allowed the developed transmission to be
mounted on the same frame as that of the manual
transmission vehicle.
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ABSTRACT

When designing All-Terrain Vehicle (ATV)
suspension and steering, over 40 different items should
be verified in the layout stage, such as the change in
geometry when the vehicle attitude changes due to wheel
stroke, and the swing angle of each joint. Thus far it has
been necessary to use multiple tools depending on the
item to be verified, which has hindered the efficient
investigation of specifications. Therefore, a system that
enables verification in conjunction with the CAD layout
was constructed by integrating the layout support tool
and the mechanical analysis function built into CAD. In
addition, rubber part deformation when the vehicle
attitude changes is calculated using the nonlinear analysis
built into CAD, enabling verification of the clearance
that takes into account rubber part deformation. This
enhances the layout accuracy and reduces man-hours
when designing ATV suspension and steering.
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ABSTRACT

In order to spread motorcycles with advanced brake
systems, the “Honda Riding Simulator” was utilized as
a way to experience advanced brakes. Since Honda
Riding Simulator only reproduced the brake feeling
based on conventional brake systems at the time of
braking, we modified the pitching motion of the
simulator and the tire squeal sound generated by the
sound system in order to enable users to experience the
characteristics of advanced brake systems. In addition,
a scenario was created enabling easy comparison of the
differences between conventional and advanced brake
systems. Test-ride events of the simulator were
conducted at the 2007 Tokyo Motor Show. The modified
Honda Riding Simulator fulfilled the development goal
of providing a safe and efficient means of enabling users
to experience the feature of advanced brake systems.
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Table 1 Safety technologies for motorcycles

Y¢ In use [ Under research

Active safety

Safety education ¥ Riding simulators
Recognition support | Inter-vehicle communication systems
Operation support  |¥¢ Advanced brake systems

Passive safety
Mitigation of injury | Airbag systems
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Com: Coefficient of pitching motion of longitudinal acceleration and

deceleration component
Cfm: Coefficient of pitching motion of front brake operation component
Crm: Coefficient of pitching motion of rear brake operation component
Ngain: Smoothing coefficient of longitudinal acceleration and deceleration
Scl: Longitudinal acceleration and deceleration adjustment factor

depending on velocity

Cbf-Cbr: Brake force distribution coefficient
Pabs: Amplitude of pitching motion expressing ABS operation
Bfi: Rider's front brake input
Bri: Rider's rear brake input

Bfc: Front brake force
Brc: Rear brake force
hz: ABS operation cycle depending on road p

E: Adjusted longitudinal acceleration and deceleration
Pit: Pitch angle of motion unit

T: Elapsed time
dt: Time increment

Motorcycle spec. Characteristics : :
Mass Com, Cfm, Crm -'?,;?g{t%perat'ons
Dimensions Ngain, Front brake: Bfi
Engine power Cbf, Cbr Rear brake: Bri
Brake spec. Pabs etc :

etc. etc. :

I

1| Brake force

'l Bfc = Bfi + Cbr x Bri |~ Brake force distribution by CBS (1)
: Brc = Bri + Cbf x Bfi |

Dynamic equations (2)

_...~ABS judging / operation (3)

U

' whz table !

]

: hz « e :

! ]

I N m :

I [

: Oomg=0 omg = hz : V-Scl table
! Amp =0 Amp = Pabs |,

I

I

_______ — /7(:

Y S
| E=(Ex (Ngain-1) Acl x Sc) / Ngain |-Effect adjustment (4)
[

Pit = tan! (E) x Com - Bfc x Cfm + Brc x Crm

+Amp x sin (Omg x T) - Pitch angle (5)

Fig. 5 Motion system control flow
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Fig. 6 ABS squeal sound

00000000000 000000000000000
00000000000000000000000000
0000000000000 00000000MO Fig. 50
0(@O0GDO0D0D0D00000000000O000CBS
000000000000000 Fig.700000000
00000000000000000000000000
0oo0ooooooo

000000000000000CBSO0O000O00
000 178 0000000000000

0000000000000000000000000
000022800000000000000000000
0000000000ABSOOOOOOOOOOOOOO
0000000000 Fg.80000000000000
00000000000 000C0000O0O000oOOn
00000000000000000000000000
0000000000000 8HZOOOOOOOOOOO
0000000000000008H2 000000000
00000000000 00000000O00000On
000000000000000000000000000
00000000 Fig.90O0O00000O000O0OOOO00
8H00D00000O00000O00000O0O000000O
00000000000 00000000O00000O0n
000000oo0oo0o

120

100 &5

Velocity (km/h)
[e2] o]
S o
Pitch (deg)

N
o

N
o

o
'
[¢]

Time (sec)

Fig. 7 CBS versus conventional brake

1 sec

8 Hz

il A
¥ 1

Vehicle velocity
(Actual motorcycle)

120

100

< 8o} . _
c Front wheel velocity =)
3 (Actual motorcycle) 4 -2 3
> 60f =
3 RS
S Pitch angle a
> 40r (Simulator)

20 |

L

0 05 10 15 20 25 30 35
Time (sec)

0

Fig. 8 Pitching motion as feeling of deceleration

Sound amplitude

0 [

Time (sec)

Fig. 9 Squeal sound during ABS operation

53.000000

goooooobobbbboooooouoooooo
gbobobobobooboooobooobobobonbo
goboooooobooobooboobooboboobogo
gooooobooboboobobbbbbobbobooooooo
gboboboboboooooobooobobobobo
gboboboboobooobooooboobobooboooo
gbobobooboooooooobobooboboboonoo
gooobooooooobooooooooobooobooooo
gobooboboobboooboooboooboooo
gboboboboobooooooooobobobobo
gooobboboooooobobobobooooobooobooooo
gbobobobooboooooooooboboboono
gboboboboobooooboooboobobobooboo
gboboboboooboooboooobooboboboono
gobooboobooboobooboobboobogo
gbobobobooboooooobooobobobonbo

086l



gboboooooboobobobooobooobog

“ 9
§ vc: Velocity (m/s)
< dx > {: Friction
coefficient
dx=vexve/(2.0x ux9.8) +vc dx: Position of
truck (m)

Fig. 10 Brake test course

0o0o0oooododrg. 10 00ooooooon
gmoboboooooooooobobobooobon
goboboooooooooooboooooooboobooooo
pboooobooobobobobobobooboooo
gbobobmooobommoooobobobooboo
gboboooooooboboboboboboooooo
gboboooboooooboboboboboobooooo
gbobooooooobooboboboboboooboooo
goboooobooobooboboobboooboboobon
gbobooooooobooboboboboboooboooo
gboboooboooooboboboboboobooooo
gobobooooooobboooooobmobooooooo
gboboooboobmooooooboooboobooboo
goboboooooooboobobobobobooboooo
gbobobobooobooobod

gpozoo07000000obo0obOoboOoOobOong
[EENRN

gbobooobooooobooobooboboobooooboo
gbobooobooobobobobobobooboooo
gobobooooooobobobobobobooooo
goooooooooooooooooomoboooog
gboobobobooo 20700000 obooboobooOon
HondaOOOOOOOOOOOOOOOOOOOOOOO
gboboboboooboob es.gbobooboobon
0000000 CombinedABSOOOOODOOOOOOO
goboboooooooboboboboboboooooo
000 e0km/h ODOODOOO

goboboboboboobooboooboooooooon
00 225 0000000000000DO0O00O0DOOO

gbob0 oooooooobobobobooobooog
gbobgoboboboooboooobooboboboonoo
goooboooooooooobooooooobooboog
gbobobobobooooooooobobobono
gboboboboboobooooooobobobobo
gbobooooooobogoobo

gooog

gbobobobobooooobooboooboobooban
gboboobooboobooobooooooboboboonoo
gboboboboboobooboobooobobobobo
gboboboboobooobooooboobobobooog
gobooboobooboobooboobooboog
gbobobobobooooooboooboboboobo
gboboboboobooooooooobobobonbo
goooboobooooooboboobooooooboboooooog
gboboboboobooooooooobobobonbo
gboooooogooo

E[J00m

0 87Q



https://doi.org/10.69239/hondatechnicalreview.2008 20 2 15

goon

oot odgdoodgdood
Joogduood

Diagnostic System for Power Products Using Automatic Recognition Technology for Multi-protocols

gooooooe oooooooe®

Manabu DOBASHI Makoto YAMAMURA

ooooooo-® oooooog®

Asagi MIWA Makoto YAMANAKA
oood ABSTRACT

ECUOODOOOOO HondaOOOOODOOOODDOO
0000000000 000O0CANOOOK-LineODODOO
gbobooooooobobobobobobooboooo
OOECUd0OO0 IDO0O0O0OO0DOO0OOobooOboOoooDoboO
gooooooooooooboooooooomuYREO
gobomoooooooboooooobo-0o0o0ooo
gocrpubbbooobooobbooobooobbooobogon
gboboboboboobo bboboboooooo
gbobooooooobooboboboboboboooo
gboboboooooboooboon

gboboobobobobooboooooooooboon
ooooooobobooooooooboooecuODODO
gbobooooooboobobobobobooboooo
gbobooooooboboboboboboboooo
goboboooooooooobooooooooboboobooooo
gbobooooooboboboboooo

Honda has adopted serial communication, CAN
communication and K-Line communication as
communication protocols for its power products equipped
with ECUs. Capabilities for automatic recognition of
these multi-protocols were examined, using the
difference in communication voltages and the difference
in the ECUS' product ID data. An interface unit (I/F unit)
conducts analog-to-digital conversion of the input
communication voltages, transfers the data to the CPU,
and determines the communication protocols. A
technology has been developed to automatically and
precisely recognize the protocols by checking the
threshold voltages and recheck for return values of the
acquisition command for product 1D data.

A diagnostic system with this technology has been
developed to check the operation data and malfunction
data of power products. The PC application software
used in the system provides functions to assist in
conducting precise diagnosis. The screen display is easy
to use for a wide range of operators, regardless of
whether it is used indoors or outdoors. Data for new
power products can also be easily built in to the system.
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ABSTRACT

An attempt to increase the running speed of a biped
robot often results in a loss of balance due to slip and
spin generated just before lifting or after landing its foot.
In order to solve this issue, we developed the gait
generation technology that assures dynamic stability
while suppressing slip and spin by defining the allowable
range of friction force between a sole and a floor. The
range of the friction force changes according to the
vertical ground reaction force, and is used to adjust the
horizontal acceleration, bend, and twist of the robot’s
torso. By adjusting the range of the friction force, a
uniform approach can be taken to generate various gaits
such as walking on a floor with low friction coefficient,
or slow jogging. Slow jogging is an intermediate motion
between walking and running in which the vertical
ground reaction force does not quite reach zero. The gait
generation technology realizes a running speed of 10 km/
h in an experimental robot of the same size as ASIMO.
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Mechanism of Occurrence of Ghost Noise in Helical Gears Resulting from Thread-type Tool Machining
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ABSTRACT

Specifying the origins of ghost noises produced at
non-integral multiples of gear meshing order frequency
from the order at which they occur represents a
challenge, and determining countermeasures for these
forms of noise has involved a process of trial and error.
Today, with the widespread use of a method of
continuous generation involving the use of a multiple-
thread-type tool for high production efficiency in the
process of grinding the flanks of the helical gears used
in automotive transmissions, new ghost noises have
appeared. The research discussed in this paper clarified
the mechanism behind the production of the ghost noises
that have become noticeable as a result of the use of the
multiple-thread-type tool, and identified the relationship
between the conditions used in the grinding process and
the orders at which the noises occur. By verifying these
findings in an actual transmission and studying
countermeasures, the project demonstrated that ghost
noises could be reduced by modifying the conditions
used in the grinding process.
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Table 1 Simulation conditions

(a) Gear specifications

Number of teeth (Z,)0 100
1 pitch lead length (L,)0 3 mmQO

(b) Grinding conditions
| Feed pitch (F,)0 | 1 mm/workrev.O0 |
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Table 2 Value of Nm
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ABSTRACT

In order to reduce blind spots during driving, a front
pillar has been developed that enhances the driver’s
diagonal forward visibility.

Physiological and psychological studies conducted
internally indicated the existence of a more favorable
front pillar width that enables essentially a continuous
field of vision between the front window and the side
windows, and which would not induce a sense of visua
incongruity to the driver.

A new pillar structure was developed in order to
realize a target pillar width, and at the same time
maintain vehicle performance. The new structure uses
ultra-high-strength hydroformed steel tubes as the main
framework. Indirect spot welding and arc laser hybrid
welding are used to mount the new structure in the body
framework.

gooogd

gboobooboboboboobooboooooboooban
gbobooooooboobobobobobooboooo
gboboooboooooboboboboboboboooo
goboooooooooooboooooooboboooooo
gboboooboooooboobobobobobooboooo
gboboooooooboobobobobobooboooo
goboboobooooooooboboooooooboooooo
gboboooooooboobobooboboboboooog
gbobooobooooobobobooboboboboooboo
goooogooP"Ooo0oooooooobooooooog

goboboobooooboooboobooboobooboon

gbobooooooobooboboobobobobooonoog

gbobooooobogoo
oboboboboooboooobobo
gbooboooogo

gobobooobooooooooboboooooooboobooooo
gooooooboooobooobooobooooboooobogoon
gbobooobooboooboobobobobobooboooo
goboboooooooboobobobobobooooo
gboboboboob

gbobogobbuooobooooboog
goobodgn

21. 000000000

gbobooboboboboooboooooooooon
gobooboooooooooobooooooobobooooooo
gboboooooboooboboboboboboboooo
goboboooooooboobobobobobooooo

0 106 O



gboboboobooobooog

gbobooboobooboooboooobooboboboonoo
goooooooooobooboooooooboboooooo
gboboobooooboooboooboobobobobooo
gbobooboooooooboobooboobobobooog
gboboobooooboooboobooboboboboooo
gboobooooooo

22. 0000000000000
gbobobobooboobooobooboooboooboooban
gbobogobooogoooooooobooboboboobo
gboboobooooboooboooobobobobooo
gobooooooooobooboobooboobogoo
gboboobobooobooobooooboboboboonoo
gbobogoobooooooobobooboboboboooog
gboboobooooobooboobooboboboboooo
goooooooooobooooooooboboobooogog
gbobooboboobooobooooboobobobono
goooooooooobooooooooboboooogoo
gboboobooooooobooooboboboboooo
oo
gbobobobobobooboooooooooboon
ogbobogoboooooooboboobobobobooonoog
gbobogoboooobooobobooboboboboonoo
oboobooooooog
gboboboboobooboooooobooooobooobon
gbobooboooboobooooooobooboboboobo
oboobooobooo
gboboooboooobooobooooboobooboooboo
gbobooboooboooooboooobooboboboono
goooooo""Ooooooooooooooo
gboboboboobooboooboobooobooboooban
gboboooboooooboobooboobobobooboooo
gboboobooooboooboobooboboboboooo
gboboboobooboooobosomiboooonog
gbobooboooboobooobooooboobobooboooo
goooboobooooooobooboooooooboooboooog
ambboooboooooobooboboooooooban
O3km/hOO0000D0O0O00O0OCO0O0O0ODOO0DODOO
O00ooo0ooboDO0OFg. 100000O0DDOOCODOOO
gboboooobooboboboooog

23.0000

gooooobbboobobooooooooobooboobobooon
gooooobooooooooboooooobobooboobooooo
gooobobooooooobooooooooboooboooo
00000000oooO0o0O0O000dddrg. 200000
gogbobooooobbooooobooboboooobbod30m
000d0oOd 30km/h OOODOOOOO0O0OODDOODOO

gooooboboooooooboooooooboboboobooooo
obobogooboooooooboooobooboboboonoo
gobooobooboooooooboobooooooobooboooooo
gobooobooooooboooobooobooobooon
gooooooobboboboobooooooooooooon
000oooOdOo 3omO0O0O00 30km/h OOOODODOO
gboboobooobooboooboooobobobobono
gbobobobooboooboobooboobooboon
gboboobooooobooooooboboobobobonbo
gboboobooooboboobooboobobobobooboo
gbobooooboobobobooooon

24.0000

241. 000000000

Fig.3( D0 O000DOO0OO0DOOOOODODOOODDOO
gboboooboooboobooobooboobobobobooog
gooobooobooooooobobooooooobooboboobooooo
gboboooboooboobooobooboobobobobooog
gobobooboo0odobbOOOO0OOOOODOOOOOOO
goboobobooooooobbooooooobooboooo
gbobogooooooboobobooboboboboonoog
gboboobooooboboobooboobobobobooboog

Front pillar

Point 3-second ahead

R50 curve

R30 curve

Fig. 1 Driver’s visual field on driver side curve

-
H

s
Target point, , /4
ST TLLLLLL

~ Pursuit eye’movemerit-”

Front pillar

.‘

Fig. 2 Test equipment

0 1070



Honda R&D Technical

Review Vol.20 No.2 (October 2008)

goobooboooooooooo

gooooooooooo

goboobooboooobooooboooboobooboobogo
gboboooboooooboboboboboboboooo
gbobooooooobooboboboboboooooo
gboboooboooooboobobobobobooboooo

gooboooooooooooo

gooooooooooo

gboboooooooboobobooboboboboooo
gbobooooooobooboboboboboboooog

gooboobooogoooooo

gooooooooooo

gboboboooooobooobooboboooo
gbobooobooobooobooboboobooooboo
gboboooooooboobobobobobooooo

O000Fig.3(@000000

obooooooobobo

00000000o000oboooOgn Fg.3() 0OOO
gbobooboboboboobooooooooobon

goboboooooooobooo
gooboooooooooooo

gooooooooooo
gooooooooooo

gogbobooobooobobooobooobboobo

Width of pillar Direction of motion of targetgm o ;?;hfsge
A [r— o
—
Thin B e — .
C g I'L . .
> h
E L]
: 5
G . o
H . . G <»
| *« o ® = .
J = i .
Thick K ® ey
L s 2 * g hd N
Pillar obstacle area Point location

Fig. 3 (a) Points at which

Feeling marks

Good

Bad

eye movement stops

gboboooooooboboboboboboboonoo
gboboboboooooogonoo

242.0000

gooooboobobobbooboooooooooon
gbobooooooobobobobobobooboooo
gobobooboooooooboboooooooboooooo
O00oooooooDoOC0O0O0O0O0000o0O0n0Frg. 4000
goboboobooooooobboooooooboooooo
gbobooooooobobobobobobooooo
gobobooobooooooobboooooooboooboooog
gbobooooooobobobobobobooboooo
gobooboooboboooboobooboobooboon
gobooooooooobobooooooobobooooon
gobobooboooooooboboooooooobooobooooo
gbobobooooooobobobobobobooboooo
ooooooooooo"oooooooooooooo
gobobooobooooooobobooooooobobooboooog
goooo

Direction of motion of target point

Width of pillar
— N
AL
, b
Thin(B(]
c HH
DO
E[] ul
= 4
Gl * I-l
H . ° "'._l .
10 L B ® .
] @,—‘-‘_|_,7
Thick[ﬁfE o o .
Point location
Fig. 3 (b) Points at which eye movement stops

Smooth pursuit range of eye movement

-

—
—
-~
x Feeling

| Feeling of visua

of visibility
| image

Time f
eye m¢

f cgntinuous fiels of

Area g

Time for whichO
eye movement stops

Short
Deviation

r whichO
vement stops

vision Long

Thin

Width of

- Thick

pillar

Fig. 4 Eye movement characteristic and subjective rating

0 1080



gboboboobooobooog

25. 000000000

goboboboboobooboooooooooooboo
gooobooooooooboobooooooooboboooooo
gboobooobooooooobobooboobuobobooog
Oo0o0000bO0OFg. 4 0000000O00O0OODDOO
gbobooobooooooobobooboobobobooonog
gbobooboooobooobobooboboboboog
gbobogoobooooooobobooboboboboooog
gooobooooooooboooboooooooboboooooo
gbobooobooooooobobooboobobobooonog
goooboboooooooboooboooooobooobooooo
goooobooboooooooboboooooobboboobooooo
gbobobooboo

gobogoboooobobooooog

.. 00000000000 00Db0O0000DO

goboobobooboboooooobobobobooobooo
gooooboobooboooooobooooooobobooboooo
gboobogobooooooobooboobooboboobooog
gobobobooobooobooboobooboobogn
Fig. 500 0000000000000 0O0O00ODOOO0ODO
gboboobooooboooboooobobobooooo
gbobogoboooboooooboooobooboboboono
gbobooboooboobooobooboobobobobooonoo
gobooobooooooboooboooboobooobogoo
gboboobooooboooboooobobobobooog
gboobogoobooooooobobooboobobobooonog
gooobooboobooooooooooooooboooooo
gbobooboooooooboboobobobobooog
gooooooobooobobobbbbbboboooooo
oooboboooooooogo

WindshieldO
adhesive area

Windshield

Closedl
sectionl]

=
.

Door sash¥”
area

Door glass

Fig. 5 Conventional section of front pillar

32 0b00boooooooboong

goooooboobobobobbbobobooooooooo
gboboobooooboooboobooboboboboonoo
ogboboooooooooboboobobobobooog
gboboobooooboooboobooboboboboonoo
gbobooooooooobobobobobobooog
gboboobooooboooboobooboboboboonoo
gbobooooooooobobobobobobooog
gboboobooooooooooooobobobobo
gbobooboobobooboobooboboboobooooob

33.0000oobooobooooooboOon

gbobobobobobooobooooooobooobooon
gbobooboooobobooboobobobobobooboo
000 Fg.600000000O0COOOODOOODDOO
gbobooboooobooobooboobobobobooboog
goooooboooooooobooooooobobooobooooo
gboboobooobooboboobooboobobobobooboo
gboboooboooooboobooooboboboboonoog
gbobooboboboooobooboboobobobonbo
goooobooooooboboooooooooboboboooo
gboboobooooboboobooboobobobobooo
gbobogoobooooobooboobooboboboboonoo
gbobooboboobooooooobobobobonbo
goboooobooooboobooboobooboobogoo
gboboobobooooboooboobooboobooboon
gooooobooooooboobooboooooooobobooo
gboboooboooooboobooboboboboboooo
gooooooooooobooooooooooooooo
goooobooboooooooboboooooooooobooooo
ogbobogoooooooobooboobobobobooonoog
gbobooboooobooobooboobobobobooog
gbobogooooooooboboobobobobooog
gbobooboooooboooooobooobobobobo
oooboooboob

/'/ \\ Indirect spot welding

Earth areal]
for indirect spot

Arc-laser]
hybrid welding

tube

Fig. 6 Proposed section for increased visibility

0 1090



Honda R&D Technical Review

Vol.20 No.2 (October 2008)

4. 000000000D0O00DOOOODODOO

00000000 Fg.7000000O0DODOODDOO
gbobooobooooobooboboboboboboooo
gobboooooooooooooooobobooooooo
gboboooooooboboboboboboboooo
goboboooooooboobobobobobooooog
gbobooooooobooboboboboboboooboo
gobooobooboboobboobboooboooo
gbobooobooobooobobobobobobooooo
gobobooooooobobobobobobooooo
gbobooobooooobobobobobobooooo
goboboooooooobooooooobboooooo
gbobooooobooobobobobobobooboooo
goboboooooooboobobobobobooooo
gboboooboooooboobobooboboboboonoo
oobobooooooooobooomooobooom oo
gooobooobooobobooboobooboboooooooboon
goboboooooooboobobobobobobooog
gbobooooooobobobobobobooboooo
gobobooooooobooboboboboboboooog
ooooooooooOOo0O0OOo00O0OoOdFrg. 70000
gobobooooooobooboboboboboboooog
gboboooooooboboboboboboooooo
gobooobobooboboobboobooobooobon
gobooooooooooboooooobobooooon
gbobooobooooobobobobobobooboooo
gboboooooooboboboboboboobooon
goodoooooooooboooobbobbobooobooo
gboboooooooboobobobobobooooo
gbobooobooooobobobobobobooboooo
gboboooooonbog

Reinforcing structure C

Hydroformed tube

Reinforcing structure B

Reinforcing structure A

Fig. 7 Structure of front pillar using hydroformed tube

gogood

41. 000000

4.1.1.980MPa OO 0O

3200 340000000000 DOOODODOOOO
gbobobesoMPal DO DOODOODOODOOODOOO
gbobooooboobobobooboooo

goobooboobobobooboooooooooon
goboboooooooooboooboooooooboooooog
gobobooooooobooboboobobobobooonog
goboboooooooooobobooooooooboooboooog
gboboboboooooooon

gbooboobobobobooboooooooooan
gobobooooooobooboboboboboooooo
goboobooooooooooboooooooboooooon
gooboooooooboobobobobobooooo
gbobooooooboooboooobooboboboonoo
00 Fg.8000000000DODOOO0DOODOOODODO
goboboooooooooobooooooooboobooooo
gooboooooooboobobobobobooooo
gbobooooooobobobobobobooboooo
gbobooognog

412. 000000

98oMPa DD ODODOOODOODOODODOOOOOO
gbobobooooooobobobobobobooboooo
goooooooooboooooooooooobobomog
gbmobooboomoobomooooooobooo
gbobooobooooobobobobobobooboooboo
gooooooooooooobobobbbbobobooo
goboboobooooooobbooooooooboobooog
gboboboooooooboboboboboboboooo
gbobobooobooboboobobobobooboooo

gooooobboboboobooooooooooooooo
gobobooobooooooobboooooooboobooooo
gobooooooooooboboooooobobooooooo
gbobooobooobobooboboboobbobobooobog

goobooboboobooboobooooooobooooon

— Large

MinimumO
corner radius

I
possible to formO
target radius

|

| __3,

| T
Pogsible to forpwl:l |
target radius, ﬁ
Il Il

Small < Deformation resistance of tube — Large

Small «

Fig. 8 Relation between deformation resistance of
tube and corner radius

0 1100



gboboboobooobooog

gbobooboooobooobooboobobobobooo
gbobogoboooooooboboobobobobooonoog
gooooboboooooooobbooboooooooboooboooog
0000o0o0oooooD Fg.9 OOODO
gboboobobobobooboooooooooboon
gbobooobooooooobobooboboboooooo
gboboobooooboooboooobobobooboooo
000000000 00Do0oO0o0oOo0O00mFg. 10 d
goooboboooooooboooboooooobooobooooo
gbobogoobooooooobooboobobobobooog
O0MFg 10000 MOOO0O0OO0OO0OOOOOODDOO
gbooboooooogoo
gbooobooboobooboooooosz2bogn
obobobooobooboobouoboboboboobooooo
gboboobobobobooboooooooooon
obobooobooooooobobooboboboboooog
OO00o00O0000OFrg.11000000O0DODOO0ODDOO
oboobooooooog
gboobooboboboboobooooooooobooon
ogboboobooooooobooboobobobobooog
gbobooboooobooobooooboboboboonoo
OOoooO00ooO0oooOooOdO Rig. 120Fig. 13 00O
gbobogobooooooobooooboboboboonoo
gooo
gboboobobobobooboooooooooon
gbobobobooboobooooboobobobono

— Large
T
|
|
}
|
* -
|
|
|
|
i
|
|
|
|
|
[
|
|
|
|
|
|
|
|
|
I
S IR
|
|
|
|
I
I

Amount of(]
shear droop

lnapplicablg asQ Applicable ast
| datum hole datum hole

Low < Hydro pressure  — High

Small <

Fig. 9 Relation between hydro pressure and amount
of shear droop

Laser cut line

Fig. 10 Shape of hydro pierce

ogbobooboooooboobooooboboboboonoo
gboboobooboobooboboobooboboobogoo

42.00

gboboboboobobooooooooooboooon
000000000000 0D Fig.14@Ooooooo
ogboboobooooooobooobooboboboonoo
gbobooooooboboboooo

gbobooboobobobobobobooooooo
gboboobooboobooooooobobobobobo
gbobooooooomoooooboomooooog
000000000000 0DO0O0O0O Fig.14(b) OO O

Sec.C .

Sec.B

Sec.A Sec.B Sec.C

Fig. 11 Cross - section of hydroformed front pillar

(a) Measurement section

(b) Measurement points
per each section

Fig. 12 Measurement positions of dimensional
accuracy

Dimensional accuracy[]
(Difference fromO Frequency
target dimension)
0.0-0.5 mm 80%
0.6-1.0 mm 11%
1.1-1.5 mm 6%
1.6-2.0 mm 3%

Fig. 13 Dimensional accuracy of front pillar at early
trial stage

01110



Honda R&D Technical Review

Vol.20 No.2 (October 2008)

000000oo0o00oo0ooooooooooOdFg. 7
Reinforcing structure A-CO 00000000 OODOOO
Ogoooooobomooooooobbobboboboooo
goodooooooooo
421. 0000000000000
ogoooooooooooooodooooooooo
goooooooobobooobooooooooooooga
gooooooooooooooooooooooooaao
gooooooboobobobooboooooooooooga
gooooooooooooooooooooooooa
gooooooboobobobooboooooooooooga
goooooooooooobooooooooooooa
goooog
O0mooooooo
domooobooooboooooooooooa
O0@Mmoo0o0o0o0o0oO0OO00OO0OO0OO0ODODODODOOD
goobooooooooooboboboooboboooa
000000000 0oo0ooD0o0oooooooooon
godddddoooooooooooooooooboon
422.00000000000000
goooooooooooooodoooooogoaa
0000000000000 0MM 0000 Fig. 15(@)0 (b)

(b) Indirect spot welding

I

(a) Direct spot welding

Fig. 14 Schematic design of spot welding

(a) Filler weld joint

(b) Lap joint

Fig. 15 Weld bead shape

gbomooobobooooboooo
gooboobooboboboobooooooooobooon
gbobooooooobooboboboboboboooo
gooboooooooooboobooboobobobooog
gboboooooooboobobobobobooboooo
goboboooooooboobobobobobooooo
gbobobooboobooboboobobobooooo
00o0o0oon Fg.16 OO0DOOOOOODOOODDOO
mobobobobobooomoboooboooboooooo
gobobooooooobooboboboboboooooo
gobooboooooooooobooooooooboobooooo
goboooooboooooobboooobooogooo
gbobooooooobobobobobobooooo
goooooooboboobobooooooboooooon
gbooboobobobobooboooooooooboon
Moooooooooooooooooobomoooooo
gbobobobooboooooboon
gobooooobooboooobobooobbooobbooooboo
gbobooooooobobobobobobooooo
gooooooobooobooooooboboooo

Laserd] Arc welding

welding

Fig. 16 Schematic design of arc-laser hybrid welding.

gooog

gooboobooboboboobooooooooobooon
gobooboobooboobooobooboobooboobogn
goobooooogoo
gbomoooobobooboboobobobobobonon
gboboboboboboboboboobobgoo
gbooboooo
gomooooboobooboooboobobobuooboo
gboboboboboboboboboboban
goooo
gbobooboboobooboooooboooboooboooboan
gobobooooooooobooboobooboboboog
gbobooooooobobobobobobooboooo
oooo

0 1120



gboboboobooobooog

gbmooboobobobobobobobobobon
gbooboboboboboboboboboboo
goooo
gbmoooooooooooooooooboooboobooo
gbobobobobobobobobobobon
gbooboboboboboboboboboobgoo
gboooooooooban
gobobooboboobooboobooooooooooo
gbobooboooobooobooooboboboboonoog
goboooboooooobooboobooboobogoo
gbobooboooobooobooooboboboboonoog
gbobooooooooobooboobobobobooog
gboboboooboobooboboboboooooo

good

000000000000000000000000000
000000000000 00N0.1-07, p.1-3(2007)

000000 320 000000000 15 O

0000000000000 0000000VISION, Vol.14,
No.4, p.151-164(2002)

e 000m

googano googno

0 1130



https://doi.org/10.69239/hondatechnicalreview.2008 20 2 19

ud

Joooodug

Development of Magnetic Stiffener

goooooge
Masanobu YAGUCHI

goog

gboboobobobobooboooooooooon
gbobooooooooobobobobobobooog
gboboooooooboboboobobobobooo
gboboooboooooboboboboboboboooo
gbobooooooobobobooboboboboonoo
gbobooboooooboobobooboboboooboooo
gbobooooooboboboobobobobooon
gbobobooobobobobobobooooon

ABSTRACT

A magnetic stiffener was developed to enhance
workability and increase the degree of freedom in its
range of application. A tentative holding function that
does not use release paper and does away with the need
for a human-powered press-bonding process is needed to
enhance workability. This feature was achieved by
selecting non-sticky resin materials, and by mixing ferrite
particles into and magnetizing the resin layer. In
addition, the optimum magnetic force was ascertained in
order to help prevent drop-out in the mass production
process, and material design was performed to also
simultaneously achieve conventional reinforcement
performance.
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Table 1 Test conditions

Durability item Conditions

Heat resistance 100 °C
Water resistance 50 °C warm water
Humidity resistance |50 °C 95%Rh
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Table 2 Influence of ferrite particle diameter

gizrrigteez? (um) m]a_lg)netlsm X Impact resistance
1.0 13 30 deg, 1 time
1.2 13 30 deg, 1 time
2.8 13 30 deg, 1 time

Table 3 Influence of ferrite kind

. v | Magnetism(] ;
Ferrite kind (mT) Impact resistance
Isotropy 13 30 deg, 1time
Anisotropy 13 30 deg, 1time
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ABSTRACT

The addition of transition metals to piston materials is
an effective method of increasing their strength at high
temperatures. However, the addition of transition metals
increases specific gravity and promotes the crystallization
of coarse intermetallic compounds, reducing forgeability.
To respond to these issues, a new piston material has been
developed in which the type and amount of the added
transition metals and the size of the crystallized
intermetallic compounds has been optimized. In order to
control the size of the intermetallic compounds, the
material is not produced by conventional metal mold
casting, but by a carbon mold continuous casting method
that enables a fine and uniform structure to be obtained.
The optimization of the elements forming the intermetallic
compounds and the quantity of these elements added, in
addition to the addition of refining elements, to enable
dispersion of needle-type intermetallic compounds
throughout the alloy, has resulted in the achievement of
levels of specific gravity and forgeability similar to those
of a conventional forged piston material, while increasing
strength at high temperatures by approximately 50%.
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Table 1 Chemical composition, specific gravity, size of intermetallic compound and continuous casting mold of
conventional forged piston and developed forged piston
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Fig. 3 Schematic illustration of casting method and
microstructure of conventional casting
material and carbon mold casting material
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Fig. 7 Microstructure of Al-Si12-Mg1-Cu5-Ni3 alloy
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Fig. 12 Microstructure of Al-Si12-Mgl-Cul-Ni3-Fel alloy
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Table 2 Chemical composition, specific gravity and average size of intermetallic compound of tested alloy and

conventional alloy for forged piston

Average size
of

No. Ni Fe Mn Cr Zr Ti Specific gravity | intermetallic

compound
(Hm)
1 3 — — — — — 2.71 20
2 3 — 1 —_ — —_ 2.73 25
Tested alloys
3 3 — — 0.2 — — 2.71 15
4 2 0.6 — — 0.1 0.1 2.70 8
Conventionally forged

piston alloy 1 - - - - - 2.69 0
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ABSTRACT

The necessity for the use of multi-motor drive
systems is increasing, for example in hybrid vehicles,
fuel cell vehicles and electric vehicles. Multiple-output
inverters, which are able to drive multiple motors
simultaneously, are available as a means of preventing
the system enlargement with the increase in the number
of motors.

The project discussed in this paper applied time-
sharing PWM control to a multiple-level multiple-output
inverter. The viability of proposed control method was
confirmed and power loss characteristics were clarified.
Within the operating range in which the sum of the
voltages supplied to the multiple motors did not exceed
the voltage of the power source, an output current
control characteristic equivalent to that of a conventional
independent inverter was achieved. In addition, the
project demonstrated that the use of switching devices
with superior current conduction characteristics in the
multiple-level system was an effective means of
increasing efficiency.
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